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Foreword

Several years ago I was asked to write a commentary on robotic surgery for a well- 
regarded surgical publication. At that time I was not a big fan of this new tool. I was 
impressed with the technological platform of robotic surgical systems and at that 
time I felt (as I still do today) that the platform held tremendous potential in the 
future. However, outcomes at that time were equivalent to standard laparoscopic 
surgery yet the one-time cost of the robot coupled with the ongoing costs of the 
service contract and the instruments used in each case were, in my view, exorbitant. 
I felt that given the relative lack of gold-standard evidence confirming that robotic 
surgery was associated with better patient outcomes when compared to current lapa-
roscopic techniques and the cost which was associated with robotic surgical sys-
tems placed the new innovation in jeopardy. In short, I felt it was a little like using 
a Cadillac for a golf cart.

Spring forward several years; I must admit that I have developed a significantly 
different point of view. The robot does provide significant advantages in terms of 
ergonomics and enhanced minimally invasive surgical abilities for surgeons. In 
addition, it is a platform that can be further developed to facilitate smaller and 
smaller incisions. However, I still believe that it’s important to point out that the 
robot is simply a tool—an expensive tool at that. In order to fully maximize the 
value of care provided to patients using this tool, surgeons must be efficient with 
setting up the device, have a clear understanding of the steps of an operation for 
which they are using the robot, minimize unnecessary use of expensive instruments 
during the conduct of an operation, and have equivalent outcomes to those reported 
for similar operations performed using laparoscopic or open techniques.

This manual provides a wealth of practical material regarding the application of 
robotics to common and complex minimally invasive surgery scenarios. Surgeons 
that actually do these operations using this tool wrote the chapters in this manual. 
The chapters give advice about room setup, patient positioning, proper robot posi-
tioning, as well as step-by-step descriptions of how each surgical procedure should 



vi

be conducted. I am most impressed with the material compiled in this manual and I 
am convinced that the concepts outlined, if followed by the reader, will add to the 
value of care that we provide to our patients. Enjoy.

John F. Sweeney
Department of Surgery
Emory University School of Medicine
Atlanta, GA, USA

Emory Healthcare
Atlanta, GA, USA

Foreword
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Preface

The number of robotic surgery procedures has significantly increased in the last few 
years, especially in general surgery and its subspecialties. Several advantages of the 
platform, such as three-dimensional visualization, articulating instruments, and 
improved ergonomics, have led to its adoption in minimally invasive procedures. 
As the techniques have evolved and been refined, it has allowed more surgeons 
access to a minimally invasive approach that they would have otherwise performed 
in a traditional open fashion, allowing potential benefits to the patient including less 
pain, less blood loss, and less wound-related complications. While laparoscopy 
continues to be the standard of care for cholecystectomy, robotics may be enabling 
in more complex gastrointestinal and hernia procedures.

This textbook is designed to present a comprehensive approach to the various 
applications of surgical techniques and procedures currently performed using a 
robotic surgical platform. The initial chapters address preliminary issues faced by 
surgeons and staff who may be initially undertaking these new techniques. These 
areas include training and credentialing, as well as instrumentation and platforms 
commonly used for these procedures. Subsequent chapters focus on specific disease 
processes and the robotic applications for those procedures, divided among the spe-
cialties. Written by unbiased experts in that field, each of these sections address 
issues such as patient selection, preoperative considerations, positioning and techni-
cal aspects of these operations, and how to avoid complications. Many have included 
their own experience and handy tips for a successful procedure.

The goal of the text is to embrace the robotic technology in its current form and 
what it holds in the future. Continuous technologic improvements will make the plat-
form more versatile and improve access for surgeons and for patients. Inevitably other 
robotic and computer-aided technologies will follow in the future and may one day 
profoundly change how we perform surgery. We are grateful to these SAGES mem-
bers for sharing their knowledge and we hope you will be able to utilize this in your 
new or current practice. We would also like to acknowledge Intuitive Surgical for 
allowing us to use their diagrams and pictures without any restrictions.

Atlanta, GA, USA Ankit D. Patel 
Omaha, NE, USA  Dmitry Oleynikov
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1Overview of SAGES MASTERS Program

Daniel B. Jones, Brian P. Jacob, and Linda Schultz

The SAGES MASTERS Program organizes educational materials along clinical 
pathways into discrete blocks of content which could be accessed by a surgeon 
attending the SAGES annual meeting or by logging into the online SAGES University 
(Fig. 1.1) [1]. The SAGES MASTERS program currently has eight pathways includ-
ing: Acute Care, Biliary, Bariatrics, Colon, Foregut, Hernia, Flexible Endoscopy, and 
Robotic Surgery (Fig. 1.2). Each pathway is divided into three levels of targeted 
performance: Competency, Proficiency, and Mastery (Fig. 1.3). The levels originate 
from the Dreyfus model of skill acquisition [2], which has five stages: novice, 
advanced beginner, competency, proficiency, and expertise. The SAGES MASTERS 
Program is based on the three more advanced stages of skill acquisition: competency, 
proficiency, and expertise. Competency is defined as what a graduating general sur-
gery chief resident or MIS fellow should be able to achieve; Proficiency is what a 
surgeon approximately 3 years out from training should be able to accomplish; and 
Mastery is what more experienced surgeons should be able to accomplish after seven 

Adopted from Jones DB, Stefanidis D, Korndorffer JR, Dimick JB, Jacob BP, Schultz L, Scott DJ, 
SAGES University Masters Program: a structured curriculum for deliberate, lifelong learning. 
Surg Endoscopy, 2017, in press.

mailto:djones1@bidmc.harvard.ed
mailto:bpjacob@gmail.com
mailto:linda@sages.org
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Fig. 1.1 MASTERS 
Program logo
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Fig. 1.3 MASTERS Program progression

D.B. Jones et al.
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or more years in practice. Mastery is applicable to SAGES surgeons seeking in-depth 
knowledge in a pathway, including the following: Areas of controversy, outcomes, 
best practice, and ability to mentor colleagues. Over time, with the utilization of 
coaching and participation in SAGES courses, this level should be obtainable by the 
majority of SAGES members. This edition of the SAGES Manual—Robotic Surgery 
aligns with the current version of the new SAGES University MASTERS Program 
Robotic Surgery pathway (Table 1.1).

Table 1.1 Robotic curriculum

Curriculum elements Competency

Anchoring procedure—Competency 2

CORE LECTURE 1

CORE MCE 70% 1

Annual meeting content 8

Guidelines 1

SA CME hours 6

Sentinel articles 2

Social media 2

Hands-on robotic proficiency verification 12

Credits 35

Curriculum elements Proficiency
Anchoring procedure—Proficiency 2

CORE LECTURE 1

CORE MCE 70% 1

Annual meeting content 5

FUSE 12

Outcomes database enrollment 2

SA CME hours (ASMBS electives, SAGES or 
SAGES-endorsed)

3

Sentinel articles 2

Social media 2

Credits 30

Curriculum elements Mastery
Anchoring procedure—Mastery 2

CORE LECTURE 1

CORE MCE 70% 1

Annual meeting content 3

Fundamentals of surgical coaching 4

Outcomes database reporting 2

SA CME credits (ASMBS electives, SAGES or 
SAGES-endorsed)

5

Sentinel articles 2

Serving as video assessment reviewer and providing 
feedback (FSC)

4

Social media 6

Credits 30

1 Overview of SAGES MASTERS Program
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 Robotic Surgery Curriculum

The Robotic Curriculum is a little different from the other SAGES MASTERS 
Program pathways. To complete the robotic pathway, a robotic surgeon should com-
plete requirements in the corresponding pathway. For example, for successful com-
pletion of the Robotic Competency Curriculum for Hernia, the learner should be 
able to demonstrate a robotic ventral hernia for competency, a robotic inguinal her-
nia for proficiency, and a robotic complex abdominal wall reconstruction or a recur-
rent hernia repair to accomplish mastery. This recognizes the importance of 
understanding disease and also unique technical expertise of mastering the robot 
technology.

The key elements of the Robotic Surgery curriculum include core lectures for the 
pathway, which provides a 45-min general overview including basic anatomy, phys-
iology, diagnostic workup, and surgical management. As of 2018, all lecture content 
of the annual SAGES meetings are labeled as follows: Basic (100), intermediate 
(200), and advanced (300). This allows attendees to choose lectures that best fit 
their educational needs. Coding the content additionally facilitates online retrieval 
of specific educational material, with varying degrees of surgical complexity, rang-
ing from introductory to revisional surgery.

SAGES identified the need to develop targeted, complex content for its mastery 
level curriculum. The idea was that these 25-min lectures would be focused on spe-
cific topics. It assumes that the attendee already has a good understanding of dis-
eases and management from attending/watching competency and proficiency level 
lectures. Ideally, in order to supplement a chosen topic, the mastery lectures would 
also identify key prerequisite articles from Surgical Endoscopy and other journals, 
in addition to SAGES University videos. Many of these lectures will be forthcom-
ing at future SAGES annual meetings.

The MASTERS Program has a self-assessment, multiple-choice exam for each 
module to guide learner progression throughout the curriculum. Questions are sub-
mitted by core lecture speakers and SAGES annual meeting faculty. The goal of the 
questions is to use assessment for learning, with the assessment being criterion ref-
erenced with the percent correct set at 80%. Learners will be able to review incor-
rect answers, review educational content, and retake the examination until a passing 
score is obtained.

The MASTERS Program Robotic Surgery curriculum taps much of the of SAGES 
existing educational products including FLS, FES, FUSE, SMART, Top 21 videos 
and Pearls (Fig. 1.4). The Curriculum Task Force has placed the aforementioned 
modules along a continuum of the curriculum pathway. For example, FLS, in gen-
eral, occurs during the Competency Curriculum, whereas the Fundamental Use of 
Surgical Energy (FUSE) is usually required during the Proficiency Curriculum. The 
Fundamentals of Laparoscopic Surgery (FLS) is a multiple-choice exam and a skills 
assessment conducted on a video box trainer. Tasks include peg transfer, cutting, 
intracorporeal and extracorporeal suturing, and knot tying. Since 2010, FLS has been 
required of all US general surgery residents seeking to sit for the American Board of 
Surgery qualifying examinations. The Fundamentals of Endoscopic Surgery (FES) 

D.B. Jones et al.
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assesses endoscopic knowledge and technical skills in a simulator. FUSE teaches 
about the safe use of energy devices in the operating room and is available at FUSE.
didactic.org. After learners complete the self-paced modules, they may take the cer-
tifying examination.

The SAGES Surgical Multimodal Accelerated Recovery Trajectory (SMART) 
Initiative combines minimally invasive surgical techniques with enhanced recovery 
pathways (ERPs) for perioperative care, with the goal of improving outcomes and 

Fig. 1.4 SAGES educational content: FLS, FUSE, FES, SMART, Top 21 video

1 Overview of SAGES MASTERS Program

http://www.fusedidactic.org/
http://www.fusedidactic.org/
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patient satisfaction. Educational materials include a website with best practices, 
sample pathways, patient literature, and other resources such as videos, FAQs, and 
an implementation timeline. The materials assist surgeons and their surgical team 
with implementation of an ERP.

Top 21 videos are edited videos of the most commonly performed MIS operations 
and basic endoscopy. Cases are straightforward with quality video and clear anatomy.

Pearls are step-by-step video clips of 10 operations. The authors show different 
variations for each step. The learner should have a fundamental understanding of 
the operation.

SAGES Guidelines provide evidence-based recommendations for surgeons and 
are developed by the SAGES Guidelines Committee following the Health and 
Medicine Division of the National Academies of Sciences, Engineering, and 
Medicine standards (formerly the Institute of Medicine) for guideline development 
[3]. Each clinical practice guideline has been systematically researched, reviewed, 
and revised by the SAGES Guidelines Committee and an appropriate multidisci-
plinary team. The strength of the provided recommendations is determined based on 
the quality of the available literature using the GRADE methodology [4]. SAGES 
Guidelines cover a wide range of topics relevant to the practice of SAGES surgeon 
members and are updated on a regular basis. Since the developed guidelines provide 
an appraisal of the available literature, their inclusion in the MASTERS Program 
was deemed necessary by the group.

The Curriculum Task Force identified the need to select required readings for the 
MASTERS Program based on key articles for the various curriculum procedures. 
Summaries of each of these articles follow the American College of Surgeons 
(ACS) Selected Readings format.

 Facebook™ Groups

While there are many great platforms available to permit online collaboration by 
user-generated content, Facebook (™) offers a unique, highly developed mobile 
platform that is ideal for global professional collaboration and daily continuing sur-
gical education (Fig. 1.5). The Facebook groups allow for video assessment, feed-
back, and coaching as a tool to improve practice, and their use to enhance 
professional surgical education has been validated by Dr. Brian Jacob’s International 
Hernia Collaboration closed Facebook group.

Based on the anchoring procedures determined via group consensus (Table 1.2) 
participants in the MASTERS Program will submit video clips on designated 
SAGES closed Facebook groups, with other participants and/or SAGES members 
providing qualitative feedback. Using crowdsourcing, other surgeons would com-
ment and provide feedback.

Eight, unique vetted membership-only closed Facebook groups were created for 
the MASTERS Program, including a group for bariatrics, hernia, colorectal, biliary, 
acute care, flexible endoscopy, robotics, and foregut. The SAGES Robotic Surgery 
group is independent of the other groups already in existence and will be populated 

D.B. Jones et al.
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Fig. 1.5 Robotic Surgery Facebook Group

1 Overview of SAGES MASTERS Program
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only by physicians, mostly surgeons or surgeons in training interested in a wide 
range of robotic surgery applications.

The group provides an international platform for surgeons and healthcare pro-
viders interested in optimizing outcomes in a surgical specialty to collaborate; 
share; discuss; and post photos, videos and anything related to a chosen specialty. 
By embracing social media as a collaborative forum, we can more effectively and 
transparently obtain immediate global feedback that potentially can improve patient 
outcomes, as well as the quality of care we provide, all while transforming the way 
a society’s members interact.

For the first two levels of the MASTERS Program, Competency and Proficiency, 
participants will be required to post videos of the anchoring procedures and will 
receive qualitative feedback from other participants. However, for the mastery 
level, participants will submit a video to be evaluated by an expert panel. A stan-
dardized video assessment tool, depending on the specific procedure, will be used. 
A benchmark will also be utilized to determine when the participant has achieved 
the mastery level for that procedure.

Once the participant has achieved mastery level, he will participate as a coach 
by providing feedback to participants in the first two levels. MASTERS program 
participants will therefore need to learn the fundamental principles of surgical 
coaching. The key activities of coaching include goal setting, active listening, 

Table 1.2 Anchoring procedures for Robotic Surgery pathway

Robotic Surgery anchoring procedure by pathway Level

Biliary

  Multi-port cholecystectomy Competency

  Cholecystectomy with IOC or for uncomplicated acute cholecystitis Proficiency

  Cholecystectomy for difficult/severe acute cholecystitis or common 
bile duct exploration (CBDE)

Mastery

Foregut

  Nissen fundoplication Competency

  Paraesophageal Hernia Repair or Heller Myotomy Proficiency

  Redo fundoplication Mastery

Hernia

  Primary ventral hernia repair Competency

  Primary inguinal hernia repair Proficiency

  Redo hernia or complex hernia (transversus abdominis release) Mastery

Bariatric

  Sleeve gastrectomy or lap band Competency

  Roux-en-Y gastric bypass Proficiency

  Revisional bariatric surgery Mastery

Colorectal

  Right colectomy Competency

  Left colectomy Proficiency

  Left colectomy with splenic flexure release, colectomy for complex 
inflammatory disease or advanced cancer

Mastery

D.B. Jones et al.
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powerful inquiry, and constructive feedback [5, 6]. Importantly, peer coaching is 
much different than traditional education, where there is an expert and a learner. 
Peer coaching is a “co-learning” model where the coach is facilitating the develop-
ment of the coached by using inquiry (i.e., open-ended questions) in a non-compet-
itive manner.

Surgical coaching skills are a crucial part of the MASTERS curriculum. At the 
2017 SAGES Annual Meeting, a postgraduate course on coaching skills was devel-
oped and video recorded. The goal is to develop a “coaching culture” within the 
SAGES MASTERS Program, wherein both participants and coaches are committed 
to lifelong learning and development.

The need for a more structured approach to the education of practicing surgeons 
as accomplished by the SAGES MASTERS program is well recognized [7]. Since 
performance feedback usually stops after training completion and current approaches 
to MOC are suboptimal, the need for peer coaching has recently received increased 
attention in surgery [5, 6]. SAGES has recognized this need and its MASTERS 
Program embraces social media for surgical education to help provide a free, 
mobile, and easy-to-use platform to surgeons globally. Access to the MASTERS 
Program groups enables surgeons at all levels to partake in the MASTERS Program 
curriculum and obtain feedback from peers, mentors, and experts. By creating 
surgeon- only private groups dedicated to this project, SAGES can now offer sur-
geons posting in these groups the ability to discuss preoperative, intraoperative, and 
postoperative issues with other SAGES colleagues and mentors. In addition, the 
platform permits transparent and responsive dialogue about technique, continuing 
the theme of deliberate, lifelong learning.

To accommodate the needs of this program, SAGES University is upgrading its 
web-based features. A new learning management system (LMS) will track progres-
sion and make access to SAGES University simple. Features of the new IT infra-
structure will provide the ability to access a video or lecture on-demand in relation 
to content, level of difficulty, and author. Once enrolled in the MASTERS Program, 
the LMS will track lectures, educational products, MCE, and other completed 
requirements. Participants will be able to see where they stand in relation to mod-
ule completion and SAGES will alert learners to relevant content they may be 
interested in pursuing. Until such time that the new LMS is up and running, it is 
hoped that the SAGES Manual will help guide learners through the MASTERS 
Program Curriculum.

 Conclusions

The SAGES MASTERS Program ROBOTIC SURGERY PATHWAY facilitates 
deliberate, focused postgraduate teaching and learning. The MASTERS Program 
certifies completion of the curriculum but is NOT meant to certify competency, 
proficiency, or mastery of surgeons. The MASTERS Program embraces the concept 
of lifelong learning after fellowship and its curriculum is organized from basic prin-
ciples to more complex content. The MASTERS Program is an innovative, volun-
tary curriculum that supports MOC and deliberate, lifelong learning.

1 Overview of SAGES MASTERS Program
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2Masters Program Biliary Pathway: 
Multiport Robotic Cholecystectomy
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 Introduction

Surgical management of gallbladder disease changed drastically with the advent of 
laparoscopic techniques in the 1990s. Initially, laparoscopic techniques were cum-
bersome due to the new orientation and lack of direct contact with tissues [1, 2]. 
This technology rapidly evolved with improved instrumentation and optics to 
become the standard approach for cholecystectomy [3, 4]. The course of robotic 
surgery began with the implementation of a camera steadying system to assist lapa-
roscopic surgery. The field continued to advance with improved instrumentation to 
include fully wristed instruments with seven degrees of motion, 3D vision, fluores-
cently enhanced optics, and even remote access [5].

Multi-Port Robotic Cholecystectomy (MPRC) has been shown to be as safe as 
the laparoscopic approach with similar operative times and hospital lengths of stay 
[6, 7]. Breitenstein et al. compared laparoscopic cholecystectomies (LC) to MPRC 
and found similar outcomes between the two approaches [7]. Another study showed 
a decrease in robotic docking time from 12.1 to 4.9 min after the initial learning 
curve [8]. If studies with more than 50 cases are analyzed the average docking times 
for MPRC ranged from 4.3 to 17 min and average total operative time was 52.4–
95.7 min [6–10] (Table 2.1). MPRC offers improved visualization and fully wristed 
instruments, but has not been widely adopted, likely due to the need for larger ports, 
robotic availability, and robotic docking time. In our experience, MPRC may still 
have an advantage in re-operative fields, obese patients, and when no surgical assis-
tant is available.

MPRC also allows a safe and reliable method of training future surgeons and the 
learning curve is shorter than traditional laparoscopic surgery [8, 9]. This chapter 
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focuses on the safe application of robotic technology to biliary disease. The most 
commonly used robotic system is the da Vinci Si Surgical System (Intuitive Surgical 
Inc. Sunnyvale, CA). Although other platforms exist in various stages of develop-
ment, our chapter will focus on the use of the da Vinci Si system. Many of the 
concepts will be broadly applicable to other systems.

 Indications

The indications for MPRC are similar to those of traditional laparoscopic cholecys-
tectomy. These include symptomatic cholelithiasis, cholecystitis, acalculous chole-
cystitis, symptomatic gallbladder polyps or polyps greater than 10 mm, porcelain 
gallbladder, and biliary dyskinesia [11].

 Equipment and Operating Room Team Development

The three components of the da Vinci Surgical System are the Surgeon Console 
(SC), Vision Cart (VC) and Patient-side Cart (PSC). The SC is positioned away 
from the operative field and controls the instrumentation and visualization of the 
operative field. The VC is also positioned away from the operative field and con-
tains supporting hardware and software, such as the optical light source, electrosur-
gical unit, and optical integration. The PSC is the only component docked within 
the operative field and is covered with sterile drapes. It has four articulated mechani-
cal arms that control the instruments that are docked to the ports.

The efficient use of any system requires the coordination of all personnel 
involved. At our institution, we have achieved very efficient robotic docking times 

Table 2.1 Multi-port robotic cholecystectomy outcomes

N
Robotic docking 
time (min)

Console time 
(min)

Total time 
(min)

Major complication (bile 
leak, bleeding)

Vidovszky et al. (2006)a

MPRC 51 4.9 32.5 68.2 None

Breitenstein et al. (2008)

LC 50 – – 50.2 2%

MPRC 50 17 30 54.6 2%

Kim et al. (2013)

MPRC 178 4.3 15.1 52.4 0.6%

Ayloo et al. (2014)

LC 147 NA NA 89.6 2.0%

MPRC 179 NA NA 95.7 1.7%

Data from PubMed search for SIRC with greater than 50 patients
SIRC single incision robotic cholecystectomy, LC conventional laparoscopic cholecystectomy, 
MPRC multi-port robotic cholecystectomy, NA not available
aAfter the initial learning curve
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with organization and training of operating room personnel. Our structure consists 
of a robotic nurse manager, equipment specialist, circulating nurse, and scrub nurse. 
This structure is not limited to robotic cases but applies to any specialty cases. The 
robotic nursing supervisor specifically overseas all robotic cases to ensure the 
appropriate personnel and equipment are assigned to the room several days in 
advance. The equipment specialists are responsible for setup and troubleshooting of 
all laparoscopic and robotic equipment across multiple rooms. In our robotic rooms, 
they are responsible for the location of all robotic components and positioning of 
robotic equipment during the operation. The circulating nurse is responsible for 
additional equipment used during the operation. The scrub nurse is responsible for 
instrument exchange at the patient’s bedside. Using this system, we achieved an 
average docking time of 5 min [8, 12].

 Patient Positioning and Peritoneal Entry

The patient is placed supine on the operating room table. After intubation, the 
elbows should be properly padded and secured in the adducted position. The bed is 
angled 45° with the head moving to the patient’s right. The right arm is tucked, so 
the PSC can eventually be positioned over the patient’s right shoulder. The scrub 
nurse and sterile instrument table are generally positioned near the foot of the bed. 
The SC is placed away from the operating room table. The VC can be positioned to 
the left or right, away from the sterile field (Fig. 2.1).

Fig. 2.1 Robotic equipment position during multi-port cholecystectomy

2 Masters Program Biliary Pathway: Multiport Robotic Cholecystectomy
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Access can be gained with a periumbilical incision to maintain at least a 15 cm 
distance from the camera to the operative field in the right upper quadrant. If there are 
no previous incisions in the area, we elevate the fascia and use either an open tech-
nique or veress needle in order to obtain pneumoperitoneum, followed by a 12 mm 
optical entry port. After peritoneal access is gained, the abdominal cavity is inspected 
through the periumbilical port. It can be helpful to use an extra-long 12 mm port 
because this allows adequate length for robotic docking independent of the patient’s 
body habitus. Next, two separate 8 mm robotic ports are placed in the right upper 
quadrant, 8–10 cm away from one another. These robotic ports are best placed in line 
with one another and slightly cephalad to the camera port, positioning one along the 
mid-clavicular line and one along the anterior axillary line. Finally, an 8 mm robotic 
port is placed in the left upper abdomen. This is ideally placed in the midclavicular 
line and slightly more cephalad than the right sided abdominal ports (Fig. 2.2).

 Technical Pearls

• Placing the endotracheal tube to the left can avoid collision with the robotic 
arms.

• A footboard should be used to avoid inadvertent movement of the patient intra- 
operatively. Padding and taping of the ankles helps to avoid rolling of the foot 
during positioning.

• Care should be taken to place the left upper quadrant port so that a line between 
the port and gallbladder does not bisect the falciform ligament.

• In patients with prior abdominal incisions, we prefer a direct-access Hasson 
technique for abdominal access or left upper quadrant optical entry.

• In patients with a large distance between the umbilicus and right subcostal mar-
gin, a supraumbilical incision may be of greater benefit.

Fig. 2.2 Port placement 
for multi-port robotic 
cholecystectomy (1): 8 mm 
robotic port for hook 
electrocautery. (2): 8 mm 
robotic port for 
infundibular grasper. (3): 
8 mm robotic port for 
fundal grasper. Camera 
port: 12 mm extra-long 
port. Assistant: optional 
port placement
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 Robotic Dissection

The patient is next placed in a reverse Trendelenburg position with a slight left lat-
eral rotation. The sterile covered PSC subsystem is positioned over the right humeral 
area of the patient. The middle boom should be in line with the gallbladder and 
camera port.

The camera is initially docked. A 30° downward facing scope allows for excel-
lent visualization after proper downward calibration and white-balancing. Following 
this, the 8 mm ports are docked. The ports should be docked to avoid collision with 
one another, with special care given to ensure that the camera arm is at its “sweet- 
spot,” indicated by the blue line, once docked.

Under direct visualization, we place two graspers in the right upper abdominal 
ports and a hook cautery into the left upper quadrant port. The gallbladder is grasped 
in a manner similar to the laparoscopic approach. The lateral port is used for cepha-
lad retraction on the fundus, while the medial port manipulates the infundibulum. 
We begin our dissection using the hook cautery on the gallbladder near the area of 
the cystic artery. The artery is traced down to open the peritoneum over the cystic 
duct/gallbladder junction. Next, the peritoneum is separated both lateral and medial 
to the gallbladder. We will carefully dissect within Calot’s triangle until a critical 
view is obtained (Fig. 2.3).

We place medium sized hemo-o-lok clips on either side of the cystic duct and 
cystic artery prior to transection with robotic shears. Finally, the gallbladder is dis-
sected off the liver with hook cautery. A 5 mm assistant port can be placed in either 
the right upper quadrant or between the camera port and left sided abdominal port 
if additional assistance is needed.

The lateral grasper is removed, and a laparoscopic grasper is inserted and placed 
on the gallbladder infundibulum. All remaining instruments and the camera are 
removed. The PSC is undocked and removed from the operative field, and the 
patient is placed in the level position. If the 10 mm camera was used, then a 5 mm 
laparoscopic camera is inserted into the remaining 8 mm right upper quadrant port. 
Under direct visualization, a laparoscopic retrieval bag is used through the 12 mm 

Fig. 2.3 Critical view of a 
Calot’s triangle (picture 
from the University of 
California, Davis 
Department of Surgery 
archive)
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port to secure the gallbladder and remove it. If an 8 mm robotic camera was used, 
then it can be controlled manually through the 8 mm port. It is unnecessary to have 
the standard laparoscopic camera. The fascia of the 12 mm port is approximated and 
pneumoperitoneum is released. All sites are closed with absorbable suture and ster-
ile dressing.

 Technical Pearls

• A 30° downward facing scope may offer more visual advantages when dissecting 
the cystic duct and artery. The robotic camera must be calibrated for upward or 
downward direction. We recommend always calibrating for both directions.

• Use of an 8 mm robotic camera obviates the need for standard laparoscopic 
instruments.

• Avoiding collision of robotic arms is paramount intra-operatively. This can be 
accomplished by adjusting the right lateral port to swing as wide as possible. The 
remaining ports should have a minimum of 8 cm between all joints.

• A higher grasping strength instrument may be better for retracting the fundus.
• Visual haptics are important with right lower quadrant retraction of the infun-

dibulum because excessive retraction may cause injuries.
• If a cholangiogram needs to be performed, the table can remain in position. The 

C-arm can be brought into position from the left side after undocking and repo-
sitioning the PSC.

 Conclusion

Studies on MPRC have demonstrated its safety for treatment of a variety of gall-
bladder diseases. MPRC provides a safe and reliable method for cholecystectomy. 
The advantages of wristed instruments and improved visualization over standard 
laparoscopy have yet to be determined, but will likely have the most significant 
advantage in reoperative fields, obese patients, and when a surgical assistant is 
unavailable. It also allows for an optimal teaching platform of basic and advanced 
minimally invasive technique. The most important aspect of the application of new 
technology is strict adherence to the standard principles of good surgical 
technique.
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 Introduction

Gastroesophageal reflux disease (GERD) is the most common gastrointestinal- 
related diagnosis in the United States [1]. Its prevalence varies from 8 to 28% in 
Western countries and reduces health-related quality of life and imposes a signifi-
cant economic burden on the healthcare system [2]. It is defined as “a condition that 
develops when reflux of gastric contents causes troublesome symptoms or compli-
cations [3].” Initial management of GERD consists of life style modifications and 
medical therapy directed at neutralizing acid. Despite improvement in surgical tech-
niques, there is significant debate surrounding optimal surgical management. 
Appropriate patient selection and knowledge of principles of surgical therapy is 
important to obtain a good surgical outcome [4]. Minimally invasive fundoplication 
is the current standard in surgical approach to GERD with 3% of all fundoplications 
being performed laparoscopically with robotic assistance and 79% being performed 
by the conventional laparoscopic approach [5].
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 Indications and Preoperative Evaluation

 Surgical Indications

Antireflux surgical procedures should be considered for definitive treatment of 
patients with objective evidence of reflux who [6, 7]:

• Have persistent or troublesome symptoms despite optimal medical therapy with 
proton pump inhibitors (PPI)

• Are responsive to, but intolerant of medical therapy (non-compliance with medi-
cations, unwillingness to life long medications, long-term expense related to 
medications, etc.)

• Have complications related to GERD (benign stricture, Barrett’s esophagus, 
bleeding, ulceration)

• Have persistent atypical reflux symptoms (asthma, hoarseness, cough, etc.)

Patients most likely to have successful surgical outcome are ones who have typi-
cal symptoms of GERD, show a response to medical therapy but are unwilling or 
unable to take daily medications, and demonstrate increased esophageal acid expo-
sure on pH monitoring [8].

 Preoperative Work Up

Appropriate preoperative work up, inclusive of esophagogastroduodenoscopy 
(EGD), pH monitoring, manometry, and barium esophagram, is necessary to delin-
eate the extent of the disease.

• EGD can reveal valuable information regarding the anatomy of the esophagus 
and the gastroesophageal junction, the presence and size of hiatus hernia, and the 
presence and degree of esophagitis.

• pH monitoring is the gold standard to confirm the presence of acid reflux. pH 
monitoring and the calculation of DeMeester score (percentage of time of esoph-
ageal acid exposure to pH < 4.0) is very helpful in making a diagnosis of GERD 
in patients with atypical symptoms. It is imperative to document the existence of 
reflux disease in patients with classic symptoms of heartburn and regurgitation. 
Erosive esophagitis or Barrett’s metaplasia symptoms are not a reliable guide to 
the presence of disease [9].

• Esophageal manometry can reveal esophageal dysmotility syndromes. Based on 
this information, the surgeon is able to design the optimal surgical approach and 
decide between a complete or partial fundoplication.

• Barium esophagram is performed to outline the anatomy of the esophagus and 
abnormalities such as a hiatus hernia, diverticulum, stricture, or a luminal mass. It 
helps assess esophageal length. Presence of a large (>5 cm) hiatal hernia  suggests 
the presence of a shortened esophagus and may change choice of operation [10].
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The preferred approach is minimally invasive and the main techniques per-
formed include complete (Nissen, 360°) or partial (Toupet-posterior, 270° and Dor-
anterior, 180°) fundoplication [5].

The key steps to fundoplication include formation of a gastric wrap to enhance 
the lower esophageal sphincter, restoration of the angle of His, and closure of the 
hiatal defect, if present. Crucial points of the procedure are the placement of the 
patient in supine, steep reverse Trendelenburg position, hiatal dissection in a clock-
wise fashion starting from the right diaphragmatic crus, identification and preserva-
tion of the vagi nerves, and division of the short gastric vessels prior to the 
fundoplication and posterior gastropexy (in case of a partial fundoplication).

Robotic-assisted laparoscopic partial fundoplications were developed to prevent 
or alleviate symptoms of dysphagia or gas bloating noted after complete fundoplica-
tions (e.g. Nissen fundoplication). Indications that favor partial fundoplication 
include patients with achalasia following Heller myotomy, myotomy after resection 
of an epiphrenic diverticulum, and in patients who have had previous gastric resec-
tion or have tubular stomach, due to lack of sufficient fundus to perform a full 360° 
wrap [11].

Although widely taught, severe esophageal dysmotility is not an indication for 
choosing partial over complete fundoplication. Many studies have proven that in 
patients with weak, but not absent, esophageal peristalsis, there is similar postopera-
tive outcome regardless of a complete or partial fundoplication [12].

 Patient Preparation

In preparation for surgery, the patient is being kept nothing by mouth (NPO) after 
midnight the night before the operation. Depending on the degree of esophageal 
dysmotility, especially for patients with achalasia, it might be beneficial for the 
patient to be placed on a clear liquid diet for 24–48 h prior to the operation, to mini-
mize the amount of retained food in the esophageal lumen. This reduces the risk of 
aspiration upon endotracheal intubation and facilitates the performance of intraop-
erative EGD if required. Good communication with the anesthesiologist is para-
mount before and during the case and occasionally rapid sequence induction and 
intubation is performed.

 Patient Position and Room Setup

 1. The patient is positioned in a supine position. The patient’s arms can either be 
tucked or outstretched to ~80° and secured on padded arm boards.

 2. The patient should be fully secured to the operating table in order to achieve 
reverse Trendelenburg position (head up approximately >30°), which will help 
in displacing the organs from the hiatus and optimize the exposure of the work-
ing area.
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 3. The assistant usually stands on the patient’s right side, but an alternative position 
on the left side of the patient might be elected depending on the room setup.

 4. The monitor is placed either at the patient’s feet on the left side or at the patient’s 
left shoulder, depending on the position of the assistant (Fig. 3.1).

 5. Antibiotics with gram-negative and gram-positive coverage are administered at 
induction of anesthesia as they have shown to decrease the risk of postoperative 
wound infection.

 Trocar Position

 1. After pneumoperitoneum is established, usually by using the Veress needle in 
the left hypochondrium, the initial port is inserted in the abdominal cavity. 
Correct placement of the 8 mm camera port is of utmost importance. The typical 
supraumbilical port position is 12 cm caudad to the xiphoid and 2 cm to the 
patient’s right. For larger patients, port is placed 15 cm caudal to the xiphoid and 
2 cm to the right. The distance might need to be re-adjusted especially if the 
procedure includes a large hiatal hernia repair [13].

 2. The two 8 mm 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 mid-clavicular line. The third 8 mm trocar for the third robotic arm is inserted 

Fig. 3.1 Operating room setup
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in the left anterior axillary line (Fig. 3.2). Depending on surgeon preference, a 
liver retractor could be utilized [5, 14].

 3. Following port placement, the patient is placed in a reverse Trendelenburg posi-
tion with an angle of >30° and the robotic cart is brought into the field. With the 
Si system, the robot must be parked at the head of the table, whereas with the Xi 
system, the robot can be parked at the patient’s side as this platform includes an 
overhead boom allowing the arms to rotate as a group into any orientation. This 
allows for direct access to the patient by the anesthesia team. The console and 
vision cart are located safely away from the robot to allow for adequate move-
ment of the arms and adequate room for the anesthesia team. The monitor is 
either at the foot of the table or mounted on the wall depending on the operating 
room setup. Appropriate adjustments of the operating table might need to be 
applied to prevent obstruction of the Anesthesiologist.

 Steps of Complete (Nissen) Fundoplication [5, 11, 14–17]

 1. The operation begins with a hiatal dissection. First, retract the anterior epigastric 
fat pad and the stomach downward and towards the left lower quadrant using a 
Cadiere grasper. The gastrohepatic ligament is divided, using the electrocautery 
hook (Fig. 3.3), along the edge of the caudate lobe and the dissection plane is 
moved cephalad until the junction between the right crus of the hiatus and the 
phrenoesophageal membrane is encountered. Extra care is taken to preserve the 
anterior vagus nerve and especially the nerve of Latarjet and any aberrant left 
hepatic arteries, if present, are divided between clips (Fig. 3.4).

Fig. 3.2 Potential 
configurations of trocar 
positioning. ①②③ robotic 
arm ports, MCL 
midclavicular line, SUL 
spinal umbilical line

3 Masters Program Foregut Pathway: Robotic Fundoplications



26

 2. 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 mediastinum. The 
posterior vagus is identified and preserved (Fig. 3.5) and the dissection is 
extended circumferentially and in a clockwise fashion within the mediastinum. 
If a hiatal hernia is encountered, the hiatus is fully dissected and the esophago-
gastric junction is reduced into the abdomen. Eventually, using sharp and blunt 
dissection, 4 cm of intra-abdominal esophagus are mobilized anteriorly and pos-
teriorly from the right and the left crural limbs (Fig. 3.6). Complete excision of 
the sac should be performed. Subsequently, the robotic instruments are switched 

Fig. 3.3 Dissection of gastrohepatic ligament

Fig. 3.4 Identification of anterior vagus nerve
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to two needle drivers and the hiatus is closed using non-absorbable sutures (2-0) 
(Fig. 3.7). Occasionally, a biologic mesh could be applied for reinforcement with 
promising results.

 3. 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 
an ultrasonic coagulator or bipolar vessel sealer (Fig. 3.8), in order to achieve 

Fig. 3.5 Identification of posterior vagus nerve

Fig. 3.6 Mobilization of esophagus from right and left crura

3 Masters Program Foregut Pathway: Robotic Fundoplications



28

mobilization of the fundus for the creation of the posterior partial fundoplication. 
The ligation is continued up to the level of the left crus.

 4. The anterior epigastric fat pad is removed from the distal esophagus and cardia 
to ensure appropriate visualization of the exact placement of the wrap. A retro-
esophageal window is created and the posterior wall of the mobilized fundus is 

Fig. 3.7 Primary closure of the hiatus

Fig. 3.8 Division of the short gastric vessels
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grasped and passed behind the posterior vagus and posterior distal esophagus in 
a “shoeshine”-like maneuver.

 5. Permanent 2-0 sutures are used to secure the fundoplication. The two sides of the 
fundus are sutured together and a small bite of the esophagus is also taken. The 
wrap faces the patient’s right side in its final position. The first suture is most 
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. 3.9).

Fig. 3.9 360° wrap formation of the stomach
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 Steps of Partial Posterior (Toupet) Fundoplication [5, 11, 
14–16]

The basic steps of the partial fundoplication are identical to the steps for the poste-
rior complete fundoplication, as described above. The differences include the cre-
ation of the fundoplication that is being performed as listed below:

 1. The gastric fundus is grasped and retracted towards the midline, exposing the 
posterior hiatus. The superior aspect of the posterior fundus is sutured to the 
inferior right crus. Two coronal sutures are placed at 10 and 2 o’clock securing 
the fundus wrap to the hiatus (bougie might be helpful in this particular step).

 2. Finally, two to three interrupted sutures are placed from the esophagus to the left 
and right fundus, leaving the anterior esophagus open and approximately 270° of 
the posterior esophagus wrapped. If an esophageal myotomy has been per-
formed, as part of achalasia treatment, the edges of the fundus wrap are sutured 
to the myotomy edge.

 Steps of Anterior (Dor) Fundoplication

The basic steps of the anterior fundoplication are identical to the steps for the pos-
terior partial fundoplication, as described above. The differences include the cre-
ation of the fundoplication that is being performed as listed below [18]:

 1. Two rows of sutures are applied, one left and one right. The uppermost suture on 
the left side incorporates the fundus of the stomach, the esophageal wall, and the 
left pillar of the crus. The second and third sutures incorporate the stomach and 
the esophageal wall.

 2. The fundus of the stomach is folded in a way so that the greater curvature is 
positioned next to the right pillar of the crus. Two to three sutures are placed 
between the fundus and the right pillar in an apical position, and finally, the right 
row is performed by placing two additional sutures between the superior aspect 
of the fundoplication and the edge of the esophageal hiatus.

 Postoperative Management

Following the completion of the procedure, the patient is transferred to the post- 
anesthesia recovery unit and is admitted to the surgical floor. A clear liquid diet may 
be initiated when post-anesthesia nausea has resolved. A soft mechanical diet is 
usually started on postoperative day 1 and the patient is maintained on that diet for 
2–3 weeks after the operation. If no significant dysphagia is encountered, 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 
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getting discharged home on postoperative day 1 on pain control medications and 
anti-emetics.

 Intraoperative Complications

Fundoplications are usually categorized as low-risk procedures, but they can be 
associated with perioperative complications that increase significantly the morbid-
ity and mortality of the procedure [11].

 Perforation

The most dreaded complication is perforation, which can occur during the placement 
of the trocars, hiatal dissection, and placement of the bougie. It can also be a result of 
a thermal injury by electrocautery that occurred at some point during the procedure. 
Intraoperative identification of an injury can be usually repaired primarily. If the 
injury is in the suture line, you should repair it primarily with coverage of the gastric 
fundus if possible. A closed suction drain may be left in place.

 Bleeding

Bleeding is usually minor and easily controlled. Most commonly, it occurs during 
division of the short gastric vessels that arise from the spleen. However, the inci-
dence is <1% and the bleeding is usually easily controlled with ultrasonic coagula-
tor or vessel sealer.

 Pneumothorax

During mediastinal dissection, there is risk of tearing the pleura. The incidence is 
<1% and the pneumothoraces are usually small and rarely require any further inter-
vention. Often, surgeon could place a clip to approximate the parietal pleura. It is 
important to notify the anesthesiologist and, in case peek pressure is high, to 
decrease intra-abdominal carbon dioxide pressure to facilitate ventilation.

 Postoperative Complications

 Herniation

In approximately <1% of the patients, the gastric fundus can herniate through the 
hiatus. The patient usually presents with epigastric pain and tachycardia and is veri-
fied by a contrast study. Herniation noted in the immediate postoperative period is 

3 Masters Program Foregut Pathway: Robotic Fundoplications



32

treated with immediate reoperation, reduction, and repeat closure of the crural 
defect. It’s important to identify the technical error and rule out short esophagus 
and/or the need for lengthening procedure.

 Persistent Nausea and Vomiting

Severe postoperative nausea has been reported in up to 60% of patients after antire-
flux surgery and ~3–5% are experiencing episodes of emesis during their postopera-
tive hospitalization. The patients who retch or vomit during the early postoperative 
period are at increased risk of disrupting the crural closure or herniate the newly 
fundoplicated wrap. If these symptoms persist for 7–10 days, the patient should 
undergo a barium esophagogram to evaluate the integrity of the fundoplication and 
if disruption is identified reoperation is indicated.

 Dysphagia

All patients are expected to have some degree of dysphagia, regurgitation, or inabil-
ity to swallow appropriately in the early postoperative period. This is usually the 
consequence of postsurgical edema and inflammation that can delay the transit of 
food during swallowing. During that time, patients are advised to consume small, 
frequent, and soft meals with plenty of fluids. Subsequently, these symptoms usu-
ally resolve after the first few weeks in the vast majority of patients and approxi-
mately 3% of the patients will continue to report dysphagia after 6 months. In the 
population that has persistent symptoms for more than 6–12 weeks, a barium esoph-
agogram should be performed. If an abnormal passage of barium is identified at the 
level of the gastroesophageal junction, endoscopic balloon dilations are recom-
mended. Of note, the incidence of these symptoms is lower in patients who under-
went partial posterior compared to complete fundoplication and, when endoscopic 
dilations are required, the result is usually curative [19]. If the dysphagia symptoms 
are caused by herniation of the wrap, the recommended treatment is reoperation, as 
discussed previously.

 Re-operative Procedures for Antireflux Surgery

Before proceeding with any surgical approach, the appropriate preoperative work 
up must be performed. This might include EGD, barium esophagogram, 24-h pH 
monitoring manometry, gastric emptying studies, and/or CT scan of the chest and 
abdomen, in order to identify a possible anatomical abnormality or recurrence.

Performing another surgical intervention in patients who already had antireflux 
surgery can be accompanied with great technical challenges. The presence of many 
adhesions can obscure the correct dissection plane and can limit the identification of 
the normal anatomic landmarks. In this situation, the use of the robot with the 
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precision instruments and the high definition optics might provide extra benefit dur-
ing the procedure, which has not yet translated to improve patients’ outcomes. All 
patients need to undergo takedown of the original fundoplication, resection of a 
hernia sac, if necessary, and formation of a new fundoplication and/or assessment 
for the need of lengthening procedure such as Collis gastroplasty. In patients whose 
dysphagia is due to a tight previous Nissen wrap, creation of a partial fundoplication 
might be indicated.
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 Introduction

Achalasia is a rare primary esophageal motility disorder that is characterized by the 
absence of peristalsis and a defective relaxation of the lower esophageal sphincter 
(LES), resulting in impaired bolus transport and food stasis in the esophagus. The 
first description of achalasia was provided in 1674 by Willis, and in 1888, Einhorn 
hypothesized that the defect was secondary to the absence of opening of the cardia. 
In 1937, Lendrum first proposed that the syndrome was caused by incomplete relax-
ation of the LES and coined the term after the Greek word “khalasis,” meaning 
failure to relax. Over the years, the diagnosis of this rare yet debilitating primary 
motility disorder has evolved from the use of swallow studies alone to the applica-
tion of conventional manometry using water-perfused, catheter-based systems, to 
the usage of solid-state, multichannel catheters/high resolution manometry (HRM). 
With the advent of HRM, we have been able to classify this disease process into 
three subtypes that vary with respect to disease prognosis and response to treatment. 
Detailed discussion about the different achalasia subtypes and manometric interpre-
tation is beyond the scope of this chapter. In the following pages, we will briefly 
describe the different diagnostic and treatment options that are currently available 
for achalasia, with a more comprehensive depiction of robotic-assisted Heller 
myotomy.
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 Pathophysiology

Achalasia can be classified into primary and secondary forms. While the cause for 
primary achalasia is yet unknown and a subject of debate, every hypothesis accounts 
for the loss of ganglia within the esophageal myenteric plexus. The myenteric plexus 
is comprised of both excitatory and inhibitory motor neurons. The esophageal myen-
teric plexus releases acetylcholine, which produces smooth muscle contraction, and 
the myenteric plexus releases nitric oxide and vasoactive intestinal polypeptide, pro-
ducing smooth muscle relaxation. It is the imbalance between the density of these 
two groups of neurons that leads to impaired relaxation of the LES due to unopposed 
cholinergic stimulation of the LES [1]. Three etiologies have been proposed [1]:

 1. A degenerative process of the neurons
 2. Viral infections such as measles, varicella-zoster virus, and herpes
 3. Autoimmune cause with antibodies against the myenteric neurons

Secondary achalasia can either be isolated to the esophagus or be part of a gen-
eralized motility disorder affecting other portions of the GI tract. It is important to 
rule out causes of pseudoachalasia prior to embarking on treating achalasia per se.

 Clinical Features

Achalasia is a relatively uncommon primary motility disorder with an incidence of 
1 in 100,000 individuals and a prevalence of 10 in 100,000. The disease usually 
presents between 30 and 60 years of age and is equally distributed between males 
and females, without racial predilection [2].

The classic presentation of most patients is with progressive dysphagia to solids 
and liquids (90%) associated with regurgitation of undigested food or saliva (45%). 
The second most common symptom is heart burn (75%) followed by non-cardiac 
chest pain with intake of food (20–40%). This was corroborated in a single-center 
review by Tsuboi et al. over a period of 24 years (1984–2008) and found that patients 
with achalasia most commonly presented with dysphagia and heart burn [3–5]. 
Respiratory symptoms are also common due to decreased esophageal clearance 
resulting in aspiration of food or liquid. Chronic aspiration is seen in 20–30% of 
patients, and around 33% complain of sore throat or hoarseness. Around 5–10% of 
patients have unintentional weight loss.

This disease process also confers a 40–100 times increased risk of squamous cell 
cancer of the esophagus compared to the non-achalasia patient [6, 7].

 Therapeutic Modalities

While no cure currently exists for this disease process, all present-day therapeutic 
approaches aim to reduce the LES pressure. These can be classified into non- 
surgical and surgical treatments:
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Non-surgical Treatment

 1. Pharmacotherapy—Calcium channel blockers and Nitrates
 2. Injection of botulinum toxin
 3. Pneumatic dilation (PD)

Surgical Treatment

 1. Peroral Endoscopic Myotomy (POEM)
 2. Heller Myotomy

In this chapter, we will focus on the surgical treatment of achalasia by Heller 
myotomy.

 Non-surgical Treatment

 Pharmacotherapy
The most commonly used agents are calcium channel blockers (CCB) and nitrates. 
Nifedipine has been found to decrease LES pressure by 13–49% and improve 
patient symptoms by 0–75%. Its duration of effect is 30–120 min and used 
30–45 min before meals in 10–30 mg doses for best response. Sublingual isosorbide 
dinitrate has been effective in reducing LES pressure by 30–65%, leading to symp-
tomatic improvement ranging from 53 to 87%. It is administered in 5 mg doses, 
10–15 min before meals, and has a shorter duration of action at 30–90 min [2, 8].

The clinical response to these agents is of short duration as drug tolerance devel-
ops rapidly. Symptomatic improvement is incomplete and causes undesirable side 
effects of headache, hypotension, and leg edema, thus limiting their use. These 
drugs are only considered for patients who cannot or refuse to undergo other inva-
sive therapies and for those in whom even botulinum toxin injection has failed. 
Other agents that have been used are PDE five inhibitors such as sildenafil, anticho-
linergics, beta adrenergic agonists, and theophylline, but none of these agents have 
been shown to be as effective as the endoscopic or surgical therapies.

 Injection of Botulinum Toxin
Botulinum toxin is a presynaptic inhibitor of acetylcholine release from the nerve end-
ings. The toxin cleaves the SNAP-25 protein, which is involved in the fusion of the 
presynaptic vesicles containing acetylcholine with the neuronal plasma membrane. 
This inhibition of exocytosis of acetylcholine causes a short-term paralysis of the LES.

The treatment, however, is limited in efficacy and is associated with an approxi-
mately 50% reduction in the basal LES pressure. The average duration of action is 
around 3–4 months [9]. The standard approach is to inject 80–100 units in four 
quadrants, just above the Z line. Doses higher than 100 units have not been found to 
be effective. While 75% of patients have an initial response, the therapeutic effect 
wears off to less than 60% at 1 year. About 50% of patients relapse and require 

4 Masters Program Foregut Pathway: Robotic Heller



38

repeat treatments at 6–24 months [10–12]. Repetitive injections of botox into the 
LES can incite a fibrotic reaction, obscuring the sub-mucosal plane thus making 
future myotomy difficult. Due to these limitations, botulinum toxin injections 
should be considered only in elderly patients who are not candidates for pneumatic 
dilation, laparoscopic Heller myotomy, or peroral endoscopic myotomy.

 Pneumatic Dilation
Pneumatic dilation (PD) is considered an effective non-surgical option to treat acha-
lasia. The principle lies behind the use of air pressure for intra-luminal dilation and 
disruption of the circular muscle fibers of the LES. Csendes and colleagues (1989) 
performed a randomized trial comparing pneumatic dilatation to myotomy with 
anterior fundoplication. After a 5-year follow-up, 73% of patients in the dilatation 
group reported absent or mild dysphagia compared to 98% in the surgical group. 
The most serious complication with PD is esophageal perforation, with an inci-
dence of approximately 1.9% [13, 14]. Hence, all patients who undergo a PD should 
be counseled about the possible need for an emergent surgical intervention in the 
rare event of an uncontrolled perforation. As with botulinum toxin injections, sub-
sequent myotomy may be complicated by prior pneumatic dilations.

 Surgical Treatment

 Per Oral Endoscopic Myotomy
Per oral endoscopic myotomy (POEM) is a novel endoscopic procedure performed 
under general anesthesia. After suctioning the esophagus, the Z line is identified 
and at around 10–15 cm from the Z line, an initial submucosal injection is made to 
safely access the mucosa-submucosal plane to create a submucosal tunnel. During 
the procedure, multiple such injections of diluted contrast agent (e.g. methylene 
blue) are performed to a total volume of 100–150 cc. A 1.5 cm mucosal incision is 
then made with either a triangular tip knife or a hybrid knife and a submucosal tun-
nel is carefully extended to 3 cm into the gastric cardia. As the operator advances 
into the cardia, the vessel density and diameter of the tunnel increases and the 
mucosa becomes thinner, lending itself to a higher risk of perforation. Different 
centers across the world vary in the choice of site for the myotomy. Myotomy posi-
tions include anterior (11 or 2 o’clock), posterior (5 or 7 o’clock), and lateral (3 or 
8 o’clock). The total length of a standard myotomy is around 10–12 cm, including 
the 2–3 cm of cardiomyotomy. After the myotomy is completed, hemostasis is 
achieved and the mucosotomy is closed either with endoscopic clips, OVESCO 
clips, endoscopic suturing devices, or fully covered self-expanding metal stents.

Inoue et al. published the first series of patient outcomes after this procedure in 
2010, showing promising early results in the treatment of achalasia [15]. Following 
this, several studies by Swanstrom et al., von Rentien et al., and Bhayani et al. have 
shown comparable outcomes to surgical myotomy with significant improvements in 
LES pressure, Eckardt scores, and postoperative morbidity at least in the short term 
[16–18].
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 Heller Myotomy and Its Evolution
The first reported treatment of achalasia was to pass a piece of curved whalebone 
with a sponge at the distal end through the esophagus by Willis in 1674. Heller 
described the first surgical myotomy as a treatment for achalasia in 1914. The origi-
nal procedure involved myotomies over the anterior and posterior walls of the 
esophagus via a thoracotomy incision. In 1923, Zaaijer modified this technique and 
used only an anterior myotomy with excellent results in eight patients [19].

During the 1960s and 1970s, esophageal myotomy was performed through an 
open approach, either left trans-thoracic or trans-abdominal. The initial myotomy as 
proposed by Ellis et al. extended to only 5 mm onto the gastric wall. In his personal 
22 year experience, Ellis reported the use of a transthoracic short myotomy without 
an antireflux procedure in 179 patients. The overall improvement rate was 89% with 
marked reflux in only 5% of patients [20]. Compared to the trans-thoracic myotomy, 
the trans-abdominal approach was found to result in a significantly higher incidence 
of postoperative reflux. The proposed mechanisms for the latter include a longer 
myotomy onto the gastric wall, division of the phreno-esophageal ligament, and 
greater mobilization of the esophagus.

Dor, in 1962, proposed the addition of a partial anterior fundoplication to a long 
myotomy to minimize the risk of post-operative reflux. Several studies have evalu-
ated the outcome of open trans-abdominal myotomy and anterior fundoplication. 
One such study by Bonavina et al. was done on 206 patients who underwent a trans- 
abdominal Heller myotomy (8 cm on the esophagus and 2 cm on the stomach) along 
with a Dor fundoplication for the treatment of achalasia. 93.8% of patients had 
complete or near complete resolution of symptoms [21]. 3.6% of patients had recur-
rent dysphagia and abnormal acid exposure with 24 h pH monitoring was present 
only in 8.6% of patients. Richards et al. demonstrated through a randomized pro-
spective study that addition of a Dor fundoplication after Heller myotomy reduces 
pathologic reflux, as measured by 24 h pH studies, from 47 to 9% and has no mea-
surable impact on postoperative dysphagia [22].

With the advent of minimally invasive techniques in the early 1990s, the first 
minimally invasive myotomy was performed in the US in 1991 [23]. This was ini-
tially performed via a left thoracoscopic approach, replicating the technique 
described by Ellis, with a 7 cm myotomy extending onto the gastric wall for only 
5 mm. The shortcomings of this approach, however, were as follows: (1) need for 
single lung ventilation, (2) inadequate exposure of the GE junction, (3) high inci-
dence of postoperative reflux due to absence of a fundoplication, and (4) postopera-
tive discomfort secondary to the chest tube. This led to the advent of the laparoscopic 
Heller myotomy (LHM) with Dor fundoplication. Several studies have compared 
these two approaches and the laparoscopic approach was found to be associated 
with better postoperative pain control, shorter length of stay, better relief of dyspha-
gia, and lower incidence of postoperative gastroesophageal reflux [24–27]. One of 
these studies was done by Patti et al., reviewing outcomes in 60 patients who under-
went thoracoscopic (30 patients) or LHM with anterior fundoplication (30 patients). 
Median hospital stay was 42 h in the laparoscopic group and 84 h in the thoraco-
scopic group. Resolution of dysphagia was seen in 87% of thoracoscopic and 90% 
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of laparoscopic group patients. Abnormal reflux was seen on 24 h pH testing in 60% 
of the thoracoscopic group and in only 10% of the laparoscopic group [25].

The type of fundoplication used after a myotomy has been debated as well. An 
anterior 180° Dor, a posterior 270° Toupet, and a floppy 360° Nissen have all been 
proposed. Rebecchi and colleagues performed a randomized controlled trial com-
paring Dor versus Nissen fundoplication in 144 patients who underwent a Heller 
myotomy. No significant difference was seen with respect to reflux, but dysphagia 
was significantly more common in the Nissen group [28].

With the advent of robotic surgery, robotic-assisted Heller myotomy (RAHM) 
has now taken the stage as an emerging standard of care for achalasia. Although its 
laparoscopic counterpart is more widespread, RAHM has shown equivalent out-
comes. Horgan et al. conducted a multi-institutional retrospective review of 121 
achalasia patients. Fifty-nine patients underwent a robotic myotomy and 62 under-
went a conventional LHM. Although the mean operative time was longer in the 
robotic group, esophageal perforations occurred more commonly in the laparo-
scopic group (16% vs. 0%) [29]. Similar results were achieved with respect to 
relief of dysphagia. Another study by Huffman et al. found a lower rate of esopha-
geal perforations in the robotic group (0% vs. 8%) and higher postoperative quality 
of life indices [30]. It is likely that the better visualization provided by the robot 
along with the enhanced degrees of freedom allows a more controlled dissection of 
the individual muscle fibers resulting in a better technical outcome. Contrary to 
this, other studies have not shown a difference in intraoperative complications or 
postoperative course, while projecting higher operative costs with the use of the 
robot.

Nevertheless, with the continued research and development in the field of robot-
ics, it is undeniable that the robot is here to stay and familiarity with this technique 
is essential for future surgeons.

 Preoperative Evaluation

Patients with achalasia are typically referred for symptoms of dysphagia or regurgi-
tation. A thorough history and physical are necessary for all patient evaluations. We 
use a standard questionnaire for all patients that is entered both into the patient 
medical record and a research database. The questionnaire goes through a detailed 
description of the patient’s symptoms and their duration, including the extent of 
dysphagia, regurgitation, reflux, chest or abdominal pain, and associated symptoms 
such as pulmonary or pharyngeal complaints. Symptoms typical for achalasia 
include progressive dysphagia beginning with intolerance to bulky solid foods such 
as bread, raw vegetables, and chunks of meat. This progresses to difficulty with 
swallowing even water, and some patients can feel the sensation of food accumulat-
ing in their esophagus and passing very slowly.

The first diagnostic test is typically a contrast esophagram under fluoroscopy, to 
evaluate esophageal anatomy and clearance of contrast. The classic finding of 
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achalasia is the bird’s beak esophagus, which shows a large distal esophagus taper-
ing to a smooth point at the gastroesophageal (GE) junction (Fig. 4.1a). The distal 
esophagus can become markedly dilated, which is called a sigmoid esophagus. 
Upper endoscopy is necessary to rule out the presence of any lesions that may cause 
pseudo-achalasia, such as an esophageal neoplasm, and to evaluate for any concur-
rent pathology.

All patients require manometry to confirm the diagnosis. Conventional manom-
etry relied on the absence of relaxation of lower esophageal sphincter. High- 
resolution manometry of the esophagus allows calculation of the integrated 
relaxation pressure (IRP), which is a 4 s mean calculated in reference to gastric 
pressure. A median IRP > 15 mmHg in the presence of 100% failed peristalsis is 
diagnostic of achalasia. Spastic achalasia and achalasia with esophageal compres-
sion are variants that can involve hypercontractile findings on manometry, but these 
subtypes as well as classical achalasia can all be treated with an esophagomyotomy. 
Frequently, the manometry will show little more than a lower esophageal sphincter 
that fails to relax and no significant peristaltic activity in the body of the esophagus 
(Fig. 4.2).

Patients are not routinely tested with pH monitors, as our standard approach 
entails a partial fundoplication. A circumferential fundoplication will cause dyspha-
gia in a patient with poor peristaltic function, such as those with achalasia. 
Conversely, completely defeating the lower esophageal sphincter without providing 
any anti-reflux mechanism is associated with high rates of esophagitis.

Fig. 4.1 Preoperative and postoperative images of achalasia. (a) This contrast esophagram 
demonstrates the findings of a hypertensive lower esophageal sphincter with a proximally 
dilated esophagus, showing a “bird’s beak” narrowing; (b) Postoperative esophagram at 1 year 
follow-up
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 Operative Planning

Our standard approach is always trans-abdominal [31, 32]. This can be performed 
as a combination of laparoscopic technique with robotic assistance or a purely 
robot-assisted approach. In our practice, the initial approach to the dissection is 
laparoscopic, but the actual myotomy is performed with the da Vinci Surgical 
System (Intuitive Surgical, Sunnyvale, CA). The da Vinci System provides a magni-
fied stereoscopic image to the surgeon seated at a console away from the patient, 
which we find to be very useful in establishing the plane of dissection beneath the 
muscular layer and avoiding iatrogenic mucosal perforation. The da Vinci System 
provides six degrees of movement with a wristed action that allows delicate sweep-
ing movements to create this plane. It also dampens any tremors and can be scaled 
to allow very fine movements by the surgeon as the muscle is elevated and divided.

All patients undergo standard pre-operative evaluation for general anesthesia 
and laparoscopy. They are placed on a clear liquid diet for 3 days to decrease the 
amount of retained food in the esophagus. They are given a clear liquid protein 
supplement during this time. A type and screen for blood is not routinely obtained. 
All patients are given pre-operative intravenous antibiotics within an hour of inci-
sion. Mechanical and chemical prophylaxes are given for venous thromboembolism 
prevention. Patients are placed supine on the operating table with a foot board in 
place to allow steep reverse Trendelenburg positioning without shifting. A Foley 
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Fig. 4.2 This high-resolution manometry shows a lower esophageal sphincter that fails to relax 
with aperistalsis of the body of the esophagus
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catheter and an orogastric tube are placed. The arms are tucked at the sides, and the 
lower legs and shoulders are padded. A thigh strap is placed, and the lower legs and 
shoulders are taped to the operating table. The overhead monitor is placed over the 
patient’s head to allow the operating surgeon and assistant to look at the same 
screen. Our practice is to set the room up so that the robot may be docked from the 
head of the bed, with the anesthesia equipment to one side and the surgical equip-
ment to the other side, as shown in Fig. 4.3.

Access to the abdomen is gained with a Veress needle to create pneumoperito-
neum, and an optical 12 mm trocar is placed. This camera port is not placed in the 
midline, but rather in line with the diaphragmatic hiatus, to facilitate triangulation 
around the hiatus. This is about 3 cm to the patient’s left of the umbilicus, 15 cm 
inferior to the xiphoid process. Two 8 mm ports are placed along the left costal 
margin, as close to the rib as possible. The lateral left costal margin port is placed as 
far lateral as possible to prevent collision of the robot arms. A Nathanson liver 
retractor is placed inferior to the xiphoid process to elevate the left lobe of the liver 
to visualize the hiatus, and it is fixed to a post on the operating table. An 8 mm port 
is placed to the patient’s right of the epigastrium, and the trocar is advanced through 
the falciform ligament, which prevents the falciform ligament from hanging in front 
of the instrument being advanced into the abdomen (Fig. 4.4). The patient is then 
placed in steep reverse Trendelenburg position, with the patient’s right side tilted 
down. The robot is docked at this time. The operating assistant stands on the 
patient’s left side and provides lateral retraction of the fundus of the stomach. 
Alternatively, this could be performed by the third working arm of the robot. The 

Fig. 4.3 The robot is docked from the head of the bed, with the assistant at the patient’s left
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surgeon begins with an atraumatic grasping device in the left hand and a monopolar 
cautery hook in the right hand. This is used to divide the phrenoesophageal ligament 
to expose the angle of His. The left pillar of the crus must be visualized, and dissec-
tion is carried anteriorly toward the midline. The lesser sac is then entered through 
the lesser omentum, and the right pillar of the crus is identified. This dissection is 
carried anteriorly up to the level of the contralateral side. The anterior vagus nerve 
is adherent to the esophagus and must be identified and mobilized to allow for a 
complete myotomy. The anterior vagus lies on the esophagus at the 1 o’clock posi-
tion and crosses toward the lesser curvature (Fig. 4.5). It has attachments on the 
medial and lateral side that must be divided separately to fully mobilize it. Limited 
use of thermal energy is important to prevent nerve damage. The phrenoesophageal 
ligament and esophageal fat pad are divided in the midline to expose the muscular 
layers at the GE junction, taking care to note the position of the vagus nerve as it 
passes through this fat pad.

The fundus of the stomach may require some mobilization to allow for the partial 
fundoplication, particularly in the obese male patient. The short gastric vessels 
should be divided with an energy device (the authors prefer a bipolar sealing/cutting 
device) along the greater curvature of the stomach. This typically requires division 
of the first short gastric vessels. A posterior dissection and identification of the pos-
terior vagus nerve are not necessary and should be avoided in order to maintain the 
native anatomy of the hiatus. The esophagus is exposed at least 8 cm above the GE 
junction. The esophagus is then lightly scored with a monopolar hook cautery to 
demarcate the site of the myotomy, with a goal of a 7 cm esophagomyotomy and a 
3 cm gastromyotomy, including the sling fibers at the GE junction.

Fig. 4.4 The camera port 
is off-midline in order to 
be in line with the hiatus, 
and the other ports are 
positioned to allow 
triangulation focused at the 
hiatus
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A lighted 56 French bougie is placed through the mouth and advanced into the 
stomach, with the purpose of illuminating the areas with an incomplete myotomy 
as the operation proceeds. A gentle twisting motion usually allows the bougie to 
pass into the stomach, taking care not to perforate the GE junction, which is often 
angulated in achalasia patients. The myotomy is initiated at the GE junction, as this 
region is easily visualized, and the myotomy can be extended in either direction 
from that point. Muscle fibers along the scored line at the GE junction are then 
elevated and gently spread, until the submucosal plane between the mucosa and 
muscle fibers is identified. The left hand grasps and elevates these fibers anteriorly, 
and the hook is used to gently push the mucosa posteriorly and then cauterize the 
muscle fibers, taking care not to allow stray energy to pass onto the esophageal 
mucosa (Fig. 4.6). This “lift and spread” method is continued cephalad, cauterizing 
the muscle fibers that do not split with gentle blunt dissection. Most fibers split 
with blunt dissection alone. Esophageal mucosa will bulge anteriorly once the 
muscle fibers are divided, and the light from the bougie should be visible. Persistent 
muscle fibers will appear as stripes across the mucosa with the light shining (Fig. 
4.7). Once the proximal extent of the myotomy is complete, the dissection is con-
tinued down onto the stomach. The sling fibers at the GE junction are an impor-
tant adjunct to the LES, so they must be divided to provide a complete myotomy. 
The completed myotomy should show light clearly shining through the mucosa 
(Fig. 4.8).

At the completion of the myotomy, an anterior Dor fundoplication is created. 
The first step is to re-create the angle of His by tacking the medial gastric fundus to 
the left pillar of the crus with a 2-0 silk (Fig. 4.9). The medial edge of the gastric 

Fig. 4.5 The left/anterior vagus nerve can be seen crossing from the anterior esophagus to the 
lesser curvature of the stomach
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fundus is then sewn to the lateral cut edge of the myotomy with two 2-0 silk sutures. 
The gastric fundus is then folded over the esophagus for the anterior fundoplication. 
The greater curvature of the gastric fundus is then sewn to the medial cut edge of the 
myotomy with two 2-0 silk sutures (Fig. 4.10).

Fig. 4.6 The longitudinal and circular muscle fibers of the esophagus are elevated anteriorly, and 
the mucosa is gently depressed to create a plane of dissection

Fig. 4.7 Residual muscle fibers are backlit by the lighted bougie, allowing improved visualization 
of an incomplete myotomy
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The bougie is then removed, and a completion endoscopy is performed. The 
endoscope should pass easily through GE junction without any pressure or angula-
tion. The endoscope should be retroflexed to evaluate the fundoplication for any 
twisting or corkscrew effect on the esophagus. A saline leak test can also be per-
formed. The ports are then removed, and the operation is complete.

Fig. 4.8 This depicts a completed myotomy, with bulging mucosa in between the cut edges of the 
muscle

Fig. 4.9 The medial aspect of the gastric fundus is sutured to the left pillar of the crus to re- 
approximate the angle of His
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This operation may also be performed completely with the robot. Our practice is 
to perform the initial dissection laparoscopically, as the haptic feedback is particu-
larly useful in the dissection while entering the mediastinum.

 Post-operative Care

Patients are admitted to our standard surgical floor and given a clear liquid diet the 
same day as surgery. Analgesia is provided with scheduled intravenous ketorolac 
and intermittent oral opioids. Antiemetics are scheduled to prevent retching, which 
could potentially disrupt the fundoplication. Patients are typically given ondanse-
tron and metoclopramide intravenously. We do not routinely check any laboratory 
studies, and no routine postoperative imaging is obtained. The morning of postop-
erative day one, patients are advanced to a full liquid diet and are discharged home. 
They are to advance to a pureed diet at home and then move onto more solid foods, 
but they are counseled to continue avoiding bulky solid foods such as bread, raw 
vegetables, and chunks of meat.

 Outcomes

Patients typically report an immediate improvement in their dysphagia when they 
begin drinking clear liquids. They are seen in our clinic 2 weeks after surgery and 
again at 6 months to evaluate their symptoms. All patients undergo a contrast esoph-
agram 1 year after their operation (see Fig. 4.1b). The purpose of this is to provide 

Fig. 4.10 A partial 
anterior (Dor) 
fundoplication is created. 
Reprinted from [32]
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early notice of recurrent disease, which allows for early re-intervention. It is rela-
tively rare for patients to require a secondary intervention, but the initial course of 
treatment after a failed myotomy would include endoscopic therapy such as botuli-
num toxin injection or pneumatic dilation. If this fails to provide symptomatic relief, 
then repeat myotomy should be considered.
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 Introduction

There are two general types of hiatal hernia: sliding and paraesophageal. The slid-
ing hiatal hernia (Type I) is defined by a cephalad displacement of the esophagogas-
tric junction and proximal stomach through the hiatus into the posterior mediastinum. 
The stomach is covered anteriorly by peritoneum, whereas the posterior stomach is 
bare. In most patients, the esophagus is normal in length, and the hernia reduces 
easily in the upright position. The other major type of hiatus hernia is termed a para-
esophageal hernia (PEH), of which there are three subtypes. Type 2 PEH is one in 
which the esophagogastric junction remains in place below the diaphragm but the 
stomach herniates into the chest next to the esophagus and is covered completely by 
peritoneum. Initially, only the gastric fundus herniates through the hiatus, until 
finally the entire stomach enters the chest giving the appearance of the “upside- 
down stomach or gastric volvulus.” Type 3 PEH is one in which the esophagogastric 
junction is displaced above the diaphragm while a PEH with herniation of colon, 
spleen, or pancreas is termed Type 4 [1].

Patients with PEH may be asymptomatic or present with a myriad of symptoms 
including postprandial dyspnea, early satiety, dysphagia, heartburn, epigastric pain, 
or associated conditions such as gastroesophageal reflux disease (GERD), esopha-
gitis and/or gastritis, gastric volvulus with incarceration or strangulation, and even 
gastric rupture. Diagnosis of PEH is confirmed with endoscopic and/or radiologic 
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studies. The management of patients with PEH may include proton pump inhibitor 
therapy, endoscopic treatment, and/or surgical intervention. Controversy exists as to 
whether PEH should be managed by simple reduction of the hernia with excision of 
the sac and closure of the hiatus, or whether all patients should have an antireflux 
procedure in addition. The following chapter will discuss the indications and mini-
mally invasive techniques for repair of PEH and concomitant prevention of gastro-
esophageal reflux.

 Indications for Operation

When considering patients for minimally invasive paraesophageal hernia repair, it 
is important to assess the patient thoroughly, taking care to fully elucidate patient 
symptoms, concomitant medical conditions, and determine the feasibility and type 
of repair [1]. To this end, the Society of Gastrointestinal and Endoscopic Surgeons 
(SAGES) published Guidelines for the Management of Hiatal Hernia to aid sur-
geons and patients in the decision-making process. The guidelines that specifically 
address the indications for repair of PEH are summarized below.

 SAGES Guidelines for Management of Hiatal Hernia

• Asymptomatic hiatal hernia (Type I) does not, in and of itself, necessitate  
elective repair; however, elective repair may be indicated for patients with 
GERD [1].

• Patients with a symptomatic PEH should undergo repair, especially for acute 
obstructive symptoms. However, repair of asymptomatic PEH may not always be 
indicated, taking into account the patient’s age and comorbidities. Patients with 
asymptomatic PEH may be observed and managed expectantly, noting that pro-
gression from an asymptomatic to a symptomatic PEH occurs infrequently. The 
annual probability of developing acute symptoms requiring emergent operation 
is calculated to be approximately 1% [2–6].

 Operative Management

When the patient meets indication for operative repair of PEH, the surgeon must 
take into consideration all aspects of perioperative management. These periopera-
tive considerations may include ensuring appropriate equipment is readily available 
to conduct the operation safely, discussing rapid sequence intubation or gastric 
decompression with an anesthesia colleague, and maintaining the technical skills 
necessary for quality outcomes, tracked longitudinally. Before describing the opera-
tive technique of robot-assisted laparoscopic (RAL) repair of PEH, it is necessary to 
detail the operating room setup, equipment, patient positioning, and trocar place-
ment and docking strategies to ensure a safe and effective operation.
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 Room Setup

At the time of this writing, one robotic platform is approved for use in the United 
States (da Vinci® Surgical System, Intuitive Surgical, Sunnyvale, CA), so the fol-
lowing descriptions will all relate to that platform and its various models (S, Si, and 
Xi). The orientation of the operating table within the operating theater may vary 
depending on the model and mobility of robotic equipment as well as room size. 
Assuming a square-shaped operating room, the operating table is located centrally. 
When using the S or Si models, there are several ways to set up the operating room. 
The anesthesia equipment and providers can be located at the patient’s head and the 
robotic platform docked in parallel to the bed on either the patient’s left (preferred) 
or right side. Another approach is to turn the operating table 90° from the anesthesia 
equipment and dock the robotic platform over the patient’s head. When using the Xi 
model, the specific orientation of the operating table and room setup is less critical. 
With the Xi and its ability to side-dock or parallel dock, the anesthesia equipment 
and providers can remain at the patient’s head, and the robotic platform is docked 
from the patient’s left (preferred) or right side (Fig. 5.1).

Fig. 5.1 An operating room setup for robot-assisted laparoscopic paraesophageal hernia repair 
using a side docking technique. The operating room could be set up similarly when using a parallel 
docking technique with the robotic platform on the patient’s left side

5 Masters Program Foregut Pathway: Robotic Paraesophageal Hernias and Revisions



54

The robotic console can be located anywhere in the operating room, but thought-
ful consideration should be given to cord management so as to not create a hazard-
ous work environment for those moving about the operating room. One method to 
ensure a safe walking and working environment is to secure the console cords to the 
wall or temporarily the floor. The operating surgeon should adjust the robotic con-
sole and chair in advance of the procedure to optimize comfort and ergonomics.

When the robotic platform is docked on the patient’s left side, the bedside assis-
tant or co-surgeon is most commonly positioned on the patient’s right side, where 
an accessory trocar may be placed to facilitate the operation. The equipment table 
and surgical scrub technician/nurse are positioned on the patient’s right side, near 
the feet. This position allows the surgical scrub technician/nurse unrestricted access 
to the bedside assistant or co-surgeon as well as the robotic equipment and tower. 
Using this room setup, the robotic tower is positioned on the patient’s right side near 
the feet (Fig. 5.1). If ceiling-mounted monitors are available, these should be ori-
ented to allow the surgical scrub technician/nurse and bedside assistant or co- 
surgeon an unrestricted and preferably in-line view. Additional monitors can be 
oriented for the staff and/or trainees as needed.

 Patient Positioning

Patient positioning can be made easier when using a specific operating table that 
allows for bed movement during the operation (TruSystem® 7000dV OR Table 
Package, TRUMPF Medizin Systeme GmbH & Co, Saalfed, Germany); however, a 
robot-specific operating table is not required. First, the patient is placed supine on 
the operating table with the right arm on an armboard and the left arm padded and 
tucked. This position is used if the robotic platform will be docked on the patient’s 
left side. If the patient is obese or other reasons prohibit tucking the left arm, then 
the arm can be secured to an armboard with the shoulder abducted. It is important 
to communicate patient positioning with the anesthesia team, specifically if arms 
will be tucked, as the anesthesia provider may elect to place additional intravenous 
access or reposition the blood pressure cuff.

After placement of sequential compression devices, a padded footboard is 
secured to the bed to prevent the patient from slipping when in reverse Trendelenburg 
position. Additionally, a strap or tape across the pelvis or upper thigh is used to 
secure the patient to the bed. Usually, a lower body-warming blanket is used to 
maintain the patient’s temperature during the operation. An orogastric tube to 
decompress the stomach and a urinary catheter to decompress the bladder may be 
placed at the discretion of the surgeon. Caution is encouraged knowing that there 
may be significant difficulty in cases of gastric volvulus. Once the patient is secured 
to the bed, it is advisable to place the patient in steep reverse Trendelenburg to 
assure there is no undue pressure on extremities or shifting of patient position before 
the bed is again leveled and the abdomen prepped. As a routine, flexible upper gas-
trointestinal endoscopy is performed at the completion of the operation to inspect 
the fundoplasty. The location of the endoscopy tower must be considered when 
orienting the equipment in the room as well.
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 Trocar Positioning

After the abdomen is prepped from the nipples to the pubis and laterally to the oper-
ating table, sterile drapes are secured to the skin. The first 8 mm robotic trocar is 
located 12–15 cm inferior to the xyphoid and approximately 1–2 cm left of midline, 
as this location allows for adequate camera distance from the robotic arms but also 
permits easy visualization high in the mediastinum. A robotic trocar without the 
obturator is pressed against the skin at this location to mark the site and size of inci-
sion. Injection of local anesthetic precedes an 8 mm transverse incision, insertion of 
a Veress needle, saline drop test, and establishment of pneumoperitoneum to 
15 mmHg. When the patient is deemed low risk an 8 mm robotic trocar can be 
inserted directly; however, in higher risk patients it is advisable to perform trocar 
placement under laparoscopic visualization. This may necessitate the setup of a 
5 mm laparoscope and/or tower.

While robotic trocar positioning is dictated by surgeon and patient factors, there 
are several generalizable strategies for robotic trocar placement that differ from 
laparoscopic trocar placement for the repair of PEH (Fig. 5.2). First, robotic trocars 
should be placed at least 8 cm apart from one another whenever possible to mini-
mize robotic arm collisions. Second, the robotic arms and instruments are often 
longer than most laparoscopic instruments; so robotic trocars can be placed further 
from the target anatomy. In fact, if the robotic trocars are placed too close to the 
target anatomy, it my limit degrees of freedom and impede usability of the robotic 
instruments. Third, the robotic trocars can be positioned in a more crescent-shaped 
orientation rather than a staggered “W” orientation, which some surgeons adopt for 
laparoscopic repair of PEH.

The robotic trocar position most conducive to repair of small and large PEH, 
fundoplasty, and/or gastropexy is illustrated in Fig. 5.2, which shows a relatively 
universal location for robotic and accessary trocars for repair of PEH. In addition to 
the camera trocar, additional 8 mm robotic trocars are placed under direct visualiza-
tion at the following locations: right upper quadrant (anterior axillary line, 3–4 cm 
inferior to the costal margin), left upper quadrant (anterior axillary line, 3–4 cm 
inferior to the costal margin), left flank (mid axillary line, 3–4 cm inferior to the 
costal margin). All these trocars should be at least 8 cm from one another whenever 
possible. If needed, an accessory trocar is placed in the right abdomen, between the 
right upper quadrant trocar and the camera trocar. Most often, this trocar is a 
10–12 mm disposable trocar. When available, constant pneumoperitoneum, smoke/
steam evacuation, and valve-free access to the peritoneal cavity is possible through 
a specialized trocar (AirSeal® System, SurgiQuest Inc., Milford, CT) and may mini-
mize loss of pneumoperitoneum that can occur when passing needles or other 
devices. Lastly, a disposable 5 mm trocar is placed in the hypogastrium to dilate a 
track for passage of the medium-sized Nathanson liver retractor blade. Once the 
trocars are liver retractor are placed and secured, respectively, the patient is posi-
tioned in steep reverse Trendelenburg.
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 Robotic Platform Docking and Instrumentation

The specifics of docking vary depending on the platform (S, Si, or Xi). A complete 
description of docking for the S/Si and Xi platforms is beyond the scope of this 
chapter; however, a brief detail of docking the Xi system follows. In advance, the 
robotic platform is draped (all four arms) and oriented according to the docking 
location (patient’s left, right, etc.) and the operative field (upper abdomen, pelvis, 
etc.). Once oriented (patient left side, upper abdomen field), the robotic platform is 
positioned and the arms centered over the camera trocar. At this time (Xi only), the 
camera trocar is docked (arm 2) and the 30° camera inserted to facilitate automatic 
reorientation of the remaining robotic arms. Then, all remaining robotic trocars are 
docked to the platform and instruments inserted, taking care to avoid injury to sur-
rounding structures. Various strategies exist to improve mobility of robotic arms in 

Fig. 5.2 The typical location of robotic (1, 2, 3, and 4) and accessory trocars for robot-assisted 
laparoscopic paraesophageal hernia repair. Trocar 1 is used for an atraumatic Cadiere grasper, 
trocar 2 is meant for the camera, trocar 3 allows passage of the harmonic scalpel, bipolar electro-
surgery device, needle driver, or other robotic instruments, and trocar 4 is used for an atraumatic 
grasper. Trocar 5 serves as an accessory trocar to allow easy passage of suture and hiatal graft/
mesh, retraction of tissues, and/or removal of specimens. Trocar 6 is used to dilate a track through 
the abdominal wall so as to facilitate passage of the Nathanson liver retractor

P.A.R. Del Prado and J.G. Bittner IV



57

relation to one another depending on the platform; however, it is important to assure 
before beginning the operation that the robotic arms do not apply pressure to or 
injury the patient outside of the sterile field.

The instruments preferred for the operation will vary by surgeon preference but 
with experience the following instruments seem to facilitate the operation by mini-
mizing instrument exchanges. The operation begins with Cadiere grasper placed 
through the right upper quadrant trocar (arm 1), a Cadiere or fenestrated bowel 
grasper passed through the left flank trocar (arm 4), and ultrasonic shears placed 
through the left upper quadrant trocar (arm 3). Alternatively, a bipolar electrosur-
gery device can be used in place of ultrasonic shears depending on surgeon prefer-
ence. For suture repair of the PEH with or without fundoplasty, the energy device is 
exchanged for a robotic needle driver (arm 3). If an accessory trocar is used, sutures 
can be cut using disposable endoshears, which may be less expensive than the 
robotic scissors; however, if an accessory trocar is not placed then the robotic scis-
sors can be used to cut sutures.

 Operative Technique

Using the robotic Cadiere graspers (or alternative atraumatic graspers), the stomach 
and other contents of the PEH are manually reduced, taking care to notice the ten-
sion on these structures (Fig. 5.3). In the opinion of the authors, it is critical that 
surgeons performing RAL PEH repair can safely and effectively evaluate tension on 
tissues without the use of haptic feedback, a critical part of the learning curve. 
While dissection may begin on the right or left crus of the diaphragm, herein is 
detailed the procedure beginning with dissection of the right crus of the diaphragm. 

Fig. 5.3 An initial paraesophageal hernia prior to manual reduction
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Using an atraumatic grasper (arm 4), the stomach is retracted caudad and to the 
patient’s left, exposing the gastrohepatic ligament. Using ultrasonic shears (arm 3), 
the gastrohepatic ligament is divided, taking care to avoid injury to the vagus nerve 
coursing along the lesser curve of the stomach and any variant anatomy (replaced 
left hepatic vessels). Both the right crus of the diaphragm and the inferior vena cava 
posterior to the caudate lobe of the liver are identified.

The right crus is gently retracted laterally utilizing a Cadiere grasper (arm 1) 
allowing for incision of the peritoneal sac by ultrasonic shears (arm 3). When incis-
ing the peritoneal sac along the right crus of the diaphragm, it is best to leave the 
crus covered by its investing peritoneum whenever possible. Dissection moves from 
posterior to anterior long the right crus, across the phrenoesophageal ligament, until 
reaching the anterior aspect of the left crus of the diaphragm. Care should be taken 
to identify and protect anatomical variants whenever possible (Fig. 5.4). The PEH 
sac is dissected from surrounding tissues using a combination of blunt dissection 
and ultrasonic shears. Care is taken to identify and protect the posterior vagus nerve 
during dissection of the right crus of the diaphragm. One way to identify the right/
posterior vagus nerve is to find the point near the gastroesophageal junction, where 
the vagal nerve fibers begin to decussate. Once identified, maintaining a plane of 
dissection lateral to the right/posterior vagus nerve, specifically keeping the nerve 
against the esophagus, is a method to avoid injury to this important structure.

Fig. 5.4 Retraction of the gastrohepatic ligament with atraumatic Cadiere graspers (arm 1) and 
division using harmonic shears (arm 3). Both the caudate lobe of the liver and inferior vena cava 
(IVC) appear posterior to the divided gastrohepatic ligament. A dissected hiatus with normal ana-
tomical variant left intact: (a) esophagus; (b) posterior mediastinum; (c) right crus of diaphragm; 
(d) left crus of diaphragm; (e) caudate lobe of liver; (f) accessory left hepatic artery

P.A.R. Del Prado and J.G. Bittner IV



59

Once the right crus of the diaphragm is dissected, the left crus of the diaphragm 
is dissected taking care to minimize the risk of injury to the spleen or bleeding from 
the short gastric vessels. To expose the posterior portion of the left crus of the dia-
phragm, the short gastric vessels are transected using ultrasonic shears. The connec-
tive tissue posterior to the fundus often requires transection to allow full exposure 
of the left crus. Importantly, the posterior aspect of the PEH sac should be incised 
from the crus and completed reduced from the mediastinum as well as the anterior 
PEH sac. Identification and protection of the left/anterior vagus nerve is critical dur-
ing this dissection. Excessive rotation of the esophagus during left sided crural dis-
section must be avoided to prevent unrecognized injury to the posterior vagus. 
Ultimately, the decussation of crural fibers posteriorly serve as a landmark to ensure 
the entire hiatus is dissected, as to allow for adequate closure of the defect with or 
without reinforcement.

Dissection in the mediastinum posterior to the esophagus is best initiated above the 
diaphragm if possible so as to avoid esophageal injury; however, initial creation of a 
retroesophageal window inferior to the diaphragm is performed. Anterior and inferior 
retraction of the esophagus facilitates dissection of the posterior attachments within 
the mediastinum. Specific to RAL PEH repair, care must be taken to retract the esoph-
agus by grasping the esophageal fat pad and/or hernia sac, placing an instrument 
through a retroesophageal window with gentle anterior displacement, and/or utilizing 
a Penrose drain around the distal esophagus. A robotic instrument (arm 4) passed 
posterior to the esophagus with gentle anterior retraction of the esophagus facilitates 
the dissection of the posterior mediastinum without using a Penrose drain.

During esophageal mobilization within the hiatus, feeding vessels from aorta are 
divided using ultrasonic shears to achieve hemostasis. Areolar tissue may be divided 
up to the level of the inferior pulmonary vein. Once the hernia sac is completely 
reduced from the mediastinum and the esophagus mobilized to ensure at least 
2–3 cm of intra-abdominal length, with care taken to avoid injury to the parietal 
pleura and subsequent capnothorax, the hernia sac is divided or excised in part or 
whole. Care must be exercised to avoid injury to the vagus nerves when removing 
the esophageal fat pad and hernia sac.

Next, attention is turned to re-approximating the crura (Fig. 5.5). Beginning pos-
teriorly, the left and right crus of the diaphragm are approximated using permanent 
suture. While there are various methods of crural closure, the method here uses a 
series of horizontal mattress stitches with nonabsorbable braided polyester suture 
(0-Ethibond Excel® Suture, Ethicon, Inc., New Brunswick, NJ). Key portions of 
crural closure include beginning the closure at the most posterior aspect of the hia-
tus, taking significant bites of muscle (including peritoneum) and approximating 
tissue without undue tension. When suturing the crura, care should be taken to avoid 
injury to the caudate lobe of the liver, inferior vena cava, and esophagus.

During closure of the crural defect, the esophagus remains retracted using a 
robotic instrument (arm 4) and sutures are passed through an accessory trocar (when 
no accessory trocar is used a robotic instrument must be removed to pass sutures). 
An experienced bedside assistant or co-surgeon exchanges used for new sutures 
through an accessory trocar, cuts sutures with disposable endoshears, and facilitates 
retraction using laparoscopic atraumatic graspers as needed.
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In the majority of RAL PEH repairs, a posterior closure of the hiatus is sufficient. 
At times, a large gap between the crura anterior to the esophagus may be present 
despite closure of the posterior hiatus. In such situations, closure of the hiatus ante-
rior to the esophagus may be warranted, but care should be taken to avoid injury to 
the anterior vagus nerve and esophagus. When this is deemed necessary, the defect 
is approximated using a simple interrupted stitch with nonabsorbable braided poly-
ester suture.

 Adjunct Procedures

Additional maneuvers may be used to decrease tension on the crural closure includ-
ing relaxing incisions of the diaphragm (partial or complete, right or left) and left 
capnothorax. These procedures can be performed using the same robotic instru-
ments used for dissection of the hiatus and mediastinum. Moreover, procedures for 
esophageal lengthening such as wedge fundectomy or Collis gastroplasty can be 
performed with assistance of the robotic platform. Either a laparoscopic stapler- 
cutter inserted through an accessory trocar or a robotic stapler-cutter (Si and Xi) 
inserted through a robotic 12 mm trocar and controlled from the robotic console can 
be used for wedge fundectomy or Collis gastroplasty. However, with extensive 
mobilization of the esophagus from surrounding mediastinal tissues, it is the experi-
ence of the authors that the need for a formal esophageal lengthening procedure is 

Fig. 5.5 Posterior reapproximation of the crura of the diaphragm by horizontal mattress stitches 
using nonabsorbable braided polyester suture. Note the anterior and inferior retraction of the 
esophagus using an atraumatic grasper (arm 4) placed carefully through the retroesophageal 
window
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infrequent even for repair of initial giant PEH. In addition, esophageal lengthening 
procedures may increase the risk of postoperative complications such as dysphagia 
and staple line leak. When indicated, the robotic platform and robotic stapler facili-
tates performance of wedge fundectomy over a Bougie as the esophageal lengthen-
ing procedure of choice.

Reinforcement of the hiatus with a biologic graft or bioabsorbable synthetic 
mesh can be performed using the robotic platform (Fig. 5.6). In the opinion of the 
authors, safe options for fixation of the graft or mesh include suture alone, fibrin 
sealant/glue alone, or a combination thereof. Robot-assisted retraction of the stom-
ach leaves two hands for operating, so reinforcement of the hiatus can be performed 
before or after fundoplasty, although the latter is preferred when fibrin sealant/glue 
is used for fixation. Newer robotic platforms provide for console surgeon-controlled 
injection of fibrin sealant/glue. It is the practice of the authors to reinforce the crural 
closure when the defect is large or closure appears to be under some tension, when 
a relaxing incision of the diaphragm is performed, as well as when patients have 
giant and/or recurrent PEH. After suture closure of the hiatus, reinforcement is per-
formed using a U-shaped graft of porcine small intestine submucosa (Biodesign® 
Hiatal Hernia Graft, Cook Medical, Inc., Bloomington, IN) passed through the 
accessory trocar by a bedside assistant or co-surgeon then secured using 10 mL of 
fibrin sealant (TISSEEL®, Baxter Healthcare Corp., Deerfield, IL) by directing the 
malleable dual-cannula applicator (DUPLOTIP Applicator 320, Baxter Healthcare 
Corp., Deerfield, IL) with robotic Cadiere graspers.

Fig. 5.6 A U-shaped biologic graft placed for reinforcement of the hiatus after robot-assisted lapa-
roscopic paraesophageal hernia repair and Nissen fundoplasty. The biologic graft can be secured 
to the hiatus in various ways; in this case, the graft was secured using fibrin sealant
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 Nissen Fundoplasty

A partial or complete fundoplasty is employed following the great majority of RAL 
PEH repairs. This is based on the premise that patients with PEH are at increased 
risk of gastroesophageal reflux due to an incompetent lower esophageal sphincter 
(LES). The practice of the authors is to tailor the type of fundoplasty to the patient. 
In the elective setting, patient history and symptoms, radiologic studies, and most 
importantly high-resolution esophageal manometry are used to select patients for 
partial or complete fundoplasty. Of note, current evidence fails to support tailoring 
the fundoplasty based on high-resolution esophageal manometry. In the emergent 
setting, a partial fundoplasty (Toupet) is more often employed considering the age 
and comorbidities of the patient.

The creation of a fundoplasty requires an understanding of the anatomical rela-
tionship of the stomach (particularly posterior fundus) to intra-abdominal esophagus. 
A 360°, floppy Nissen fundoplasty is created around a large esophageal dilator (54–
60 French). A fundoplasty is performed after complete closure of the hiatal defect, 
and when indicated, adjunct procedures and/or reinforcement of the hiatus. There are 
several published descriptions of how to reproducibly create a floppy Nissen fundo-
plasty, but the key element of each is to ensure adequate intra- abdominal esophageal 
length, avoid twisting of the gastric fundus as it passes through the retroesophageal 
window, and suture the correct parts of the stomach to one another.

The use of a robot-assisted approach does not change any of the critical elements 
of a reproducible, floppy Nissen fundoplasty. First, the operating surgeon passes a 
tapered-tip (Maloney) esophageal dilator (54–60 French) down the esophagus. 
Communication with the bedside assistant or co-surgeon and visualization of the hia-
tus is important to prevent injury to the esophagus during passage of the esophageal 
dilator. Next, a Cadiere grasper (arm 4) or a laparoscopic atraumatic bowel grasper 
passed through the accessory trocar may be used to retract the stomach (or esophageal 
fat pad if still intact) posteriorly and inferiorly along the axis of the esophagus. Another 
Cadiere grasper (arm 1) enters from the right upper quadrant and passes posterior to 
the esophagus through the retroesophageal window. This instrument is used to grasp 
the posterior aspect of the fundus at a location approximately 6 cm lateral and 6 cm 
inferior to the angle of His. The posterior aspect of the fundus is pulled from patient 
left to right through the retroesophageal window and a “shoe-shine” maneuver is per-
formed to ensure the stomach is oriented properly and not twisted. The “shoe-shine” 
maneuver also permits assessment of any tension on the greater curve of the stomach 
from the short gastric vessels or omental attachments. The stomach to be used for the 
fundoplasty is pushed cephalad as needed to ensure that the stomach will be wrapped 
around the distal esophagus and not below the gastroesophageal junction.

The robotic platform, when using all four arms, permits a stabilization of the 
fundus near the esophageal hiatus so that the console surgeon has two arms (arms 1 
and 3) with which to create the fundoplasty in a tension-free manner. It is important 
that the console surgeon recognize that undue tension on the stomach may result in 
injury. Finally, the stomach is sutured to itself as well as the esophagus using three 
simple interrupted stitches of nonabsorbable braided polyester sutures. This, in turn, 
creates a short (2.5 cm) floppy Nissen fundoplasty with the suture line at the 10 or 
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11 o’clock position relative to the esophagus. Additional suturing devices are not 
required, as the robotic needle driver allows for articulated movement and facilitates 
intracorporeal suturing and knot tying. Once the fundoplasty is complete, the esoph-
ageal dilator is removed carefully to inspect adequacy of the hiatal closure and cor-
rect orientation and floppiness of the fundoplasty. Although not the practice of the 
authors, some surgeons advocate the use of posterior gastropexy in which a nonab-
sorbable suture is used to secure the posterior aspect of the fundoplasty to the crus 
of the diaphragm.

 Toupet Fundoplasty

In situations where a partial 270° (Toupet) posterior fundoplasty is preferred, the 
initial steps are similar to a Nissen fundoplasty. First, the posterior fundus of the 
stomach is passed through the retroesophageal window as would be done for a 
Nissen fundoplasty. An esophageal dilator may not be necessary when performing 
a partial posterior fundoplasty. Second, the superior aspect of the wrapped fundus is 
secured to the anterior portion of each crus of the diaphragm and the proximal intra- 
abdominal esophagus. The inferior aspect of the wrapped fundus is sutured to the 
distal intra-abdominal esophagus only taking care to avoid injury to the vagus 
nerves. Like the Nissen fundoplasty, the 270° posterior partial fundoplasty is fash-
ioned using simple interrupted stitches with nonabsorbable braided polyester 
sutures. In total, approximately four to six stitches are required to create a Toupet 
fundoplasty of approximately 2.5 cm in length (Fig. 5.7).

Fig. 5.7 Posterior 270° (Toupet) fundoplasty
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 Gastropexy/Gastrostomy

Both suture gastropexy and gastrostomy placement are means to anchor the stom-
ach to the anterior abdominal wall. While safe, RAL PEH repair plus suture gastro-
pexy in lieu of an antireflux procedure should be considered in emergent settings 
where patient condition or clinical situation may preclude fundoplasty. A gastros-
tomy tube can be placed using a percutaneous endoscopic or robot-assisted approach 
but should be considered selectively in patients for whom it is necessary to provide 
both fixation and allow access to the stomach (gastroparesis, head and neck cancer, 
etc.). It is the opinion of the authors that suture gastropexy and/or gastrostomy are 
needed infrequently.

 Postoperative Management

Most patients are admitted to a surgical ward (with or without cardiac monitoring), 
started on a liquid diet, and encouraged to ambulate. Pain is usually minimal and 
controlled with oral narcotics augmented by intravenous non-narcotic as well as 
narcotic pain medications as needed. In an effort to minimize nausea and gas bloat-
ing in the immediate postoperative period, it is the practice of the authors to sched-
ule non-drowsy antiemetic medication and liquid simethicone during the hospital 
stay and discharge patients with both medications for home use. By the end of the 
first postoperative day, most patients are advanced to a full liquid diet and dis-
charged to home with instructions to begin a puree/soft diet for 2 weeks. Patients 
without evidence of esophagitis on intraoperative upper endoscopy are discharged 
without proton pump inhibitors, while those with ongoing esophagitis or Barrett’s 
esophagus are discharged with a proton pump inhibitor and instructed to take the 
medication for 1 month.

 Summary

Experienced surgeons who have overcome their learning curve on the robotic plat-
form can perform robot-assisted laparoscopic paraesophageal hernia repair with 
fundoplasty safely. The robotic-platform may make transition from open to mini-
mally invasive PEH repair technically less demanding. For surgeons who perform 
laparoscopic PEH repair, the robotic platform may allow for more stable or better 
visualization as well as facilitate intracorporeal suturing and knot tying. Depending 
on the surgeon, the different ergonomics of the robotic console may serve as an 
advantage. The potential benefits of RAL PEH repair compared to conventional 
laparoscopic PEH repair is yet unproven [7–9].

P.A.R. Del Prado and J.G. Bittner IV



65

References

 1. Kohn GP, Price RR, DeMeester SR, et al. Guidelines for the management of hiatal hernia. Surg 
Endosc. 2013;27:4409–28.

 2. Stylopoulos N, Gazelle GS, Rattner DW. Paraesophageal hernias: operation or observation? 
Ann Surg. 2002;236:492–500.

 3. Allen MS, Trastek VF, Deschamps C, Pairolero PC. Intrathoracic stomach: presentation and 
results of operation. J Thorac Cardiovasc Surg. 1993;105:253–8.

 4. Hallissey MT, Ratliff DA, Temple JG. Paraoesophageal hiatus hernia: surgery for all ages. Ann 
R Coll Surg Engl. 1992;74:23–5.

 5. Pitcher DE, Curet MJ, Martin DT, Vogt DM, Mason J, Zucker KA. Successful laparoscopic 
repair of paraesophageal hernia. Arch Surg. 1995;130:590–6.

 6. Gantert WA, Patti MG, Arcerito M, et al. Laparoscopic repair of paraesophageal hiatal hernias. 
J Am Coll Surg. 1998;186:428–32.

 7. Seetharamaiah R, Romero RJ, Kosanovic R, et al. Robotic repair of giant paraesophageal her-
nias. JSLS. 2013;17:570–7.

 8. Morelli L, Guadagni S, Mariniello MD, et al. Robotic giant hiatal hernia repair: 3 year prospec-
tive evaluation and review of the literature. Int J Med Robot. 2015;11:1–7.

 9. Falkenback D, Lehane CW, Lord RV. Robot-assisted oesophageal and gastric surgery for 
benign disease: antireflux operations and Heller’s myotomy. ANZ J Surg. 2015;85:113–20.

5 Masters Program Foregut Pathway: Robotic Paraesophageal Hernias and Revisions



67© Springer International Publishing AG 2018
A.D. Patel, D. Oleynikov (eds.), The SAGES Manual of Robotic Surgery,  
The SAGES University Masters Program Series, DOI 10.1007/978-3-319-51362-1_6

C. Ballecer, M.D., F.A.C.S. 
Center for Minimally Invasive and Robotic Surgery, Maricopa Integrated Health System, 
2601 E Roosevelt St, Phoenix, AZ 85008, USA 

J. Walters, D.O. 
Department of Surgery, Maricopa Integrated Health System,  
2601 E. Roosevelt Street, Phoenix, AZ 85008, USA 

B.E. Prebil, D.O. (*) 
Surgery, Arrowhead Hospital, 14155 N. 83rd Ave., Suite 105, Peoria, AZ 85381, USA
e-mail: bprebil@cmirs.com

6Masters Program Hernia Pathway: 
Robotic Ventral Hernia Repair

Conrad Ballecer, Jarvis Walters, and Brian E. Prebil

 Introduction

Robotic hernia repair is an emerging laparoscopic technique born from well- 
established principles set by open and conventional laparoscopic technique. Its 
growing popularity in the United States is often attributed to enhanced 3D visualiza-
tion, precision, and enhanced surgeon ergonomics. Inherent limitations of conven-
tional “straight-stick” laparoscopy make operating high on the anterior abdominal 
wall difficult. Overcoming such difficulties may further the adoption of MIS 
technique.

There is a growing body of literature which promotes keeping mesh out of the 
intraperitoneal cavity secondary to serosal adhesions and intestinal erosions with 
intraperitoneal mesh (IPOM) which may complicate subsequent abdominal opera-
tions [1, 2]. The robotic platform enables exploitation of the individual layers of the 
abdominal wall. Virtually, any well-established surgical plane of the abdominal wall 
can be exploited and dissected for the subsequent placement of mesh in a preperito-
neal, retromuscular, and even onlay position, effectively protected from the visceral 
cavity by the body’s own autologous tissue. While this approach has been demon-
strated with conventional laparoscopy, it remains technically challenging [3].
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In this chapter, we introduce the robotic trans-abdominal preperitoneal (rTAPP) 
approach for hernias of the anterior abdominal wall.

 Surgical Anatomy

A clear understanding of the layers of the abdominal wall is imperative to properly 
execute this technique. The basic principles of the r-TAPP ventral hernia repair are 
based on conventional laparoscopic TAPP for inguinal hernias in which (1) the peri-
toneum is incised and dissected off the transversalis fascia, (2) the hernia sac is 
reduced, (3) and a mesh is placed within this retroinguinal space. For hernias of the 
anterior abdominal wall, the peritoneum is dissected from the posterior sheath, the 
hernia sac is reduced and a large space is opened to accommodate well-overlapping 
mesh. The size of the preperitoneal mesh is based on the original size of the defect 
adhering to well-established principles of maintaining at minimum 4–5 cm overlap 
in all directions.

This approach is best suited for smaller or medium size hernias (<6 cm) that do 
not require component separation in order to reconstitute the linea alba. It can also 
be readily adapted to repair hernias in atypical locations such as flank, suprapubic, 
retrosternal, and subxiphoid defects.

The authors contend three major advantages to placing mesh in a preperitoneal 
position:

 1. Eliminates the requirement for placing costlier coated intraperitoneal mesh 
(IPOM)

 2. The mesh incorporates on both sides, eliminating need for full-thickness trans-
fascial suture fixation which is associated with both acute and chronic postopera-
tive pain [4, 5]

 3. Minimizes bowel-associated complications with leaving mesh in an intraperito-
neal position, i.e., adhesions and bowel fistula

 Preoperative Considerations

A thorough history and physical is mandatory to formulate and execute an effective 
preoperative plan. Specifically, certain comorbidities, such as diabetes, obesity, 
smoking, prior abdominal surgeries including hernia repairs, and prior history of 
abdominal wall infection may critically affect the operative approach as well as the 
risk/benefit ratio for surgical intervention versus watchful waiting.

Many primary umbilical hernias detected on physical exam warrant no preopera-
tive further workup. CT scan of the abdomen and pelvis may be ordered for atypical 
hernias or small to moderate incisional hernias in order to correctly diagnose and 
delineate the size, position, and content of the hernia defect.
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 r-TAPP Hernia Repair for Umbilical or Small Mid-Abdominal 
Incisional Hernia Repair

 Patient Prep and Positioning

Standard operative protocols are utilized including SQIP antibiotic dosing, body 
hair clipping, and placement of sequential compression devices. The patient is posi-
tioned supine with arms tucked at the sides. In patients with small torsos, it is help-
ful to position the patient under the kidney rest at the level of the umbilicus (Fig. 
6.1). The patient is strapped securely to the bed to allow for Trendelenburg tilting 
and lateral rotation of the table. After obtaining safe intraperitoneal access, the kid-
ney rest is raised which increases the distance between the costal margin and the 
anterior superior iliac spine. This allows for port placement with adequate separa-
tion. Patient positioning should be finalized prior to docking of the robot. Foley 
catheterization is not generally required unless the surgeon expects a prolonged case 
or the hernia defect extends to the lower abdomen.

 Port Positioning, Docking, and Instrumentation

The ports are positioned with the established principles of triangulation similar to 
conventional laparoscopy (Fig. 6.2). It is important to place the trocars as far from 
the defect as possible without sacrificing range of motion based on potential colli-
sions with the upper and lower extremities.

As in any minimally invasive surgery, the first step is to gain safe intra- abdominal 
access which may be difficult in the re-operative abdomen. Sites of previous 

Fig. 6.1 Kidney rest positioning
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operative intervention will certainly influence the strategy. Optical entry with a 
5 mm trocar at Palmer’s point with or without initial Veress needle insufflation in 
the left upper quadrant is generally safe.

A 12 or 8 mm trocar for the camera is placed as far lateral to the ipsilateral edge of 
the defect. As a general rule, we place the camera trocar a minimum of 15 cm away 
from the ipsilateral edge of the hernia defect. This allows for visualization, dissection, 
and instrumentation on the side closest to the ports. An 8 mm robotic trocar is placed 
in the lower lateral abdomen and the initial 5 mm optical trocar is then replaced with 
an 8 mm trocar. Final configuration of the trocars for an SI robot is typically in a V 
configuration (Fig. 6.2). Additional trocars on the contralateral abdomen or an assist 
trocar is typically unnecessary, but this may vary depending on surgeon comfort.

Following port placement and satisfactory patient positioning, the robot is 
docked directly over the lateral abdomen and in line with the trocar sites (Fig. 6.3). 
Instrumentation includes a grasper, monopolar scissors, and a needle driver. A 30° 
up scope is used to begin the case and may need to be switched to a 0 or 30° down 
when progressing to the contralateral abdomen.

 Adhesiolysis and Developing a Preperitoneal Plane

As with conventional laparoscopy, the anterior abdominal wall is meticulously 
cleared of all adhesions to delineate the full extent of the defect as well as uncover 
any other sites of herniation. Care must be taken to avoid not only injury to intra-
peritoneal viscera, but also to avoid injury to the peritoneum which may complicate 
preperitoneal dissection. If bowel manipulation is required, a lower grip strength 
grasper is utilized to avoid iatrogenic serosal injury.

Fig. 6.2 rTAPP port position
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Starting a minimum of 5 cm from the edge of the defect the peritoneum is incised 
using scissors (Fig. 6.4). This will allow for the placement of mesh with a minimum 
of 5 cm overlap on the side ipsilateral to the working ports. Ideally, the incision is 
often made within the visible preperitoneal fat that underlies the rectus muscle. The 
plane of dissection is more readily entered in this manner without causing disrup-
tion of the overlying posterior sheath. The preperitoneal plane is developed widely 
in a cephalad to caudad direction with a combination of meticulous blunt and sharp 
dissection. Sweeping with the blunt edge of the scissors is an effective technique to 
separate the peritoneum from the posterior sheath. Cautery is sparingly applied to 
avoid thermal injury which may result in peritoneal defects. The hernia sac is 
reduced and further dissection continues laterally (Fig. 6.5). Wide preperitoneal dis-
section is performed to allow for the placement of a large mesh based on the original 
size of the defect (Fig. 6.6). If the preperitoneal space is deemed inaccessible, the 
procedure may be converted to placement of an intraperitoneal coated mesh subse-
quent to primary closure of the defect.

 Primary Closure of Defect

After the preperitoneal space is widely dissected, the hernia defect is primarily 
closed with absorbable suture (Fig. 6.7). In order to minimize operative time, the 
author prefers to use knotless barbed suture in a running fashion. The subcutaneous 
tissue situated at the dome of the defect is incorporated within the primary closure. 

Fig. 6.3 rTAPP docking 
for midline abdominal wall 
hernias
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This effectively obliterates the anterior dead space minimizing the risk of seroma 
formation. Desufflation of the abdominal cavity to a pressure of 6–8 mmHg may 
facilitate primary closure.

 Mesh Placement, Fixation, and Reperitonealization

An appropriately sized uncoated mesh is introduced into the abdominal cavity via 
the 8 mm trocar. The mesh is placed flat against the abdominal wall and fixated with 
either tacks or sutures placed at cardinal points (Fig. 6.8). A minimum of fixation 
points are used to accomplish flush approximation of mesh against the abdominal 
wall.

Fig. 6.4 Peritoneal 
incision

Fig. 6.5 Reducing the 
hernia sac
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Following adequate fixation, the peritoneum is re-approximated to completely 
cover the mesh with either running suture or tacks (Fig. 6.9). Peritoneal rents should 
be repaired to prevent bare mesh exposure to the visceral content. The fascia for all 
10 mm or greater trocar sites are closed with absorbable suture under direct vision.

 rTAPP Repair of Atypical Hernias

 Introduction

Atypical hernias such as suprapubic and retrosternal hernias are classically more 
difficult to repair due to anatomical constraints in dissection as well as limited 
points of fixation due to bony prominences. Wide preperitoneal dissection is 
required to gain adequate overlap of reinforcing mesh following defect closure. 

Fig. 6.6 (a, b) 
Preperitoneal dissection
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Suprapubic hernias require wide dissection of the retropubic space, bladder mobili-
zation, and entry into the space of Retzius.

 rTAPP Repair of Suprapubic Hernias

 Patient Positioning, Trocar Placement, and Docking
The repair of suprapubic hernias require a wide dissection of the retropubic and 
space of Retzius to accommodate an adequately sized mesh which extends well 
beyond the area of the parietal defect. This may require exposure of the myopectin-
eal orifice bilaterally in order to achieve the minimum 5 cm overlap in all directions. 

Fig. 6.7 (a, b) Primary defect closure
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Therefore, a thorough comprehension of the anatomy of these spaces is required to 
both minimize the risk of iatrogenic injury and to affect a durable repair which mini-
mizes the potential of recurrence.

A three-way Foley is placed to distend the bladder for proper identification. The 
patient is placed in a supine lithotomy position. The camera port is placed at least 
15 cm above the most cephalad aspect of the suprapubic defect. Two instrument 
ports are placed in line with the camera trocar (Fig. 6.10). The patient is placed in 
Trendelenburg, and the robot is docked between the legs which enables complete 
evaluation and dissection of the bilateral retropubic spaces (Fig. 6.11).

 Operative Steps
A preperitoneal plane is incised a minimum of 5 cm cephalad to the superior aspect 
of the hernia defect. Dissection is carried laterally to encompass lateral umbilical 
ligaments in order to accommodate a large sheet of overlapping mesh.

The hernia sac is identified and reduced. The superior dome of the bladder may 
occupy the hernia sac. Therefore, careful dissection is performed to avoid bladder 
injury. Instillation of 200–300 mL of saline into the Foley may help facility proper 

Fig. 6.8 (a, b) Mesh 
placement and fixation
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identification of the bladder (Fig. 6.12). The retroinguinal space (space of Bogros) 
is developed bilaterally to expose Cooper’s ligament. Posterior mobilization of the 
bladder reveals the space of Retzius (Fig. 6.13). This space can be dissected inferi-
orly to insure adequate overlap of mesh inferior to the caudal aspect of the hernia 
defect. For larger suprapubic hernias, the bilateral retropubic spaces are exposed 
(Fig. 6.14).

The hernia defect is primarily closed with a running barbed suture (Fig. 6.15). 
Partial desufflation of the abdominal cavity may be required to facilitate defect clo-
sure. An adequately sized mesh is introduced into the preperitoneal space. 
Absorbable tacks or sutures are placed to secure the mesh to the abdominal wall. A 
series of interrupted sutures are used to secure the mesh to Cooper’s ligament bilat-
erally, as well as the symphysis pubis (Fig. 6.16). Upon completion of mesh fixa-
tion, the mesh is reperitonealized with running suture or tacks.

Fig. 6.9 (a) Tack 
reperitonealization of 
mesh. (b) Suture 
reperitonealization of mesh
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 rTAPP Repair of Morgagni Hernias

 Clinical Anatomy
As the rTAPP approach can be employed for hernias of the lower abdomen, upper 
abdominal hernias are amenable to the robotic preperitoneal technique. To illustrate 
this versatility, we describe the rTAPP repair of anterior diaphragmatic hernias such 
as the hernia of Morgagni.

Morgagni or retrosternal hernias are considered rare forms of congenital dia-
phragmatic defects located immediately adjacent to the xiphoid process of the ster-
num. Its hernia content can include omentum, liver, or any portion of the GI tract, 
all of which must be reduced safely prior to preperitoneal dissection. Patient posi-
tioning and operative steps are similar to rTAPP repair of high epigastric and subxi-
phoid hernias.

 Patient Positioning, Trocar Placement, and Docking
Patient is placed supine with the arms tucked and padded. The camera port can 
generally be placed at the paraumbilical position assuming the umbilicus is situated 
at least 15 cm away from the xiphoid process (Fig. 6.17). Two 8 mm instrument 
trocars are then placed 10 mm apart from the camera port. The patient is placed in 
a reverse Trendelenburg position, and the robot is docked over the left or the right 
shoulder which allows for unimpeded access to both the left and right upper quad-
rants (Fig. 6.18). A 30° up camera is utilized to effectively view the anterior abdom-
inal wall.

Fig. 6.10 Port position and docking for suprapubic hernias
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 Operative Steps
As described above, meticulous adhesiolysis is performed to clear the anterior 
abdominal wall while avoiding injury to the peritoneum. The hernia content of the 
diaphragmatic defect is carefully reduced.

Incision of the peritoneum is performed at least 5 cm caudal to the xiphoid pro-
cess (Fig. 6.19). Part of the preperitoneal dissection includes mobilizing the falci-
form ligament off the abdominal wall providing a source for peritoneal tissue for the 
eventual reperitonealization of mesh. Once the hernia sac is encountered, it is 
reduced completely. Preperitoneal dissection is continued cephalad to the defect 
including the central tendon to allow for adequate superior overlap.

Fig. 6.11 Docking for suprapubic hernias

Fig. 6.12 Bladder 
distension
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Fig. 6.13 Space of 
Retzius

Fig. 6.14 (a, b) Wide 
bilateral myopectineal 
dissection
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Fig. 6.15 Primary defect 
closure

Fig. 6.16 Mesh placement 
and fixation

Primary closure of the defect is performed with either running barbed suture or 
interrupted sutures (Fig. 6.20). Suitable mesh is chosen based upon the size of the 
original defect. Mesh is placed within the preperitoneal pocket. Either tacks or 
sutures are employed to secure the mesh to the abdominal wall. Sutures are placed 
above the level of the costal margin. Subdiaphragmatic sutures are carefully placed 
at cardinal points for superior fixation of mesh (Fig. 6.21). The mesh is then reperi-
tonealized by reapproximating the peritoneal flap with either suture or tacks.
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Fig. 6.17 Morgagni 
hernia port placement

Fig. 6.18 Morgagni 
hernia docking position
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Fig. 6.19 Peritoneal incision for Morgagni hernia

Fig. 6.20 (a, b) Diaphragmatic defect closure
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 Conclusion

The rTAPP approach in the repair of abdominal wall and diaphragmatic hernias is 
reproducible for smaller defects not requiring component separation. Not only is 
this approach readily reproducible, but it is also versatile. This is evidenced by its 
effectiveness in the repair of virtually any hernia in any location not requiring myo-
fascial advancement releases.

Potential advantages of the technique include minimizing the risk of mesh expo-
sure to the intraperitoneal content, the ability to use a less expensive uncoated mesh, 
and potentially decreasing postoperative pain by utilizing less abdominal wall fixa-
tion as compared to that of traditional IPOM.

The rTAPP approach should be considered as another viable and reproducible 
option in the repair of abdominal wall hernias. It is important to note that the dissec-
tion of a preperitoneal plane may be inaccessible due to numerous reasons including 
prior surgical interventions and the requirement of mesh explantation. As in all 
surgical endeavors, it is important to be well versed in other options and techniques 
of repair.
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 Introduction

While guidelines for details regarding laparoscopic transabdominal preperitoneal 
(TAPP) and totally extraperitoneal (TEP) inguinal hernia repairs are available [1], 
there is a paucity of research regarding utilization of the robotic platform for repair. 
Both TAPP and TEP are acceptable treatment options for inguinal hernia repair 
without appreciable differences in both short- and long-term outcomes. For the 
robotic platform, the TAPP approach is the preferred method given the space limita-
tions and arm position issues encountered. Many of the recommendations listed 
below are from the International Endohernia Society (IEHS) guidelines regarding 
TAPP and personal experience with the robotic approach.

 Preoperative Evaluation

 Selection

If the clinician is unsure whether a hernia exists or an additional contralateral hernia 
is present, an ultrasound examination with valsalva or a non-contrast CT of the pel-
vis can be informed. Likewise, a TAPP approach allows for a rapid assessment of 
the contralateral side. The patient should be counseled preoperatively on the possi-
bility of bilateral hernia repair.
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For a patient who has had a previous open hernia repair and presents with recur-
rence, the TAPP approach provides several advantages over a repeat open approach. 
These include a recurrence rate similar to a primary repair, lower complication rate 
with less sick leave, and less acute and chronic pain compared with the Lichtenstein 
repair [2], while allowing an operation through fresh tissue planes. In the event that 
a plug was previously placed in either the indirect or direct spaces, this may be 
excised as it can also be a cause of chronic pain in some individuals. In addition, the 
incidence of wound and mesh infections in the recurrent hernia are lower. For these 
reasons, a laparoscopic approach for a recurrent hernia is preferable to an open 
repair [2].

In a patient who has had a previous posterior repair (TAP or TEPP) and presents 
with a recurrence, approaching the recurrence via TAPP is still an option; however, it 
should be reserved for surgeons who are very comfortable with the fundamentals of the 
TAPP repair. Longer operative times and morbidity are associated with this situation; 
however, in the hands of qualified laparoscopic surgeons, the recurrence rates are com-
parable to Lichtenstein repair [2]. Though this situation has not been specifically stud-
ied utilizing the robotic platform, the improved fine motor skills and wristed instruments 
may provide an additional advantage over traditional laparoscopic surgery.

In a patient with a previous transabdominal radical prostatectomy, TAPP is an 
option, though there is a longer operative time with increased morbidity [2]. In these 
patients, this probably remains the best option in most patients if they have not had 
a previous anterior approach to an inguinal hernia.

 Contraindications

• Inability to tolerate pneumoperitoneum
• Ascites
• Gross contamination
• Previous lower abdominal surgery (relative)

 Counseling

The patient should be counseled on the risks of the procedure. These are discussed 
in detail in the complications section later in the chapter.

The patient with a clinically unilateral hernia should be counseled about the pos-
sibility of finding a contralateral hernia at time of laparoscopy. An unexpected bilat-
eral hernia is found in 10–25% of patients and 28.6% of these patients will progress 
to symptoms with a year [2, 3]. If a patient is found to have unexpected bilateral 
inguinal hernias, both hernias should be fixed.

 Optimization

A patient must be able to undergo general anesthesia and tolerate pneumoperito-
neum to have a robotic inguinal hernia repair. If unable to do so due to medical 
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comorbidities, then an anterior, open approach under local anesthetic would be the 
preferred technique.

 Robotic TAPP

 Positioning

Place the patient supine on the operating table. Tuck both arms.
Prior to docking the robotic arms, place in the patient in 15-degree Trendelenburg. 

If it is a unilateral hernia, you can tilt the bed 15-degrees away from side of the 
hernia.

 Perioperative Management

Have the patient void immediately prior to entering the operating room to avoid 
need for a Foley catheter. Foley can be used alternatively, particularly with patients 
who may have sliding hernias or advanced age with incomplete voiding. If difficult 
dissection is anticipated or hernia has a scrotal component, a Foley catheter can be 
placed. It is important to have a decompressed bladder during the case to avoid the 
risk of bladder injury. Restricting the peri- and postoperative quantity of intravenous 
fluids can reduce need for Foley catheter and reduce postoperative urinary retention. 
Ideally, this would be kept to <500 cc IVF total.

There is no evidence for a difference in surgical site infections (SSIs) between 
hair removal or no removal. However, there is a higher incidence of SSIs with shav-
ing compared to clipping [2]. Therefore, use clippers if you choose to remove hair 
at the surgical site.

 Antibiotic Prophylaxis

There is no definitive evidence to recommend routine use of antibiotic prophylaxis 
[2]. It can be considered when risk factors for mesh infection exist (age > 75, steroid 
usage, immunosuppressive conditions and therapy, obesity, diabetes, malignancy, 
long operation time, and urinary catheter).

 Trocar Placement and Docking

Initial entry is made via the umbilicus or periumbilical region. In our practice, the 
camera port can be placed transumbilical by making a vertical incision within the 
umbilicus, taking care not to extend the incision below the inferior umbilicus. Then 
use a blunt clamp to identify the umbilical opening, gain entry into the peritoneum, 
and enlarge the defect to accommodate the camera trocar. The type of trocar utilized 
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for the camera will vary depending on the robotic platform utilized. We usually use 
a 12 mm Hassan trocar at the umbilicus to facilitate mesh insertion and dock either 
the camera through this (Si) or an 8 mm trocar piggyback (Xi). It is possible to 
simply use an 8 mm in this position on the Xi and insert the mesh through this; 
however, we find that we often have to enlarge the incision to close the fascia at the 
end and that the mesh can become quite distorted when inserted through an 8 mm 
cannula.

Intra-abdominal inspection is first performed after placement of the umbilical 
camera trocar and insertion of the camera. Two additional trocars will be placed 
symmetrically on either side of the umbilicus. Position the working trocars 2 cm 
cephalad to the umbilicus and >10 cm laterally. Avoid placing too far laterally as 
this will impede suturing at the level of the ASIS as well as flap creation in this area. 
In patients with a short umbilicus to pubis distance, it may be necessary to place all 
trocars higher to enable adequate peritoneal flap creation. One pitfall to avoid in 
creation of the trocar sites is cutting the skin wider than the diameter of the trocar 
for lateral 8 mm cannulas. Laterally, the incision can be “mapped” by pressing the 
trocar (without obturator) against the skin and then keeping the incision within this 
diameter. This cannot be done within the folds of the umbilicus so one must be 
mindful of making a small incision in this area (Fig. 7.1).

Fig. 7.1 Port placement
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If mesh size and laterality is known at this point, mesh is inserted into the abdo-
men and placed immediately beneath the camera. For bilateral hernias, it can be 
helpful to mark the mesh so as to not confuse the two pieces of mesh.

Prior to docking the robot place the patient in 15-degree Trendelenburg position. 
If using the Si platform, the robot can be brought from the patient’s feet and posi-
tioned parallel to the bed, particularly if a unilateral hernia is present. Alternatively, 
the patient can be positioned in a split-leg position and the robot is brought between 
the legs. Though ideally the robotic platform would be at a right angle to the target 
pathology, it is acceptable for the robot to be off to the side with arms angled over 
the patient in this instance (Fig. 7.2).

If using the Xi platform, dock the robot as convenient with room setup.
Place each instrument under direct visualization. We begin the case with a 

Cadiere grasper in the left port and a scissor with monopolar cautery on the right.

 Opening of Peritoneum

The peritoneal incision is started 4–5 cm above the internal ring. We include the 
transversalis fascia in the flap thereby exposing the rectus muscle in the midline. 
This is carried laterally to the ASIS (anterior superior iliac spine) (Fig. 7.3). Take 
care to avoid injury to the inferior epigastric vessels and dissect bluntly to keep 
them elevated anteriorly along the rectus muscle.

Fig. 7.2 Si docking in supine position
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If performing a bilateral hernia repair, we recommend extending the peritoneal 
incision across the midline to the contralateral ASIS and dissecting out the entire 
preperitoneal space to provide superior visualization and room. Some surgeons 
advocate separate peritoneal incisions and dissections as it is felt this makes closure 
simpler, although, by starting the closure in the midline and moving laterally is not 
problematic and is at the surgeons’ discretion, provided dissection is sufficient to 
allow for midline mesh overlap. Bringing down the entire preperitoneal flaps facili-
tates mesh placement in the setting of bilateral inguinal hernias.

 Dissection

It is important to not only get through the peritoneum but through the transversalis 
fascia as well to dissect in the areolar plane between the transversalis fascia and the 
transversus abdominus muscle. In up to 20% of patient, the muscle will be fused to 
the fascia laterally and will have to be separated from the transversalis fascia to 
maintain the proper plane. For a unilateral hernia, the extent of dissection will be 
medially 1–2 cm past symphysis pubis to the contralateral side, laterally to the 
ASIS, and caudally 5 cm below the ileopubic tract. At the medial portion of the dis-
section, identify the pubis symphysis/pubic tubercle then follow this laterally to 
Cooper’s ligament, which is then followed several centimeters inferolaterally to 
clear off the overlying tissue.

Be aware of the “corona mortis” in this area, a crossing vein between the iliac 
vein obturator veins. Leave undisturbed or carefully divide with electrocautery. 
Unintentional disruption can lead to troublesome bleeding (Fig. 7.4).

Medially, look for direct defects. If present, reduce with traction and electrocautery. 
Lipomas in this area should be excised. If a large direct hernia defect is present, the 
transversalis fascia can be imbricated to reduce the incidence of postoperative seroma 
[2], though this is controversial and may result in nerve entrapment (Fig. 7.5).

Fig. 7.3 Opening of 
peritoneum
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Identify the indirect hernia sac and initiate the dissection laterally. The spermatic 
vessels and cord structures can be identified in this area and reduced inferiorly. 
Continue to reduce the indirect hernia sac at the level of the ring with usage of elec-
trocautery as necessary once clear planes have been established to reduce risk of 
injury to cord structures (Fig. 7.6).

One should be able to get completely around the sac; this should be done to fur-
ther isolate off the cord structures (Fig. 7.7).

Avoid creating peritoneal defects onto the sac; however, these can be repaired at 
the conclusion of the dissection with a 3-0 vicryl suture.

In situations where reduction of the hernia sac is difficult, an additional 5 mm 
port may be placed in the upper abdomen on the patient’s right or left depending on 
the comfort of the bedside assistant. The assistant can apply constant traction to the 

Fig. 7.4 Corona mortis. 
(Courtesy of James 
G. Bittner IV, MD)

Fig. 7.5 Reduction of 
direct defect
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hernia sac while the surgeon works to reduce it off the cord. Complete reduction of 
the hernia sac is possible in most cases and recommended whenever it is feasible. 
This does not appear to substantially increase the risk of hematomas or testicular 
ischemia [2].

In situations where the hernia sac is quite large and redundant, the resulting 
defect is often quite small. To perform high ligation, it is preferable to establish a 
window anterior to the cord structures prior to division to ensure their safety. After 
fully encircling the sac and ensuring that the cord structures are isolated, the sac can 
be divided at the level of the internal inguinal ring. The distal portion is left open 
while the proximal portion is ligated. There is a higher risk of a postoperative hydro-
cele when leaving the distal portion of the sac so complete reduction is recom-
mended when possible but high ligation is a good alternative when necessary.

Fig. 7.6 Lateral dissection 
with indirect sac dissection

Fig. 7.7 Indirect sac 
reduced
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Other tips include the following: 1. The peritoneal sac should be retracted com-
pletely off of the cord structures back to the level of the peritoneum, approximately 
mid psoas laterally and to the iliacs medially (Fig. 7.7).

2. Cord lipomas should be fully reduced and excised if they are encountered as 
this can mimic a hernia recurrence postoperatively.

3. Round ligament in females is typically left intact but can be taken if needed. 
There is some thought that transection increases pelvic floor dysfunction.

Overall, you should define the “critical view” in the setting of laparoscopic 
inguinal hernia: the peritoneal flap is completely reduced, cooper’s ligament is 
exposed, the direct space has been explored, and the cord or round ligament can be 
seen entering the internal ring. All lipomas have been reduced as well.

 Mesh

Mesh is typically placed prior to docking into the abdomen to aid in efficiency. It is 
placed through the midline trocar (usually 12 mm); however, it is possible to slowly 
advance it through an 8 mm, though this may result in tearing or disfigurement of 
the mesh. The mesh chosen should be a monofilament, have a pore-size of at least 
1.0–1.5 mm, and have a tensile strength of >16 N/cm [2].

Polypropylene mesh (Bard © 3Dmax) is our preference. The shape is helpful 
with orientation, placement, and to reduce the need for anchoring. Large 
(10.8 × 16 cm) is generally utilized. X-Large (12.4 × 17 × 3 cm) may be preferable 
with a large hernia defect or in large patients. Some practices have transitioned to 
self-gripping polyester mesh for which we have limited experience but feel that it 
can be safe and may have the benefit of not requiring fixation.

There was previously a tendency by surgeons performing a laparoscopic repair 
to cut a slit in the mesh to allow cord structures to pass. This may however lead to 
recurrence and also scarring and pain associated with the cord structures, potentially 
with testicular ischemia. There does not appear to be any increased adverse occur-
rences associated with leaving the mesh intact and that is our recommended practice 
for the robotic platform.

There is ample evidence to support equal recurrence rates comparing fixation vs. 
non-fixation of mesh with lower incidence of chronic pain after non-fixation. 
However, non-fixation was frequently performed in hernias <3 cm; therefore, it is 
recommended to fixate mesh with hernia defects>3 cm [2]. This may be particularly 
true in the case of direct defects. An advantage to the robotic platform is the ability 
to place sutures (rather than utilizing a tacking device). We generally place two 3-0 
vicryl simple interrupted sutures medially in the rectus muscle and 1 laterally, supe-
rior to the ASIS, into the transversus musculature. No sutures or tacks are placed 
into the midline bony or ligamentous structures. As with the laparoscopic approach, 
it is imperative to avoid fixation inferior to the iliopubic tract to avoid risks associ-
ated with triangle of pain and triangle of doom. Fibrin glue is an acceptable alterna-
tive for mesh fixation, which may result in lower chronic pain rates [2]. 
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For unilateral hernias, the mesh should overlap the pubic symphysis on the 
affected side. For bilateral hernias, the meshes should overlap at midline (Fig. 7.8).

 Peritoneal Closure

Complete closure of the peritoneum is very important. Leaving gaps or defects car-
ries an increased risk of bowel contact with prosthetic mesh material and/or bowel 
obstruction (Fig. 7.9).

An advantage of the robotic over laparoscopy is the ease of closing with a run-
ning suture. Commonly, a laparoscopic closure is performed with tacks which is not 
only more expensive but could lead to higher levels of postoperative pain if placed 
in an inappropriate area.

Closure is performed with an absorbable, barbed suture. The suturing is gener-
ally easier if performed backhand as this maximizes range of motion. Take the 
first bite along the inferior lip of peritoneum then the superior portion. Next, run 
the needle through the looped end of the barbed suture. Then continue suturing 
backhand in an inferior to superior direction. Every 2–4 throws tighten the suture 
to eliminate spacing between the peritoneum. Tightening every throw is unneces-
sary and inefficient.

When a bilateral inguinal hernia repair results in a large peritoneal flap to close, 
start medially making sure to approximate a similarly oriented medial portion of the 
inferior and superior peritoneal flaps. A pitfall at this point is approximating the 
closure too medially or laterally leaving too much or not enough peritoneum at the 
end of the closure.

Fig. 7.8 Mesh overlap
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If having difficulties with the peritoneal closure, reduce the pneumoperito-
neum to 8 mmHg to facilitate closure. Additionally, the superior peritoneal flap 
can be mobilized further to facilitate closure. It is important to note that the infe-
rior edge of the mesh should not fold up during peritoneal closure. If this happens, 
either the inferior dissection was inadequate, or the mesh size or position is 
inappropriate.

 Trocar Closure

It is recommended to close the umbilical incision and any lateral incisions ≥10 mm. 
The lateral working arms on the robotic platform are 8 mm and do not need to be 
closed. The skin incisions are closed with a single 4-0 vicryl subcuticular suture 
and covered with dermabond. For the umbilical wound, a 2 × 2 cm gauze is 
placed within the umbilical depression and covered with a tegaderm. This is left 
in place for 1 week. Long-acting local anesthetic can be infiltrated at the trocar 
sites though definitive evidence regarding its efficacy is lacking and it appears 
similar to placebo [2].

 Special Cases

 Incarcerated or Strangulated Hernia

Though approaching the incarcerated or strangulated inguinal hernia via a robotic 
approach is not an absolute contraindication, the surgeon must be experienced and 

Fig. 7.9 Closure of peritoneum. (Courtesy of Steven G. Leeds, MD)
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comfortable with the robotic repair of non-incarcerated inguinal hernias prior to 
undertaking these cases.

In irreducible hernias, prior reduction is NOT mandatory. The preperitoneal dis-
section can be performed in a similar fashion. This can allow identification of the 
ring and a relaxing incision to be made as necessary. The hernia ring can be 
enlarged through a ventromedial incision for direct defects and a ventrolateral inci-
sion for indirect defects. Additionally, the bedside assistant can aid in reduction 
through manual pressure from the outside of the patient through the internal ring 
or direct space. There are only case series regarding the usage of TAPP for incarcer-
ated femoral hernias though it does appear feasible. Division of the lacunar liga-
ment may be required for reduction of hernia contents.

Compromised bowel noted during a TAPP can be resected at the end of the repair 
to give the bowel time to declare its viability. This waiting period can lead to a lower 
incidence of bowel resection. Bowel resection at the time of placing polyester mesh 
(even if in the preperitoneal space) is controversial and we do not advocate for it at 
this time. Should a bowel resection be necessary, the hernias can be closed primarily 
posteriorly, an anterior tissue repair can be undertaken, or a biologic posterior repair 
can be entertained.

Robotic (or laparoscopic) hernia repairs are more difficult to perform in the set-
ting of peritonitis or frank bowel necrosis. An open approach with tissue repair and 
laparotomy as necessary for control of intestinal necrosis is prudent.

 Direct Hernias and Large Hernias

There are higher recurrence rates associated with larger defects, particularly direct 
ones. Therefore, it is recommended that with larger hernia openings (>3–4 cm) a XL 
(12.4 × 17.3 cm) mesh be used rather than the standard Large (10.8 × 16 cm). If a 
large direct defect is present, consideration should be given to fixing the mesh medi-
ally to pubic symphysis, Cooper’s ligament, and rectus muscle. Also, some will 
close the direct space but this does risk nerve entrapment. In large indirect defects 
(>4–5 cm), we recommended increasing overlap by 1–3 cm at the ASIS. Fibrin fixa-
tion to the psoas can be considered (Fig. 7.10).

Avoid lightweight mesh as it may be pushed into the defect. Ensure careful usage 
of electrocautery to avoid scrotal hematomas.

 Recurrent Hernia

If the previous hernia repair was via an anterior approach, then the mesh should not 
interfere with posterior placement, unless a plug was placed during the previous 
operation. Plug location can be highly variable and even adherent to the iliac vessels 
and may be best left in place in many situations if it doesn’t interfere with placement 
of your new mesh.
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If the previous hernia repair included a plug that interferes with the posterior 
mesh lying flat, some authors advocate using electrocautery to cut away the protrud-
ing portion down to the level of the internal inguinal ring.

It is possible to perform repeat posterior approaches in a patient who has a recur-
rence after a minimally invasive repair; however, this should only be attempted by 
a surgeon with considerable experience (Figs. 7.11 and 7.12).

If the previous hernia repair included a posteriorly placed mesh, it is recom-
mended to leave that mesh in place to avoid injuries to the surrounding structures 
and rather conform the new mesh to overlay the existing mesh and cover the remain-
ing defect [2].

 Inguinal Hernia Repair with Concurrent Robotic-Assisted Radical 
Prostatectomy

A significant proportion of patients needing a robotic-assisted radical prostatectomy 
(RALP) are noted to have an inguinal hernia. There has been concern about situa-
tions where a patient is undergoing an RALP and an inguinal hernia is discovered 
intraoperative, or a patient needing an RALP is noted to have an inguinal hernia 
during the preoperative evaluation. Concomitant inguinal hernia repair utilizing the 
robotic platform during RALP is safe and effective and has not been shown to have 
increased risk of wound infection, fluid collection, or chronic pain [4].

If noted preoperatively or prior to the urologists initiating their dissection, it is 
helpful to adjust the flap typically created for prostatectomy. Rather than bringing 
the flap down only to the level of the median umbilical ligaments, the flap needs to 
be extended laterally past the indirect spaces (4 cm superior) to the ASIS. Typically, 
port placement for the prostatectomy is also suited for inguinal hernia repair. It is 

Fig. 7.10 Large indirect defect. (Courtesy of Steven G. Leeds, MD)
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important to obtain consent for hernia repair preoperatively if possible and prudent 
to ensure a clean urinalysis prior to mesh placement.

The ability to perform a totally extraperitoneal (TEP) robotic inguinal hernia 
repair at the time of robot-assisted endoscopic extraperitoneal radical prostatectomy 
(R-EERPE) has been shown to be feasible. These authors performed it through a 
five trocar setup with a camera at the umbilicus, an assistant arm near the right 
ASIS, and three robotic arms (one on the right and two left) along an imaginary line 
drawn between umbilicus and ASIS. They showed similar outcomes to laparoscopic 
TEP at time of R-EERPE [5]. This method is not extensively described and requires 
significant expertise and further investigation.

Fig. 7.11 Indirect 
recurrence with posterior 
mesh in place

Fig. 7.12 Exposed 
posterior mesh in recurrent 
hernia
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 Postoperative Care

• Foley, if placed, is removed immediately before the patient wakes up.
• All patients are expected to void >250 mL spontaneously prior to discharge.
• They are to expect bruising of the groin and penis (if applicable).
• A folded gauze is placed within the umbilicus depressing the incision and cov-

ered with a tegaderm. This is removed by the patient at 1 week.

 Cost Considerations

There are several advantages that the robotic platform allows over pure laparo-
scopic that can decrease cost below even laparoscopic approaches in some 
situations.

• Specific instrument selection—minimize the instruments that are opened. For a 
standard hernia repair, there shouldn’t be a need for anything other than a Cadiere 
or fenestrated bipolar, scissors, and needle driver.

• Do not use a tacker device. If choosing to secure the mesh use 3-0 vicryl (or 
equivalent) and for peritoneal closure use absorbable barbed suture (V-loc at our 
institution). In some circumstances, securing the mesh may not be necessary.

• Not using the balloon dissector as commonly used for TEP leads to lower overall 
costs.

• Robotic TAPP allows for reusable trocars whereas many practices use disposable 
ones for the laparoscopic approach. A Hassan may still be used at the umbilicus.

 Complications

 Bleeding

At various points during the repair, there are pitfalls that can lead to significant 
bleeding, made more dramatic by the magnification properties of laparoscopy. It is 
imperative to recognize these complications and act quickly.

If the disrupted vessel is believed to be a main trunk of the iliac vasculature, an 
immediate conversion to an open procedure with vascular control and repair is 
recommended.

If the bleeding is coming from a smaller side-branch vessel, several adjunctive 
measures can be utilized. First, attempt to get control of the vessel. Reaching a 
grasper into a bloody pool is rarely successful and often can worsen the situation. 
Do not hesitate to place on additional trocar for the assistant to utilize a suction 
irrigator. This additional port should be placed cephalad and between the camera 
port and the working arm on the side of the bleed.

A gauze sponge can be brought into the abdomen and used to apply pressure to 
the bleeding area while the trocar is being placed. Use the sponge to mop up old 
blood once the bleeding is controlled.
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Once adequate suction is available, the vessel should be grasped to control the 
bleeding. If the vessel appears small, electrocautery can be attempted. If the vessel 
appears larger and can be identified, a robotic clip applier can be utilized to ligate 
the vessel.

If there is any question or difficulty in controlling, the bleeding do not hesitate to 
convert to an open procedure.

 Pain

Chronic pain is of particular concern after inguinal hernia repair. Generally, an 
endoscopic approach will have a lower incidence of acute and chronic pain com-
pared to an open procedure [2]. History of other pain syndromes and preoperative 
pain are both risk factors for chronic pain syndrome. Other risk factors for chronic 
pain include recurrence, younger age, and female gender [2]. The risk of chronic, 
substantial postoperative pain at 1 year can be estimated using the Carolinas 
Equation for Quality of Life (CeQOL) app available on iPad/iPhone and Android 
platforms. This predicts postoperative chronic pain risk based on data from the 
International Hernia Mesh Registry.

 Recurrence

In surgeons with sufficient experience, the risk of recurrence of laparoscopic repair 
does not exceed that of open repair. The limited data regarding robotic repair sug-
gests similar results. If an early recurrence occurs, an immediate return to the oper-
ating room is suggested. Otherwise, an anterior approach should be performed at a 
later date.

 Bladder Injury

There is a risk of bladder injury, especially in patients who have not been adequately 
decompressed (which includes voiding immediately preoperatively) or in preopera-
tive fields. If sufficient experience exists, the surgeon can repair this robotically with 
postoperative bladder drainage. Additionally, methylene blue can be injected for 
confirmation if bladder injury is suspected but not certain.

 Scrotal Hematomas

These are more common in patients with bleeding disorders. They can generally be 
prevented by assuring complete hemostasis. Most scrotal hematomas can be treated 
conservatively with ice, scrotal support, pain management, and observation though 
some large scrotal hematomas will require evacuation.
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 Hydrocele

Postoperative hydroceles are uncommon but can occur. It is important to differenti-
ate a hydrocele from a postoperative seroma which will generally improve with 
conservative management.

 Orchitis and Testicular Ischemia

The incidence is reported to be low, 0.1%, and this is in a population where the sac 
is routinely removed despite size. If a very large inguino-scrotal hernia is encoun-
tered and excessive dissection is required, then it is recommended to divide the sac 
at the internal ring, leaving the distal end open.

 Sexual Dysfunction

Inguino-scrotal pain during intercourse and ejaculatory pain occurs in a small per-
centage of men. The incidence does not appear to be different for laparoscopic vs. 
open approaches.

 Infertility

In males of reproductive age, bilateral vas deferens injury will lead to infertility. 
This is prevented with meticulous dissection and careful preservation of cord struc-
tures. Unilateral vas deferens injury can lead to secondary infertility from exposure 
of spermatozoa causing formation of antisperm antibodies [2].

 Other

There are reports of mesh erosion into both the bladder and vas deferens; however, 
the incidence if low enough that it is relegated to sporadic case reports and possibly 
due to an unrecognized injury at the time of surgery.

Urinary tract infection is highest in patients who have had a urinary catheter 
placed. Antibiotic prophylaxis should be considered in patients at higher risk as 
discussed previously.

 Controversies

Occult contralateral hernias should be fixed if discovered at the time of surgery. If 
no opening is visible in patients with a strong clinical suspicion of hernia a pre-
peritoneal exploration should be performed to rule out other pathologies, especially 
a cord lipoma [2].
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 Conclusion

The utilization of robotic technology for the posterior, minimally invasive approach 
to inguinal hernias appears safe and effective compared to laparoscopy. The 
improved ergonomics and articulation associated with the robotic platform may 
allow surgeons to offer a minimally invasive repair for inguinal hernias instead of 
the traditional open repair. The platform may also allow surgeons already proficient 
with minimally invasive techniques to tackle more difficult cases.
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Robotic Complex Ventral Hernia  
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 Introduction

The development of robotic transversus abdominis release in hernia surgery is the 
direct result of a number of contributing efforts, beginning with the well-established 
open Rives retromuscular hernia repair [1]. This technique established the concept 
of broad coverage of the hernia defect a layer deep to the anterior fascia. The devel-
opment of laparoscopic techniques in other areas of general surgery led to the lapa-
roscopic incisional and ventral hernia repair with intraperitoneal mesh placement. It 
was originally theorized as an evolution of the initial concept of wide coverage, 
described by Rives [2]. Naturally, with the advent of robotic surgery [3], various 
new techniques in hernia repair have been successfully demonstrated [4, 5]. 
Recently, a robotic technique to reproduce every open step of the Rives retromuscu-
lar repair has been developed.

The open technique was adapted to the robot and first performed utilizing the da 
Vinci® system, by Abdalla [6] in 2012. We have developed a modified approach to 
the original robotic technique described. We are able to perform a retrorectus dis-
section, with or without the addition of a transversus abdominis release, or posterior 
component separation. We then suture the posterior rectus sheaths closed in  
the midline, followed by polypropylene mesh placement in the retrorectus space, 
and closure of the abdominal wall defect. Compared to open retromuscular  
incisional hernia repair, the robotic approach is associated with a shorter length 
of hospital stay and a lower incidence of wound infection [7]. This chapter will 
detail our approach to patient selection, operative technique of our method of 
repair, and pearls and common pitfalls with the use of the da Vinci® Si system 
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(Intuitive Surgical; Sunnyvale, CA, USA). It is crucial that surgeons have a clear 
understanding and experience performing the open Rives retrorectus repair and 
TAR before it is attempted robotically.

 Patient Selection

Patients with prohibitive wound risk factors such as smokers, diabetics, and obese 
patients are well suited for the robotic approach since it mimics an open repair with 
the wound morbidity of a laparoscopic approach. Although in our experience, defects 
as wide as 16 cm have been repaired with the robotic approach, generally, defects 
between 6 and 10 cm are best suited for this approach. Midline defects are best, but 
lateral defects in the flank and lumbar regions are also amenable and will not require 
docking the robot twice. Patients with thin abdominal wall musculature are ideal due 
to their increased abdominal wall elasticity and compliance. These features help with 
visualization under pneumoperitoneum and allow for simple defect closure.

 Patient Positioning

The patient is positioned supine with the arms out at 90°. The patient’s arms are not 
tucked since this would interfere with the ability to place the ports lateral and also 
impair movement of the robotic arms. The bed is flexed so the angle between the 
patient’s costal margin and iliac crest is widened (Fig. 8.1). This step allows for a 
wider area in the lateral abdomen for horizontal port placement.

Fig. 8.1 Patient positioning

P.P. Patel and A.M. Carbonell II



105

 Gaining Access

Intraperitoneal access is gained with a 5 mm optical viewing trocar at the tip of the 
11th rib along the right costal margin. Once pneumoperitoneum is established, a 
12 × 150 mm balloon tip trocar and 8 mm bariatric length robotic trocar are placed 
along the lateral right side along the midaxillary line. The initial 5 mm entry trocar 
is switched to a similar 8 mm bariatric length robotic trocar (Fig. 8.2).

 Lysis of Adhesions

A diagnostic laparoscopy is performed, and a lysis of adhesions is carried out simi-
lar to the laparoscopic technique, prior to docking the robot. If an area of around 
2–3 cm is clear in front of the robotic trocars, the lysis of adhesions can be carried 
out with robotic assistance.

 Docking the Robot

The robot is docked with the sidecart perpendicular to the patient bed. The center 
column is aligned with the patient’s anterior superior iliac spine (Figs. 8.3 and 8.4). 
This allows working room for the assistant at the bedside between the sidecart and 
the patient’s right arm. Adhesiolysis can be completed at this time.

 Left Retrorectus Dissection

The hernia defect is identified (Fig. 8.5) and measured intracorporeally using a 
ruler.

Fig. 8.2 Port placement
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The Rives retromuscular repair commences by incising the posterior rectus 
sheath vertically, close to the edge of the hernia. The dissection is extended at least 
5–7 cm above and below the hernia to allow for sufficient mesh overlap. The retro-
rectus dissection commences by peeling the posterior rectus sheath away from the 
posterior aspect of the rectus muscle (Fig. 8.6).

Care is taken to preserve the segmental innervation to the rectus muscle, which 
enters the retromuscular plane at its most lateral aspect. Identification of these 
nerves signifies the extent of the lateral dissection.

Fig. 8.3 Initial docking 
position

Fig. 8.4 Docking diagram

P.P. Patel and A.M. Carbonell II



107

 Left TAR

Once the lateral edge of the rectus sheath is reached, the transversus abdominis mus-
cle is identified below the posterior sheath. The TAR is most easily begun in the 
upper abdomen, near the costal margin where the transversus abdominis muscle is 
more robust; however, the TAR can also be initiated in the lower abdomen (Fig. 8.7).

The division of the muscle is the extended inferiorly, where it becomes less mus-
cular and more aponeurotic. This will divide the transversus abdominis muscle 
along its entire length. It is critical that the line of transection remain medial to the 
neurovascular bundles. Once the muscle is divided, the pre-transversalis fascia or 
preperitoneal plane will be exposed. Both the peritoneum and transversalis fascia 
are visible below the muscle. Lateral dissection can continue in either of these 
planes. The preperitoneal plane usually separates more easily, but the peritoneum 
can be extremely thin. The pre-transversalis plane is more difficult to develop but 
may be necessary if the peritoneum is too thin. A blunt dissection is performed from 
medial to lateral, peeling the peritoneum or transversalis fascia away from the cut 
transversus abdominis muscle (Fig. 8.8).

Fig. 8.5 Hernia defect

Fig. 8.6 Left retrorectus 
dissection. (A cut edge of 
posterior sheath, B left 
rectus muscle, C hernia 
defect)
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This space is dissected, lateral, until the peritoneal flap with the attached poste-
rior sheath rests easily upon the visceral contents below, with no tension. This will 
create an extensive medialization of the posterior rectus sheath with peritoneum 
attached, laterally, for visceral sac closure later in the procedure. Small tears in the 
peritoneum during this dissection may be unavoidable and can be suture repaired.

 Sizing and Introducing Mesh

Using a similar configuration to the right side, identical trocars are placed into the 
retrorectus or preperitoneal space on the contralateral or left side of the abdomen 
(Fig. 8.9).

The dissected plane is measured vertically along the anterior abdominal wall 
with a ruler, ensuring at least a 5–7 cm overlap above and below the hernia defect. 
This will be the proposed vertical dimension of the mesh. With the ruler flat against 
the peritoneal flap, the horizontal measurement extends from the junction of the 
peritoneum and the muscle (lateral most extent of dissection) to the left medial edge 
of the hernia defect marked with a spinal needle. Since only one side of the 

Fig. 8.7 Beginning the 
TAR (A posterior sheath 
deflected, B left TAR, C 
left rectus muscle anterior)

Fig. 8.8 Developing the 
TAR (A peritoneum, B cut 
edge of left transversus 
abdominis muscle, C left 
rectus muscle)
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retromuscular and preperitoneal dissection has been performed at this juncture, this 
horizontal measurement will need to be doubled to actually reflect the horizontal 
dimension of the mesh.

A wide-pore mid-weight polypropylene mesh is chosen and cut to the measured 
size. The mesh is rolled along its vertical axis, leaving a 2 cm portion of mesh 
unrolled. An absorbable suture is placed into the mesh roll to prevent unrolling of 
the mesh during positioning. The mesh roll is now introduced into the dissected 
space through the contralateral 12 mm cannula on the left (Fig. 8.10). The mesh is 
positioned so that the unrolled edge lies under the contralateral cannulae. The edge 
is secured to the lateral abdominal wall with absorbable suture.

 Redocking and Right Dissection

The robot is undocked from the right side, the patient bed is pivoted to the opposite 
side, 45°, and the robot is redocked on the left side (Fig. 8.11).

Fig. 8.9 Contralateral port 
placement (A cut edge of 
posterior sheath, B 
preperitoneal space, C left 
rectus muscle)

Fig. 8.10 Mesh 
positioning
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Fig. 8.11 Redocking 
diagram

Fig. 8.12 Right TAR (A 
posterior sheath deflected, 
B Right TAR, C 
neurovascular bundle)

The retrorectus and TAR dissection is repeated on the right side (Fig. 8.12). As 
the peritoneal flap is mobilized laterally, the initial (right side) cannulae are reposi-
tioned into the preperitoneal space and the flap is further developed until it lies in 
contact with the viscera, similar to the left side. The peritoneal defects from the 
cannulae are closed with absorbable suture.

 Closing Posterior Sheath and Deployment of Mesh

The posterior rectus sheaths are now suture-approximated in the midline, utilizing a 
23 cm, 2-0, absorbable, self-fixating, barbed suture on a GS-22 needle (V-Loc™ 
180, Covidien, Minneapolis, Minnesota, USA) (Fig. 8.13). At this juncture, the vis-
ceral sac is completely closed.
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Fig. 8.13 Closing 
posterior sheath

Fig. 8.14 Deployment of 
mesh

The suture holding the mesh roll is cut and the mesh is unrolled towards the 
patient’s right side (Fig. 8.14). The mesh should lie flat against the closed posterior 
sheath and occupy the entire retromuscular dissected space. Similar to the left side, the 
right edge of the mesh is secured to the lateral abdominal wall with absorbable suture. 
Additional superior and infection fixation of the mesh can be performed, if desired.

 Closing the Anterior Fascial Defect

The anterior rectus sheath and hernia defect are now suture-approximated with a 
45 cm, #1, absorbable, self-fixating, barbed suture on a CT-1 needle (Stratafix™ 
Symmetric PDS™ Plus; Ethicon™, Somerville, New Jersey, United States)  
(Figs. 8.15 and 8.16).

Decreasing the intra-abdominal pressure to 8–10 mmHg will help to facilitate 
closure. Should there be excessive tension, the bedside assistant may place two to 
three figure-of-eight sutures with a suture passer device to bring the defect together, 
facilitating the running suture closure.
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The robot is now undocked, and the laparoscope is inserted to inspect and ensure 
the mesh is lying flat. The trocars are then removed and the procedure ended. The 
trocar sites do not require fascial closure since the mesh extends beyond the fascial 
incisions in the retromuscular plane.

 Conclusion

Currently, the most popular form of robotic ventral hernia repair is a suture closure 
of the hernia defect with intraperitoneal onlay placement of mesh. We feel that the 
robotic platform is more effectively used for performing a retromuscular incisional 
hernia repair as originally described by Rives and Stoppa. Additionally, a posterior 
component separation technique, or transversus abdominis release (TAR) can be 
performed if additional release is necessary.

Fig. 8.15 Closing the 
hernia defect

Fig. 8.16 Final mesh 
position
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 Introduction

Sleeve gastrectomy is a partial gastrectomy that was initially performed as the first 
component of a two-staged bariatric surgery known as biliopancreatic diversion 
with duodenal switch. It was performed in high-risk bariatric patients and also in 
super-super-obese (Body Mass Index (BMI) ≥ 60) as a risk-reductive measure. 
However, it was observed that many patients did so well after the first stage (sleeve 
gastrectomy) that the second stage was unnecessary. Recent data have suggested 
that stand-alone sleeve gastrectomy has equivalent or in some cases superior out-
comes relative to Roux-en-Y Gastric Bypass in the outcomes of weight loss, diabe-
tes remission rates, and improvement in overall obesity-related comorbidities, such 
as hypertension, obstructive-sleep apnea, and hyperlipidemia [1–4]. A significant 
improvement in quality of life has also been evident following sleeve gastrectomy 
[5–8]. In light of these data, sleeve gastrectomy has been performed at increasing 
frequency in obese patients desiring a weight-reduction surgery and is now the most 
commonly performed bariatric surgery procedure in the United States.

The American Society for Metabolic and Bariatric Surgery estimates that 99,781 
patients underwent a sleeve gastrectomy in 2014. This equates to 51.7% of bariatric 
operations performed that year. Though laparoscopic sleeve gastrectomy is less 
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technically challenging than a Roux-en-Y Gastric Bypass, technical issues often 
arise as the BMI approaches 50 kg/m2 and beyond. These patients have thick 
abdominal walls (particularly female patients) which may require excessive torque 
to be placed on the trocars and laparoscopic instruments, thus resulting in tissue 
trauma, less precise movements, and surgeon fatigue. Additionally, the hepatomeg-
aly, excessive omental fat, and increased difficulty in gaining pneumoperitoneum in 
super-obese patients decreases intra-abdominal working space and may make fine 
dissection difficult, particularly in division of the gastrosplenic ligament and obtain-
ing control of the ultra-short gastrics while attempting visualization of the left crus.

However, the unique characteristics of the da Vinci robot may allow surgeons to 
overcome some of the technical challenges inherent to operating on super-obese 
patients. The magnified three-dimensional view, adjustable motion scaling, and 
wristed instruments allow for careful and precise dissection. Furthermore, the 
robotic arms have enough mechanical power to overcome the torque required to 
maneuver surgical instruments in patients with large abdominal walls, thus mitigat-
ing surgeon fatigue and allowing for fine instrument manipulation within what is 
often a limited working space.

Several studies have compared the laparoscopic and robotic approaches to sleeve 
gastrectomy. Bhatia et al. conducted a retrospective study that included 35 patients 
who underwent robot-assisted sleeve gastrectomy. When comparing patients who 
were morbidly obese (BMI> 35) and super-morbidly obese (BMI ≥ 50), there was 
no significant difference in operative time, blood loss, and length of hospital stay 
between the two groups [9, 10]. Diamantis et al. investigated the difference in oper-
ative time and operative time to BMI ratio between the two modalities and found no 
difference in either measurement. Furthermore, if docking time was excluded from 
total operative time, the robotic cases were significantly shorter (79.5 min vs. 
99.5 min) [10]. In contrast, laparoscopic operative times are significantly longer in 
super-obese patients compared to the morbidly obese [11, 12]. These findings all 
suggest that robotic surgery may mitigate the technical challenges encountered in 
more obese patients during traditional laparoscopic surgery. Additionally, evidence 
suggests that the robotic sleeve gastrectomy has a less-steep learning curve, as sev-
eral authors have found that docking time and net operative time decrease signifi-
cantly if the operating team has completed 10–20 cases [9, 13]. In contrast, the 
learning curve for laparoscopic sleeve gastrectomy is approximately 30 cases [14].

 Operative Technique

The surgical team typically consists of two surgeons, the console surgeon and the 
table surgeon or assistant. At teaching institutions, a resident may sit at a second 
console and control the third robotic arm (R3) or may direct the operation depending 
on experience. Additionally, the need for a bedside assistant may be minimized by 
utilization of the robotic stapler. In smaller operating rooms, it may be necessary to 
re-orient the axis of the bed in order to accommodate all of the equipment, particu-
larly using the Si platform. Once anesthesia is induced, the patient is placed in supine 
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position with his/her legs extended. The patient’s right arm is typically extended and 
offered to the anesthesia team while the left arm is tucked along the patient’s side. 
The robot cart is positioned over the patient’s left shoulder (Si platform), as close to 
the operating room table as possible. With the Xi platform, the robot can alternatively 
be docked from either side of the patient. Care needs to be taken to provide sufficient 
clearance for the liver retractor of choice. In our practice, we use a simple toothed 
grasper from the subxiphoid position to the right crus to retract the left lobe of the 
liver. In patients with a larger liver, we use a Nathanson retractor with a bedside 
attachment to secure it to the bed rail. Alternatively, a paddle or snake retractor can 
be used depending on surgeon preference. The assistant stands on the patient’s right 
side. The scrub nurse stands beside the patient’s right leg. The robot monitor is situ-
ated across the assistant on the patient’s left side (Fig. 9.1).

A nasogastric tube is inserted to decompress the stomach. The patient and the 
robot are draped in a sterile fashion. Importantly, the patient should be draped with-
out the anesthesia drape barrier so that the robot can be docked from the patient’s 
left shoulder.

Once positioning is complete, an optical entry is obtained into the abdomen at 
Palmer’s Point and the abdomen is insufflated to 15 mm Hg. Alternatively, Veress 
entry can be utilized as appropriate depending on body habitus and surgeon com-
fort. All ports are placed after obtaining pneumoperitoneum, as port site placement 
prior to insufflation may be inaccurate. The camera port is placed 15–20 cm below 
the xiphoid process and slightly to the left of midline. This port is inserted into the 
abdominal cavity under direct visualization using a 0-degree, 10-mm laparoscope, 
after which four subsequent ports are placed, all under direct visualization. We pre-
fer to use the laparoscopic stapler via a 12-mm assistant port instead of the robotic 
stapler for two reasons. First, the laparoscopic staple cartridges are longer (60 mm 
vs. 45 mm) and thus fewer staple cartridges are required to complete the operation 

Fig. 9.1 Schematical operating room arrangements during bariatric operations with the use of the 
Da Vinci Surgical System
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and the risk of staple line cross-over is reduced. Secondly, we routinely buttress our 
staple line which is not a feature of the robotic stapler at this time.

A 12-mm working port (R1) is placed along the left-mid-clavicular line, just 
above the level of the camera port. The port is “double docked” with a robotic port 
inside in the event that we need to use this port for the laparoscopic stapler to achieve 
the desired angle on the sleeve, typically as we approach the Angle of His. A second 
12-mm working port (R2) is placed along the right mid-clavicular line, several cen-
timeters above the level of R1. Care must be taken to place this port below the liver 
margin but it is appropriate to move it more lateral toward the anterior axillary line 
should spacing between trocars be a concern. The angle between the camera port, 
R1 and R2 should be approximately 120 degrees. A third 12-mm port (R3) is placed 
along the left anterior axillary line at the level of the camera port (this too can be 
lateralized to aid in spacing; however, care must be taken to stay about the level of 
viscera to prevent bowel injury, particularly as this trocar can be obscured from the 
abdominal view in the reverse Trendelenburg position). A 12-mm assistant port is 
then placed halfway between the camera port and R2. A 5-mm subxiphoid incision 
is made to accommodate the liver retractor. Of note, in obese patients with insuf-
flated abdomens, intra-abdominal distance is less than one would expect based on 
the location of the skin incisions. Thus it is critical that all ports are placed at least 
10 cm apart (8 cm on the Xi) in order to prevent the robotic arms from colliding with 
one another (Fig. 9.2).

When docking, the robot must be positioned such that the angle between the 
robot column (which is at the patient’s left shoulder) and the camera port is at 10°. 
The target anatomy, the stomach, should fall on the axis between the camera port 
and the robot column. The patient is placed in reverse Trendelenburg of a minimum 
of 20°. It is our practice to tilt the patient as much as tolerated such that we can 
clearly see the hiatus. The camera arm is docked first and a 30° scope is inserted into 
the abdomen in the 30° down position. Robotic arms 1–3 are aligned parallel to their 
respective ports, the target anatomy (the stomach) is identified, and the arms are 
docked. The essential equipment is inserted into the abdomen under direct visual-
ization, which includes either a vessel sealer or ultrasonic shears (to R1), a fenes-
trated bipolar forcep (to R2) and a Cadiere grasper (to R3). The assistant typically 
uses an atraumatic grasper to aid in retraction or insertion of sponges or needles as 
necessary. All instruments are inserted into the abdomen under direct visualization. 
The surgery begins by first identifying the pylorus. Using the fenestrated bipolar 
forcep, the console surgeon grasps the greater curvature approximately 5 cm proxi-
mal to the pylorus and gently elevates it while applying medial traction. The Crow’s 
foot can be seen penetrating the lesser curvature at this level and serves as a land-
mark for beginning the dissection. The atraumatic grasper (R3) is used to retract the 
gastrocolic ligament laterally in order to provide counter traction. We use the ultra-
sonic shears to divide the gastrocolic ligament at the level of the Crow’s foot until 
the plane of the lesser sac is entered. Entering the correct plane before proceeding 
ensures that the posterior stomach is not inadvertently injured as the dissection is 
carried superiorly toward the Angle of His (Fig. 9.3). Care is taken to divide the 
ligament close to the greater curvature in order to avoid injury to the colon as well 
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as excessive bleeding from the short gastric vessels. Once the lesser sac is entered, 
the surgeon can tuck the left grasper into the lesser sac and elevate the stomach in 
order to improve exposure. Posterior gastric adhesions must be completely divided 
to prevent inadvertent injury to the pancreas. Cephalad, the greater omentum and 
redundant gastrocolic ligament, may obstruct the console surgeon’s view of the 
greater curvature. To reduce the impact of these structures, the surgeon can insert a 
sponge into the abdomen and using R3, pack the sponge into the lesser sac while 

Fig. 9.2 Port placement. 
C camera port, 1/2/3 ports 
for robotic arms, A 
assistant port, N Nathanson 
liver retractor, MCL = 
mid-clavicular line, SUL 
spino-umbilical line

Fig. 9.3 The lesser sac is 
entered by elevating the 
greater curvature and 
incising the gastrosplenic 
ligament in close proximity 
to the stomach. After 
entering the correct plane, 
gauze can be packed into 
the lesser sac to aid with 
dissection
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applying lateral force so that the greater omentum and the gastrocolic ligament are 
retracted laterally toward the spleen. As the console surgeon continues to mobilize 
the stomach superiorly, the sponge should similarly be advanced to maintain expo-
sure. If there is excessive omental fat, the assistant can aid with retraction.

As the dissection is carried cephalad, the fundus is mobilized away from the spleen 
by dividing the gastrosplenic ligament. The dissection should be taken to identify the 
left crus at the Angle of His and posterior attachments of the fundus need to be cleared. 
If necessary, dissection of the esophageal fat pad may aid with this mobilization of the 
fundus. Complete mobilization of the fundus is important for several reasons. First, it 
helps the surgeon avoid leaving a large sleeve fundus (neo-fundus), which decreases 
gastric restriction and could result in inadequate post-operative weight loss as well as 
reflux. Complete mobilization also provides adequate exposure of the gastroesopha-
geal junction so that a staple load is not inadvertently fired across a portion of the 
esophagus. Lastly, it allows identification of a hiatal hernia should one be present. If a 
hiatal hernia is identified, it is repaired prior to proceeding with the sleeve gastrectomy 
in order to prevent trauma to the fresh sleeve staple line during hernia repair. We typi-
cally repair these hernias with a posterior horizontal mattress suture of 0-polyester. 
The hiatus is closed around a 52F bougie.

Mobilization of the stomach is complete once the lesser curvature vessels are 
visible from the posterior view. If the gastrocolic ligament needs to be divided fur-
ther in the caudad direction, the Cadiere forcep in R3 is used to retract the greater 
curvature superiorly while R2 is used to retract the gastrocolic ligament laterally. 
The ultrasonic shears are used to complete the dissection along the greater curvature 
of the stomach.

Once mobilization is complete, the anesthetist advances a 40F bougie (Hurst 
dilator with a blunt tip) into the deflated stomach in order to assist with sleeve cali-
bration. Once the bougie is visualized within the stomach, the surgeon assists with 
advancement of the bougie toward the pylorus under direct visualization, while 
ensuring that the bougie rests along the lesser curvature of the stomach. At this time, 
the assistant introduces a laparoscopic linear cutting stapler in order to fashion the 
gastric sleeve.

The staple height is determined based on a variety of patient factors, including 
BMI, gender, and the stomach thickness. The first staple load, typically a buttressed 
black load, is deployed across the gastric antrum, approximately 5 cm proximal to 
the pylorus, at a slight horizontal angle. It is our practice to make the sleeve approxi-
mately 4 cm wide opposite the incisura to minimize the possibility of distal obstruc-
tion, which may predispose the patient to leak or food intolerance. For the majority 
of patients, our second staple load is also a black cartridge, followed by green loads 
for the remainder of the stomach. In smaller patients, we may progress to reinforced 
gold loads as we march up the stomach. As the staples are being fired, the console 
surgeon should use the Cadiere grasper (R3) to retract the greater curvature laterally 
in order to prevent the stomach from spiraling. This helps ensure equal resection of 
the anterior and posterior stomach (Fig. 9.4). To prevent unintentional incorporation 
of the bougie into the staple line, the assistant should tighten the staple anvils around 
the target gastric tissue without deploying the stapler. With the staple anvils 
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tightened, the anesthetist is asked to advance and withdraw the bougie. It is impor-
tant to not “hug” the bougie in order to prevent over-pulling of the tissue which 
could yield stapler failure. If the bougie is freely mobile, the assistant surgeon 
deploys the stapler after a minimum of 15 s of tissue compression. The compression 
time is added in order to reduce tissue edema and allow the gastric tissue to lay flat 
within the tissue anvils. The assistant continues transecting the stomach along the 
lateral edge of the bougie, aiming toward the Angle of His. Some surgeons may opt 
to use the robot to oversew the staple line. The robot is well suited for this task, 
although the literature does not clearly delineate a benefit and there is even some 
literature to suggest a detrimental result. As such, it is our practice to use buttressed 
staples instead in order to minimize operative time.

At case completion, the gastric reservoir should measure 60–100 mL (or 20% of 
the initial stomach). The anesthetist fills the sleeve with diluted methylene blue and 
then with air to order to detect leakage from the staple line and an endoscope can be 
used to examine the intraluminal staple line in order to identify any bleeding or 
obstruction. The assistant port is serially dilated using Hagar dilators in sequence 
from 19 to 26F for stomach extraction. We do not remove the specimen using a bag 
or wound protection device. We do not routinely place a drain. The fascia is closed 
with 0-Vicryl suture at the assistant site before closing all skin incisions with a 4-0 
Monocryl running subcuticular suture and Dermabond.

 Complications

Though complication rate statistics are not widely available for robotic sleeve gas-
trectomy, we believe it is safe to extrapolate laparoscopic data for cases completed 
robotically, as various studies have not found a difference in peri-operative or post- 
operative morbidity and mortality when comparing the two modalities [9, 10, 15].

For laparoscopic sleeve gastrectomy, there is a 5.2% morbidity rate and a 0.36% 
mortality rate, with the highest complication rates in super-obese patients, males 

Fig. 9.4 Lateral retraction 
of greater curvature helps 
prevent the stomach from 
spiraling during the 
stapling process
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and in patients older than 55 years [16]. The sleeve gastrectomy is the longest surgi-
cal staple line of all bariatric operations and has a reported 0–6% post-operative leak 
rate following laparoscopic surgery [17–22]. Proximal leaks are more common and 
catastrophic than distal leaks, presumably because of decreased perfusion at the 
cardia as well as increased pressure through a narrow low volume gastric conduit. 
Expert opinion states that the use of smaller bougies (<40 French) is associated with 
higher leak rates secondary to increased intraluminal pressure within smaller gastric 
sleeves [23–26]. Similarly, distal strictures are also thought to increase proximal 
leak rates [24]. Lastly, damage to the gastroesophageal junction during the last sta-
ple fire increases the risk of leak because esophageal tissue does not accommodate 
staples as well as the stomach and thus makes the staples tissue more prone to leak-
age. While three randomized studies revealed no difference in leak rates between 
reinforced and non-reinforced staple lines, other studies have shown decreased sta-
ple line leak rates when the staple line is reinforced [19, 27–30].

Another significant complication after sleeve gastrectomy is staple line bleeding, 
which has a reported incidence of 2–4% [30, 31]. Various authors have found that 
staple line reinforcement reduces the rate of bleeding and subsequent intra- 
abdominal collections [28, 30, 32–34]. For this reason, consensus panels recom-
mend doing staple-line reinforcement routinely despite its controversial benefit on 
leak rate [24].

 Conclusion

The operative steps followed to complete a robotic sleeve gastrectomy are very 
similar to the laparoscopic approach. However, the robot can reduce operative time 
and technical challenges associated with sleeve gastrectomy, particularly in super- 
obese patients. The learning curve is shorter than that for laparoscopic sleeve gas-
trectomy and it allows novice robotic surgeons to improve their technical skills in 
preparation for more complex bariatric surgeries, such as the Roux-en-Y Gastric 
Bypass [9, 13, 14]. Though there remains much work to be done in terms of evaluat-
ing the efficacy and complications of robotic sleeve gastrectomy, it is a promising 
technological addition that has the potential to improve the efficacy of weight loss 
surgery, particularly in certain challenging subpopulations.
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 History

Bariatric surgery has its origins in the 1960s when jejunoileal bypass was the opera-
tion of choice. High morbidity and mortality rates caused this operation to be aban-
doned until the more reliable and safe roux-en-y gastric bypass (RYGB) was 
developed in the 1970s. With the addition of laparoscopy, the RYGB has achieved 
widespread acceptance as the gold standard for weight loss operations. It offers 
sustainable and predictable weight loss over 2 years with significant improvement 
in comorbidities. It has the best long-term data regarding weight loss and resolution 
of comorbidities making it the standard of care against which all other bariatric 
surgery procedures are measured.

All that being said, laparoscopic RYGB is extremely challenging to perform well. 
Of all the minimally invasive general surgery cases being performed today, RYGB is 
arguably the most difficult, requiring a great deal of skill, training, and dexterity [1]. 
The learning curve for a RYGB is approximately 75–100 cases [2, 3]. The learning 
curve refers to the number of major complications, as well as the operative time to 
perform the case. Expected morbidity and mortality rates are 10% and 0.1% respec-
tively. Since all bariatric cases are closely tracked by insurance companies as well as 
by surgical societies, overcoming the learning curve prior to graduation from training 
is essential. With the boom in sleeve gastrectomy, RGYB is occupying a smaller 
percentage of the bariatric cases being performed nationwide. As a result, trainees 
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are being exposed to fewer RYGB procedures in training. The number of cases 
required for certification in bariatric surgery has been dropped by the American 
Society for Metabolic and Bariatric Surgery from 100 to 50. However, this lowered 
requirement means that trainees may not be ready to perform this procedure in their 
own practice without additional training. Robotic surgery offers multiple benefits for 
RYGB. It decreases the anastomotic leak rate, decreases operative time, decreases 
overall cost of patient care, and reduces the learning curve by 90%.

 Robotic Roux-en-Y Gastric Bypass

In 2000, the United States Food and Drug Administration approved the da Vinci 
robotic surgical system (Intuitive Surgical, Inc., Sunnyvale, California). One year 
later the first robotically assisted RYGB was described [4]. The use of the robot was 
limited since neither staplers nor advanced thermal devices were available for the 
robot at that time. In 2005, the first description of totally robotically performed 
RYGB was published [5]. Since then, diverse experience with the robotic RYGB 
(RRYGB) has been described. Published results demonstrate faster operations, at a 
lower cost, with improved outcomes.

 Literature Supporting RRYGB

 Hand-Sewn Gastrojejunostomy

The primary benefit of the robot is in creating a hand-sewn gastrojejunostomy and the 
result is a decreased leak rate of that anastomosis. All RRYGB reported in the litera-
ture do a hand-sewn gastrojejunal anastomosis [5–13]. Most do a two-layer anastomo-
sis but one group does report doing a one-layer anastomosis [1]. One group reported 
using braided polyester suture as the second layer but stopped the practice when they 
developed an increased stricture rate [14]. Since then, they have reported excellent 
outcomes with reduction of their stricture rate to that of reported literature.

The primary advantage of a RRYGB hand-sewn gastrojejunostomy appears to be 
a decreased leak rate (Table 10.1). Overall, the leak rate is 0.33% as compared to the 
accepted national rate of 2% during tradition RYGB. This difference may be due to 
several factors. The increased dexterity that accompanies use of the robot may facil-
itate in the creation of a more precise anastomosis. Furthermore, the improved visu-
alization may allow for more accurate spacing of stitches.

 Additional Complications

Additional post-operative complications occur at rates similar to that of laparo-
scopic RYGB. These include major complications such as bleeding, anastomotic 
stricture, bowel obstruction, marginal ulcers, and pulmonary embolism. Minor 
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post- operative complications include dehydration, edema, dysphagia, kidney insuf-
ficiency, nausea, vomiting, infection, rhabdomyolysis, and deep vein thrombosis.

 Operative Times

Increased operating room time has long been an argument against robotic surgery. 
The time to set up the room, dock the robot, and increased operative time have all 
been repeatedly used as arguments against robotic surgery. However, in the litera-
ture, the findings regarding operative times for RRYGB were mixed. Average robot 
setup time ranged from 7 to 30 min [1, 6]. Reported times for the RRYGB ranged 
from 105 to 252 min but overall time was about 177 min [5–7, 18]. In reports that 
compared robotic and laparoscopic cases, two reports stated that robotic RRYGB 
took longer, four reported robotic RRYGB were faster, and two reported no statisti-
cal difference in mean operative times [1, 5, 10, 14, 17].

Several additional points should be made regarding operative times. First, the 
cases reported in the literature were largely from immature robotic programs. The 
operating room staff, the surgeons, and the first assistants were all novices in robotic 
surgery in the year 2000. At that time, it was not just the surgeon undergoing a 
learning curve; it was the entire operative team.

Most of the cases documented in the literature from 2000 to 2010 were per-
formed on the original da Vinci S model. This model was notoriously difficult to 
dock, suffered from a bulky camera, and was burdened by frequent collisions of the 
operating arms. All of these were improved in the 2009 release of the Si model. One 
study reported that their operative time decreased by 65 min after purchasing the Si 
model [8]. It should be noted that all of the aforementioned issues are nearly 

Table 10.1. Literature reports of post-operative complications and leak rates

Study # Patients # Complications # Leaks

Ayloo [9] 80 2.5% 0

Deng [15] 100 NR 1%

Hagan [16] 143 16.1% 0

Hubens [1] 45 11.1% 0

Mohr [5] 75 22.6% 0%

Moser [11] 110 NR 0

Myers [7] 100 12% 1%

Parini [12] 17 0 0

Park [14] 105 9.5% 1.9%

Sanchez [17] 25 0 0

Scozzari [6] 110 9.1% 1.8%

Tieu [8] 1100 4.1% 0.09%

Yu [13] 100 6% 0

Total 2110 6.2% 0.33%

NR not reported
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completely resolved with the 2015 release of the Xi model. The ports neatly click 
into place, the camera is a lean 8 mm scope, and the new linear design allows work-
ing ports to be placed closer together with nearly unlimited mobility of the arms in 
relation to each other.

 Costs

Robotic surgery may offer two particular cost advantages in RYGB. Because the 
anastomotic leak rate in RRYGB is far below that of the laparoscopic RYGB, there 
is a cost-saving by performing the procedure robotically. Anastomotic leaks incur 
significant medical costs. If the robotic leak rate remains below 2% and the laparo-
scopic leak rate is at or above 2%, it is cost-effective to use the robot [16]. 
Furthermore, the advantage of hand-sewn anastomoses furthers the cost-savings. 
Surgical suture is far less costly than staples. If three staple fires are used in creating 
the gastric pouch, and all anastomoses are hand-sewn, it is more cost-effective to 
perform the procedure robotically even when considering the cost of the disposables.

 Learning Curve

The robotic learning curve is another benefit of robotic surgery in bariatrics. RYGB 
is notorious for its learning curve of 75–100 cases. Because it mimics human hand 
motions, use of the robot drastically shortens the learning curve. This has been 
borne out in multiple studies about RRYGB [5]. The learning curve for the RRYGB 
was approximately ten cases [5, 17]. Indications that the learning curve has been 
overcome include mortality <1%, conversion to open 1–3%, major morbidity rates 
<5%, leak rate <2%, operative times <2 h, and robotic operative time being equal to 
laparoscopic operative time [3, 16, 19–22]. At teaching institutions, the learning 
curve appears to be the function of the attending surgeon [23]. Once the attending 
surgeons had overcome their own learning curves, the curves of subsequent trainees 
were significantly shorter than that of their prior colleague.

 Principals of Robotic Roux-en-Y Gastric Bypass

Below are some principals of the RRYGB. The literature regarding RRYGB is very 
supportive of the procedure. But there were several cautionary themes repeated 
among the reports that are mentioned below.

 There Is No Tactile Feedback

The robot is strong and there is no tactile feedback to the surgeon at the console. It 
will follow the commands of the operating surgeon without regard to strength of 
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grip or tension put on tissues. This is reflected in the literature in several ways. One 
study attributed their stricture rate to over-tightening of the sutures at the gastroje-
junostomy [14]. Another study reported a 10% conversion rate to laparoscopic or 
open procedures because of jejunal tears [1]. The small bowel has very little toler-
ance for excessive force. As a result, we have adopted the habit of running the bowel 
hand-to-hand instead of hand-over-hand. Bowel is never pulled away. Instead, 
bowel is maintained in the left hand. The right hand grasps about 10 cm away and 
brings the distal loop to the left hand. The left hand drops the bowel it is holding and 
grasps the loop presented by the right hand. The right then goes to grasp another 
piece of bowel 10 cm away. Bowel is never run hand-over-hand. The time lost in this 
method is amply made up by not having to repair serosal or full thickness tears.

 The Robotic View Is Magnified

The robotic scope provides magnification that exceeds that of the laparoscope. 
This presents several challenges. First, the small bowel portion of the case is often 
fraught with limitations of working space. The addition of magnification can exac-
erbate this issue. As a result, there is limited field of view and portions of small 
bowel can easily be misidentified if they move out of view and have to be retrieved. 
Marking the Roux limb to prevent Roux-en-O is essential when performing the 
case robotically [1].

The magnified view can also inhibit accurate measurement of lengths of bowel. 
We have found that we tend to make our biliopancreatic limb or roux limb too short 
when running the bowel robotically. We use a marked umbilical tape to accurately 
measure the distance of both limbs. The magnification must also be considered 
when performing hand-sewn anastomosis. One study reported an increased stricture 
rate with RRYGB. They attributed this to their placement of stitches too close 
together causing ischemia and stricture [14].

 It Is Difficult to Access Angle of His Robotically

The Angle of His poses a particular difficulty in the RRYGB. There are no bariatric 
length instruments for the da Vinci System. The jejunojejunostomy requires that 
ports be placed in the midabdomen. The low location of these ports can inhibit reach 
to the Angle of His. Since this dissection is essential to creating a small pouch and 
visibility is often limited in this area, the operating surgeon needs to be aware of this 
difficulty. This has been approached in three different ways. First, additional ports 
can be placed in the upper abdomen and the robotic arm is redocked during the case. 
Another approach is to perform the Angle of His dissection laparoscopically prior 
to docking the robot. Lastly and most commonly in our practice, the cannulas are 
advanced beyond their established pivot point in the abdomen wall to obtain reach. 
However this is dealt with, it is a consideration that should be planned for. On the 
Xi platform, this is rarely an issue.

10 Masters Program Bariatric Pathway: Robotic RYGB and Revisional Bariatrics



130

 A Dedicated Robotic Operating Room Staff Is Essential

The need for operating room staff dedicated to the robot cannot be overemphasized 
[23]. Room turnaround for the robot has been shown to be longer than that for lapa-
roscopic cases. This time is only lengthened with staff of limited robotic experience. 
Every instrument for the robot is unique to robotic surgery. In the darkened room, it 
can be very difficult to distinguish instruments with small tips. Frequently, the scrub 
nurse is the only assistant at bedside. Having one who has reasonable laparoscopic 
skills, good robotic knowledge, and excellent scrub skills is essential. As the sur-
geon is not scrubbed, they cannot directly assist with error messages of the robot. A 
knowledgeable scrub nurse can troubleshoot the robot without the surgeon having 
to leave the consul.

 Patient Selection

Patient selection for RYGB is critical to optimal outcomes. The most important factor 
in choosing a RYGB over other bariatric surgical procedures is patient choice. In most 
institutions, patients will attend a bariatric surgery seminar where all the surgical 
options are offered. Patients are encouraged to research these options prior to their 
initial consultation. When patients come in for their initial consultation, they generally 
know which operation they prefer. As we tell our patients, this operation is completely 
elective. They have no surgical issues and can live out their lives without ever having 
this operation. As such, it is important that they satisfied with their operation of choice. 
Furthermore, they should be well prepared for their course after surgery.

 Pre-operative Workup

Adequate pre-operative workup is essential to a safe and successful operative and 
post-operative course. This starts with the first visit. The patient should have a full 
history and physical examination performed. Patients who are actively smoking are 
not eligible for a RYGB. Targeted questions should be asked about the patient’s 
cardiac history and health, taking note of their metabolic equivalent of daily tasks. 
They should be asked about their history of venous thromboembolism and the lower 
extremities should be examined for venous stasis changes. If they previously have 
had a venous thromboembolism, pre-operative retrievable inferior vena cava filter 
can be considered, although this is controversial. Their pulmonary function should 
be interrogated and the obstructive sleep apnea screening questions should be asked. 
Any patient with four or more positive answers needs a sleep study to evaluate for 
sleep apnea. Sleep apnea is a significant risk for sudden post-operative death in the 
bariatric population. The patient’s ability to understand and cope with life changes 
after bariatric surgery should be evaluated. A patient who claims that their whole 
life will be better after bariatric surgery should be counseled about limiting 
expectations.
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Pre-operative endoscopic evaluation has been advocated by many. The advan-
tages include delineating gastroesophageal anatomy and obtaining gastric biopsies 
to determine H. pylori status which may decrease leak rate. The disadvantage is the 
time and cost to the patient. Others have advocated endoscopy only for patient with 
gastroesophageal reflux or patients over age 50, or for those who wish to have a 
sleeve gastrectomy.

 Immediate Pre-operative Care

Pre-operative care begins with a 2-week very low calorie diet. Patients are instructed 
to take one low carbohydrate, high protein drink for breakfast, one for lunch and a 
small, protein-rich dinner. This type of diet assists in shrinking the liver, assisting 
the surgeon, but has also been demonstrated to improve post-operative outcomes 
[24]. Patients are made NPO to solids and full liquids the night before surgery but 
are encouraged to drink clear liquids up until 2 h before surgery. This regimen is 
approved by the American Society of Anesthesiologists and has been shown to 
reduce patient anxiety and post-operative nausea without increasing complication 
rates [25].

While in holding, patients receive anticoagulation with either heparin or 
enoxaparin. An IV is started. For patients with a history of post-operative nausea/
vomiting, or motion sickness, scopolamine patch is applied or aprepitant is 
administered. The patient is given 300 mg of gabapentin. Pre-operative antibiot-
ics of cefazolin or clindamycin are administered as the patient is on the way to 
the operating room.

 Room Arrangement

The arrangement of the equipment in the operating room is essential when working 
with the robot. The robotic cart will need to come over the patient’s head or left 
shoulder for the S and Si models (Fig. 10.1) or is side docked by the left shoulder 
for the Xi model (Fig. 10.2). The patient is supine with the left arm tucked, and the 
right arm extended. The anesthesia cart is placed to the patient’s right. The robotic 
tower is positioned at the foot of the bed. The bedside surgeon is on the patient’s left 
side. The scrub nurse and the sterile table is on the patient’s right side.

 Operative Instruments

Standard and bariatric length laparoscopic instruments should be available. We 
typically use a fenestrated bipolar grasper and non-traumatic Cadiere grasper, as 
well as a hook cautery for the majority of the operation. Rarely is a vessel sealer or 
harmonic scalpel required. A large cutting needle driver is used for all suturing.
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Fig. 10.1 Operating room layout for robotic roux-en-y gastric bypass with a da Vinci S or Si robot

Fig. 10.2 Operating room layout for a robotic roux-en-y gastric bypass with a da Vinci Xi robot
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 Patient Positioning

The patient is positioned supine on a non-slip pad or bean bag. The left arm is 
tucked. Patient habitus often requires this be performed with a sled or arm board 
folded down to the side of the bed. The right arm is extended and securely wrapped. 
A footboard is placed. The legs are strapped in two separate locations to prevent 
bending at the knee. If desired, an additional strap can be loosely placed across the 
chest. A forced-air warmer is placed across the chest and arms.

 RYGB

We begin our case with an anesthesiology-performed transversus abdominus plane 
block. We have found that the majority of the post-operative pain in our patients is 
secondary to torque on the abdominal wall. Furthermore, all patients receive total 
intravenous anesthesia. This has significantly reduced our post-operative nausea 
and vomiting as well as reduced our average post-operative length of stay.

Access is gained using a Veress needle or a direct optical entry. The abdomen is 
insufflated to 15 mm Hg. If the patient tolerates this, raising the insufflation to 
18 mmHg may provide improved visualization. Additional ports are placed. There 
are two schools of thought regarding this. The first limits the number of ports and 
favors performing an angle of His dissection laparoscopically immediately after 
port placement (Fig. 10.3). The second will place an additional port in the left upper 
quadrant to facilitate this dissection (Fig. 10.4). Figure 10.5 demonstrates port 
placement for a Xi robot.

After port placement, the bed is placed in reverse Trendelenburg, at a 15–25° 
angle. The robot is docked. The operation commences with retracting the omentum 
over the top of the liver until the colon is identified. The epiploicae of the colon are 
grasped and retracted anteriorly until the mesocolon can be grasped by the assistant 
and retracted anteriorly. The bowel is run proximally until the Ligament of Treitz is 
identified. A 50 cm long umbilical tape is used to run the bowel distal to the 
Ligament of Treitz. The bowel and mesentery are then divided with a linear stapler 
(robotic or laparoscopic). The distal portion of the divided bowel, the future Roux 
limb, is marked with a 2–0 silk suture. This prevents Roux-en-O and provides a way 
to put tension on the small bowel without causing serosal tears. A 75 cm umbilical 
tape is used to run the bowel for 150 cm.

A full-length 2–0 silk suture is used to approximate the biliopancreatic limb with 
the future common channel. Two-centimeter enterotomies are made in both limbs 
and a linear cutter is used to create a common channel. A hand-sewn single-layer 
jejunojejunostomy is created with an absorbable suture. The mesenteric defect is 
closed using a nonabsorbable suture. The omentum is divided allowing for a path of 
an anti-colic Roux limb. The future Roux limb is placed in this divide with the silk 
suture trailing into the upper abdomen for easy identification.

The operation now shifts to the upper abdomen and a retrogastric tunnel is cre-
ated. A stapler time out is performed. This is to ensure that the only tube in the 
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patient’s nose or mouth is the endotracheal tube and prevents unintentional incorpo-
ration of a nasogastric tube or esophageal temperature probe in the staple line. A 
stapler and two reloads are used to create a 15–30 mL pouch. A serosa-to-serosa 

Fig. 10.3 Port placement for a robotic roux-en-y gastric bypass with a laparoscopic dissection of 
the Angle of His. (a) Moser [4], (b) Yu [13], (c) Ayaloo [9]—Arm 2 is docked at the left-sided #2 
arm for the JJ and moved to the right-sided #2 arm for the GJ, (d) Tieu [8]

Fig. 10.4 Port placement for a completely robotic roux-en-y gastric bypass. (a) Mohr [5]. Port 1b 
in the left upper quadrant is an optional addition if unable to reach Angle of His with Port 1a in left 
mid-abdomen. Arm 1 is redocked between small bowel and foregut portions of the operation. (b) 
Hubens [1]. Arm 1 is redocked between small bowel and foregut portions of the operation from 
Port 1a to Port 1b
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running absorbable suture is performed from the Roux limb to the pouch as the 
second layer of the back wall of the anastomosis (Fig. 10.6). A 20 mm gastrotomy 
and an enterotomy are created. A hand-sewn gastrojejunostomy is performed in two 
layers usingabsorbable absorbable suture (Fig. 10.7). A leak test can be performed 
using a trans-anastomotic orogastric tube with diluted methylene blue and air or 
standard endoscope.

 Post-operative Care

Post-operative care includes early mobilization, full liquid diet with protein supple-
mentation, multi-modal pain control including narcotics, acetaminophen, ketorolac, 
and gabapentin. When these are used in combination with the transversus abdomi-
nus plane block and total intravenous anesthesia, patients are usually ready for dis-
charge on post-operative day 1.

Patients are called on post-operative day 2. Most bariatric patients who have dif-
ficulties will exhibit them in the first 3 days. The vast majority of complaints are due 
to dehydration and if identified, these patients can be rescued from an emergency 
room visit by this phone call. Any patient not tolerating liquids is asked to come to 
the office for intravenous rehydration.

Follow-up visits are scheduled in advance for 2 weeks, 4 weeks, 6 weeks, 3, 6, 
and 12 months post-op. Following this, visits are scheduled yearly.

Fig. 10.5 Port placement for a completely robotic roux-en-y gastric bypass using the da Vinci Xi 
robot. If stapling laparoscopically, the assistant port is 12 mm. If stapling robotically, Port 2 is a 
12 mm port used to pass the stapler. If there is difficulty in reach with Port 1 and 3, the trocars can 
be advanced further into the patient
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 Revisional Procedures

Revisional bariatric surgery always provides a challenge. Often the original opera-
tion was done by another surgeon and navigating the re-operative stomach can be 
difficult. However, in the era of failed adjustable gastric banding, more bariatric 
revisions are being done. Revisional surgery is known to be higher risk with a higher 
overall complication rate and an increased leak rate.

 Literature Supporting Robotic Revisional Bariatric Surgery

Very little data exist regarding robotic revisional bariatric surgery. In general, revi-
sion cases take longer than primary bariatric surgery, approximately 3 h [26, 27]. 
Forty-three patients in the literature underwent robotic bariatric revisional surgery. 

Fig. 10.6 Completion of 
the outer layer of the back 
wall of the 
gastrojejunostomy, 
approximating the pouch 
to the small bowel 

Fig. 10.7 Final 
appearance of the 
two-layer hand-sewn 
gastrojejunostomy
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Of these, no patients had a leak and morbidity was lower for patient undergoing 
robotic revisions as compared to open revisions [26]. The authors attributed the low 
anastomotic leak rate to the hand-sewn anastomosis. Certainly the improved visual-
ization and tissue manipulation provide a significant advantage in revisional proce-
dures. In our experience, taller staplers should be used due to scarring and edema, 
and there are greater concerns for tissue ischemia. As such, “firefly” technology on 
the robot may help to confirm tissue perfusion in select circumstances. Our most 
common revisions using the robot involve conversion of sleeves to bypass, typically 
in the setting of refractory heartburn. In such circumstances, investigations to rule 
out missed hiatal hernia are imperative. We do not perform completion gastrectomy 
on the remainder of the stomach in these patients; however, we do offer routine 
drainage.

 Pre-operative Evaluation

Pre-operative evaluation for revisional bariatric surgery should begin with all the 
elements mentioned above for RRYGB. In addition, every effort should be made to 
delineate the anatomy of the primary bariatric surgery. This includes endoscopy, 
upper gastrointestinal fluoroscopy, CT scan, and obtaining outside operative reports. 
All of these will assist in operative planning and improve the chances of a success-
ful procedure.

 Robotic Revisional Bariatric Surgery

 Adjustable Gastric Band to Roux-en-Y Gastric Bypass

The operation is commenced by dividing the band tubing at the peritoneum. The 
adhesions over the band are divided using cautery until the band buckle is exposed. 
Newer models of the band can easily be unbuckled by pulling up on the buckle tab. 
Older models of the band usually need to be incised at the buckle in order to release 
them. Gentle but firm traction on the band in the direction of the right foot of the 
patient will allow the band to be removed from around the stomach. The band is 
then carefully inspected, looking for any black or brown discoloration of the band. 
If present, this indicates band erosion into the stomach and this must be addressed 
prior to continuing the operation.

The most difficult portion of the operation is undoing the gastric wrap. In an 
adjustable gastric banding, a portion of the fundus is sutured to the cardia to keep 
the band in place and prevent slipping. This is known as the gastric wrap. Most com-
monly, this is performed using non-absorbable suture material such as braided poly-
ester. This material is rarely visible at the time of reoperation. Instead, the assistant 
provides lateral traction on the left side of the prior gastric band tunnel. Blunt dis-
section then reveals the scar plane of the prior wrap. Cold sharp division of this 
plane is then commenced, always favoring fundus over the cardia. This helps 
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prevent gastrotomies in the new gastric pouch which could be problematic. 
Conversely, gastrotomies in the fundus of the future remnant stomach are easily 
repaired. Visualization of sutures along the division plane is confirmatory of being 
in the correct plane. The wrap is completely undone when the diaphragm is reached. 
Alternatively, the wrap can be undone using a stapler along the line between the 
fundus and cardia.

Next the gastric pouch is created. The path of the band determines the difficulty 
of this task. Most commonly, the angle of His is densely adherent to the diaphragm 
with capsule of the band in this area. Depending on the path of the band, the lesser 
sac may contain dense adhesions from the stomach to the retroperitoneum. Care 
must be taken not to injure the pancreas. A pouch is fashioned in a way that allows 
the future gastrojejunostomy to be positioned distal to the prior band site. Once the 
pouch is created, a leak test is performed at this time to determine if any gastroto-
mies were made during dissection. Only at this point is the small bowel work com-
menced. In revisions, the stomach portion is usually performed before the small 
bowel work so as to allow abortion of the case if needed. The remainder of the 
RRYGB is performed as described above. The decision to leave a drain is at the 
discretion of the operating surgeon. The case finishes with removal of the port.

 Vertical Banded Gastroplasty to Roux-en-Y Gastric Bypass

Vertical banded gastroplasty (VBG) was popularized in the 1980s, prior to the 
advent of laparoscopy. There are two components to this operation. First, the stom-
ach was stapled, but not divided, from the incisura to the Angle of His. Then, a band 
was placed around the stomach at the inferior portion of this new pouch. The band 
was usually silastic or mesh.

Silastic bands can be identified on CT scan and are easily removed at the time of 
surgery. Mesh provides a greater challenge. Because of intense inflammatory reac-
tion, removing the mesh from around the stomach can be difficult. Often the mesh 
is ingrained such that removing it requires stripping the serosa of the stomach. An 
alternate method of approaching the VBG with mesh is to place a stent in the area. 
The stent acts to erode the mesh through the stomach over the course of several 
weeks. After this, the mesh and the stent can be retrieved endoscopically prior to 
surgery. This circumvents the challenging dissection and presents the surgeon with 
an untraumatized stomach in the location of the future gastrojejunostomy.

The operation usually begins with an extensive lysis of adhesions to reach the 
stomach as most procedures were performed as open operations. Then, the anat-
omy of the prior operation is explored. Frequently, intraoperative endoscopy is 
useful to identify the location of the staple line and the band. The band is removed 
and a bougie is introduced to create the pouch. The pouch must be smaller in width 
than the previous VBG. The staple line on the remnant stomach is then excised to 
prevent necrosis of the stomach between the new pouch staple line and the old 
pouch staple line. Firefly on the robot can be used to assess tissue perfusion. In the 
event that the lesser sac cannot be entered via the pars flaccida or lesser curve due 
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to scarring, it may be prudent to enter on the greater curve lower on the stomach 
and work toward this space for pouch definition. The remainder of the operation is 
as described above.

 Post-operative Care

Care following revisional surgery is much as it is in primary surgery. Often, we are 
more liberal about obtaining an upper gastrointestinal fluoroscopy study on the first 
day after surgery because of concern for leaks. Patients tend to stay in the hospital 
for 1 or 2 days longer after revisional surgery. Outpatient care and follow-up is simi-
lar to RRYGB.
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Complete surgical resection is the cornerstone of the treatment of primary colon 
cancer. Adequate resection involves removal of the involved segment of the large 
bowel, mesentery, and associated vascular supply to completely excise the locore-
gional lymphatics at risk for containing metastatic disease. Although dependent on 
multiple variables, pathologic assessment of 12 lymph nodes is standard for deter-
mining the stage [1]. Minimally invasive colectomy is now widely used for primary 
colon cancer. Compared with open surgery patients, patients treated with minimally 
invasive approaches have faster recovery, less pain, and similar perioperative and 
oncologic outcomes. Among minimally invasive approaches, robotic surgery has 
emerged as a modality that provides improved optics and dexterity compared to 
straight laparoscopic surgery. The choice of technique depends on surgeon expertise 
and experience along with patient- and tumor-related factors.

 Indications

Indications for right colectomy in a fit patient include invasive cancers or noninva-
sive neoplastic lesions that are not amenable to colonoscopic removal. Patients who 
have undergone a polypectomy for a malignancy are candidates for a colectomy if 
margins are not cleared or there is a significant risk of nodal metastases. The risk of 
metastases to regional lymph nodes is related to features such as poor differentia-
tion, vascular or lymphatic invasion, and extension below the submucosa [2]. 
Generally, the presence of one or more of these features is an indication for 
resection.
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An extended right colectomy is indicated for lesions located in the proximal to 
mid-transverse colon, synchronous ascending and transverse colon cancers, and 
multiple adenomas, which may or may not be part of a genetic syndrome. Extended 
right hemicolectomy proceeds similarly to a standard right hemicolectomy with 
ligation of the middle colic pedicle at its origin. Anastomosis is created between the 
terminal ileum and distal transverse colon or descending colon, depending on vas-
cular supply.

The decision to proceed with open or robotic colectomy depends on many factors 
including the surgeon’s expertise and experience. There are no absolute contraindica-
tions for robotic colon cancer surgery. However, intestinal obstruction, large lesions, 
fistulizing tumors, or history of multiple previous abdominal surgeries can pose chal-
lenges for surgeons who are not experienced with the robotic approach. In the end, the 
surgical approach should be chosen with the goals of maximizing the chance of a 
margin-negative resection, limiting complications, and optimizing recovery.

 Preparation

Patient evaluation prior to surgery includes a complete history and physical examina-
tion, family history, routine laboratory analysis including carcinoembryonic antigen, 
and radiographic staging. Radiologic staging includes CT of the chest, abdomen, and 
pelvis with oral and intravenous contrast. MRI and PET are used selectively if an 
abnormality noted on a CT scan needs further definition and would change surgical 
management. Patients should undergo a full colonic evaluation, with histologic anal-
ysis of the colon lesion, prior to initiation of treatment. Preoperative medical consul-
tation for risk stratification is obtained based on the patient’s history, including 
geriatric evaluation for fragile patients and those older than 75 years.

Patients are started on a clear diet the day prior to surgery, and the intestine is 
purged with a polyethylene glycol–based agent. Oral antibiotics are prescribed for the 
day prior to surgery. The benefits of mechanical bowel preparation with oral antibiot-
ics have recently been reported. In a study involving over 8400 patients from the 
National Surgical Quality Improvement Program targeted colectomy dataset, patients 
receiving mechanical bowel preparation with oral antibiotics had lower rates of surgi-
cal-site infection, anastomotic leak, and postoperative ileus than other patients [3].

Prophylaxis against thromboembolism includes preoperative subcutaneous hep-
arin, intraoperative sequential compression devices, postoperative low molecular–
weight heparin, and early ambulation. The incorporation of modified Surgical Care 
Improvement Project (SCIP) measures is essential, including normothermia, glu-
cose control, appropriate hair removal, and suitable use of intravenous antibiotics, 
including administration prior to incision, re-dosing during the procedure, and dis-
continuation postoperatively.

Enhanced recovery pathways [4] are followed for patient management, with pre-
operative counseling on early ambulation and discharge once tolerating diet and 
passing flatus. Patients are given a clear liquid diet the morning of surgery with a 
complex carbohydrate drink including electrolytes and minerals. In the preoperative 
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care unit, patients are given gabapentin, diclofenac, and alvimopan. Transverse 
abdominis plane (TAP) anesthetic blocks and goal-directed intraoperative fluid 
management are utilized, along with ketamine infusions, minimal opioids, and stan-
dardized antiemetics.

 Surgical Technique Using the da Vinci Xi Platform

With arms padded and tucked, the patient is positioned supine on a nonskid cush-
ioned pad. The da Vinci Xi robot is positioned on the patient’s right side. The bed-
side operating assistant stands on the patient’s left side, and the scrub technician and 
instrument table are positioned on the left side. The robot will eventually be docked 
perpendicular to the operating room table. Figure 11.1 shows an overhead view of 
the recommended configuration. This setup and the following techniques can also 
be applied to the Si platform.

The Veress technique is utilized to establish pneumoperitoneum. Palmer’s point, 
3 cm below the left subcostal border in the midclavicular line, is generally chosen 
for Veress needle insertion. A five-port approach is employed: four robotic ports 
and an accessory port. The umbilical port is placed first. Ports are generally placed 
midline or to the left of the midline. There is slight variation depending on whether 
intracorporeal stapling is planned (Fig. 11.2). For intracorporeal anastomosis, a 
robotic or laparoscopic stapler is introduced via a larger, 12- to 15-mm, supraum-
bilical port that is later extended to become the extraction site. For extracorporeal 
anastomosis, the specimen is generally extracted via the supraumbilical port site.

Prior to robotic docking, the bed is tilted left side down with slight Trendelenburg 
positioning. The peritoneal cavity is inspected, and the omentum and the transverse 

Fig. 11.1 Recommended configuration of the operating room
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colon are placed cephalad over the liver tip. The small intestine is positioned to the 
left abdomen, exposing the ileocolic pedicle.

The robotic cart approaches from the right, perpendicular to the bed. When dock-
ing, automatic targeting by focusing the camera on anatomy ensures proper arm 
alignment to maximize the range of motion and limits arm collision. A robotic 0° 
endoscope is inserted into the #2, supraumbilical port. Arm 1 is typically paired 
with monopolar curved scissors or the robotic vessel sealer. Arm 3 is paired with the 
fenestrated bipolar instrument, and arm 4 is paired with the Cadiere grasper. A 
5-mm assistant port accommodates the suction irrigator or laparoscopic bowel 
grasper controlled by the bedside assistant during the procedure. For obese patients, 
a second 5-mm assist port can be utilized to facilitate exposure to the base of the 
mesentery.

Using a medial-to-lateral approach, the terminal ileum/cecum is retracted with 
arm 4 to the right lower quadrant, elevating and placing tension on the ileocolic 
pedicle. This maneuver exposes the vascular pedicle for dissection (Fig. 11.3). With 
the fenestrated bipolar grasper in arm 3 and the bipolar scissor in arm 1, the perito-
neum below the ileocolic pedicle is incised. Using arms 1 and 3 in a scissoring 
fashion, submesenteric dissection is initiated just below the level of the duodenum. 
Dissection continues exposing the retroperitoneal structures including duodenum, 
Gerota’s fascia, gonadal vessels, and ureter (Fig. 11.4). The dissection continues 
laterally to the abdominal wall, inferiorly to the level of the sacral promontory, and 
superiorly exposing the duodenum and head of pancreas.

Fig. 11.2 Port placement for robotic right hemicolectomy with extracorporeal and intracorporeal 
anastomosis. The 8-mm robotic and ports 5-mm accessory port are indicated
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Fig. 11.3 The initial step 
is placing the terminal 
ileum and cecum under 
tension to allow 
identification and incision 
of the peritoneum below 
the ileocolic pedicle. 
©2016, Memorial Sloan 
Kettering Cancer Center

Fig. 11.4 Medial-to-lateral dissection of the mesentery off the retroperitoneum, including the 
duodenum and the head of the pancreas. ©2016, Memorial Sloan Kettering Cancer Center
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Once the right colon mesentery is dissected off the retroperitoneum, the vascular 
pedicles are dissected, ligated, and divided. Dissecting the anterior wall of the supe-
rior mesenteric vein inferior to the ileocolic vein facilitates total mesocolic excision 
and high pedicle ligation. Wristed instruments expedite this dissection. The ileoco-
lic vein and artery, which courses over the vein, are ligated and divided sequentially, 
maintaining an intact mesocolon envelope. The middle colic pedicles are then 
addressed. The bedside assistant provides anterior and cephalad retraction on the 
transverse colon mesentery, exposing the middle colic pedicle. Dissection continues 
along the superior mesenteric vein to the level of the middle colic vein. Again, the 
artery is lateral. The right branch of the middle colic pedicle is ligated and divided 
in a standard right colectomy. The right colic pedicle is generally not encountered, 
as it is most commonly a branch of the ileocolic pedicle. On occasion, however, 
there is a right colic vein with a separate takeoff from the superior mesenteric vein 
between the ileocolic and middle colic pedicles. For proximal transverse colon 
lesions, the base of the middle colic pedicle is ligated and divided, and the gastro-
colic vein (gastrocolic trunk of Henle) is divided for resection of the proximal 
omentum en bloc with the right colon. Finally, the mesentery is divided to the trans-
verse colon.

Next, the omentum is dissected off the distal transverse colon with entry into the 
lesser sac. The omentum attached to the proximal transverse colon is generally 
resected and divided outside the gastroepiploic arcade. For proximal transverse 
colon lesions, the arcade is dissected with the specimen. Next, the transverse colon 
is placed on caudal tension, and the remaining omental and retroperitoneal (hepatic 
flexure) attachments are divided in a medial-to-lateral fashion. This dissection is 
facilitated by previous submesenteric dissection. The scissor or vessel sealer divides 
tissue, while arms 2 and 3 provide retraction and open the plane. Finally, the cecum, 
appendix, and terminal ileum are mobilized by dividing the peritoneal attachments 
in the right lower quadrant. Previous medial-to-lateral submesenteric dissection 
ensures that the ureter, kidney, and gonadal vessels remain in the retroperitoneum. 
The small bowel mesentery is freed to the level of the duodenum. Lastly, the termi-
nal ileum mesentery is divided to the small bowel wall.

For extracorporeal anastomosis, a laparoscopic bowel grasper placed through the 
assistant port delivers the terminal ileum. The robot is then undocked and backed 
away from the table. The camera port incision is extended to a length sufficient for 
specimen extraction. A wound protector is placed, and the terminal ileum and right 
colon are delivered for resection and anastomosis. An anastomosis-in-continuity is 
created, generally in a stapled side-to-side, functional end-to-end–anastomosis 
manner (Fig. 11.5). After the procedure is completed, the base of the anastomosis is 
reinforced with suture and mesenteric defect is not closed. The wound protector is 
reapproximated, and insufflation allows for laparoscopic visualization of hemosta-
sis and port removal. The fascia from the specimen retrieval site is irrigated and 
closed with interrupted absorbable monofilament sutures. The skin is reapproxi-
mated with absorbable skin sutures.

When intracorporeal anastomosis is employed, the terminal ileum and the trans-
verse colon are divided with a laparoscopic or robotic stapler. An isoperistaltic, 
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side-to-side anastomosis is fashioned. The distal terminal ileum is aligned with the 
transverse colon, an enterotomy and a colostomy are created, and the stapler is 
inserted and deployed. In general, the broader jaw of the robotic or laparoscopic 
stapler is inserted first into the colotomy, and then the ileum is brought over and the 
slimmer stapler jaw is inserted. The stapler is deployed, and the common enterot-
omy/colostomy is closed with intracorporeal interrupted or running suture. The 
suprapubic stapling port is enlarged (generally by creating a Pfannenstiel incision), 
and the specimen is extracted via a wound protector. The wound protector is then 
closed, insufflation is re-established, the abdomen is inspected for hemostasis, and 
ports are removed under direct visualization.

Fig. 11.5 Once the colon has been mobilized and pedicles ligated, an anastomosis-in-continuity 
is fashioned. An enterotomy and a colostomy are then performed (A), the GIA 80 stapler is inserted 
and deployed (B), and the common enterotomy/colostomy is closed by deploying a TA90 stapler 
(C). ©2016, Memorial Sloan Kettering Cancer Center
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 Lymphadenectomy

Complete mesocolic excision (CME), which includes dissection in the mesocolic 
plane with central vascular ligation, facilitates lymph node yield and possibly 
improves oncologic outcomes [5]. The goal is an anatomic resection with entire 
removal of the mesocolon along embryologic tissue planes. The surgical group in 
Erlangen, Germany, reported 5-year survival rates of >85% for patients undergoing 
CME [6]. This technique does require detailed knowledge of anatomical planes [7] 
and avoidance of any breaches of visceral fascial layers, which theoretically could 
lead to tumor cell contamination of the peritoneum and metastases. Additionally, 
work from Japan indicates that D3 lymphadenectomy along with CME may further 

Fig. 11.5 (continued)
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improve outcomes. D3 lymphadenectomy consists of skeletonizing and ligating the 
vasculature flush with the origin of the involved vessels (e.g., ileocolic) followed by 
en bloc removal of the lymphatics along the lateral and ventral portion of superior 
mesenteric vein to Henle’s gastrocolic trunk and final transection of the involved 
distal vasculature (e.g., right colic and right branch of middle colic vessels) at the 
respective origins [8].

 After the Surgery

Patients are given clear liquids in the recovery room and ambulate the day of sur-
gery. Narcotics are minimized with liberal use of nonsteroidal anti-inflammatory 
medications. The diet is advanced to regular, and the Foley catheter is removed on 
postoperative day 1. The goal is to discharge on postoperative day 2 or 3.

With the use of Enhanced Recovery after Surgery (ERAS) protocols and periop-
erative care bundles, the rate of complications after right hemicolectomy is 5–10% 
[9]. Leak rates are 0.5–1% and can usually be managed with bowel rest, antibiotics, 
and possible percutaneous drainage if clinically necessary.

 Conclusion

Complete surgical resection of primary colon cancer is paramount for cure. 
Adequate resection entails the removal of the involved segment of bowel, mesen-
tery, and associated vascular supply to completely excise the lymphatics. Precise 
surgical technique along with CME should allow for complete lymphadenectomy 
and evaluation of at least 12 lymph nodes for accurate staging. Robot-assisted sur-
gery facilitates a complete anatomic resection by providing improved visualization, 
a stable camera platform, and a greater degree of freedom, thereby avoiding the 
mechanical limitations of laparoscopic surgical techniques.
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A# Assistant port number
ACOSOG American College of Surgeons Oncology Group trial
ALaCaRT Australasian Laparoscopic Cancer of the Rectum trial
CO2 Carbon dioxide
COLOR Colon carcinoma laparoscopic or open resection trial
COREAN Comparison of open versus laparoscopic surgery for mid or 

low rectal cancer after neoadjuvant chemoradiotherapy trial
CRM Circumferential resection margin
CUSUM Cumulative sum analysis
DRM Distal resection margin
EBL Estimated blood loss
EEA End-to-end anastomosis
ICG Indocyanine green
IMA Inferior mesenteric artery
IMV Inferior mesenteric vein
LapLAR Laparoscopic low anterior resection
LAR Low anterior resection
LLQ Left lower quadrant
LMQ Left middle quadrant
LOS Length of stay
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LUQ Left upper quadrant
MRC-CLASICC II Medical Research Council Conventional versus laparoscopic- 

assisted surgery in colorectal cancer trial
NIR Near-infrared
OpenLAR Open low anterior resection
P# Port number
PILLAR II Perfusion assessment in laparoscopic left-sided/anterior 

resection trial
R# Robotic arm number
RA-CUSUM Risk-adjusted cumulative sum analysis
RLQ Right lower quadrant
RobLAR Robotic low anterior resection
ROLARR Robotic-assisted versus laparoscopic resection for rectal can-

cer trial
RUQ Right upper quadrant
TME Total mesorectal excision

 Background

Low anterior resection refers to a proctectomy which includes: (1) mobilization of 
the rectum off the anterior attachments to the sacrum; (2) dissection of the lateral 
stalks from the pelvic sidewall; (3) development of a plane between the rectum and 
the anterior pelvic organs; and (4) an anastomosis created distal to the peritoneal 
reflection. Common indications for LAR include the surgical treatment of rectal 
cancer, larger rectal polyps, diverticular disease, and Crohn’s disease. Although first 
described in 1991 [1] and despite the well-known advantages of minimally invasive 
surgery, LapLAR has not become widely performed. Twenty years after its initial 
description, LAR was still performed predominantly via open technique (60.7% 
Open LAR, 33.5% LapLAR, 5.9% RobLAR) [2].

 Laparoscopic Low Anterior Resection

A steep learning curve has been described for LapLAR [3–9] typically requiring 
30–70 cases. Barriers to performing laparoscopic proctectomy include two- 
dimensional visualization while working in a three-dimensional field, tremor ampli-
fication at the tips of 30 cm instruments, fulcrum effect at the port site, poor surgeon 
ergonomics, unstable image, impaired ability to effectively retract and counter- 
retract, limited degrees of mobility of the surgical instruments (i.e., 4), and diffi-
culty with intra-corporeal suturing due to all of the above. Resulting frustrations 
with LapLAR include prolonged operative times due to tedious and cumbersome 
dissections [10–12], high conversion rates [11–13], positional injuries for the oper-
ating surgeon [14], and perhaps “cutting corners” during some procedures in 
attempts not to convert.
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Acceptance of LapLAR for rectal cancer is supported by the COREAN, COLOR, 
MRC-CLASICC II, ACOGSOG Z6051, and ALaCaRT trials [15–19]. Feasibility 
and safety have been demonstrated, with short-term complications and long-term 
outcomes, including oncologic outcomes, comparable to open surgery. Unfortunately, 
these trials and others have shown high conversion rates (10–34%) for LapLAR 
[15–20]. Conversion from laparoscopic to open surgery can be associated with lon-
ger operative times, increased intraoperative complications, higher postoperative 
morbidity rates, longer hospital stay, and possibly higher long-term recurrence rates 
[21–26]. Additionally, large controlled series of LapLAR for rectal cancer have 
demonstrated alarming rates of circumferential margin involvement [27–29].

 Rationale for Robotic Low Anterior Resection

Recent data demonstrate that RobLAR is increasingly being used to perform proc-
tectomy, with year-over-year growth of over 30% between 2013 and 2015 [30]. 
Benefits of the da Vinci platform include high-definition 3D images with tenfold 
magnification, motion filtering to decrease tremor, surgeon-controlled camera on a 
stable platform, a third operating arm controlled by the surgeon and “wristed” 
instrumentation (7 degrees of freedom). Additionally, the master and slave system 
allows improved ergonomics for the surgeon. During RobLAR, the da Vinci plat-
form is particularly useful for fine dissection of the inferior mesenteric vessels, 
sharp dissection in Heald’s plane while working in the narrow, bony pelvis, identi-
fication of the ureters and gonadal vessels, preservation of the autonomic nerves, 
ultralow dissection and intra-corporeal suturing [31, 32]. Because RobLAR offers 
superior visualization, exposure and maneuverability in the confined spaces of the 
bony pelvis, it may increase the feasibility of minimally invasive proctectomy for 
more patients, decreasing the conversion rate to open surgery [20, 33–35].

 Data for Robotic Low Anterior Resection

Since 2010, a number of studies, analyzing data from over 1000 patients, have been 
published about RobLAR. Operative times range from 180 to 396 min (mean 
293 min) with longer times often represented by ultralow dissections, including 
intersphincteric resections, with coloanal anastomosis [36]. Mean estimated blood 
loss (EBL) is 111.5 ml (range 0–232 ml), conversion to open surgery occurs in 
0–9.5% of patients, postoperative complications in 10–41% (mean 20%) of patients, 
including anastomotic leaks in 6.4% (range 0–13.6%), urinary or sexual dysfunc-
tion in 5.5–37%, and mortality in 0–3.4% [2, 31, 32, 37–39]. In terms of oncologic 
outcomes, the mean number of excised lymph nodes is 16.2 (range 10.3–20.6), 
distal resection margin (DRM) length ranges from 1.4 to 4 cm (mean 2.75 cm), 
positive circumferential margin (CRM) rates range from 0 to 7.5% (mean 6.8%), 
local recurrence ranges from 2.5% to 3.2% with 5-year disease-free survival docu-
mented as 81.9% [2, 39, 40].
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Although many of these outcomes compare equally to LapLAR and OpenLAR, 
there are some notable differences. In a systematic review of the literature, Mak 
et al. compared 1062 patients who underwent RobLAR with 706 patients who 
underwent LapLAR [31]. This meta-analysis demonstrated much higher conversion 
rates for LapLAR (1.8–22%) than RobLAR (0–8%). The most common reasons for 
conversion in both groups included obesity, difficulty anatomy, bulky tumor, narrow 
pelvis, adhesions from prior surgery, equipment malfunction, and intra-operative 
complications. In the same meta-analysis, two studies found a statistically signifi-
cant higher rate of EBL in the LapLAR group compared to the RobLAR group [41, 
42]. Although overall morbidity was similar between the groups, sexual and urinary 
dysfunction was higher in the LapLAR group than the RobLAR group (3–57% vs. 
0–37%). In addition, median length of stay (LOS) was shorter in the RobLAR group 
than the LapLAR group (7.1 vs. 9.6 days). Although similar results were seen in 
terms of CRM positivity, DRM length, lymph node sampling, and local recurrence, 
two studies comparing TME quality found RobLAR to be superior [41, 43].

Speicher et al. retrospectively reviewed the National Cancer Data Base, includ-
ing 1912 LapLAR patients and 956 RobLAR patients. Similar to Mak et al., the 
outcomes regarding lymph node sampling, positive margins, readmission rates, and 
30-day mortality were similar, but a difference in conversion rates was noted 
(RobLAR 9.5% vs. LapLAR 16.4%) [2].

A recent meta-analysis of eight studies revealed a lower positive CRM rate in 
RobLAR than in LapLAR [20]. Distal surgical margins were longer in the RobLAR 
group when compared with the LapLAR group, suggesting that superior vision and 
dexterity with the robotic system may translate to better pathologic outcomes [44]. 
Ghezzi et al. compared 65 patients undergoing RobLAR with 109 patients undergo-
ing OpenLAR, and found significant differences in CRM positivity (0% in RobLAR 
vs. 1.8% in OpenLAR), while performing more ultralow dissections with coloanal 
anastomosis in the RobLAR group (16.9% vs. 1.8%) [45].

Numerous studies have demonstrated better quality of TME with RobLAR [31, 
34, 46]. Quality of TME is likely a better surrogate of quality of dissection than 
CRM, which may be influenced by tumor stage and location in relation to the fascia 
propria of the rectum [20].

 Patient Selection

When considering which patients are appropriate for RobLAR, the surgeon should 
review all pertinent history. Robotic-assisted surgery, like laparoscopy, may involve 
prolonged intra-abdominal carbon dioxide insufflation and Trendelenburg position, 
which may be problematic in patients with morbid obesity, poor pulmonary compli-
ance, or limited cardiac reserve. A history of prior abdominal surgery may suggest 
the presence of adhesions preventing standard placement of trocars, whereas a his-
tory of prior pelvic surgery or radiation therapy may alert one to a more challenging 
pelvic dissection. Any prior bowel surgery, such as intestinal bypass or colectomy, 
should be noted by the surgeon contemplating RobLAR. These issues, as well as 
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coagulopathy, general bowel habits, sphincter function, and urinary and sexual 
function should be considered preoperatively. The surgeon should perform a com-
plete physical examination, including rigid proctosigmoidoscopy and complete 
colonoscopy. Radiologic imaging should be reviewed as well, with particular atten-
tion to pathology involving adjacent structures, including small intestine, bladder, 
vagina, prostate, seminal vesicles, iliac vessels, and ureters. The potential need for 
other robotically trained surgical specialists should be part of preoperative 
planning.

 Surgeon Learning Curve

The surgeon who is new to RobLAR is advised to appreciate the learning curve and 
plan accordingly. Using cumulative sum method (CUSUM) and risk-adjusted 
cumulative sum method (RA-CUSUM), multiple authors have evaluated their own 
experiences with RobLAR [44, 47–50]. There are classically three phases to the 
surgeon’s learning curve: the initial learning curve (15–40 cases), the competent 
period (next 30–50 cases), and the challenging period (after 70–80 cases). During 
phase 1, the surgeon will undertake less complicated procedures, should expect 
longer operating times and higher conversion rates, but should see no increased 
short-term complications. In phase 2, the surgeon gains more comfort with the tech-
nology and will often see console times, total operating times, and conversion rates 
decrease. It is during phase 3 that the surgeon broadens the inclusion criteria to 
include more complex pathology, morbidly obese patients, post-radiation cancers, 
lower dissections in the pelvis, and combined procedures with other surgeons. 
Operating times may plateau or temporarily increase during this phase. There cer-
tainly can be overlap between the phases, depending on the surgeon, prior open and 
laparoscopic surgery experience, operating room personnel ability, and practice 
composition.

The surgeon needs to be knowledgeable about the robotic system and facile with 
complicated robotic instruments. This includes docking of the patient cart, install-
ing the instruments, and safely controlling the instruments from the surgeon’s con-
sole [48]. Bokhari et al. evaluated their own experience and concluded that the 
learning curve entails the surgeon’s mastery of three important and unique facets of 
robotic technology: (1) overcoming the loss of tensile and tactile feedback by rec-
ognizing visual cues with regard to tension and manipulation of tissues; (2) concep-
tualizing the spatial relationships of robotic instruments outside the active field of 
view; and (3) mentally visualizing the spatial relationships of the robotic arms and 
cart while operating at the console [47]. There is potential for external clashing of 
robotic arms, and instruments outside the camera’s view have to be located properly 
without causing iatrogenic injuries. Also, the techniques of retracting and dissecting 
are different than with laparoscopic instruments. As a prerequisite for RobLAR, the 
surgeon needs thorough knowledge of pelvic anatomy, be able to identify the cor-
rect avascular plane as well as the autonomic nerves, and must observe the princi-
ples of Dr. Heald [48].
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 Overcoming the Learning Curve

RobLAR can be divided into the following steps: (1) dissection of the lateral attach-
ments of the left and sigmoid colon (and possible splenic flexure mobilization); (2) 
pelvic dissection with total or partial mesorectal excision; (3) inferior mesenteric 
artery (IMA) dissection and ligation; (4) distal transection and proximal transection 
of the bowel; (5) anastomosis. During the initial phase of his learning curve, the 
surgeon is advised to use robotic-assisted techniques for some of these steps and 
either laparoscopic or open modalities to complete other steps. The surgeon should 
set goals regarding which steps will be done robotic-assisted, with time limits and 
specific hard stops established prior to the operation. Over time, the surgeon can 
expect to convert from performing a hybrid procedure to a totally robotic procedure. 
During the surgeon’s early experience (i.e., 5–15 cases), it is advised to limit con-
sole time to a maximum of 60–90 min, as visual, mental and physical fatigue unique 
to working at the surgeon console may be expected.

During the initial phase, it is extremely valuable to gain experience with various 
robotic instruments and modalities in order to appreciate the strengths and weak-
nesses of these different technologies. Understanding the abilities and limitations of 
da Vinci instrumentation in regard to visibility, haptic feedback, degrees of freedom 
at instrument tip, forces generated, and potential hazards takes dedicated time. For 
example, dissecting with the Monopolar Curved Scissors is often more efficient 
than the Monopolar Cautery Hook, but is more likely to cause irksome bleeding. 
The EndoWrist One Vessel Sealer can be quite efficient for safely transecting meso-
colic and mesorectal vessels, but can also result in fusing planes, whereas a mono-
polar device is more suited to opening embryologic planes. In regard to visualization, 
most procedures can be completed with a 0° camera, but the 30° camera can be 
invaluable when trying to see over the splenic flexure (down position) or behind the 
rectum (up position). When considering port placement and position, it is helpful to 
recognize that some RobLARs will be easily achieved with single-docking, while 
others will benefit from double-docking, and these decisions may be planned preop-
eratively and modified intra-operatively. In a similar vein, sometimes a second 
assistant port is more helpful than the third robotic arm, and at times “port-jumping” 
and/or “port-nesting” may be beneficial for a specific portion of the procedure. Port- 
jumping refers to relocating a robotic arm from one port to another, or even swap-
ping a robotic arm for an assistant instrument. Port nesting refers to placement of a 
5 mm or 8 mm port in a 12 mm port, so as to use the same port for different tech-
nologies during separate phases of a procedure.

As the surgeon moves into the competent phase, the indications will expand, for 
example, from diverticulitis to diverticulitis complicated by fistula or abscess. 
Performing combined cases with urologists and gynecologists with compromised 
port placements also occurs during the competent phase. Lastly, the surgeon may 
add robotic-assisted intra-corporeal anastomosis to the armamentarium.

Throughout the process, the surgeon is strongly encouraged to record, view, and 
critique his own videos. Reviewing videos will highlight inefficiencies with utiliz-
ing the third arm for retraction and dissection, problems arising from poor port 
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placement, issues from suboptimal instrument choices, and opportunities for devel-
opment and modification of techniques. Opportunities exist for formal video review 
from surgical societies and educational entities.

The experience of one young surgeon with a single year of laparoscopic experi-
ence is illustrative. Byrn et al. reviewed their own progression during their first 85 
robotic-assisted rectal dissections. Operative times improved from 267 min to 
224 min, direct hospital costs decreased from $17,349 to $13,680, number of lymph 
nodes excised increased from 11.8 to 20 per patient, while LOS decreased from 8.3 
to 5.9 days [51].

 Room Set-up and Patient Positioning

Fig. 12.1 demonstrates a typical operating room set-up for RobLAR. The patient is 
positioned on the operating table with buttocks hanging slightly off the edge of the 
bed so as to allow access to the anus. The lower extremities are secured in adjustable 
stirrups, thighs at approximately 180° angle with the torso, with attention to position-
ing of the feet and knees so as to avoid any nerve compression. It is helpful to use 
either a foam mattress (author preference Prime Medical Trendelenburg OR Table 
Pad STP100), a sandbag, a safety strap across the patient’s chest and/or shoulder bol-
sters to prevent patient movement during steep Trendelenburg positioning. Both upper 
extremities are tucked and padded alongside the torso with careful attention to wrist 
and finger position and protection. An upper body warming system (author preference 

Fig. 12.1 Room set-up for anterior resection via single docking. Patient in Trendelenburg posi-
tion, with right side of patient rotated downward
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3M™ Bair Paws™ Flex) is recommended to maintain normothermia. Orogastric tube 
decompression and bladder catheterization are standard. Anesthesia personnel and 
cart are located at the head of the table. The left side of the patient will need to be 
accessible for the robotic patient cart. During the laparoscopic portion of the proce-
dure, monitors for both the surgeon and surgical assistant are useful.

 Laparoscopic Phase

A 12 mm × 130 mm Applied Kii® balloon blunt tip system (author preference) is 
placed in the right middle quadrant using an open technique, lateral to the rectus 
sheath, a 0° laparoscope is introduced, and the abdomen is explored. Some authors 
prefer midline camera placement for aesthetic benefit, but in this author’s experi-
ence, camera proximity to the root of the IMA may be an issue during medial-to- 
lateral dissection if the port is placed midline. If an ileostomy is likely, this location 
can be used for the camera port. Before any further port placement, it is useful to 
identify the location of intra-abdominal adhesions, the extent of colon redundancy, 
splenic flexure position, and the location and extent of the pathology to be addressed. 
Advantages and disadvantages of medial-to-lateral and lateral-to-medial dissection 
are considered based on the patient’s anatomy and pathology. The patient is placed 
in Trendelenburg position with the right side of the patient tilted toward the floor. 
The goal is for the abdominal contents to clear out of the pelvis allowing the medial 
aspect of the rectosigmoid mesentery to become visible and accessible.

 Port Placement

Ports are placed according to Fig. 12.2, with minor adjustments based on the find-
ings of the laparoscopic exploration. This port placement is intended for a single- 
dock procedure. Port 1 (P1) is placed in the right lower quadrant (RLQ), more 
cephalad for lower pelvic cases and more lateral for rectosigmoid pathology. Using 
an 8 mm port nested in a 12 mm port allows use of both standard instrumentation 
and the da Vinci EndoWrist Stapler. Placement of P2 in the right upper quadrant 
(RUQ) enables it to be useful both during the pelvic dissection and mobilization of 
the left colon including the splenic flexure. Placement of P3 in the left middle quad-
rant (LMQ) allows it to be useful primarily during the pelvic phase, but if placed 
medial enough (i.e., midclavicular line), it will also be useful during sigmoid colon 
mobilization. The assistant port (A1) is placed lateral to the camera port, along the 
right anterior axillary line. Modifications to this set-up include:

 1. Double-dock procedure: add an 8 mm P4 in the LLQ. P1, P2, and P4 are used for 
robot arm 1 (R1), R2, and R3 during splenic flexure mobilization, with R3 on the 
same side of the patient cart as R1; an assistant port (A1) is located along the 
right anterior axillary line; during the pelvic phase, R3 is flipped around to the 
same side of the patient cart as R2 and used via P3. The patient cart is docked 
over the LUQ for splenic flexure mobilization, with the patient in reverse 
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Trendelenburg position; it is docked over the left lower quadrant (LLQ) for the 
pelvic phase, with the patient now in Trendelenburg position.

 2. Similar to 1, but during the pelvic dissection R1, R2, and R3 are used in P1, P3, 
and P4. The assistant may use ports A1 and P2 during the pelvic dissection [52].

 3. Similar to 1, but P5 is in a midline suprapubic position; R3 is utilized via P5 for 
splenic flexure mobilization; during the pelvic phase, P2 is used as a second 
assistant port, and P1, P3, and P4 are used for the pelvic dissection with R1, R2, 
and R3. P5 is incorporated into the extraction site (Fig. 12.3).

 4. Similar to 1, but no re-docking of the patient cart is performed (“flip arm tech-
nique”) [53].

 5. Similar to 1, but R2 and R3 are switched (R2 in P3 and R3 in P2).

Again, taking a few moments to laparoscopically assess at the beginning of the 
procedure will allow the surgeon to modify port placement according to the specif-
ics of the patient’s anatomy, to plan single or double-docking, medial or lateral 
approach, and consider other potential operative issues before docking and sitting 
down at the surgeon’s console.

 Docking of Patient Cart

For single-docking RobLAR, the patient cart is docked over the left lower corner of 
the operating room table, with the legs of the patient cart straddling the corner of the 
table. For lower pathology, the patient cart is parallel to the patient’s left lower 

Fig. 12.2 Port placement 
for sigmoid or upper rectal 
pathology, single-docking
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extremity; for higher pathology, an angle more perpendicular to the patient’s body 
is preferred. For double-docking, the splenic flexure mobilization is best achieved 
with the patient in reverse-Trendelenburg and docking at a 45° angle over the 
patient’s left shoulder.

 Instrument Selection

Many surgeons prefer to dissect with the Monopolar Curved Scissors via R1P1, 
while others utilize ether a Monopolar Cautery Hook or Spatula. The scissors is 
quite efficient at opening the peritoneum, dissecting around vessels, developing 
avascular planes along the line of Toldt, developing the “golden plane” posterior to 
the rectum, and incising Waldeyer’s and Denonvilliers’ fascia. In addition to dis-
secting with the tip of the scissors, the flexed heel is excellent for providing expo-
sure in an atraumatic fashion.

At times, the monopolar instrument can be swapped for the da Vinci EndoWrist 
One Vessel Sealer, which is particularly useful for blunt dissection and ligation of 
mesenteric vessels in obese patients. The vessel sealer uses bipolar energy (radiofre-
quency) and compression force to weld tissues together and seal. It has a 20 mm jaw 
length with 16 mm of sealing surface and 13 mm of cut length. It has computer-
controlled closing pressure, minimal thermal spread of 1–2 mm, >600 mm HG burst 
pressure and independent seal and cut functions [54]. When needed, one can remove 
the 8 mm trocar nesting in the 12 mm sleeve, enabling P1 to be used for the da Vinci 
EndoWrist Stapler. The EndoWrist Stapler’s “smart-clamp technology” takes a 

Fig. 12.3 Port placement 
for lower rectal pathology, 
double-docking
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series of measurements and provides audio and visual feedback prior to firing. If the 
stapler detects inadequate jaw closure for a proper “B-staple form”, firing is pre-
vented and the surgeon is obligated to open and re-clamp the tissue until appropriate 
parameters for safe transection are met [55]. Data is lacking, but early experience 
suggests this may help surgeons avoid forcing a stapling that should not occur. The 
Fenestrated Bipolar Forceps is used via R2P2 and the Cadiere via R3P3. The 
EndoWrist One Suction/Irrigator and/or EndoWrist Grasping Retractor may be 
helpful, particularly during the pelvic dissection. At times it is helpful for the assist 
to suction and the surgeon to use an arm to retract, whereas in other circumstances, 
the reverse is true - the approach should be individualized to the particular situation, 
and creative thinking and flexibility is required from the surgeon. Appropriate 
instrument selection and attentiveness are critical to avoiding bowel injury during 
the procedure. Whereas Fenestrated Bipolar Forceps and Cadiere Forceps are con-
sidered safe for grasping the colon and small bowel, the ProGrasp™ closes with a 
higher compression force which increases the risk of serosal injury.

A standard disposable 5 mm port is often used as A1, although a 12 mm port allows 
the assistant surgeon to utilize laparoscopic endostaplers available from Covidien or 
Ethicon. Another option, which this author prefers, is to use the AirSeal system (avail-
able in 5 mm, 8 mm and 12 mm), which maintains stable pneumoperitoneum and 
efficient smoke evacuation, including during proctotomy or vaginotomy.

 Dissection of Lateral Attachments and Pelvic Dissection

First, the surgeon uses the Fenestrated Bipolar Forceps and the assistant uses an atrau-
matic bowel grasper (author preference Epix laparoscopic grasper) to retract the left 
colon and sigmoid colon medially. Dissection along the Line of Toldt is carried out 
proximally up to the splenic flexure and distally to the upper 1/3 of the rectum, being 
careful to identify and preserve the left ureter. Fine dissection is possible with the 
Monopolar Curved Scissors. When significant progress has been made, the Cadiere is 
used to retract the rectosigmoid anteriorly and laterally so as to put the medial perito-
neum on tension. The peritoneum is incised with the Monopolar Curved Scissors, 
which allows CO2 insufflation to enter the retroperitoneum and reveal the plane 
between the mesorectal fascia and presacral fascia. This avascular plane is sharply 
dissected with the Monopolar Curved Scissors (see Video 12.1). Posterior mobiliza-
tion of the rectum is performed with the scissors and bipolar forceps using the 
“Saturday Night Fever” move (described below). The inferior hypogastric nerves and, 
distally, the pelvic nerve plexus are identified and preserved. Dissection proceeds until 
retraction is no longer sufficient, then the right lateral attachments are divided in a 
similar fashion. During this phase of the procedure, it is helpful to bring the third arm 
posterior to the rectum and use it to push the rectum anteriorly. It is now easy to con-
tinue dissecting in the posterior plane, down to the levator muscles if needed. Final 
attachments along the right side and right posterolateral aspect may be divided in the 
low pelvis with the same exposure. Throughout this phase, the assist should evacuate 
smoke, suction bleeding, and/or provide atraumatic retraction.
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Next, the surgical assistant uses an atraumatic grasper to pull the rectum cepha-
lad and right, the Cadiere is used for lateral wall counter-traction or to assist with 
pushing the rectum to the right, and the surgeon dissects down the left side using the 
scissors and bipolar forceps. As progress is made, the Cadiere is shifted to provide 
anterior counter-traction by pushing up and out on the vagina (or seminal vesicles), 
enabling completion of the dissection from the left posterior pelvis to the left ante-
rior plane. Lastly, the assistant retracts the rectum cephalad and posterior, while the 
surgeon dissects anteriorly, connecting the two lateral dissections. Again, the 
Cadiere is used to provide counter-traction by pushing the anterior pelvic organs 
“up and out”. When transecting the mesorectum, the scissors is quite useful for 
scoring the mesorectal envelope and dissecting around mesorectal vessels, while the 
bipolar forceps and vessel sealer are efficient for transecting the vessels.

Division of the large intestine can be achieved with standard laparoscopic sta-
pling devices, of which there are multiple vendors, lengths, staple-heights, and 
handle systems. The da Vinci EndoWrist Stapler is preferred by some surgeons as it 
allows precise placement and fine adjustments to be in the hands of the operating 
surgeon. The EndoWrist Stapler offers 108° of lateral articulation and 54° of verti-
cal articulation. At the time of this writing, staple loads of 45 mm length are avail-
able with two options for staple height: A blue load is 3.5 mm open and 1.5 mm 
closed, while a green load is 4.3 mm open and 2.0 mm closed. At times, two or three 
“fires” are required to completely transect the rectum, a change in practice for many 
surgeons accustomed to striving for a single staple line with no junctions. Although 
there are data that suggest increased complications at the anastomosis may occur 
with numerous firings of laparoscopic stapler [56], no clinical data exist regarding 
outcomes after multiple fires of the EndoWrist Stapler.

 IMA Dissection

This step may be accomplished before dissection of the lateral attachments or the pel-
vic dissection, or as part of either of those steps. The Cadiere is used to retract the rec-
tosigmoid anteriorly and laterally, exposing the IMA at its origin from the aorta. 
Monopolar Curved Scissors and Fenestrated Bipolar Forceps (or Maryland Bipolar 
Forceps) are now used to dissect the mesocolic tissues around the base of the IMA. The 
left ureter and aortic hypogastric nerve plexus are clearly visualized and protected dur-
ing this dissection due to the superior image afforded by the da Vinci system. The IMA 
is divided with a Large Clip Applier or EndoWrist Stapler, and medial to lateral dissec-
tion may proceed up to the inferior border of the pancreas (see Video 12.2).

 Medial to Lateral Dissection of Left Colon and Splenic Flexure 
Mobilization

The surgical assistant can retract the colon superiorly (anteriorly) by positioning an 
instrument posterior to the mesocolon and lifting. The inferior mesenteric vein 
(IMV) is selectively transected close to the fourth portion of the duodenum, with 
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either the Large Clip Applier, vessel sealer, or bipolar forceps. Dissection continues 
medial to lateral until the left colon is free from the retroperitoneum. The left ureter 
and gonadal vessels are identified and preserved. Although this author finds com-
plete mobilization is needed in fewer than 20% of these procedures, if further mobi-
lization of the splenic flexure is required, re-docking over the LUQ with the patient 
in reverse Trendelenburg is helpful with repositioning of the robotic arms according 
to any of the appropriate set-ups described above. The omentum is retracted by roll-
ing it over the transverse colon, allowing its weight to fall cephalad, thus exposing 
the correct plane. The scissors or vessel sealer can be used to develop a plane 
between the transverse colon and the omentum. During this phase the assistant 
retracts caudad on the colon while the surgeon uses the bipolar forceps for micro- 
retractions of the omentum. The omentum is completely separated from the trans-
verse colon, followed by division of the splenocolic and renocolic ligaments 
ensuring complete splenic flexure mobilization.

When adequate mobilization for a tension-free anastomosis has been achieved, 
an appropriate proximal transection point is chosen. Using scissors, a window is 
created adjacent to the colon wall, the EndoWrist Stapler is used to divide the bowel 
and either the bipolar forceps or vessel sealer may be used to harvest the remaining 
mesocolic vessels.

The specimen is delivered through a low midline or Pfannensteil incision, and 
the anastomosis is performed via hand-assisted, laparoscopic-assisted, or mini- 
laparotomy techniques.

 Surgical Tips

From the author’s personal experience, the following tips are provided:

• During medial-to-lateral dissection and/or posterior pelvic dissection, the “Saturday 
Night Fever” move is invaluable: with fingers clenched in the master control, push 
up and away with the left hand, followed by the right hand coming underneath with 
a similar move; the left hand is now rolling over the right and toward the surgeon’s 
body as the right hand moves up and away; the left hand completes the circle by 
coming under the right hand (ala John Travolta on the dance floor). The goal is to 
use the heel of each flexed instrument tip to push  tissue up and away, exposing the 
avascular plane, and then use the Monopolar Curved Scissors to incise through the 
fine, wispy tissue. This move is repeated and significant progress is made.

• Use the sides and heels of flexed instruments to push into tissues, rather than the 
jaws of instruments to grasp tissues. This will provide excellent retraction with 
minimal trauma to the bowel or its mesentery.

• Zoom in. Many laparoscopic surgeons “use the robot to do laparoscopy”. The 
visual field from the surgeon’s cart is different than the view of open or laparo-
scopic surgery. Zooming in physically or digitally, changing camera angle, or 
swapping to a 30° camera often enables safer, finer dissection. It takes experi-
ence to fully appreciate and utilize the capabilities of the platform. A common 
error is to accept inadequate visualization.
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• Learn from collisions. When you have internal or external collisions, this is an 
opportunity to evaluate your patient cart placement, port placement, and opera-
tive technique. Notice when and where in the procedure collisions occur, stand 
up, and walk over to the patient cart to visualize the issues with arm positions and 
port placement. This is instrumental when modifying port placement and arm 
position during future operations.

• Be able to troubleshoot. Cap leak, “instrument not recognized”, “energy device not 
working”, insufflation failure, power outage, motor pack malfunction, and “hard 
shutdown” will occur. Be familiar with these situations and how to remedy them.

 Modifications of Approach

 Natural Orifice Extraction

Some surgeons use an open rectal stump or colotomy for specimen removal, rather 
than an elongated port incision or alternative extraction site on the abdomen. 
Potential benefits include limiting incisional issues such as pain, infection, hema-
toma, and hernia. Removal of the specimen trans-vaginally is safe and feasible [57].

 Robotic Purse-String

Prasad et al. described a “robotic purse-string technique” as an alternative to the com-
monly practiced double-stapling technique [58]. The laparoscopic double- stapled 
technique is hindered by its reliance on laparoscopic staplers which usually result in 
angled staple lines (because of fulcrum effect) and often require multiple firings to 
completely transect the rectum. An irregular staple line creates potential anastomotic 
issues due to areas of ischemia. Additionally, laparoscopic stapling often results in 
“dog ears” on both corners of the resected margin, resulting in an uneven, irregular 
DRM and a distal donut not representing the real distal margin. Robotic surgery 
enables controlled, right-angled transection of the rectum even in the low pelvis and 
straightforward intra-corporeal suturing (i.e., creation of a purse- string under direct 
vision) [58]. Potential sites of weakness and ischemia resulting from standard double-
stapled technique common in laparoscopic surgery may be avoided.

 Robotic-Assisted Anastomosis

Prior to proximal transection of the bowel, one option is to create a colotomy just 
proximal to the pathology and place the anvil of an EEA (end-to-end anastomosis) 
stapler in the colon. The anvil is milked proximally in the colon and the proximal 
stapling is performed at the planned location (distal to the anvil). A new colotomy 
is created to allow protrusion of the anvil stalk and a purse-string is performed 
around this colotomy via robotic-assisted suturing. EEA anastomosis is performed 
in the standard fashion.
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 Indocyanine Green Fluorescence (Firefly™)

This technology allows surgeons to view high-resolution near-infrared (NIR) 
images of blood flow in vessels, as well as tissue perfusion in real-time. The endo-
scopes are available in 8.5 mm and 12 mm sizes, with both 0° and 30° tips. 
Indocyanine green (ICG) is a water-soluble dye with a peak spectral absorption of 
800 nm and a half-life of 3–5 min which can bind to plasma proteins and emit infra-
red signals when excited by laser light [59]. It is administered by anesthesia person-
nel through a peripheral vein, typically at a dose of 2.5–5 mg. It can be used in 
colorectal procedures to identify mid-sacral vessels during rectopexy, to distinguish 
areas of well-perfused bowel from areas of ischemic bowel, to identify collateral 
arteries and the Arc of Riolan in the “IMV critical zone” [60] and to identify the 
ureters during retroperitoneal dissection.

Jafari et al. examined the use of ICG for evaluating anastomotic perfusion issues 
during robotic surgery [61]. Although the study included a small number of patients, 
18.8% underwent a revision in the location of the anastomosis after evaluation with 
Firefly™ and none of these patients experienced postoperative anastomotic failure. 
Further, the leak rate in the control group (18%) was triple the leak rate in the ICG 
group. The authors concluded that “the use of ICG fluorescence to delineate the 
perfusion of colorectal anastomosis may result in relatively frequent revision of the 
bowel transection point” and that this may ultimately lead to a decreased rate of 
anastomotic leaks [61].

The PILLAR II study was a prospective multicenter feasibility trial looking at 
139 patients who underwent LAR or left colectomy [62]. Fluorescence angiography 
changed surgical plans in 8% of patients. Anastomotic leak rate was an enviable 
1.45%. No leaks were seen in the 11 patients who had a change in surgical plan 
based on intra-operative perfusion assessment. The authors concluded that the use 
of fluorescence angiography may: (1) result in revisions of bowel transection point; 
(2) can provide confirmation of a well-perfused anastomosis; (3) may decrease the 
rates of anastomotic leak and thereby improve patient outcomes [62].

Both of these studies demonstrate that hypoperfused bowel may appear normal 
in standard (white) light mode. It is hypothesized that this technology can improve 
upon the naked eye’s ability to detect areas of poor blood supply. Rather than rely-
ing on experience, active bleeding from the resection margin, palpable pulse in the 
mesentery, or pale appearance of the bowel, ICG viewed with NIR may be a more 
informative alternative.

 Intraoperative Challenges

 Inadequate Reach for Tension-Free Anastomosis

Splenic flexure mobilization is often utilized during open and laparoscopic surgery 
to ensure a tension-free anastomosis in the pelvis. Although low pelvic dissection is 
challenging via open or laparoscopic approach, splenic flexure mobilization includes 
well-defined risks of injury to the spleen, pancreas, and left mesocolic vessels. With 
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the set-up for RobLAR, the exposure and retraction is quite conducive to continued 
pelvic dissection down to the levator muscles. In fact, the surgeon who has spent his 
career blindly dissecting and using “feel” to find the correct planes during the distal 
dissection for low proctectomy will be pleasantly presented with a stable, magni-
fied, high-definition image of the distal pelvis while performing posterior, anterior, 
and lateral dissections. Mobilization of the rectum will often provide the length 
needed for a tension-free anastomosis. In the author’s experience of over 100 
RobLARs, complete splenic flexure mobilization is required less than 20% of the 
time, typically for distal rectal anastomosis.

When complete mobilization of the splenic flexure is proving difficult, the fol-
lowing maneuvers may be helpful: Convert to a 30° downward camera to improve 
visualization over the colon; add a second assistant port either in the right abdomen 
or suprapubic region (i.e., proposed extraction site) enabling your assistant to trian-
gulate with two instruments; re-dock over the patient’s LUQ with the patient in 
reverse Trendelenburg and use a LLQ port for R3.

 Unable to Maintain Exposure During Pelvic Dissection

Large, bulky mesorectal tissue in a small male pelvis, radiation fibrosis, large tumor, 
abscess/phlegmon, enlarged uterus or fibroid uterus, and floppy bladder are all issues 
that may prevent the assistant and surgeon from achieving or maintaining adequate 
exposure. Helpful moves include the following: a 5 mm trocar in the suprapubic 
position for the surgical assistant to pull up on the uterus, bladder or rectum; a Keith 
needle to suture through the offending structure and pull up via an extracorporeal 
hemostat; the Large Grasping Retractor (Graptor™) used as a “V” posterior to the 
rectum, pushing anteriorly and superiorly. Exposure issues should be handled with 
“robot-think”, not open or laparoscopic techniques. For example, with open or lapa-
roscopic rectal surgery, often the goal is to set up a stable exposure and work for 
many minutes at a time. With RobLAR, the pelvic dissection is often achieved effi-
ciently with multiple, short micro-retractions (10–20 s) that expose a few centimeters 
of working area at a time, visualized with a camera tip located just a few centimeters 
from the area of dissection. A change of mindset is often helpful, as is patience. 
Using the third arm is critical during the pelvic dissection as it enables you to lock 
the rectum in a retracted position (i.e., up against the anterior abdominal wall) and 
then proceed as described above with micro-maneuvers and fine adjustments using 
the other two working arms. Switching to the 30° upward camera can be helpful 
when positioning the tip of the camera deep in the pelvis, anterior to the downward-
sloping sacrum, with the camera now pointing toward the back of the mesorectum.

 Proximal Transection Point for Diverticulitis

When operating for sigmoid diverticulitis, the distal transection point should be on 
the upper third of the rectum, or below the most distal inflammation, whichever is 
lower, so as to minimize the risk of recurrence. The proximal transection point should 
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be on the left colon where the colon “looks and feels normal”, that is, proximal to any 
hypertrophy of the muscularis or inflammatory changes of the colon or mesentery. 
Although most surgeons are comfortable making this assessment via open approach 
with direct palpation, many are unclear on how to assess with the limited haptic 
feedback of laparoscopy or robotic-assisted surgery. In many of these situations, a 
hand-port is helpful when deciding the location of proximal transection.

 Ureter Identification

In the presence of phlegmon or abscess, in the post-radiated pelvis, or in re- operative 
pelvic surgery, identification and protection of the ureters is of paramount impor-
tance. Many surgeons favor ureteral stents to assist with ureter identification. In the 
author’s experience, ureteral stent use is dramatically decreased by the use of 
robotic-assisted surgery, as the tenfold magnification dramatically improves visual-
ization. In rare situations, Firefly™ may be beneficial.

 Difficult Stapling Angles in the Low Pelvis

It is helpful to place P1 in a location that will allow for passage of the EndoWrist 
Stapler medial to the right pelvic wall and below the sacral promontory without dif-
ficulty. Placing P1 slightly cephalad and medial is often helpful. At times, the stapler 
head will easily accommodate for transverse stapling (hinge on right, mouth to left), 
but the surgeon may need to staple in the anterior–posterior or posterior–anterior 
direction. Two or even three staple loads may be required to transect larger rectums.

 Author’s Experience

From January 2014 to February 2016, the author performed 111 pelvic dissections, 
including low anterior resection, abdominal perineal resection, and sigmoid resec-
tion with rectopexy. Of these 111 patients, 100 were scheduled as robotic-assisted 
(90.1%), of which 91 were completed using robotic-assisted technique (9% conver-
sion rate) (Figs. 12.4, 12.5, and 12.6). Sixteen percent (16/100) were preoperatively 

Fig. 12.4 Breakdown of surgery performed from 01/14 to 02/16
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diagnosed with abscess or fistula related to the primary colorectal pathology, and 
9% (9/100) were part of a multi-organ resection. Mean operative time was 179 min 
(range 114–265 min), median LOS was 4 days (range 2–36 days) and readmission 
was required in 15% (15/100) of patients, most commonly due to dehydration 
related to high-output ileostomy (Fig. 12.7). Three anastomotic leaks (3%) were 

Fig. 12.5 Baseline characteristics

Fig. 12.6 Conversion data

Fig. 12.7 Readmission 
data
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diagnosed, either clinically or by radiologic testing, and two ureteral injuries (2%) 
occurred during multi-organ resections performed with co-surgeons from gynecol-
ogy and urology (Fig. 12.8). In regard to oncologic outcomes, 50% (20/40) of 
patients with rectal cancer had received preoperative radiation therapy, a mean of 15 
lymph nodes were retrieved during pathologic review, and two specimens revealed 
positive CRMs (3.4%). Both occurrences of positive CRM involved T4 lesions, one 
involving the sacrum and one involving the vagina, and both were positive despite 
conversion to open technique. No DRMs were positive (Fig. 12.9).

 Discussion

After two decades of experience, conversion rates for LapLAR still range from 12.2 
to 34%, while early in the robotic colorectal surgery experience, RobLAR conver-
sion rates are 0–9.5% [45]. According to the MRC CLASICC trial, the primary rea-
sons for conversion during LapLAR were tumor fixation, uncertainty of tumor 

Fig. 12.8 Postoperative complications

Fig. 12.9 Oncologic data
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clearance, obesity, anatomic issues, and tumor inaccessibility [17]. In the ROLARR 
trial, there was only a trend toward fewer conversions with RobLAR (12.3 vs. 8.1%, 
p > 0.05). However, the median number of robotic operations performed by surgeons 
in the ROLARR trial was only 25, suggesting many were still in the early or middle 
phase of their learning curve. Despite this, subgroup analysis in the ROLARR trial 
showed benefit of RobLAR over LapLAR in male and/or obese patients, and during 
lower pelvic dissections [63]. These outcomes confirm what many surgeons find in 
their own experience; enhanced imaging, superior ability to retract in an atraumatic 
fashion, finer instrument movement, and a stable working platform enable the sur-
geon to complete more challenging operations in a minimally invasive fashion.

In regard to oncologic dissection, concerns exist regarding the ability of most 
surgeons to routinely achieve negative CRM during LapLAR, with high positive 
CRM rates reported in the literature. Many authors have found not only lower CRM 
rate with RobLAR, but truly superior TME specimens [13, 31, 41, 45]. Lymph node 
retrieval and local recurrence rates for RobLAR are similar to LapLAR and 
OpenLAR, but longer DRMs and higher likelihood of sphincter preservation are 
seen by surgeons using the da Vinci platform [13, 39, 64–70].

Other documented benefits to RobLAR include decreased blood loss, improved 
sexual and urinary function, shorter LOS, and higher patient satisfaction. The supe-
rior hypogastric plexus and the pelvic splanchnic nerves are common sites of nerve 
damage leading to sexual dysfunction. In the MRC CLASICC trial, sexual dysfunc-
tion was reported in 41% of men treated with LapLAR compared to 23% of men 
treated with OpenLAR [71]. It is likely that the robotic dissection around the IMA 
pedicle is a critical step if these functional outcomes are compared between robotic 
and laparoscopic rectal resections. Recent studies have suggested decreased postop-
erative sexual and urinary dysfunction after RobLAR [71–73].

Ubiquitously, the criticism of robotic-assisted surgery focuses on cost and opera-
tive time. Analysis of the learning curve of many surgeons demonstrates that within 
20–50 procedures, operating times can be expected to approach that of OpenLAR 
and/or LapLAR. Equally, as with much new technology, cost can be expected to 
decrease as economies of scale and free-market forces exert their influence. Perhaps, 
on the other hand, the increased cost and time is “the price to be paid in order to pro-
vide our patients with surgery of the highest quality and to achieve better results” [45].

The newest version of the da Vinci platform, the Xi, also addresses many of the 
limitations of the prior technology. Efficient multi-quadrant operations with single- 
docking, universal ports for instruments and cameras, and synchronization of oper-
ating table (TruSystem® 7000dV OR Table) and patient cart movement are a few of 
the advantages provided by the Xi.

 Conclusions

Minimally invasive surgery offers many benefits to the patient undergoing 
LAR. Despite its introduction over two decades ago, LapLAR has not become the 
standard approach due to many of the limitations of laparoscopic technique, which 
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are amplified in the deep, bony pelvis. RobLAR offers a quantum leap forward in 
visualization, retraction and fine maneuverability, and as a result is rapidly gaining 
acceptance by colon and rectal surgeons throughout the world.

Although proven safe and feasible through numerous published reports, com-
parison to OpenLAR and LapLAR demonstrates limited vision. The da Vinci sys-
tem creates a computer interface between the patient and surgeon, allowing not just 
substitution for, but rather expansion beyond the human eye and hand. Imaging is 
not simply magnified and high-definition, it may also include dynamic immunofluo-
rescence, dynamic ultrasound, and perhaps other “molecular” imaging in the future. 
Instruments smaller and more precise than the surgeon’s hand offer the promise of 
higher quality surgery with fewer complications, and may alter the management of 
colorectal diseases. Extended pelvic nodal dissection, “total mesocolic excision”, 
sentinel lymph node dissection, and hybrid minimally invasive procedures combin-
ing transanal and transabdominal approaches are not new concepts, but are now 
being seriously pursued as technology catches up with our collective imagination.
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 Introduction

While the majority of colon resections are still performed with a traditional open 
approach, the use of minimally invasive approaches (i.e., laparoscopic, laparoscopic- 
assisted or robotic) in colorectal procedures has gain popularity over the last decade 
[1]. The advantages of enhanced recovery resulting in decreased length of hospital 
stay, decreased post-operative pain, and earlier return of bowel function have stimu-
lated surgeon interest in using a minimally invasive approach to treat colorectal 
disease [2]. Robotic techniques are newer but not yet as widespread as its laparo-
scopic counterpart. However, it offers significant advantages over traditional lapa-
roscopy including improved visualization, increased range of motion, decreased 
physiologic tremor, improved ergonomics, and the ability to use more than two 
instruments simultaneously [3, 4]. Furthermore, the robot provides the only inte-
grated single platform minimal invasive device that includes automatic staplers, 
energy devices, and florescent-guided imaging.

However, these advantages come at the cost of the loss of tactile feedback, 
increased equipment expenses, and the need for specialized training. Although there 
are proposed advantages of robotic surgery over laparoscopic procedures when 
operating in obese patients or those with narrow pelvises, these advantages are less 
true in trans-abdominal colectomy.
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While the majority of attention to the use of robotics in colorectal surgery has 
been dedicated to rectal cancer and dissection within the narrow pelvis, it is impor-
tant to highlight its role in other procedures such as robotic colectomy. Techniques 
for robotic total abdominal colectomy (TAC) and left colectomy (LC) will be dis-
cussed in this chapter. Because this is a relatively new area of surgery for the robotic 
platform and the gap in versatility between newer generations of the robotic plat-
form, there is not yet a defined consensus on trocar placement and surgical algor-
ism. Thus, variations from the technique we present here may exist in clinical 
practice depending on the institution. The procedures described in this chapter are 
adapted for the DaVinci® (Sunnyvale, California, USA) Xi model robotic 
platform.

 Indications

The indications for TAC and LC can be broadly categorized into two groups: those 
conditions resulting from primary lesions, and those due to secondary lesions [5]. 
Primary lesions leading to an indication for LC or TAC include colon cancer and 
polyp disease. Diffuse adenomatosis of the colon is most commonly seen in the 
form of the inherited familial adenomatous polyposis (FAP) syndrome. This is man-
aged by TAC as the lifetime risk of carcinoma development is nearly 100%. 
Additionally, hereditary non-polyposis colorectal cancer (HNPCC), or Lynch syn-
drome, is another primary lesion that can be managed with total colectomy, as the 
risk of metachronous colon cancer is high if segmental colectomy is performed [6].

Secondary lesions that may require total colectomy include inflammatory bowel 
disease (IBD), pseudomembranous colitis, and motility disorders. Ulcerative colitis 
with bloody stool that is refractory to medical management, or chronic ulcerative 
colitis with complications or dysplasia are indications for total colectomy. Crohn’s 
disease that is refractory to medical therapy has multi-segment colonic involvement, 
or with neoplastic transformation can be managed with total colectomy, although 
the indications for colonic preservation are not clearly defined [7, 8]. 
Pseudomembranous colitis resulting from Clostridium difficile infection that is not 
responsive to medical management or causes toxic megacolon is treated with TAC. 
The motility disorder characterized by weak muscular activity of the colon such as 
the case of colonic inertia that is refractory to medical management should be man-
aged with TAC as well [9].

In the case of any of the above indications for TAC, the patient should also be a 
suitable candidate for minimally invasive surgery. Surgical emergency, physiologi-
cally instability, or highly complex diseases are often contraindications to most 
minimal invasive approaches including robotics. Obesity, however, is not a contra-
indication to minimally invasive surgery. Though conversion rates are higher than 
they would be in the non-obese, robotics has been considered the optimal technical 
approach in this patient population due to the ability to perform intracorporeal anas-
tomosis and vessel ligation [10].
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Initial pilot studies demonstrated the success of robotic colectomy when per-
formed for a variety of benign indications, such as diverticular disease, complica-
tions of diverticular disease (colovesiclar fistula, etc.) and colonoscopically 
unresectable polyps [3, 11]. However, there remained concerns for the application 
of minimally invasive surgery to oncologic resections relating to the adequacy of 
the lymph node retrieval, margins of excision, and the adherence to other strict 
oncologic surgical principals. The CLASSICC trial compared pathologic specimens 
of patients randomized to either open or laparoscopic approaches for segmental 
colectomy and found equivalent lymph node retrieval and surgical margins [12]. 
The subsequent COST trial from the United States investigated overall and disease-
free survival between these methods and, similarly, found no difference between the 
techniques used [13]. While robotic-specific data are less rigorously studied, there 
appears to be sufficient evidence to demonstrate an oncologically acceptable resec-
tion for colorectal malignancy with a robotic approach [4]. Furthermore, with the 
improved dexterity and visualization of the robotic approach, it stands to reason that 
robotics may offer a more thorough mesocolic resection than perhaps laparoscopic 
or open surgery. Table 13.1 is a literature review of publications in the last 5 years 
with studies whose evaluation included TAC, RC (Right Colectomy), or LC. Total 
number of robotic cases evaluated, rates of conversion, average node identified per 
case, 30-day mortality, operative time, and anastomotic leaks are identified.

 Procedure: Sigmoid and Left Colectomy

The following is a description of general technique for the robotic left and/or sig-
moid colectomy. This particular technique is adapted for the DaVinci® Xi robotic 
surgery platform. First, the patient is positioned in either supine or lithotomy posi-
tion and secured to allow for steep right-tilt and reverse Trendelenburg [3, 4, 11, 19, 
23]. Operating room setup and patient positioning is illustrated in Fig. 13.1.

Trocar placement for the sigmoid colectomy is seen in Fig 13.2a. This is similar 
to the set up for robotic LAR with some flexibility built in based on the need to 
mobilize more proximally or distally, depending on the location of the pathology. 
Traditionally, with the Si there was a need to have the ports at least 10 cm apart to 
avoid collisions, however with the Xi ports can be placed closer with less risk of 
collision. Additionally, ports are placed in a more linear arrangement for maximal 
access to the whole hemi-abdomen. Initial entry and pneumoperitoneum is usually 
obtained at the umbilicus by following the umbilical stalk under direct visualiza-
tion. The lowest trocar in the right lower quadrant is 12 mm in size to allow for 
either a robotic or laparoscopic stapler. The rest of the robotic ports should be 8 mm 
in size. The left subcostal port may be moved more inferior laterally to accommo-
date for the ribs in the costal margin. If a laparoscopic assistant is available, then a 
5 mm laparoscopic port can be placed in the upper right quadrant.

For a left colectomy, the trocar placement is similar to sigmoid colectomy except 
all the ports are placed midline or just off midline to avoid the falciform ligament 
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(Fig. 13.2b). Once again the most inferior non-assistant port is 12 mm in size to 
allow for passage of the stapler.

The dissection can follow standard surgical approaches using either a medial to 
lateral or lateral to medial approach depending on the surgeon’s preference, the 
patient’s body habitus, or the disease process. The steps of these procedures are well 
described and our approaches are detailed below. The new integrated robotic energy 
device, stapler, and fluorescent imaging capabilities have proven most useful for 
performing colectomy.

 Medial to Lateral

 1. Place patient in Trendelenberg position with left side up
 2. Sweep away any small bowel that is overlying the mesentery
 3. Identify the inferior mesenteric artery (IMA) and tent it up toward the anterior 

abdominal wall

Table 13.1 Recent literature review of robotic colectomy cases

Year Author N Surgery
Convert 
to open

Lymph 
nodes

30-day 
mortality

Operative time 
(min) Leak

2015 Lujan [14] 58 RC 0 20.7 0 193.2  
(console time)

1 (1.7%)

2015 Trastulli 
[15]

102 RC 4 (3.9%) 20.3 0 287.4 3 (2.9%)

2014 Casillas 
[16]

68 LC 4 (5.8%) 14 0 188 0

2014 Casillas 
[16]

52 RC 4 (7.7%) 26 0 143 0

2013 Morpurgo 
[17]

48 RC n/a 26 0 266 0

2013 Helvind 
[18]

101 RC, LC, 
TAC

5 (5.0%) 23.36 1 (1%) 165.8  
(console time)

5 (5%)

2013 Shin [19] 30 RC, LAR 0 18.4 0 371.8 1 (3.3%)

2012 DeSouza 
[20]

40 RC 1 (2.5%) n/a 0 158.9 0

2012a Park [21] 35 RC 0 n/a 0 65 (minutes 
more than lap)

1 (2.9%)

2012 Deutsch 
[11]

61 LC, LAR, 
AR

2 (3.3%) 10 0 203 (console 
time)

1 (1.6%)

2012 Deutsch 
[11]

18 RC 2 (11%) 21.1 1 (5.6%) 134.7  
(console time)

1 (5.6%)

2011 Luca [22] 33 RC 0 26.6 0 191.7 0

2011 Huettner [3] 102 RC, SC 5 (4.9%) N/a 0 126.6  
(console time)

1 (1%)

Note: AR anterior resection, LAR low anterior resection, SC sigmoid colectomy
aRandomized controlled trial
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 4. Score the mesentery on either side of the IMA
 5. Identify the left ureter prior to ligating the IMA
 6. Ligate the IMA and further open the medial to lateral plane using light cautery 

and gentle spreading superiorly toward splenic flexure, laterally toward the 
peritoneal reflection and inferiorly toward the sacral promontory

Fig. 13.1 Robotic setup of the DaVinci® Xi for robotic sigmoid and left colectomy

Fig. 13.2 (a) Trocar placement for sigmoid colectomy, (b) trocar placement for left hemicolectomy
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 7. Identify the proximal and distal points of transection
 8. Release the renocolic attachments
 9. Mobilize the transverse colon, IMV and omentum proximally as needed.
 10. Transect the bowel
 11. Exteriorize the transected bowel and perform intra- or extracorporeal 

anastomosis
 12. Perform a leak test

 Lateral to Medial

 1. Place patient in Trendelenberg position with left side up
 2. Sweep away any small bowel that is overlying the mesentery
 3. Retract the sigmoid and left colon medially to expose the White line of Toldt 

(peritoneal reflection).
 4. Open the peritoneal reflection at the rectosigmoid junction and mobilize up to 

the splenic flexure
 5. Identify the left ureter
 6. Spread gently in a lateral to medial fashion and release the renocolic and sple-

nocolic attachments
 7. Mobilize the transverse colon, IMV and omentum proximally as needed
 8. Identify the IMA and tent it up toward the anterior abdominal wall
 9. Score the mesentery on either side of the IMA
 10. Ligate the IMA and further open the medial to lateral plane using light cautery 

and gentle spreading superiorly toward splenic flexure, laterally toward the 
peritoneal reflection and inferiorly toward the sacral promontory

 11. Identify the proximal and distal points of transection
 12. Transect the bowel
 13. Exteriorize the transected bowel and perform intra- or extracorporeal 

anastomosis
 14. Perform a leak test

During the procedure, the mesorectum is divided by a robotic bipolar energy 
sealer or an ultrasonic dissector. Either a laparoscopic or robotic linear stapler is 
used to divide the proximal and distal borders of the specimen. The resected colon 
is removed through either enlarging the umbilical incision or creating a new 
Pfannenstiel incision. The anastomosis can either be accomplished with an intra- or 
extracorporeal approach, which is described in a separate section later.

 Procedure: Total Abdominal Colectomy

The technique for total abdominal colectomy involves adding a right hemi- 
colectomy (RC) to the LC procedure described above. The usage of newer robotic 
surgery platforms allows for easy redocking of instruments for a right-sided 
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abdominal operation with minimal impact on operative time. The robotic right 
hemicolectomy is well described by several authors with minor variation with 
respect to port placement and order of dissection [3, 4, 11, 19, 21, 23–25]. The 
patient is positioned in either supine or lithotomy position and care is taken to secure 
the legs and chest to allow for steep table tilt and Trendelburg maneuvers. For tech-
nique using prior Si model, please refer to our previously published chapter [26].

 Vertical Approach

One approach to this operation is the vertical trocar placement. This is very similar 
to the LC port placement described prior except having the assistant port at low mid-
line (Fig. 13.3a). When using this trocar placement, the LC dissection is typically 
performed first followed by switching the robotic boom 180° to perform the right 
side dissection (Fig. 13.4). This is followed by retrocecal mobilization, which can be 
performed medially to laterally. We advocate for completing the division of the lat-
eral attachments as the final step before stapling as this can stabilize the specimen 
within the abdominal cavity during the operation. Vascular control of the ileocolic 
pedicle and right border of the superior mesenteric artery is obtained next. Finally, 
the colon is freed and the ileum is divided with either a laparoscopic or a robotic 
linear stapler. An anastomosis can be created either intra- or extracorporeally.

 Horizontal Approach

The other approach is the horizontal trocar placement approach (Fig. 13.3b). In this 
case, the inferior and pelvis dissection of both the left and right colon is performed 

Fig. 13.3 (a) Vertical trocar placement configuration for total abdominal colectomy, (b) Horizontal 
trocar placement configuration for total abdominal colectomy

13 Masters Program Colon Pathway…



182

Fig. 13.4 (a, b) Utilization of the robotic boom in vertical trocar configuration
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first followed by switching the boom to perform the superior dissection. This trocar 
placement is made possible on the newer robotic platform due to the increased ver-
satility of the boom positioning. In this case, the 12 mm stapler entry port is often 
placed in the lower right quadrant but can be just as easily switched to the mirror 
port on the patient’s left depending on the dominant hand preference of the surgeon. 
This trocar configuration is often useful when performing a staged TAC with 
J-pouch as the same trocar scars can be utilized in the J-pouch creation. In this con-
figuration, the superior dissection of both sides of the colon and the transverse colon 
dissection are performed first. Then, the robotic boom can be rotated for the inferior 
dissection and stapling (Fig. 13.5). Anastomosis can be created if necessary and the 
specimen can be removed either through a new Pfannenstiel incision or through the 
enlargement of the umbilical trocar site.

 Intracorporeal Anastomosis

The option of intracorporeal anastomosis that the robotic approach provides has certain 
distinct advantages and disadvantages. Perhaps the greatest advantage is that the risk of 
mesenteric twisting is virtually eliminated and the anastomosis is less likely to be 
undue tension. Additionally, the surgeon is better able to choose an optimal location for 
the anastomosis. At least two studies report statistically smaller incisions as a result of 
the intracorporeal anastomosis technique [4, 23, 25]. In regards to the integrity of the 
anastomosis, it appears to be equivalent to extracorporeal techniques in mean leak pres-
sure and number of sutures placed [5]. If the intracorporeal anastomosis is to be per-
formed by an EEA™ style of stapler, the anvil can be introduced into the proximal 
bowel through a variety of techniques. The most common of which involves placement 
of the anvil into the abdomen by enlarging one of the trocars or utilizing the incision for 
specimen extraction. An additional incision is made at the bowel close to the anasto-
mosis through which the anvil is placed intraluminally for deployment.

The primary drawback to intracorporeal anastomosis is that it takes longer to per-
form. However, it is important to note that the technique of intracorporeal suturing is 
relatively new. The continued innovation of instrument design along with mastery of 
technique should lead to improvements in performance time in the future. Of interest, 
the use of robotic technology to perform intracorporeal anastomosis may be more intu-
itive than a laparoscopic approach due to improved ergonomics, more natural needle 
motion, superior visualization, and an easier learning curve. Lujan et al. found that 
medical students new to both laparoscopic and robotic intracorporeal suture techniques 
made fewer errors within the robot group compared to the laparoscopic [25].

 Laparoscopic Comparison

The majority of the published research to date is focused on the feasibility of robotic 
segmental colectomy as well as a comparison to either open or laparoscopic tech-
niques. In most categories, robotic and laparoscopic right or sigmoid colectomies have 
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Fig. 13.5 (a, b) Utilization of the robotic boom in horizontal trocar configuration
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equivalent results, including estimated blood loss, conversion rates, and overall mortal-
ity. Individual investigators have reported comparable results in post- operative mea-
sures such as time to return of bowel function, total length of stay, and post-operative 
pain, with neither technique offering a distinct advantage [6–8, 11, 19, 21, 23, 25]. 
National database review shows similar results to the single surgeon experiences in 
most categories. Two national database reviews found robotic colectomies having 
increased operative time by about 50 min and decreased length of stay by 0.5–1 day 
with no clear differences in other surgical outcomes and morbidities [27, 28].

The most striking difference between the techniques is operative time and cost. 
In a meta-analysis of robotic versus laparoscopic approach, the robotic approach 
took on average 40 min longer to complete and cost approximately $800US more, 
although there is a wide range of results published [6–8, 11, 19, 21, 23, 25]. While 
more recent papers demonstrate an overall decrease in robotic operation time, sug-
gesting that the learning curve has yet to plateau, the majority of the increased surgi-
cal time appears to come from the robotic set-up and docking, which may change in 
the future as the robotic technology advances.

There is a substantial cost burden for the initial investment of the robot as well 
as for ongoing maintenance, none of which is calculated into the cost comparisons 
of laparoscopic colectomies [13]. While both operative and total hospital costs are 
elevated in robotic approaches, the majority of the cost burden comes from the oper-
ating room [23]. The robotic equipment is consistently more expensive than the 
laparoscopic counterparts, there is a shelf life of ten operations for the robotic 
instruments and, with longer operative times, the personnel and operating room run-
ning time expenses are higher. This has been cited as the biggest drawback of a 
robotic approach, with nearly 75% of surgeons polled in a survey indicating that the 
system price is not financially feasible in their practices [6]. This will become even 
more important as the focus on healthcare costs takes center stage.

 Future Directions

While longer operating times and higher costs are certainly drawbacks to a robotic 
approach, it is important to consider that this is a relatively new technology and, is 
therefore, burdened with a learning curve and new product expenses that all new 
technology and techniques are susceptible [25]. Studies investigating the learning 
curve in robotic surgery attempt to better predict how much influence more training 
will have on operative outcomes and length of time. There appears to be a steeper 
learning curve with respect to the robotic system over traditional laparoscopy, per-
haps due to the more intuitive and better ergonomics offered by the robotic [6, 19]. 
Schlachta et al. suggest that the learning curve plateau for laparoscopic colectomies 
is between 55 and 70 cases, whereas robotics may be closer to 15–25 cases [10]. 
Furthermore, the majority of research compiled on laparoscopic versus robotic col-
ectomy is based on procedures performed by highly trained minimally invasive sur-
geons who are likely to have maximally optimized their laparoscopic skills as 
opposed to their newly developed robotic skills.
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The training required to develop the skills of minimally invasive surgery lends 
itself more easily to a robotic approach than traditional laparoscopy, predominantly 
due to the availability of dual controls. Residents and trainees are able to perform 
surgery with an identical view as the instructor and with the capability of the instruc-
tor taking control at any time. Several studies comment on the increased level of 
resident involvement in robotic colectomies versus more traditional techniques 
[29]. Furthermore, this can be extended into the field of telerobotics and telementor-
ing, where a trainee may be able to have the same advantage of close mentorship 
despite being in geographically separated regions [30].

Lastly, the application of robotics to more simple procedures in colorectal sur-
gery, such as segmental resections, allows the surgeons an opportunity to familiar-
ize themselves with the robotic equipment and techniques in vivo prior to graduating 
to more challenging procedures, such as low anterior resections [11]. While there 
continues to be debate regarding the utility and/or superiority of robotic segmental 
colectomies, it clearly can be viewed as a safe alternative approach to open or lapa-
roscopic techniques that may have advantages beyond the traditionally measured 
outcomes.
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14The Background of Robotic Surgery

Arinbjorn Jonsson and Ankit D. Patel

The origins of modern surgical robotics can be traced, as with many other technolo-
gies, to the military. In the mid-1980s, a team of researchers at NASA began a col-
laboration with robotics experts at the Stanford Research Institute (SRI). The goal 
was to combine two emerging technologies, virtual reality and robotic telemanipu-
lation, to deliver a virtual surgeon interface that could effectively bring the surgeon 
to the patient. The surgeon would have control over robotic arms equipped with 
enhanced dexterity to perform complex open surgical procedures.

The collaborative effort of NASA and SRI, called the Green Telepresence 
Surgery project, piqued the interest of the military and in 1992 the Pentagon began 
funding under the Advanced Research Projects Agency (ARPA). The military had a 
vision of carrying an injured soldier into a vehicle equipped with robotic surgical 
equipment and allow a surgeon to perform damage control surgery remotely from a 
mobile army surgical hospital (MASH) unit. Testing on the prototype proved prom-
ising in animal models and by 1996, the SRI team demonstrated that damage con-
trol surgeries could be performed remotely from over a 5 km distance [1]. As combat 
scenarios changed from the field to cities in the 1990s, the system was never able to 
be fully implemented. However, it laid the groundwork for the emerging field of 
surgical robotics and telesurgery.

At this time, a parallel development was emerging and having a more immediate 
impact in general surgery. The laparoscopic cholecystectomy, first performed by 
Mouret in 1987 and presented at the international stage by Jacques Perissat in 1989, 
led to an explosion in minimally invasive surgery. However, there were drawbacks 
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including higher costs, high learning curve, diminished visualization and exposure, 
and impaired dexterity.

One side project funded by ARPA sought to bring robotic technology to laparos-
copy. The Automated Endoscopic System for Optimal Positioning (AESOP) was 
developed by Yulun Wang at the University of California, at Santa Barbara [2]. This 
voice-controlled camera allowed the surgeon to perform a laparoscopic procedure 
without the need for an assistant or camera holder. In 1993, The AESOP became the 
first FDA-approved robotic device for general surgery. It would later become a part 
of the Zeus surgical system (Computer Motion Inc., Santa Barbara, CA) which was 
released in 1997 and carried a similar platform to the modern da Vinci.

In 1995, Dr. Frederick Moll acquired the license of the SRI’s Green Telepresence 
Surgery program and founded Intuitive Surgical (Mountain View, CA), initially a 
company of only five engineers [3]. The group changed the focus away from open 
procedures and used the new technology to address some of the pitfalls of conven-
tional laparoscopy. The project was extensively redesigned over the next few years 
and morphed into the modern da Vinci surgical system. This was approved by the 
FDA for use as an assist device for laparoscopic procedures in 1997. That same 
year, Cadiere and Himpens performed the first robotic cholecystectomy in Belgium 
[4]. The initial prototype, called the MONA, used a two-arm robot and special 3D 
goggles for the surgeon to use while looking at a monitor.

Now in clinical use and with surgeon feedback, the new da Vinci surgical system 
underwent a rapid evolution. The console became equipped with the familiar bin-
ocular surgeon interface and demonstrated the improved dexterity for intracorporeal 
suturing. Within one year, the da Vinci had been used to perform more complex 
surgeries including Nissen fundoplication and coronary artery bypass. By 2001, the 
da Vinci was FDA approved for thoracoscopic surgery and prostate surgery.

Also in 2001, in a remarkable demonstration of the possibilities of telesurgery, 
Jacques Marescaux performed the first transatlantic cholecystectomy from 
New York City on a patient in Strasbourg, France [5]. By 2005, surgeons in Canada 
established the first telesurgery program, performing dozens of operations in remote 
hospitals in the north from a central facility over 400 km away [6].

In 2015, there were 700,000 robotic surgeries performed worldwide [7]. Today, 
in the United States, 85% of all prostatectomies are performed with robotic assis-
tance [8]. Industry experts expect the rapid growth to continue, forecasting the 
3-billion-dollar-a-year industry to grow to 21 billion by 2021 [7].

While the da Vinci surgical system remains the only device on the market, indus-
try powerhouses have taken notice. Start-ups, industry giants like Medtronic, and 
even tech giants like Google are all developing their own robotic surgical systems. 
They will have to contend with Intuitive’s nearly 15 years of market monopoly and 
their newest system, the Xi, released in 2014 and equipped with a markedly 
improved docking platform and camera versatility.

The future of robotic surgery is limited only by the human imagination. NASA 
is planning to send surgical robots to the International Space Station. Robots 
equipped with artificial intelligence are being trained to perform complex surgical 
tasks without direct human control. By incorporating cross-sectional imaging into 
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the computer, robotics can aide in more precise dissection of difficult tumors. With 
a bevy of new high tech devices about to hit the market, there is no doubt that the 
size and scope of robotic surgery will continue to grow.
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15Current Systems

Nathaniel Lytle

 Introduction

Though many individuals, companies, and research institutes have been involved 
with the development and conception of robotic surgical systems, the currently 
available robotic platforms come from Intuitive Surgical, Inc. Founded in 1995, 
Intuitive launched the da Vinci Surgical System in 1999 and was the first system 
cleared by the FDA for general laparoscopic use [1]. Other companies, such as Titan 
Medical, Medtronic, and TransEnterix, are currently developing other robotic surgi-
cal platforms, but at the time of this writing, the only FDA approved and commer-
cially available robotic system is Intuitive’s da Vinci system. Therefore, this chapter 
will focus on the currently available da Vinci models, Si and Xi, as well as highlight 
the Single-Site platform.

The da Vinci Surgical System is a robotic surgical platform that allows the sur-
geon to control robotic arms that use precision instruments through small incisions 
to perform complex surgical tasks. This is achieved by the use of four key mechani-
cal components of the robotic system. These components (surgeon console, patient- 
side cart, EndoWrist instruments, and the vision cart) are present in both da Vinci 
robot models though there are some aspects that are different between the models.

The surgeon console is the operating console that is used to manipulate the 
robotic arms and instruments (Fig. 15.1). It consists of the display, the wrist sup-
port with master controls, and the foot pedal platform. The surgeon is ergonomi-
cally seated and can adjust the display, wrist support, and foot pedal platform to 
a comfortable position. The display provides a three-dimensional (3D), high-
definition (HD) view of the operative field. It also provides a heads-up display of 
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the types of instruments being used, type of energy connected, as well as orienta-
tion of the camera. The wrist support, with the master controls, allows seamless 
translation of hand, wrist, and finger movements into real-time movements of the 
surgical instruments. The thumb, first, and second fingers are used to manipulate 
the controls while the wrists are supported by a padded support. The foot pedal 
platform gives control of the camera and energy devices to the surgeon. Using 
the left foot, the surgeon can control camera positioning, orientation, and focus. 
The right foot pedals control energy devices that are connected to the robotic 
instruments. Both fast and slow energy applications are available depending on 
the energy device used.

The patient-side cart supports the three or four robotic arms that carry out the 
surgeon’s commands. The arms are attached to a center post that is positioned over 
the patient with the use of the rolling platform to guide positioning. Once the 
patient-side cart is in proper position, the arms are docked to trocars that have been 
placed through the patient’s abdominal wall. The docking process then allows the 
robotic arms to move around fixed pivot points to decrease trauma to the patient’s 
abdominal wall. One arm is used to hold the camera, and the other arms are used to 
control different types of instruments based on the operation performed.

The EndoWrist instruments allow the surgeon’s hand and wrist movements to be 
replicated at the instrument tips. They are designed with seven degrees of motion 
that give even more mobility than the human wrist. There are a wide range of instru-
ments available designed for specific tasks, such as dissecting, suturing, grasping, 
cutting, and coagulating. There are also specialized devices like an ultrasonic scal-
pel, vessel sealer, and stapler.

The last common component of the da Vinci surgical system is the vision cart. 
This cart is equipped with a 3D HD image-processing unit that sends the image 
from the laparoscope to the surgeon console and to a large viewing monitor for the 

Fig.15.1 Surgeon console 
illustrating the display (a), 
wrist support with master 
controls (b), and foot pedal 
platform (c). ©2016 
Intuitive Surgical, Inc.
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assistant. The monitor is a widescreen 2D image of what the surgeon is seeing at the 
console. It also provides onscreen indicators of energy being used, types of instru-
ments inserted, and other feedback data. The monitor also provides tools to allow 
proper setup and configuration of the laparoscope by the OR team.

The following sections will go into depth about these four main components of 
the da Vinci surgical system and focus on key differences between the currently 
available models. The Single-Site platform will also be addressed and how it is 
integrated into the current da Vinci models.

 da Vinci Si Model

The da Vinci Si Model, from Intuitive Surgical, was launched in April 2009 as an 
advancement from the prior S Model. Three key features of da Vinci surgical sys-
tems (3D HD vision, EndoWrist instrumentation, and surgeon console ergonom-
ics) were maintained, but improved upon for this model. Several features where 
added to this model over the prior. The Si Model allows dual-console capability, 
enhanced high-definition 3D vision, updated user interface, and OR integration 
capabilities.

The dual-console option (Fig. 15.2) with the Si Model has allowed improved 
robotic training and collaboration. Each surgeon sits at a separate console and visu-
alizes the same operative view though the endoscope. Two modes can be used. The 
teaching mode allows the student surgeon to visualize the movements of the men-
toring surgeon and then can be given control of the same instruments at any time. 
This allows real-time feedback for the trainee, improved safety for the patient, and 

Fig. 15.2 Dual console. ©2016 Intuitive Surgical, Inc.
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improves operative times over teaching on a single console [2, 3]. The collaborative 
mode allows two surgeons to operate at the same time. One surgeon will perform 
the primary operation, while the assistant surgeon performs retraction or counter-
traction. This mode allows all working arms to be used in concert.

The enhancement of the optics and console display of the Si Model is another 
improvement from the prior model. The 3D image now has enhanced HD, giving 
the surgeon the ability to see anatomic structures with more natural colors, up to 
10× magnification, and with more clarity than before. 3D visualization has been 
shown to improve surgeon skill and efficiency at performing certain tasks when 
compared to traditional 2D visualization from a standard laparoscope [4]. This 3D 
view and image enhancement provide a superior advantage over standard laparos-
copy in terms of anatomic visualization of the operative field.

Intuitive Surgical made improvements to the surgeon interface with the robotic 
system with the Si Model as well. In addition to the enhancement of the visual reso-
lution provided to the surgeon, a few more modifications were made. Improved 
ergonomic settings of the surgeon console allow adjustment of the display, wrist 
board, and footswitch panel. The display position can be modified in four different 
parameters to allow the surgeon to find the most ergonomic position for his or her 
neck and upper back. An integrated surgeon control interface on the wrist board 
gives control of the video, audio, and system settings to the surgeon. The settings 
are then stored with a unique user profile so that the individualized settings can be 
recalled for future cases.

Control of the robotic arms and EndoWrist instruments has been enhanced 
with the Si Model. The master controllers allow precise, dexterous control using 
scaling algorithms that enable adjustments of hand to instrument movement 
ratios. These adjustments and scaling provide precise, fluid motion while elimi-
nating the natural twitch of the human hand. The foot pedal platform enables full 
control of the camera, instrument swapping, and energy. Different types of energy 
can be utilized depending on the instrument types used and the pedals that are 
pushed. The foot pedal platform is also scalable to support future advancements 
in robotic instrumentation.

As with any new technology, adoption into the OR setting can be difficult, inef-
ficient, and time consuming. This leads to longer OR times, higher cost, and less 
efficient use of resources. To address these concerns, the Si Model has enhance-
ments that focus on OR efficiency, ease of use, and simple time saving setup. 
First, the 3D HD camera head is more lightweight, with integrated controls for 
focus, illumination, and scope setup. This allows one person to fully prepare the 
camera once it is connected. The patient-side cart is motor driven to help facilitate 
a quicker and more controlled dock (Fig. 15.3). The robotic arm drapes are a one-
piece system with built-in instrument adapter to allow more efficient draping of 
the patient cart. The communication lines for the three components (vision cart, 
patient cart, and surgeon console) have been designed to allow one-step cable 
connections, which again will save time and allow quick and efficient setup in the 
OR. The Si Model is a robust option for robotic surgery and is currently the most 
used model by da Vinci.
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 da Vinci Model Xi

The fourth generation of the da Vinci surgical system was FDA approved on April 
1, 2014, and unveiled at the annual SAGES meeting in Salt Lake City, UT. This 
model was met with much anticipation due to the expected advancements in tech-
nology that would lead to a more efficient setup, greater adaptability to multi- 
quadrant operations, and simplified use. Moving from the Si to the Xi Model, 
Intuitive made improvements to all core technologies of the surgical system result-
ing in a system that is more advanced but also scalable to future innovations.

First, the view at the surgeon console was upgraded with new heads-up displays 
that can orient the surgeon to instruments out of the field of vision, decreasing 
unwanted contact of the instruments with surrounding structures (Fig. 15.4). The 
same 3D HD magnified image remains as the hallmark of the improved visualiza-
tion gained with robotic surgery. The same ergonomic adjustments to the display, 
wrist board, and foot pedal platform are maintained. The control screen on the wrist 
board now allows further functionality in regard to controlling the more advanced 
laparoscope, such as the ability to flip from a 30° downward view to a 30° upward 
view with the touch of a button. The majority of the changes for the Xi model come 
in the patient-side cart and vision cart.

The patient-side cart was redesigned into a lighter, more mobile, and easier to 
position platform (Fig. 15.5). The robotic arms are now placed on a boom system 
that can be extended out over the patient and rotated so that docking the patient-side 

Fig. 15.3 Patient Cart of 
the da Vinci Si Model. 
©2016 Intuitive Surgical, 
Inc.
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Fig. 15.4 Surgeon 
Console for da Vinci Xi 
Model. ©2016 Intuitive 
Surgical, Inc.

Fig. 15.5 da Vinci Xi 
patient-side cart. ©2016 
Intuitive Surgical, Inc.
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cart can be done from any side or angle of the patient. This allows full access to the 
patient for the operative staff, ease of setup, and improved mobility to allow four- 
quadrant access without having to reposition the patient. This advancement has 
added more flexibility and ease when performing highly complex operations in 
multi-quadrants. In addition to placing the robotic arms on a boom, the arms them-
selves have been redesigned. The arms are lighter, thinner, and allow a longer reach 
with more range of motion. This again allows simplified and safer multi-quadrant 
surgery, as well as a more flexible port placement. Another innovation that was 
added to simplify the patient-side cart is a one-button setup (Fig. 15.6). This pro-
vides a guided walkthrough with voice assistance to help the OR staff safely and 
efficiently place the patient-side cart into position. Once the patient-side cart has 
been placed into position, the camera can be attached to any arm, pointed at the 
target anatomy, and the targeting system will arrange the boom and remainder of the 
robot arms for most efficient configuration for the operation being performed. This 
allows quick, optimal setup of the robotic arms.

The vision cart and laparoscope have had major advancements as well. The lapa-
roscope from prior models came in multiple components that needed to be assem-
bled and configured correctly for optimal picture quality. The camera head was 
relatively heavy and needed to be draped for the case. The Xi endoscope now is an 
integrated handheld design that needs no calibration, white balancing, focusing, or 
draping, allowing time-saving setup and simplicity (Fig. 15.7). Firefly Fluorescence 
imaging has also been added as a standard feature to the laparoscopes. With the use 
of injectable indocyanine green (ICG) and Firefly imaging technology, tissue perfu-
sion, lymph node identification, and visualization of biliary structures can be per-
formed with a simple toggle of the clutch button on the surgeon master controller. 
The use of Firefly technology is an advancing area of research in the fields of fore-
gut, colorectal, oncologic, and biliary surgery [5–7]. The laparoscope is now an 
8 mm scope, which allows it to be placed through any robotically docked trocar. 
This provides increased flexibility for visualizing the operative field. The vision cart 
also received improvements (Fig. 15.8). The mounted screen is now larger and 
wider, with touchscreen capabilities for a better picture and more functionality for 

Fig. 15.6 da Vinci Xi 
patient-side cart interface 
with one-button setup and 
targeting system. ©2016 
Intuitive Surgical, Inc.

15 Current Systems



202

Fig. 15.7 da Vinci Xi 
laparoscope. ©2016 
Intuitive Surgical, Inc.

Fig. 15.8 Vision cart for 
da Vinci Xi Model. ©2016 
Intuitive Surgical, Inc.
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the assistant and OR staff. The vision cart also has integrated energy for EndoWrist 
instruments that are capable of delivering energy. The generator manages mono and 
bipolar energy by setting the desired tissue effect.

The Xi Model was designed with future advancements in mind. This platform is 
constructed to allow seamless integration of future innovations. Therefore, as new 
instruments, simulators, and software upgrades are developed, they can easily be 
added to the current surgical system.

 da Vinci Single-Site Platform

Single-site laparoscopic surgery continues to be a viable option for certain proce-
dures and surgeons. When it was first introduced, there was a wave of attempts to 
incorporate the technique into broad use due to early studies showing better cos-
metic outcomes and faster recovery [8, 9]. Without larger scale studies, these con-
clusions still need to be proven. Nevertheless, interest and advancement of the 
technique remain. Laparoscopic single-site procedures have significant obstacles, 
mostly due to instrument clashes, inferior retraction of the operative field, and sur-
geon fatigue and discomfort due to poor body positioning and increased strain on 
instruments. Using the da Vinci Single-Site platform can eliminate the majority of 
these shortcomings [10]. The platform was initially designed for the Si Model, but 
recently has been validated for use with the Xi Model as well. The platform uses a 
specifically designed port, curved cannulas that cross within the port, software that 
reassigns the surgeon’s hands to the corresponding robotic arms, and semi-rigid 
instruments that follow the curve of the cannulas (Fig. 15.9).

Fig. 15.9 Docked position of the Single-Site platform. ©2016 Intuitive Surgical, Inc.
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The da Vinci Single-Site Port consists of five lumens, providing access for two 
instruments, an 8 or 8.5 mm 3D HD laparoscope, a 5 or 10 mm accessory port, and 
the insufflation adaptor. The port is designed to fit through a 1.5 cm incision, usually 
at the umbilicus for best cosmetic results. Once the port is in place and pneumoperi-
toneum is achieved, two 5 mm curved instrument cannulas are introduced into the 
field. The cannulas cross each other to optimize triangulation and minimize external 
instrument collisions, as well as allowing better range of motion and decreasing 
instrument crowding at the target anatomy (Fig. 15.10). With these improvements, 
robotic single-site surgery is now more comfortable, flexible, and adaptable to a 
growing number of procedures.

 Non-FDA-Approved Systems

Two other companies are developing and testing new robotic systems at this time. 
Titan Medical and TransEnterix are making major progress to commercially release 
their robotic platforms. Currently, Titan Medical is developing the SPORT Surgical 
System, which consists of a single incision robotic platform and a surgeon worksta-
tion with 3D HD visualization. It is pending FDA approval, and expected to be com-
mercially available in late 2016 in Europe and in mid-2017 in the United States. This 
system is designed to expand robotic surgery to a broader field of surgery and surgery 
centers in a cost-effective manner [11]. TransEnterix is in development of the ALF-X 
Surgical Robotic System, as well as the SurgiBot System. The ALF-X system consists 
of a surgeon console that provides 3D HD visualization, camera control with eye 
tracking technology, and haptic feedback of the surgical instruments. It is a multiport 
platform that has separate robotic arm units, which replicate laparoscopic motion and 
port placement. The SurgiBot system comprises a patient- side cart, which allows 

Fig. 15.10 Single-Site 
setup showing port and 
crossing of curved 
cannulas. ©2016 Intuitive 
Surgical, Inc.
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single incision surgery with flexible instruments that are directly controlled by the 
surgeon in the sterile operative field. A 3D HD monitor provides the operative view 
with the use of 3D glasses. The company and products are still in the development 
phase with no advertised timetable for commercial release at this time [12].

 Conclusion

Robotic surgical systems have seen rapid growth, advancement, and adoption of use 
in the past 20 years, with only more options and innovations on the way. Currently, 
Intuitive Surgical leads the way in the development and implementation of robotic 
platforms. The available da Vinci Si and Xi Models, along with the Single-Site 
configuration, give surgeons safe, flexible, yet advanced options for minimally inva-
sive procedures. 3D HD visualization, favorable surgeon ergonomics, and EndoWrist 
instrumentation are the core technologic advantages that robotic surgical systems 
provide. In addition to the da Vinci Models, there are other systems that are in devel-
opment, which continue to push innovation, advancement, and adaptability of the 
field of robotic surgery.
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16System Control Overview 
and Instruments

Jamil Luke Stetler

 Introduction

Science and technology have always been and will always be driving forces in the 
field of medicine. The evolution of surgery itself has been accelerated by advance-
ments in technology as well. In our lifetime, we have seen the field of surgery grow 
from open to minimally invasive procedures. Within the last decade we have seen 
multiple advancements within the arena of minimally invasive surgery from standard 
laparoscopy to now robotic-assisted surgery. The catalyst for the development of these 
innovations has largely been to improve patient outcomes: improve recovery time, 
shorten hospital stays, decrease postoperative pain, decrease complications, etc.

With robotic surgery there have been additional benefits largely for the surgeon, 
including better visualization (3D), increased dexterity provided by wristed instru-
ments, improved surgeon comfort, and improved ergonomics that may increase the 
surgeon’s career. The advancements of robotic surgery in the field of minimally 
invasive surgery are not a revolution, but more of an evolution of the surgical tech-
niques created by the founding surgeons of laparoscopy. Surgeons should use the 
robotic surgery tools to enhance their technique in order to provide patients with 
optimal outcomes. At the end of the day, the most important goal for a surgeon is to 
provide the technique that in their hands provides the best outcome they are capable 
of with the lowest risk for patient morbidity and mortality.

For more details on the Si and Xi platforms training modules at https://www.davincisurgerycommunity.
com can be reviewed, login required.
All images were adapted from http://www.intuitivesurgical.com/products/instruments/with 
 permission from Intuitive Surgical.
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 da Vinci Systems

As discussed in the previous chapter, there are three iterations of the da Vinci sys-
tem that have each seen incremental improvements. In this chapter, we will focus on 
the two newest and most commonly used versions, which are the Si and Xi systems. 
We will review the system components which include the Surgeon console, Patient 
cart, and vision cart (Fig. 16.1). We will also discuss the robotic instrumentation.

 Surgeon Console

The surgeon console is the control center for the robotic platform. From the surgeon 
console, the surgeon can control the endoscope and instruments by using the hand 
controls and footswitch panel. All actions taken by the surgeon at the console are 
relayed to the vision system for processing and sent to the patient cart for imple-
mentation. The surgeon console is made up of several components that are similar 
on the two latest versions of the robotic system (Si/Xi): stereoviewer, master con-
trollers, touchpad, and the footswitch panel (Fig. 16.2). One of the added benefits of 
the surgeon console is that it can be paired with a second console to allow two sur-
geons to work simultaneously on the same patient (Fig. 16.3). This feature can be 
used to collaborate with other surgeons, for proctoring, and for teaching.

The stereoviewer provides a high definition 3D view of the surgical field that can 
be magnified up to 10× (Fig. 16.2). The stereoviewer is ergonomically designed to 
support the surgeons head and neck during surgical procedures. Additionally, the 
stereoviewer displays messages and icons to the user about the system status.

The master controllers use fingertip controls that allow the surgeon to control the 
endowristed instruments and endoscope (Fig. 16.4). They are also designed with 
ergonomics in mind to optimize the comfort of the surgeon. The surgeon’s 

Fig. 16.1 Surgeon console, patient cart, and vision cart
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Fig. 16.2 Surgeon console—stereoviewer, master controls, touchpad, and footswitch panel

Fig. 16.3 Dual console

movements are instantaneously replicated at the patient cart while also filtering out 
potential hand tremors. With the addition of motion scaling the surgeon can fine 
tune the hand-to-instrument movement ratios to their choosing.
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The user interface controls are housed in pods on the left and right side of the 
surgeon console arm rest (Fig. 16.2). The left sided pod contains the ergonomic 
control levers that allow the surgeon to adjust the height and tilt of the stereoviewer, 
adjust the armrest up or down, and move the footswitch panel in or out. The user’s 
unique settings can be saved and when the user logs into the system they are auto-
matically recalled. The right sided pod contains the power button and emergency 
stop button.

A touch pad is located in the center of the surgeon console armrest (Fig. 16.2). 
The touchpad can be used by the surgeon to save and access their own user prefer-
ences and ergonomic settings. Again, when the surgeon logs into the system their 
system preferences and ergonomic settings will automatically be recalled. After 
logging in, a home screen will appear that gives the surgeon access to surgeon con-
sole controls and settings. Along the bottom of the screen, there are tabs for access-
ing video, audio, and utility preferences. The video tab gives the surgeon the ability 
to adjust brightness, make advanced video adjustments, modify camera and endo-
scope setup, and access display preferences. The audio tab allows for volume adjust-
ments and/or muting the surgeon console microphone. The utility tab allows entry 
into account management, inventory management, event logs, and control 

Fig. 16.4 Master controls
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preferences; scaling, finger clutch, TilePro QuickClick, haptic zoom, master asso-
ciations. There are also three quick settings buttons down the middle of the touch-
pad that contain settings for scope angle, zoom level in the stereoviewer, and motion 
scaling.

Lastly, the footswitch panel is used by the surgeon for robotic arm swapping, 
master clutching, cameral control, and instrument activation and control (Fig. 16.5). 
The left lateral pedal allows the user to swap control of the instrument arms so the 
user can control a different instrument arm with one of their master controllers. This 
is done by tapping the pedal with the side of your foot. The left upper pedal is a 
master clutch pedal and can be used to decouple the masters from the controls of the 
instruments which allows the user to relocate the masters for improved comfort. The 
left lower pedal is the camera clutch and allows the user to control the focus and 
position of the endoscope. The right sided foot pedals are used for instrument acti-
vation and control. For example, the right sided foot pedals can be used by the sur-
geon to activate the coagulation function of a vessel sealer as well as the cutting 
function when necessary.

 Patient Cart Components

The patient cart is composed of several components. The setup joints position the 
robotic arms to optimize range of motion for the endowristed instruments and endo-
scope (Figs. 16.6 and 16.7). The instrument arms and the camera arm(s) on the Si and 
Xi systems interface with the robotic instruments and the camera assembly. The 
instrument and camera arms are draped for sterility and allow the surgeons and/or 
assistant to attach and adjust the robotic instruments and camera assembly at bedside. 
The instrument and camera arms also give the surgeon control over the robotic instru-
ments and endoscope. The robotic arms use remote center technology, allowing the 
instruments and camera assembly to move around a fixed point in space. LEDs on top 
of the robotic arms provide feedback on the arm status to the  surgeon/assistant.

The greatest difference between the Si and Xi systems lies with the patient cart 
(Figs. 16.6 and 16.7). One of the enhancements to the patient cart is the adjustable 
column and overhead boom. The boom is an adjustable support structure from 

Fig. 16.5 Footswitch panel components

16 System Control Overview and Instruments



212

which the robotic arms are now attached. The boom allows easier docking, extended 
range of motion, as well as more flexibility with patient positioning. The docking 
process has also been enhanced with the use of a laser pointing system that helps 
direct arm placement. The arms on the Xi system are also smaller, lighter, and now 
universal, meaning the instruments and endoscopes can be used interchangeably in 
any of the robotic arms. Additional upgrades to the endoscope have also been made. 
The endoscope no longer needs calibration, white balance, or draping.

There are several differences in the patient cart drive controls between the Si and 
Xi systems. First, we will discuss the Si system. The shift switches and motor drive 
control the movement of the patient cart. The shift switches allow the patient cart to 
be moved manually (N) or with a motor drive (D) (Fig. 16.6). Manual mode is for 
moving the patient cart long distances, for example, moving the cart from OR to 
OR. Motor drive is designed to provide faster and easier docking and quick OR 
reconfiguration. Drive (D) is also used to set the patient cart brakes. An unsterile OR 

Fig. 16.6 Si patient cart

Fig. 16.7 Xi patient cart

J.L. Stetler



213

staff member will drive the patient cart into the desired location for docking. The Xi 
system’s patient cart is moved using the helm (Fig. 16.7). The helm has a touch 
screen that is used for guided setup. The assistant will select the target anatomy as 
well as the cart position. Next, the deploy for docking icon is selected. The boom 
will simultaneously raise, pivot, extend, and rotate into position and audio feedback 
will notify the staff that deployment is complete. Once deployed the staff member 
will drive the cart into position over the patient using the helm. A laser-guiding 
system assists in positioning of the patient cart.

 Vision Cart Components

The Si system vision cart is composed of the CORE, illuminator, camera assembly, 
camera control unit, touch screen, and tank holder (Fig. 16.8). The endoscope pro-
vides a 3D, HD image of the surgical field. The video travels through the endoscope 
cable to the vision system. The vision system components process the video feed 
and send the feed to the touch screen monitor as well as the surgeon console 3D 
viewer. The CORE is the processing center for the robotic system. The system 
cables, auxiliary equipment, and AV connections are channeled through the 
CORE. The illuminator is the light source for the endoscope which is supplied via 
a single fiber optic cable. The front panel controls are used to power on the lamp as 
well as adjusting the light output. The camera assembly contains an integrated light 
guide cable for illuminating the surgical field and provides a 3D, HD view that can 
be magnified up to 10×. The camera control unit acquires and processes images 
from the camera assembly. A touch screen on the vision cart provides audio and 

Fig. 16.8 Si vision cart
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video controls patient side. Additionally, the touch screen is capable of telestration 
which can be used to guide the surgeon during a case. Lastly, the tank holder is 
housed on the vision cart for storing insufflation tanks.

The Xi system vision cart is similarly to the Si systems, but there are a few dif-
ferences. The Xi system vision cart is composed of system electronics (CORE), 
endoscope controller, video processor, camera assembly, touch screen, and tank 
holder (Fig. 16.9). The systems electronics (CORE) on the Xi system also processes 
all the information from each system component. The endoscope cable is connected 
to the endoscope controller, which provides the light source for illuminating the 
surgical field. It also contains the electronics for the initial processing of the endo-
scopic video. The video processor contains a USB port that allows the staff to cap-
ture images from a procedure onto a flash drive. The camera assembly for the Xi 
system has an integrated design and does not require draping, focusing, white bal-
ance, or calibration. The touch screen again provides a view of the surgical field at 
the patient side. The touch screen also gives the OR staff the ability to adjust audio, 
video, and system settings controls as well as telestration capabilities.

 Robotic Endoscopes, Trocars, and Instruments

The robotic endoscope is a dual-channel laparoscope that generates a three- 
dimensional (3D) high definition image for the surgeon. The endoscopes come in 
8.5 and 12 mm sizes as well as 0o and 30o angles. Additionally, da Vinci® now offers 
scopes with integrated fluorescence imaging, also known as Firefly, which can assist 
in identifying anatomy using near-infrared technology.

Fig. 16.9 Xi vision cart
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The abdominal cavity is accessed in the same fashion as laparoscopic surgery. 
Robotic reusable trocars are available from 5 to 13 mm sizes. The robotic endoscopes 
can be used with standard 12 mm laparoscopic ports or can be used with their respected 
robotic reusable trocars. The robotic instruments must be used with the robotic reus-
able trocar cannulas. Once the trocars are placed they can be docked with the patient 
cart. Once docked the endowristed instruments and endoscope can be inserted.

One of the greatest benefits afforded by the robotic surgery platform is the 
endowristed instruments. The endowristed instruments are designed to mimic the 
dexterity of the human wrist (Fig. 16.10). Most of the robotic instruments are 
designed with seven degrees of freedom (insertion, external pitch, external yaw, 
rotation, wristed pitch, wristed yaw, and grasp) and 90° of articulation which give 
the surgeon a tremendous range of motion. This is an advantage over standard lapa-
roscopic instruments as it may lower the learning curve for surgeons performing 
complex minimally invasive tasks, and in some instances it allows the surgeon to 
perform tasks that may not be possible laparoscopically. The endowristed instru-
ments provide the surgeons additional angles to approach dissections and to operate 
more precisely in confined spaces.

The robotic catalog of instruments is robust and has instrument offerings that 
parallel those in laparoscopy, offering tools for grasping, retracting, suturing, dis-
secting, dividing tissue, hemostasis, aspirating, clipping, as well as stapling. Some 
of the instruments can be paired with energy in order to perform electrosurgery, 
while the platform also offers its own vessel sealer. The most common sized instru-
ments are 8 mm, but some of the robotic instruments come in 5 and 12 mm sizes as 
well. Unlike the majority of laparoscopic instruments, the robotic instruments do 
have a limited number of uses. The number of uses left on an instrument can be 
visualized at the surgeon console. Next, we will briefly review some of the more 
commonly utilized robotic instruments.

Fig. 16.10 Endowristed 
instrument
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The robotic platform has a variety of grasping forceps that are designed for 
various tissue types. The Cadiere (Fig. 16.11) and Double fenestrated graspers 
(Fig. 16.12) can be utilized for grasping finer tissue like peritoneum and bowel. 
For denser or more fibrous tissue, a ProGraspTM (Fig. 16.13) can be utilized as it 
has more grip strength. A traumatic grasper such as the Cobra (Fig. 16.14) is 
designed with teeth at the tip of its jaws that can be utilized for securing thicker 
tissue or organs that one plans on excising, for example, retracting the fundus of 
an inflamed and/or distended gallbladder.

There is also a variety of instruments for suturing. Two examples are the MegaTM 
needle driver (Fig. 16.15) and Mega SutureCutTM (Fig. 16.16). The MegaTM needle 
driver is used solely for suturing, while the Mega SutureCutTM has built in scissors 
in the heel of the instrument so that I can be used for suturing and cutting. This dual 
ability instruments advantage is that it may decrease the number of instrument 
exchanges during cases.

Fig. 16.11 Cadiere 
grasper

Fig. 16.12 Double 
fenestrated grasper

Fig. 16.13 ProGraspTM
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Fig. 16.14 Cobra grasper

Fig. 16.15 MegaTM needle 
driver

Fig. 16.16 Mega 
SutureCutTM

For electrosurgery, there is an assortment of instruments that can be paired with 
energy. This includes monopolar instruments such as Hot ShearsTM (Fig. 16.17) and 
the Permanent cautery hook (Fig. 16.18). Some examples of bipolar instruments are 
Maryland bipolar forceps (Fig. 16.19), PK® dissecting forceps (Fig. 16.20), 
Fenestrated bipolar forceps (Fig. 16.21), and the Vessel sealer (Fig. 16.22). For ultra-
sonic shears, the system also carries the Harmonic ACE® curved shears (Fig. 16.23).

Several specialty instruments also exist. Those most commonly used for general 
surgery procedures included the robotic suction/irrigator (Fig. 16.24) and clip appli-
ers. The clip appliers come in small, medium-large, and large sizes. The small clip 
applier supports Weck HemoClip® small titanium clips (Fig. 16.25). The medium- 
large (Fig. 16.26) and large (Fig. 16.27) clip appliers utilize Weck Hem-o-lock 
medium-large and large polymer clips, respectively.

16 System Control Overview and Instruments



Fig. 16.17 Hot ShearsTM

Fig. 16.18 Permanent 
cautery hook

Fig. 16.19 Maryland 
bipolar forceps

Fig. 16.20 PK® dissecting 
forceps
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Fig. 16.21 Fenestrated 
bipolar forceps

Fig. 16.22 Vessel sealer

Fig. 16.23 Harmonic 
ACE® curved shears

Fig. 16.24 Suction/
irrigator
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Fig. 16.25 Small clip 
applier

Fig. 16.26 Medium-large 
clip applier

Fig. 16.27 Large clip 
applier
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17Starting and Developing a Robotic 
Program

Lava Y. Patel and Ankit D. Patel

 Introduction

There are several views on how to develop and maintain a successful robotics pro-
gram. Administration may support a program for marketing purposes or oppose one 
secondary to costs. Many surgeons support having a program for similar reasons, 
but may struggle to expand the program without further training or maintaining 
quality across specialties. The purpose of this chapter is not how to start a program, 
but to focus specifically on maintaining a successful program, especially with train-
ing and credentialing. These are the true cornerstones of maintaining quality and 
ultimately will lead to a successful robotics program. In addition, we will focus on 
training in an academic setting since the majority of graduating surgical residents 
and fellows are interested in robotics.

 Building a Robotic Program

The first major obstacle of starting a program is having a robotic system. Currently, 
only one commercial system is available in the United States, which is the da Vinci 
Surgical System (Intuitive Surgical). Per the company, over 3600 systems are 
around the world, with over 2/3 in the United States alone. Several promising plat-
forms from Titan Medical, TransEnterix, Medtronic, and even Google are in the 
works or are close to acquiring FDA approval; however, it may be several years 
before they become mainstream and will have likely have their own unique issues.

mailto:apatel7@emory.edu
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As a result, the foundation of a new program must be a solid business plan. The 
cost of one of the current systems can range from $1.5 to 2.4 million US depending 
on the type, functionality, or options included. Additionally, there are yearly main-
tenance contracts that average around $150,000 US. Instruments are disposable and 
can cost $200–500 US per use, on average. The costs add up quickly and will likely 
consume most if not all of a system’s capital budget. Infrastructure may need to be 
updated to handle the size and weight of the system and its components. Staff mem-
bers will need to be trained to handle the equipment, especially sterilization. At one 
of our local institutions that did not previously have a robotic system, the estimated 
cost for a new dual console Xi system with initial capital equipment was over $2.6 
million US in the first year alone. That makes it nearly impossible for any single 
service line or department to ask for a new system; therefore, it is essential to have 
a multi-department and/or multi-surgeon approach when developing a plan for 
acquisition. Markets will vary across the country, but it is vital that there be ade-
quate surgical volume that can be supported by a new system. Other aspects of a 
successful business plan should include the different types of new cases that could 
be accomplished with the robotic platform (more minimally invasive options), 
potential yearly case volume, and potential expansion into other services.

The most important part of any successful program is invested perioperative 
staff. This includes not only the surgeons, but also the first assistants, surgical scrub 
techs, operating room nurses, and anesthesia staff. It is also key to identify one or 
two people who can function as a coordinator to facilitate scheduling cases, help 
train and build a dedicated robotics team, and collect case data and metrics. This 
will eventually lead to improvements in efficiency, team-building, and case out-
comes. The above holds true for all surgical cases, but is essential in robotics due to 
the nature of the specialized equipment and demands of the system.

 Training

The number of robotic-assisted general surgery cases being performed around the 
world, especially in the United States, continues to rise each year (Fig. 17.1) [1–3]. 
According to Intuitive Surgical, robot utilization in general surgery has seen signifi-
cant growth over the past 5 years, being led by use in hernia repair and colorectal 
procedures [3].

A recent survey of current general surgery residents in the United States showed 
that more than 96% of respondents were training at an institution where a surgical 
robotic was available [4]. With continued interest and increase in surgical case vol-
umes at these centers, training general surgery residents to use the robotic platform 
is necessary to keep up with current trends. Obtaining the appropriate level of train-
ing to safely perform robotic surgery varies based on the technical aspects related to 
different specialties and operations being performed. However, fundamental knowl-
edge of how the robot works, attaining technical experience, and knowledge of 
troubleshooting are of utmost importance. Over the past few decades, since the 
adoption of laparoscopy, the Fundamentals of Laparoscopic Surgery (FLS) has been 
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developed by the Society of American Gastrointestinal and Endoscopic Surgeons 
(SAGES) to ensure that all general surgery trainees have a minimum understanding 
and the ability to demonstrate a basic grasp of laparoscopic skills. More recently, a 
similar certification process for acquiring basic endoscopic skills, the Fundamentals 
of Endoscopic Surgery (FES), has emerged. FLS and FES certifications are now 
required by the American Board of Surgery (ABS) for all general surgery trainees 
to be eligible for board certification. No such curriculum currently exists for robotic 
surgery, but societies like the American Society of Colon and Rectal Surgeons 
(ASCRS), Society for Robotic Surgery (SRS), and SAGES are taking the lead to 
develop a similar, unified program.

As the da Vinci system is presently the only commercially available robotic plat-
form with FDA approval, we will base our discussion on this system. Currently and in 
the past, Intuitive Surgical offers a robotic training certification course to all surgeons 
or trainees new to the platform. The components of the course include completing 
online training modules, a systems overview course, simulator exercises, and case 
observations, all of which could take months to complete. This is followed by a course 
that costs approximately $5000 USD and spans 2 days, during which time participants 
engage in didactic lectures, live instruction, simulation practice, and some degree of 
case performance on cadaveric or porcine specimens. At the end of the course, 
Intuitive issues a certificate stating that you have successfully completed their basic 
requirements for knowing how to use their platform. The certification does not make 
any mention (nor does it intend to) in any way that one can safely perform robotic 
surgery from a medicolegal standpoint. That decision is usually deferred to the sur-
geon’s hospital credentialing committee or robotics steering committee.

Fig. 17.1 Estimated number of robot-assisted cases performed in the United States. (Data from 
Intuitive Surgical, Investor Presentation, 2016. Available at: http://investor.intuitivesurgical.com/
phoenix.zhtml%3fc%3D122359%26p%3Dirol-irhome. Accessed November 2016)
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As mentioned before, there are no established protocols or minimum require-
ments for robotic training in general surgery residency, but several academic institu-
tions across the country have attempted to develop a protocol or curriculum to 
expose their trainees to basic robotic technology [5, 6]. Training of new robotic 
surgeons should entail both technical and nontechnical skills, including decision- 
making, troubleshooting, and effective communication [7]. Protocols may vary 
based on the specialty and should ideally be individualized based on level of train-
ing, technical proficiency, and procedures. However, we recommend that at a mini-
mum, basic training in robotic skills should include the following:

On Line training—Intuitive Surgical provides free online interactive training 
modules that introduce learners to the various components of the robotic platform, 
common applications, and troubleshooting tips. Modules contain questions that 
assess retention of relevant information and trainees are issued a certificate of com-
pletion after all modules have been successfully completed with a minimum allotted 
score (https://www.davincisurgerycommunity.com/).

Console-based simulation training—learners should next proceed to simulation 
training to obtain hands-on experience with the functionality of the robotic plat-
form. Simulation allows for progress through the learning curve and has been shown 
to be transferable to the clinical setting [8]. Several simulators are available (See 
below section on Virtual Reality Simulation for further details), and all have a vari-
ety of exercises dedicated to technical training for camera clutching, instrument 
manipulation and switching, tissue handling, and use of surgical energy.

Bedside training—under supervision, learners should be aware of all aspects 
involved with proper and optimal setup to provide safe and efficient care while 
being able to maximize the utility of robotic technology. Bedside training should 
include, but not limited to, instruction on the following:

• Operating room setup and patient position
• Choice of port placement based on case
• Effective communication with operative staff when docking the robot at 

bedside
• Docking robotic arms to patient ports and instrument insertion and 

troubleshooting
• Principles of instrument exchange/camera manipulation
• Assistant port site selection and utilization
• Bedside first assistant for at least ten cases—Total cases as a bed-side assistant 

may vary but trainees should be able to demonstrate a grasp of the above and be 
able to safely assist with bedside maneuvers.

Operating at the console—preferable to have a dual console system where an 
attending surgeon can take control at any time. Surgeons should utilize a graduated 
autonomy approach. A trainee should perform a minimum number of dual console 
cases prior to allowing independence as console surgeon.

As a sample curriculum, we have included the following requirements in place 
for surgical residents at the author’s institution:

L.Y. Patel and A.D. Patel
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 1. Complete all pertinent online training modules
 2. Attend a hands-on workshop for introduction to docking, instrument exchange, 

simulator, and console training.
 3. Complete designated modules on the simulator with a score of 90% or greater 

(total of 14 modules)
 (a) Camera and Clutching—Camera Targeting 1 and 2
 (b) EndoWrist Manipulation—Pick and Place, Peg Board 1 and 2
 (c) Energy and Dissection—Energy switching 1 and 2 and Energy dissection 1 

and 2
 (d) Needle Control—Needle targeting, Thread the rings
 (e) Needle Driving—Suture sponge 1 and 2; Tubes

 4. Bedside assistant for a minimum of 10 robotic cases, with responsibility for 
docking, instrument exchange, and assisting.

 5. Console surgeon for a minimum of 15 cases. An additional 5 cases as console 
surgeon must include a post case review with the attending surgeon and must be 
deemed as competent on the console for these cases. Cases should be performed 
with at least two different attendings and must be performed during the final year 
of residency.

If a resident or fellow successfully completes all the above, they will graduate 
with an equivalency certificate issued by Intuitive which is also endorsed by our 
general surgery program director. This eliminates the need to perform basic training 
in the future and graduates can apply for credentials immediately.

 Virtual Reality (VR) Simulation Training and Skills Curriculum

The surgical skills required to perform robotic surgery are unique from those needed 
for either open or laparoscopic procedures. As many studies have shown, basic 
robotic surgery skills can effectively be acquired through training on virtual reality 
simulators. There are currently four VR robotic surgical simulators commercially 
available (Table 17.1):

Mimic dVTrainer (dV-Trainer) (Fig. 17.2a)—Mimic Technologies, Inc., Seattle, 
WA, USA

Da Vinci Skills simulator (dVSS) (Fig. 17.2b)—Intuitive Surgical, Sunnyvale, 
CA, USA

Robotic Surgical Simulator (RoSS) (Fig. 17.2c)—Simulated Surgical Systems, 
Buffalo, NY, USA

Sim-Surgery Educational Platform (SEP)—SimSurgery, Norway
All VR simulator platforms presented here have several validation studies pub-

lished in the literature. Our purpose is not to make any recommendations regarding 
the superiority of one over another, but instead we provide an objective yet brief 
description of each. (For further information regarding in-depth comparisons and 
differences in functionality, see Suggested Reading’s 2 and 3 provided at the end of 
the chapter)
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Fig. 17.2 Photos of commercially available VR simulators. (a) Da Vinci Skills simulator 
(dVSS)—Intuitive Surgical, Sunnyvale, CA, USA). (b) The Mimic dv-Trainer (Mimic 
Technologies, Inc., Seattle, WA, USA). (c) The RoSS™ Robotic Surgery Simulator (Simulated 
Surgical Systems LLC, San Jose, CA, USA). From Smith et al. Comparative analysis of the func-
tionality of simulators of the da Vinci surgical robot. Surgical endoscopy. Apr 2015;29(4):972–
983. Fig. 1. Springer all rights reserved, with permission

A recent review of VR simulators showed that the dVSS, dV-Trainer, and RoSS 
platforms demonstrated the ability of a VR training curriculum to improve basic 
robotic skills, with proficiency-based training being the most effective training style 
[9]. In many instances, a performance score of 80% on any given task or module has 
been used to define proficiency. There is no formula as to why 80% was set as thresh-
old, but rather it is based on expert consensus from high-volume robotic surgeons.

In 2014, collaborative efforts of an international multi-society consensus pro-
vided a template for developing a core curriculum in basic robotic training, The 
Fundamentals of Robotic Surgery, that focuses on competency-based training using 
current generation simulators needed to safely perform robotic surgery [2]. Based 
on their recommendations, a dedicated curriculum should include: introduction to 
and didactic instructions for robotic systems, cognitive skills training, psychomotor 
skills training, and team training/communication skills. As it relates to technical 
skills training, the psychomotor skills modules they recommended were:

 1. FLS peg transfer
 2. FLS suturing and knot tying
 3. FLS pattern cutting
 4. Running suture
 5. Dome with four towers for ambidexterity—specifically designed device, “FRS 

Dome”—to allow performance of all skills on a single platform that can be eas-
ily observed
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 6. Vessel dissection and clipping
 7. Fourth arm retraction and cutting
 8. Energy and mechanical cutting
 9. Docking task
 10. Trocar insertion task

In 2013, Stegemann et al. developed a validated VR-based skills curriculum 
(Fundamental Skills of Robotic Surgery, FSRS) using the RoSS platform in a multi- 
institutional randomized control trial [10]. Their study consisted of 16 unique tasks 
included with four training modules (Fig. 17.3):

• Basic console orientation
• Psychomotor skills training
• Basic surgical skills
• Intermediate surgical skills

As of this writing, there are still no widely accepted standardized protocols for 
simulation training. The material presented here is from recent literature and soci-
etal recommendations. Every program will have different limitations in resources 
and although robotic training curricula may be individualized to institutional needs, 
the above represent a minimum recommendation of options to provide a basis for 
the safe training of new robotic surgeons.

Module 4
Intermediate Surgical Skills

Module 3
Basic Surgical Skills

Module 2
Psychomotor Skills Training

Module 1
Basic Console Orientation

Task 1: Instrument Control

Task 2: Camera Control

Task 4: 4th Arm Control

Tasks 5 & 6: Ball Placement

Tasks 7 & 8: Spatial Control

Tasks 9 & 10: Needle Handling

Task 11: Basic Electrocautery

Task 12: Tissue Cutting

Task 13: Tissue Retraction

Task 14: Blunt Tissue

Task 15: Vessel Dissection

Task 16: Knot Tying

Task 3: Coordinated Tool Control

Surgical Application
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Fig. 17.3 Four modules with included tasks for a structured Fundamental Skills of Robotic 
Surgery (FSRS) curriculum. From Stegemann et al. Fundamental skills of robotic surgery: a multi- 
institutional randomized controlled trial for validation of a simulation-based curriculum. Urology. 
Apr 2013;81(4):767–774, Fig. 1A. Elsevier all rights reserved, with permission
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 Credentialing and Privileging

One of the current debates of robotic surgery centers around credentialing and privi-
leging. Currently, there are no specific standards for approval or maintenance of 
privileges. In the past, guidelines were based on recommendations from Intuitive, 
which were loosely based on their training protocols that we described earlier. Until 
recently, majority of surgeons were training for robotic surgery after their residency, 
so no formal case logs were necessary. Competency was based on case observations 
by proctors, who were designated by the company. To qualify as a proctor, a surgeon 
had to have completed over 20 robotic cases. Individual privileges were kept if sur-
geons performed 1–2 cases a year. This model was based on what was accepted 
during the early era of the laparoscopic cholecystectomy. Surgeons at that time 
would train at a weekend course, perform a few cases at their home institution, and 
then would go teach other surgeons. As a result, new technology was being adapted 
quickly, but complications also increased which led to surgical groups to develop 
consensus statements. Even at our institution, the above remained true up till this 
year when new system-wide guidelines were implemented.

Several shifts have occurred recently that has provoked more thought and restructur-
ing of credentialing across all specialties. Nowadays, many residents are exposed to 
robotics, especially in urology and gynecology. The number of robotic cases in general 
surgery is rising exponentially and is driving many of the changes, but case volumes 
alone cannot be predictors of competency. Privileging has shifted to evidence of compe-
tency, whether through dedicated training programs in residency vs completing the sur-
rogate equivalency training set by Intuitive. Intuitive has responded to this by increasing 
the minimum number of cases required to become a proctor from 20 now to 40. In 
addition, a surgeon cannot be listed on their website unless they complete more than 20 
cases a year. Thus, maintenance of privileges needs to align with these metrics.

Current proposals for maintaining privileges revolve around markers for compe-
tency. In most centers with robotic surgery, patient outcomes are collected and 
recorded. Formal steering committees are being established to monitor this data and 
maintain quality for the hospital. This committee also sets the parameters for main-
tenance of skills via the simulator. Here are the key highlights from our recently 
revamped program:

 Robotic Credentialing Guidelines

 1. Successful completion of ACGME/AOA residency or fellowship training program
 2. Physician must be board certified or eligible
 3. Has privileges in similar open and laparoscopic cases
 4. Proof of training

 (a) Residency or Fellowship—need letter from program director, minimum 
case logs as assist (10) and console surgeon (20)

 (b) No formal training—must complete successful training with Intuitive
 5. Proctoring—must be proctored for first two cases by someone with active 

privileges
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 Maintenance of Privileges

 1. Completion of five core simulator skill exercises with passing score of 85% 
every 2 years

 2. Case logs from recent 2 years must perform at least 20 procedures in the 2 years
 3. Failure in above will result in case proctoring for next two cases
 4. Surgeons who are inactive for more than 90 days must complete core simulator 

exercises with passing score above 85%
 5. Surgeons performing more than 50 cases in 2 years will be exempt from the 

above

This was developed with input from among all specialties (gynecology, urology, 
thoracic, cardiac, general, otolaryngology) and from guidelines used for other inva-
sive procedures, like central line insertions. Unfortunately, no data exists to support 
if this is sufficient or stringent enough to maintain quality and determine compe-
tency. Opponents may point out that no guidelines currently exist to maintain other 
surgical procedure privileges and this should be extended to robotic procedures. 
Ultimately, this discussion should occur regularly among all participating surgeons 
at your own institution to maintain quality and safety of the patient.

Acknowledgement This work is supported in part by the Foundation for Surgical Fellowships.
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18Precautions and Avoiding Complications

Mihir M. Shah and Edward Lin

 Introduction

Innovations in minimally invasive surgery have led to the development of advanced 
robotic technology where instruments follow the commands of the surgeon situated 
at some distance from the actual surgery. Currently, the only commercially available 
robotic-assisted surgery (RAS) platforms are produced by Intuitive Surgical, Inc. 
(Sunnyvale, CA) and are known as the da Vinci Surgical Systems (S, Si, and Xi 
models) [1]. The purported benefits over standard laparoscopy include three- 
dimensional high-definition visualization, ergonomic control of wristed surgical 
instruments, minimization of surgeon hand tremor, and a sitting operating posture. 
While there is suggestion that basic skills can be learned more quickly using the 
RAS platform compared to laparoscopy, there is still a learning curve to become 
proficient at using the RAS platform [2, 3].

Between January 1, 2000 to August 1, 2012, 245 adverse events were reported to 
the FDA (Food and Drug Administration) including 71 deaths and 174 nonfatal 
injuries. The surgical mortalities reported were gynecologic (31%; 22/71), urologic 
(21.1%; 15/71), cardiothoracic (16.9%; 12/71), otolaryngologic (14.1%; 10/71), 
colorectal (4.2%; 3/71), and general surgical (4.2%; 3/71). The most common cause 
of mortality was hemorrhage (29.6%; 21/71). Reports of nonfatal injury were most 
common with hysterectomy (43.1%; 75/174) and prostatectomy (17.2%; 30/174). 
Nearly half (46.6%) of nonfatal injuries resulted in permanent damage, and 17.2% 
and 15.5% resulted in conversion to open and a second operation, respectively [4]. 
While it is difficult to understand the root cause for these adverse events, the greater 
our understanding of RAS and dissemination of practical insights gained from 
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experience will reduce any potential that the RAS contributes to any complications. 
Even if no injury occurs to the patient, the expenses related to repairing the RAS 
platform may prohibit its subsequent use.

 Standard Precautions

 Power Requirements

To avoid overloading electrical circuits, all three components—Surgeon Console, 
Patient Cart, and Vision Cart—should operate on separate, dedicated power circuits. 
Ancillary devices such as insufflators or energy devices should not be connected 
through any system component, particularly not through the Vision Cart because it 
has a large power requirement, and could result in overloading the circuit. Instead, 
ancillary devices should be connected to wall outlets on separate circuits from all 
system components. Use of an extension cord with any of the system components is 
also not recommended. Any of the above could lead to a power failure during a 
procedure.

 Instrument Insertion and Removal

Modification of the cannula mounts, sterile adapters, instruments, cracked wiring or 
housing can result in electrical hazards, performance degradation, and energy- 
related injuries to the patient. When inserting an instrument for the first time, the 
same precautions as laparoscopy should be taken to make sure the tips are visual-
ized to prevent any unintended contact with tissue. When resistance is met during 
instrument insertion, it can be due to bumping up against tissue, or the cannula is 
dislodged out of the surgical cavity.

Prior to removing any instruments during a procedure, the assistant should com-
municate with the surgeon, and the surgeon must keep the instrument tip straight, 
release any organ, structure, or sutures, even though the instruments are designed to 
release the tissue as a safety feature. Along the lines of communication, the audio 
and microphone system should be functioning and extraneous sounds minimized.

 Energy Application

The same insulation precautions for laparoscopic instruments apply to the robotic 
system. The same grounding pad principles also apply. As reminders of what is 
commonly known, the dispersive electrode (grounding pad) is placed as close as 
possible to the operating field but away from any interference from the robotic sys-
tem. We apply the same lowest effective energy setting as laparoscopy. The finer 
instruments tend to concentrate more energy at its points of contact. The surgeon 
should avoid energizing other robotic or endoscopic instruments directly and be 
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cognizant that energy may also be transferred to tissue outside of the field of view. 
Intentional energy application is possible but make sure the instrument is away from 
other critical structures.

 Camera Head and Endoscope

The camera head and light cable should be handled with care, especially with the 
bulky camera head of the Si system, to prevent damage to the internal fiber optic 
cables. Furthermore, the camera head can cause injury when dropped on the patient, 
or if it pulls other instruments off the field due to its weight. In addition, the tem-
perature of the distal tip of the endoscope may exceed 41 °C during full illumina-
tion, which will burn any object on brief contact; skin, tissue, clothing, and drapes. 
When used during a case, it is better not to clean the tip of the endoscope by rubbing 
it against tissue as it could cause secondary thermal damage to the tissue and leave 
residue on the lens. Because of the high-definition resolution of the camera and lens, 
it is possible to reduce the light intensity and work closer to the surgical tissue. The 
downside of decreasing the light output is a grainy image.

 Surgical Control

The infrared head sensors on the console perform a safety function by preventing 
movement of the Patient Cart arms when the surgeon’s head is not in the viewer; this 
is often forgotten for those early on in their robot experience. Similarly, once the 
head is removed from the surgeon console viewer, the instruments will lock in posi-
tion and cannot be moved. If the surgeon plans to step away from the console, the 
head should be removed first from the viewer prior to removing the hands and fin-
gers from the masters, which takes the system out of the “following mode.”

 Handling of Errors

It is inevitable that system errors will occur and most can easily be resolved. Try to 
resolve the problem before using the Recover button. In both the vision cart and 
surgeon console, the specific error will be displayed. If you are unable to resolve it, 
technical support can be contacted and they can usually diagnose and recover the 
fault if the system is connected to the internet. In the meantime, we advise removing 
all instruments to prevent unintended movements in case the system has to be reset. 
By default, the system will not move the arms if it senses instruments are being 
reset. If the errors cannot be managed intraoperatively, it is recommended that the 
surgeon proceed with laparoscopic methods since the robot trocars can easily be 
converted to laparoscopic ports.
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 Power Outage

In the middle of the operation, if the robot shuts down, then it is safe to turn it back 
on, as the booting sequence will not take place while the arms are docked. If there 
is an electric power outage without backup, the battery life on the patient cart is 
automatically activated, and may last for just enough time to permit undocking and 
moving the patient cart away.

 Practical Pearls

While the above outlined the standard operating guidelines specific to the system, 
there are other safety pearls that the surgeon should be aware of.

 Docking and Arm Positioning

There are several ways to successfully position and dock the robot. The standard 
practice is to triangulate the arms with the surgical pathology to make sure the cam-
era stays within the “sweet spot.” The reality is you can dock the robot in many 
ways and achieve the same exposure, but you will have to pay more attention to the 
position of the robot arms. A major point is to be sure you have adequate spacing 
between the trocars and the elbows of the arms. Test the range of movement of the 
arms prior to inserting instruments and “burp” the arms to avoid collisions. Place 
the patient in the intended position prior to docking; otherwise, you will have to 
undock all of the arms if you wish to reposition the patient. The newer Xi system 
can be used with a synchronized bed that enables table motion in lock-step with the 
robot arms. However, currently you can only utilize this feature with two instru-
ments inside the patient. If you are using all four arms, then you must remove one 
of the instruments to enable this feature.

The surgeon should be listening for clashes of the arms, which needs to be allevi-
ated by bending the elbows of the robot arms, or repositioning. It is a skill, but lis-
tening to the speed and crescendos of the moving robot arms is an important 
indicator of the motion efficiency (i.e., wasted movements) of operating instruments 
in the body cavity. A fast and loud “swoosh,” even though not visible inside the 
body cavity is transmitted to patient port site and the arms may even strike the bed-
side assistant unaware of the surgeon’s intentions. Another sign that robot arms may 
be clashing is an inability or resistance to movement at the master, or instrument 
tremors seen in the viewer.

 Protecting Patient’s Face and Extremities

As there are multiple ways to position the robot and its arms, modifications should 
be made to always protect the patient, especially their face and extremities. A thick 
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sponge/foam can be used to cover the patient’s face and airway. During docking, the 
surgeon’s hand should be placed on the patient’s face to ensure there is adequate 
distance from the patient’s face to the robot arms. The same should be applied to the 
extremities, taking care to avoid any pinch points between the robot and table. The 
bedside assistant should be actively involved with positioning so they can be aware 
of potential issues during the case. In practice, when a stationary arm (such as one 
used for retraction) is ever moved, it behooves the bedside assistant to run his or her 
fingers between the lowest point of the robot arm with the patient’s extremity or 
body part to prevent any body part impingement.

 Prolonged Trendelenburg Positioning

Because the patient’s bed is immoveable after docking, patients were historically 
placed in extreme positions from the beginning of the case. Newer beds also facili-
tated this, especially with extreme Trendelenburg position (over 30°). This can 
result in increased intracranial and intraocular pressures. In addition, it has been 
suspected to cause postoperative airway obstruction due to facial or laryngeal 
edema. To avoid this, the anesthesiologist should look at the patients face several 
times during a prolonged case, and a surgeon should not hesitate in requesting the 
anesthesiologist to check the patient’s face during the case. Patient slipping from the 
original position on the bed is another concern. In addition to routine measures to 
secure the patient, a gel pad below the patient can be used to avoid a slippery surface 
and potentially reduce slippage. Using Trendelenburg to the lowest degree that 
allows safe completion of the operation is another important measure that will 
potentially reduce complications related to this particular position. Alternatively for 
long cases in extreme positions, the surgeon can undock the robot and return the 
patient to a neutral supine position every 1–2 h for a few minutes prior to proceeding 
with the case.

 Operative Tips

 Control of Intraoperative Bleeding

Majority of the bleeding encountered in a case is usually related to poor tissue han-
dling or misapplication of energy. The surgeon typically relies on visual cues to 
enhance tactile feedback. Also, awareness and knowledge about instruments and its 
grip strength will help the surgeon avoid inadvertent injury to the visceral struc-
tures. There will always be instances of bleeding during some operations. Inserting 
a laparotomy sponge from the assistant port, and then using the suction is very help-
ful. The individual at the console can use the sponge to tamponade the bleed and 
improve visualization of that area. This helps create more time to determine the 
surgeon’s next maneuvers. If needed, suture can be used to repair or ligate the bleed-
ing vessel, which is also delivered from the assistant port. The downside to a robot 
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system is that any small amount of blood is magnified in three-dimension, which 
very rapidly obscures a clear view. Therefore, a capable assistant performing suc-
tion and compression with a sponge is important to keep the field clear. The use of 
bipolar energy, including the vessel sealer, has tremendous advantages because 
these instruments can serve as graspers as well as cautery simultaneously.

 Suturing Tips

Tying knots without tearing the tissue, shredding or breaking the suture is a skill in 
the setting of reduced tactile feedback. In knot-tying, we rely on visual cues such as 
the appearance of water beads on the suture and indentations created on tissues as 
indicators of just the right tension. While the added range of motion for suturing is 
a clear advantage of the robot system, these added degrees of movement exceed the 
anatomic limitations of the surgeon’s wrist and fingers (i.e., the human wrist and 
fingers do not have 360° rotation). In fact, the surgeon probably has to employ more 
range of hand-finger motion than he or she is accustomed to from open or laparo-
scopic surgery. It is necessary to fully use hand-finger range of motion at the master 
to drive the needle and follow its entire curve with wrist rotation. Like passing a 
baton in a relay race, the needle needs to be passed from one instrument to another 
purposefully and released at the right time to avoid destroying the needle tip or 
creating rough glitches on the body of the needle. Remember that one of the advan-
tages of using the robot system is tremor suppression, which means that there will 
be an almost imperceptible motion delay from what the surgeon’s hand does to what 
actually occurs on the field. Any fast motions, intended or unintended, will be tem-
pered down especially in suturing. The best advice for needle handling and suturing 
is to perform dry runs with the robot and understand the feel of passing the needles, 
where the breaking points are, and how tight (or loosely) one can hold the needle.

 Conclusions

There are several potential benefits of the RAS platform over traditional laparos-
copy. There is a learning curve to become proficient at using the RAS platform. 
Understanding the full capabilities of the robot as well as its inflexibilities can only 
come with frequent use. The ability to troubleshoot problems is valuable for using 
the RAS platform because it will broaden the times a surgeon can use the robot 
(e.g., nights and weekends) and reduce dependence on costly bedside and technical 
support. Using the robot actually requires even greater awareness than just hand-eye 
coordination because it requires auditory cues as well and understanding the capa-
bilities and limitations of the bedside assistant. It is appropriate to consider the 
60–40 rule using the robot-assisted platform; 60% of the effort is occurring at the 
bedside, and only 40% of the case occurs at the surgeon console. It then follows that 
60% or more of RAS-associated complications occurs to misadventures, recognized 
or not, occurring at the bedside.
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19Single-Incision Robotic Cholecystectomy

Arturo Garcia and Aaron Carr

 Introduction

Despite the excellent results of traditional laparoscopic cholecystectomy, there have 
been numerous attempts to decrease the parietal trauma of the typical 4-port tech-
nique. Reducing the number of trocars used and reducing the port size have both 
been used to reduce the parietal peritoneal trauma. Single-incision laparoscopic 
cholecystectomy (SILC) has been shown to be feasible [1–7], but the technique is 
challenging because of reduced ability to triangulate with linear instruments, lim-
ited visualization, and internal and external collisions [8]. Despite the demonstrated 
safety of SILC, these limitations have decreased the wide spread adoption of 
SILC. Robotic single-incision instrumentation has been able to address many of 
these limitations.

Since its introduction over a decade ago, the popularity of robotic surgery has 
increased, especially in the specialties of urology and gynecology. The most robust 
and studied platform for single-site surgery is the da Vinci Si Surgical System 
(Intuitive Surgical Inc. Sunnyvale, CA). Although other platforms exist in various 
stages of development, none are currently approved for use in the United States. The 
da Vinci single-site technology for cholecystectomy overcomes many of the limita-
tions of SILC, including triangulation, ergonomics, quality of vision, and range of 
motion [9]. If studies with more than 50 cases are analyzed from a PubMed search 
for SIRC the average docking times ranged from 5 to 15 min and average total 
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operative ranged from 63 to 106 min. The rate of bile injury, bile leak, or bleeding 
ranged from 0 to 1.8% (Table 19.1).

 Indications

The indications for SIRC are similar to those of traditional laparoscopic cholecys-
tectomy. These include symptomatic cholelithiasis, cholecystitis, acalculous chole-
cystitis, symptomatic gallbladder polyps or polyps greater than 10 mm, porcelain 
gallbladder, and biliary dyskinesia [10]. Certain relative contraindications for SILC 
include patients with severe acute cholecystitis, BMI ≥ 35 kg/m2, previous upper 
abdominal surgery, suspected bile duct stones and intrahepatic duct stones, sus-
pected malignancy, and ASA class ≥ 3 [11–13]. Some of these contraindications 

Table 19.1 Single-incision robotic cholecystectomy outcomes

N

Robotic 
docking time 
(min)

Console 
time (min)

Total 
time 
(min)

Major complication (bile 
leak, bleeding)

Pietrabissa et al. (2012)

SIRC 100 15 31 71 None

Gonzalez et al. (2013)

SIRC 166 NA NA 63 1.8%

SILC 166 – – 37 1.8%

SILC 
(SPIDER)

166 – – 53 1.2%

Angus et al. (2014)

SIRC 55 11 29 62 None

Morel et al. (2014)

SIRC 82 7 51 91 2.4%

Vidovszky et al. (2014)

SIRC 95 5 39 84 1.1%

Escobar-Dominguez et al. (2015)

SIRC 192 NA NA 58–73 None

Gonzalez et al. (2015)

SIRC 465 NA 21 52 0.8%

Chung et al. (2015)

SIRC 70 12 53 106 None

LC 70 – – 112 None

Svoboda et al. (2015)

SIRC 200 NA NA 65 None

Kubat et al. (2016)

SIRC 150 NA NA 83 0.7%

Data from PubMed search for SIRC studies with greater than 50 patients
SIRC, single-incision robotic cholecystectomy; LC, conventional laparoscopic cholecystectomy; 
SILC, single-incision laparoscopic cholecystectomy; SPIDER, single-port instrument delivery 
extended research (TransEnterix, Inc.); NA, not available
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have been alleviated by the da Vinci Si single-site cholecystectomy platform because 
of improved triangulation and surgeon experience with the platform. SIRC is 
increasingly being performed in patients with higher BMI, cholecystitis, and previ-
ous upper abdominal surgery, all with good results [14].

 Robotic Components and Operating Room Team

There are three major components to the da Vinci Surgical System. Two compo-
nents are not sterile and located away from the table: Surgeon Console (SC) and 
Vision Cart (VC). The patient-side cart (PSC) component is covered with sterile 
drapes and docked at the operating room table. The SC gives the surgeon control 
of the instrumentation and visualization of the operative field. The VC contains 
supporting hardware and software such as the optical light source, electrosurgical 
unit, and optical integration. The PSC has four articulated mechanical arms, 
which control the instruments that are docked to the ports. Efficient use of the 
robotic system is best utilized with dedicated personnel. As previously discussed 
in Chapter 14, our structure consists of a robotic nurse manager, equipment spe-
cialist, circulating nurse, and scrub nurse. The nurse manager coordinates equip-
ment and personnel several days in advance, the equipment specialist will set up 
the robotic subcomponents, and the circulating nurse is responsible for patient 
care and any additional equipment during the operation. The bedside scrub nurse 
must be proficient at instrument exchanges and basic bedside problem solving. 
This structure has been successful in achieving a mean SIRC docking time of 
4.9 ± 2.8 min [14].

 Room Setup and Patient Positioning

The patient is positioned supine on the operating table with the right arm tucked and 
left arm at 90°. The surgeon and assistant initially start on the patient’s left or right 
side according to surgeon preference. The instrument table and scrub nurse are posi-
tioned near the feet. The PSC robotic component will always be over the patient’s 
right shoulder, and the position of the electronics cart and surgeon console can be 
altered depending on room limitations. Typically the SC is to the patient’s left and 
the VC is to the patient’s left or right.

Once the single-site port has been deployed and the abdomen insufflated to 
12–15 mmHg, the PSC is driven at 45° and placed slightly over the patient’s right 
shoulder. Prior to docking of the robot, the patient is placed in 10°–15° of reverse 
Trendelenburg and rotated to the left 10°–15°. Once the docking is completed, the 
surgeon can transition to the console and the assistant can transition to the patient’s 
left side with the scrub nurse remaining near the patient’s feet on the left or right. 
The position of the patient relative to the anesthesia machine may have to be 
adjusted in order for the robotic patient-side cart to be positioned over the patient’s 
right shoulder without interfering with the anesthesia machine or endotracheal 
tube (Fig. 19.1).
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 Technical Pearls

• Consider positioning the patient 30°–45° relative to the anesthesia machine.
• Patient positioning can be altered once the robot is docked if using the da Vinci 

Xi but not with the da Vinci Si robotic surgical system.

 Port Placement and Robotic Docking

A 2.5 cm skin incision is made around the umbilicus. The incision can lie vertical or 
horizontal depending on the surgeon’s preference. Placing the incision in the most 
prominent skin fold at the umbilicus may provide an improved cosmetic result. 
Next, the underlying fascia is elevated and opened 2.5 cm horizontally, and the 
peritoneum is elevated and entered with sharp dissection. Retractors are used to 
stretch the opening large enough to allow port placement. The da Vinci single-site 
port (Intuitive Surgical Inc., Sunnyvale, CA) has five openings: one for the robotic 
8 mm camera, one for insufflation, two for the robotic arms, and one for the assis-
tant’s standard laparoscopic grasper (Fig. 19.2). The silicon port is folded, clamped 
with an atraumatic clamp at its lower rim, and lubricated with water to facilitate its 
introduction. Care is taken to not crush the insufflation tubing during clamping. The 
silicone port is inserted into the abdominal cavity under direct vision by following 
the curve of the clamps while providing retraction at the incision with Army–Navy 
retractors. Once deployed, the orientation of the port is confirmed by making sure to 
align the arrow with the anatomical target and the carbon dioxide insufflation is 
begun (Fig. 19.3).

Fig. 19.1 Single-incision robotic cholecystectomy room setup
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The first 8.5 mm trocar is placed (for the camera), and the camera trocar is 
docked prior to placing the remaining ports. Once docked, an 8 mm 30° down fac-
ing camera is introduced and used for visualization of the remaining ports. Next, the 
two robotic curved trocars are placed through the port under direct vision. These 
cannulae cross at the fascial level to allow appropriate triangulation for the semi- 
rigid instruments during dissection. Because the instruments cross in the port, the 
intra-abdominal instrument position is reversed. The instrument that enters the 
abdomen from the left reaches the operative field on the right and vice versa (Fig. 
19.4). The curved cannulae are docked to the robotic arms. Finally, a fourth (5 mm) 

Fig. 19.2 The da Vinci single-site port. (a) CO2 insufflation tubing, (b) camera port, (c) curved 
working port—Arm 1, (d): curved working port—Arm 2, (e) assistant port

Fig. 19.3 Insertion of single-incision port
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trocar for the bedside assistant is placed through the port, also under direct visual-
ization. With the cannula tip in view, the Crocodile grasper is inserted in arm 1, and 
the monopolar cautery hook is inserted in arm 2.

 Technical Pearls

• Use clamps on each side of the silicone port to prevent slippage during trocar 
insertion.

• Lubricate all trocars with saline.
• For obese patients, use the long curved metal trocars, as tip deflection is less 

common.

 Robotic Dissection and Fluorescence Imaging

The cholecystectomy is performed in a similar manner as a routine laparoscopic 
cholecystectomy. The operating surgeon starts the dissection phase at the console 
with the assistant helping to retract the gallbladder cephalad with a grasper through 
the assistant port. The camera is driven under the assistant grasper, which gives the 
console surgeon partial control of fundal retraction. The crossing of the cannulae 
inside the port internally increases the distance between the instruments tips to over-
come the SILC parallelism, while the curvature of the cannulae internally allows the 
instruments to reach the operative field in a convergent way. This restores the cor-
rect triangulation and allows exposure to Callot’s triangle with the combination of 

Fig. 19.4 Single-site cannula crossing within the trocar. The end of the ports aims toward target 
anatomy
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the assistant grasper and the Crocodile grasper. The da Vinci software automatically 
associates the surgeon’s hands to the ipsilateral instrument tips to restore intuitive 
control of the instruments.

Although we do not routinely use indocyanine green (ICG) and near infrared 
fluorescence for real-time cholangiography to help identify the ductal structures, 
studies show that it may improve the safety of SIRC by preventing inadvertent bile 
duct injuries [15]. The robotic platform allows the surgeon to easily switch from 
white light to fluorescence imaging after the administration of IV ICG. The cystic 
duct and artery are dissected with monopolar hook and divided between Hem-o-lok 
(Weck Closure Systems, Research Triangle Park, NC) clips (Fig. 19.5). Due to the 
flexibility of the instruments, care must be taken with the tension applied to the 
monopolar hook electrocautery to prevent spring-like deflection of the tip. The gall-
bladder is detached from the liver bed with the hook cautery.

At this point, the patient-side cart is undocked and the curved cannula is removed. 
The gallbladder is subsequently removed directly out of the single-site port incision, 
or it can be placed into a 10-mm disposable specimen bag inserted through the 
assistant port. The single-site port is finally removed through the abdominal incision 
with the gallbladder. The size of the single incision allows for easy specimen 
removal, even with large gallbladders or stones. The peritoneum is closed with 
absorbable suture followed by careful fascial closure with interrupted absorbable or 
permanent sutures in a horizontal vest over pants fashion. The skin is re- approximated 
with subcuticular continuous suture and adhesive glue for dressing.

 Technical Pearls

• Swap the hook and grasper instruments to dissect laterally using your left hand.
• Perform extensive medial dissection prior to clipping the cystic duct or artery.

Fig. 19.5 Intraoperative 
dissection of triangle of 
Calot (picture from the 
University of California, 
Davis, Department of 
Surgery Archive)
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• If using ICG and near infrared fluorescence for real-time cholangiography, give 
2.5 mg of ICG 45 min prior to the start of the procedure.

• If using a specimen bag, upsize the assistant port to a 10 mm port after removal 
of the curved cannulae, and use a specimen bag to scoop the gallbladder.

 Summary

The ideal robotic platform should have minimal setup time; a low external profile, 
the possibility of being deployed through a single access site, and the possibility of 
restoring intra-abdominal triangulation while maintaining the maximum degree of 
freedom for precise maneuvers and strength for reliable traction. SIRC addresses 
some of these requirements while maintaining similar outcomes to traditional lapa-
roscopic cholecystectomy.
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20Robotic-Assisted Distal Pancreatectomy

Filip Bednar, Melissa E. Hogg, Herbert J. Zeh, 
and Amer H. Zureikat

 Introduction

Resections of the pancreas have become more common as operative technique and 
perioperative care have significantly improved postoperative outcomes. The advent 
of minimally invasive techniques over the past three decades has revolutionized 
many general and oncologic surgical procedures. Laparoscopic—and now robotic- 
assisted—approaches to a distal pancreatic resection are a natural evolution of this 
trend. In this chapter, we review the indications, technique, and outcomes of robotic- 
assisted distal pancreatectomy (RDP).

 Indications

Robotic distal pancreatectomy is performed for both benign and malignant pancreatic 
pathologies. Benign etiologies include pancreatic trauma with pancreatic ductal disrup-
tion, acute and chronic pancreatitis with or without pseudocyst formation, and cystic 
neoplasms of the pancreas. Malignant etiologies range from pancreatic neuroendocrine 
tumors and pancreatic adenocarcinomas to metastatic disease to the pancreas, including 
renal cell carcinoma, breast carcinoma, peritoneal malignancies, and direct extension of 
solid GI malignancies such as colon and stomach adenocarcinomas.
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 Preoperative Testing

Initial evaluation of the patient consists of a thorough history and physical examina-
tion along with pertinent laboratory studies, including tumor markers, depending on 
the presumed pathology. Operative planning and further diagnosis are achieved with 
high-quality cross-sectional imaging. In our practice, all of our patients undergo a 
“pancreatic protocol” triple-phase high-resolution computed tomography (CT) scan 
prior to any surgery. This is sometimes supplemented by an endoscopic ultrasound 
with a fine needle aspiration for pathologic diagnosis. Further cross-sectional imag-
ing and information can also be obtained with magnetic resonance imaging/mag-
netic resonance cholangiopancreatography (MRI/MRCP).

Patient preparation preoperatively consists of confirming that the patient is phys-
iologically fit to undergo general anesthesia and laparoscopy. The key aspects of the 
evaluation focus particularly on cardiovascular disease and chronic obstructive pul-
monary, since these may alter the operative approach or make the patient ineligible 
for minimally invasive surgery.

 Patient Positioning and Preparation

The patient is positioned supine on a split leg operating table. We extend the right arm 
out to 90° and tuck the left arm next to the body for the procedure. The lower extremi-
ties are padded and secured to allow intraoperative positioning into a steep reverse 
Trendelenburg position without buckling. Once well supported, the legs are abducted 
outward bilaterally to allow the first assistant to stand between them during the opera-
tion. Foley catheter is placed and appropriate IV access and monitoring lines are 
inserted. Placement of central lines is optional depending on the overall health of the 
patient and the judgement of the surgeon and anesthesiologist. We utilize both upper 
and lower body warming blankets during the operation to maintain patient normother-
mia. Once general anesthesia is established, we rotate the operating room table 45° to 
the patient’s right. This allows for the unimpeded docking of the daVinci® system over 
the patient’s head, while maintaining appropriate access (left side) for the anesthesia 
team to the airway and any central lines that were placed (Fig. 20.1). Standard-of-care 
preoperative antibiotics and DVT prophylaxis are administered.

 Operative Approach

 Peritoneal Access

We gain access to the peritoneum with a 5 mm OptiView port in the left upper quad-
rant under direct vision. This can also be accomplished with a Veress needle using 
the standard Veress insertion technique. The placement of this port is planned 
to allow for eventual upsizing to one of the 8 mm robot working ports (Fig. 20.2). 
The abdomen is insufflated to 15 mmHg of pressure, and an initial inspection of the 
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abdominal cavity is performed to determine the presence of any metastatic disease 
or other pathology that would alter the operative approach. If the decision is made 
to proceed, a periumbilical 12 mm camera port is placed. We immediately also 
insert a figure-of-eight 0 Polysorb/Vicryl suture using a Carter-Thomason suture 
passer to allow for a rapid fascial closure at the end of the case. Additional 8 mm 
robotic and 5 mm/12 mm assistant ports are placed as demonstrated in Fig. 20.2. 
A right lateral 5 mm port is used as an entry site for the liver retractor to allow 
for the elevation of the left lateral segment of the liver and the stomach. The left 
lower quadrant 12 mm port site will eventually be slightly enlarged and serve as the 
specimen extraction site during the operation.

 Liver Retraction and Access to the Lesser Sac

The patient is placed in a steep reverse Trendelenburg position and rotation to the 
left or right is utilized to optimize the visualization of the operative field. This is a 
key step in the operation because once the daVinci® system is docked, no further 
adjustments in patient or bed positioning can be made without removing all of the 
instruments and completely undocking the robotic arms. With all ports in place, we 
insert a triangular liver retractor to elevate the left lateral segment of the liver and 
directly visualize the anterior surface of the stomach and the spleen. We expose the 
anterior surface of the pancreas by dividing the greater gastrocolic omentum imme-
diately outside of the right gastroepiploic arcade. The line of division is continued 
taking the short gastric vessels all the way to the left crus of the gastroesophageal 
hiatus. We utilize the laparoscopic LigaSure™ instrument for the omental division. 
The operating surgeon is typically on the right side of the patient, while the first 
assistant provides countertraction and exposure from a position between the 
patient’s legs during this step. Division of the omentum provides exposure to the 
anterior surface of the pancreas toward the spleen.

 Isolation of the Splenic Artery

Once the stomach is mobilized, it can be placed above the triangular liver retractor 
to keep it out of the operative field without sacrificing an active instrument. At this 
point, the daVinci® system is brought into the field. Arms 1 and 3 are docked to the 
left of the camera; arm 2 is docked to the right. The 30° robotic camera is inserted 
into the 12 mm periumbilical port with a 30° downward orientation. Under direct 
vision, we typically place the robotic hook cautery instrument into arm 1, the fenes-
trated bipolar grasper into arm 2, and a second non-cautery grasper (Prograsp or 
Cadiere forceps) into arm 3. The assistant uses a suction irrigator device and a long 
5 mm laparoscopic LigaSure™ device through the 5 and 12 mm assistant ports to 
keep the field clear and to assist with the hemostasis.

The first step of the dissection focuses on the isolation of the proximal splenic 
artery, which can typically be found above the superior border of the pancreas. 
For pancreatic cancers, we divide the pancreas at the neck to ensure an excellent 
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lymphadenectomy along the left gastric pedicle and celiac trunk. For pNETs or other 
non- PDA diseases, we divide the pancreas 1–2 cm to the right of the lesion. A sple-
nectomy is performed en-bloc for all PDA cases. Careful blunt dissection and judi-
cious use of hook cautery supplemented with the 5 mm LigaSure™ and the fenestrated 
bipolar device are used to circumferentially dissect the splenic artery. A vessel loop is 
used to provide gentle traction on the vessel (Fig. 20.3). Occasionally, a robotic 
Maryland forceps instrument is also used for assistance during this dissection. Once 
isolated, the splenic artery is divided with the 45 mm gold vascular load for the 
EndoGIA stapler.

 Isolation of the Pancreatic Body and Splenic Vein

The specific point of division on the pancreas will depend on the patient pathology. 
We often utilize an intraoperative ultrasound probe for the daVinci® system to con-
firm our planned point of division. The dissection of the pancreatic body begins at the 
inferior border of the pancreas. Specific attention is given to the location of the supe-
rior mesenteric vein (SMV), which forms the most proximal extent of the dissection. 
Additional vascular structures needing identification during this step are the inferior 
mesenteric vein (IMV) at its insertion to the splenic vein or SMV. We carry the dis-
section posterior to the pancreas along the avascular plane that separates it from the 
rest of the retroperitoneum. Along this course, we identify the splenic vein, if it has 
not been isolated yet. Once the superior edge of the pancreas is reached, we pass a 
moistened umbilical tape around the gland to provide gentle traction (Fig. 20.4). 
A 60 mm purple or gold (depending on thickness) EndoGIA stapler load is used for 
division of the gland. Alternatively, if the gland is too thick, we will transect it with 
electrocautery scissors and close the stump with a running 3-0 V-Loc suture with 5-0 
pds suture closure of the pancreatic duct if found.

Fig. 20.3 Isolation of splenic artery
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With the pancreas and the splenic artery divided, the only structure left to isolate 
is the splenic vein. At this point, the vein is typically easily visible and is again 
circumferentially dissected (either at its junction with the superior mesenteric vein 
[SMV] or to the left of the spleno-portal confluence) and then encircled with the 
help of a vessel loop (Fig. 20.5). Division of the splenic vein is performed with a 
45 mm gold EndoGIA stapler load (Fig. 20.6). At the end of this maneuver, all of 
the major vascular tributaries to the spleen have been controlled, and we turn our 
attention to the final retroperitoneal dissection and splenic mobilization.

Fig. 20.4 Isolation and division of the pancreas

Fig. 20.5 Isolation vein
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 Antegrade Mobilization from the Retroperitoneum, Splenic 
Mobilization

The extent of the retroperitoneal dissection depends on the pathology being treated. 
If we are performing a distal pancreatectosplenectomy for a pancreatic adenocarci-
noma, we also resect the superficial retroperitoneum anterior to the adrenal gland, 
renal vessels, and Gerota’s fascia en bloc with the pancreas. If the etiology is a 
benign or a malignancy other than a true pancreatic adenocarcinoma, the dissection 
can be simply carried along the retropancreatic avascular plane (just posterior to the 
splenic vein) toward the spleen. The tissue dissection is typically performed with 
gentle elevation of the pancreas toward the anterior abdominal wall using arm 3 
grasper. The hook cautery, the 5 mm LigaSure™, and the fenestrated bipolar are all 
involved in hemostasis with the assistant using the suction irrigator to keep the field 
clear of fluid, blood, and smoke. Carrying the retroperitoneal dissection laterally 
eventually brings the surgeon to the posterior, superior, and inferior attachments of 
the spleen. These are divided with hook cautery or the 5 mm LigaSure™ to finish 
the mobilization of the entire specimen (Fig. 20.7).

 Specimen Extraction

The specimen is extracted in two parts. We identify the plane separating the distal 
pancreatic tail from the spleen at the splenic hilum and use an EndoGIA 45 mm gold 
or purple stapler loads to divide the splenic hilum at that point. The distal pancreas 
and the spleen are separately contained within two 10 or 15 mm Endocatch bag 
devices depending on the size of each specimen. The bags are extracted through the 
12 mm left lower quadrant assistant port. This port sometimes has to be enlarged 
one or two centimeters to allow for the tissue extraction.

Fig. 20.6 Division of the of the splenic splenic vein
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Fig. 20.7 Retroperitoneal dissection and splenic mobilization

Fig. 20.8 Drain placement

After specimen extraction, we place a round #19 channel drain into the resection 
bed posterior to the stomach with the tip near the transected pancreas (Fig. 20.8). 
This is typically placed through robotic port #3 and secured at the skin with a 2-0 
nylon suture. We irrigate the resection bed and the left upper quadrant with the suc-
tion irrigator to verify hemostasis. We then undock the daVinci® system and begin 
the final closure.

F. Bednar et al.



261

 Closure

For the closure the patient is returned to a supine position. We close the fascia of the 
enlarged 12 mm port in the left lower quadrant with interrupted figure-of-eight #1 
polysorb vicryl sutures. The periumbilical port site is closed with the previously 
placed figure-of-eight Polysorb/Vicryl suture. All skin incisions are closed using 4-0 
running Monocryl/Monosorb subcuticular sutures. The drain is placed to bulb suction. 
We typically leave the Foley catheter in place until the following morning. Early drain 
removal (POD 3–4) is employed if the drain amylase level is <3 times the serum level.

 Clinical Outcomes

 Feasibility

As with any new technology, analysis of RDP outcomes initially focused on safety 
and feasibility of the robotic approach in comparison to the other platforms. 
Giulianotti and colleagues published a series of five robotic-assisted pancreatic 
resection cases with advanced vascular resections [1]. These included two Appleby 
procedures, one distal pancreatectomy with a portal vein resection, and the other 
Whipple pancreaticoduodenectomies with portal vein resections. The manuscript 
did not contain significant long-term outcomes but served to introduce the applica-
tion of this technology to complex pancreatic and vascular resections.

Our group published its initial large summary of robotic pancreatic resection 
experience in 2013 [2]. Out of the reported 250 pancreatic resections, 83 were distal 
pancreatectomies. We observed no 30- or 90-day mortalities and a 13% rate of 
Clavien-Dindo Grade III complications [3]. Forty-three percent of our patients had a 
postoperative pancreatic fistula, 17% were clinically relevant Grade B/C fistulas. Our 
conversion rate to an open procedure was 2%. Similar to our experience, Zhan and 
colleagues summarized their early experience with 16 RDPs and demonstrated a 
pancreatic leak rate of 56% [4]. Suman and colleagues performed 49 RDPs for can-
cer with a postoperative morbidity of 40%, pancreatic fistula rate of 20%, and clini-
cally relevant Grade B/C fistulas in 5% of their patients [5]. However, they converted 
to an open operation in 18.4% of their cases while achieving a 92% R0 resection rate. 
Hwang and colleagues published their experience with 22 spleen- preserving RDPs 
[6]. The postoperative pancreatic Grade B/C fistula rate was 9.1% and no conver-
sions were noted. These single institution series demonstrate that a robotic-assisted 
approach to distal pancreatectomy can achieve results that are potentially compara-
ble to historical controls for open distal pancreatic resections.

One key aspect in the adoption of any new technology is its associated learning 
curve. Our group has specifically tried to address this question by analyzing the first 
100 RDPs at our institution utilizing the cumulative sum analysis (CUSUM) method 
for operative time. In our experience, the learning curve was approximately 40 cases 
[7]. Comparing the first 40 cases with the latter 60 demonstrated a significant drop 
in operative time from 299 to 210 min. We also lowered our rate of readmissions 
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from 40 to 20% and the rate of Grade B/C pancreatic fistulas from 27.5 to 11.7%. 
For oncologic resections, we had a stable 3–5% rate of R1 resections.

In comparison to our learning curve data, Napoli and colleagues analyzed 55 
RDPs from their institution [8]. Similar to our approach, they also utilized a cumu-
lative sum analysis (CUSUM) of operative times and determined their learning 
curve threshold to be ten cases. They demonstrated operative time decrease from 
421 to 248 min and grade B/C fistula rate of 60% and 42% for the first 10 versus the 
next 45 cases. It is notable that both reports analyzing the learning curves come 
from high-volume institutions that have also built the appropriate perioperative and 
operating room support system that allows for efficient progression of learning and 
skill acquisition under the mentorship of experienced robotic surgeons.

 Comparison with Open and Laparoscopic Distal Pancreatectomy

Robotic distal pancreatectomy represents an evolution of the minimally invasive 
laparoscopic paradigm. Our group compared our early robotic experience (first 30 
cases) with 94 laparoscopic distal pancreatectomies (LDP) at our institution. Even 
though these cases represented the early part of our learning curve, we still demon-
strated decreased OR times (293 vs. 372 min), lower blood loss (375 vs. 500 cc), 
and low conversion rate to an open resection (0 vs. 16%) when utilizing the robotic 
technique compared to LDP [9].

Additional single institution studies also compared various aspects of robotic, lapa-
roscopic, and open approaches. Waters and colleagues compared 17 RDPs with 22 open 
distal pancreatectomy and 18 LDPs [10]. In this report, operative times were 298 min 
for RDP, 234 min for open distal pancreatectomy, and 224 min for LDP. Postoperative 
morbidity was 18% in the robotic cohort, 18% in the open cohort, and 33% in the lapa-
roscopic cohort. Length of stay was the shortest in the robotic cohort at 4 days. Both 
laparoscopic and robotic procedures had a ~12% conversion rate.

Kang and colleagues analyzed 25 laparoscopic and 20 RDPs [11]. In their com-
parison, younger patients underwent the robotic resection more often. Operative 
times were 258 min for the laparoscopic resections and 349 min for the RDPs with 
similar associated blood loss. Rates of postoperative complications were similar in 
both groups at 10–16%. Duran and colleagues analyzed 16 RDPs and compared 
these to 13 open and 18 laparoscopic resections [12]. The robotic cohort was health-
ier at baseline with no ASA III patients. 12.5% underwent conversion in the RDP 
cohort. There were two Grade A postoperative pancreatic fistulae in the RDP cases 
compared with two Grade B in the laparoscopic and open cases. In the study by Lai 
and colleagues, 17 RDPs were compared with 18 laparoscopic resections [13]. The 
operative time was longer for the RDP at 221 vs. 174 min. The associated postop-
erative pancreatic fistula rate was 41 and 33%. Goh and colleagues compared eight 
RDPs with 31 laparoscopic resections [14]. There were no conversions in the RDP 
cohort and 42% conversion rate in the laparoscopic cohort. OR times in the RDP 
group were longer (452 min) than in the laparoscopic group (245 min). Postoperative 
pancreatic fistula rates were high at 58–63%. Percentages of 25 and 13 of the RDP 
or laparoscopic patients suffered a Grade III/IV complication.
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The group from Memorial Sloan Kettering has recently published an analysis of 
their distal pancreatectomy experience [15]. They compared 637 open, 131 laparo-
scopic, and 37 robotic distal resections. The robotic and laparoscopic cohorts had 
a lower proportion of malignant histology (39% vs. 11–15%). OR time was slightly 
longer for the RDPs at 213 min compared with the open and laparoscopic resec-
tions (185 and 193 min). Conversion rates were similar between RDP and LDP at 
38 and 31%. Grade B or higher pancreatic fistulas were present in 9% (open), 6% 
(laparoscopic), and 5% (robotic) of patients. Grade III/IV complications occurred 
in 25, 22, and 43% of patients.

Two studies attempted to compare RDP with laparoscopic distal pancreatecto-
mies in a more controlled fashion. Butturini and colleagues performed a small non-
randomized prospective trial comparing 22 RDPs with 21 laparoscopic resections 
[16]. The study was again underpowered, but the observations were similar to the 
series presented earlier. The conversion rates were equivalent in the two cohorts at 
4.5 and 4.7%. The postoperative fistula rates were 50–57% with 27–33% Grade 
B/C. The readmission rate and reoperative rate were higher in the robotic cohort at 
18.2% vs. 4.7% and 13.6% vs. 4.6%. The significance of these differences is diffi-
cult to assess given the low numbers of patients enrolled in each cohort.

Chen and colleagues conducted a matched cohort study of 69 robotic and 50 
laparoscopic distal pancreatectomies [17]. They noted a significantly higher rate of 
splenic preservation (65% vs. 26%), significantly lower operative time (150 vs. 
200 min), and lower blood loss in the robotic cohort. They had no conversions 
in any of the RDPs. Postoperative morbidity was equivalent in the two groups 
at ~40–48%. The pancreatic fistula rate was 25–32% and Grade B fistulas were 
seen in 15–29%.

 Conclusion

Current clinical experience and published data suggest that the robotic approach to 
distal pancreatectomy is safe and feasible. The learning curve has been estimated to 
be between 10 and 40 cases at high volume centers. Published outcomes are limited 
by small numbers and selection bias; however, emerging data suggests noninferiority 
compared to the laparoscopic approach. Robotic approaches to pancreatic resection 
continue to carry significant promise of improved outcomes; however, randomized 
controlled trials or large-scale registries are needed to delineate the benefit of the 
robotic approach compared to other platforms.
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21Robotic Liver Resection and Biliary 
Reconstruction

Iswanto Sucandy and Allan Tsung

 Robotic Liver Resection

Until the 1980s, operative mortality after liver resections was about 20%, which 
was mainly related to significant intraoperative hemorrhage [1]. As liver surgery 
became safer because of a better understanding of liver anatomy, safer anesthesia, 
and more advanced perioperative care, minimally invasive techniques began to gain 
popularity in the mid-1990s. Application of robotic technology in the fields of hepa-
tobiliary and complex surgical oncology is gradually gaining popularity worldwide. 
Robotic liver resection and biliary reconstruction are now performed in many major 
hepatobiliary centers for malignant and benign diseases. Published articles in mod-
ern surgical literature assessing this new approach are also rapidly expanding. This 
chapter provides an overview of robotic application in liver and biliary tract sur-
gery, a contemporary summary in regards to perioperative outcomes, and a com-
parison against the more established conventional laparoscopic technique.

The minimally invasive approach has proven its benefits in the past two decades 
in almost all surgical subspecialties, including colorectal surgery, gynecology, urol-
ogy, cardiothoracic surgery, bariatric surgery, and surgical oncology. Reduced post-
operative pain decreased postoperative narcotic requirement, decreased length of 
hospital stay, lowered wound-related complications, and improved cosmesis have 
transformed minimally invasive surgery to become the technique of choice. The 
conventional laparoscopic technique, however, has several inherent limitations, 
such as limited range of motion, amplification of physiologic tremor, reduced ergo-
nomics, and a steep learning curve. The need for advanced laparoscopic skills, 
which include suturing, knot tying, and bimanual tissue manipulations, hinders 
adoption of this technique for complex liver, pancreas, and biliary tract surgeries. 
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Operating surgeons need sufficient experience in advanced laparoscopic surgery in 
addition to open liver surgery in order to perform a safe laparoscopic liver resection. 
Robotic surgery can potentially provide a better solution for the technical limita-
tions of conventional laparoscopic techniques. In a series reported by Choi et al., 
surgeons without any experience in laparoscopic major liver resections succeeded 
in performing robotic major hepatectomies [2]. The robotic system, therefore, may 
enable surgeons with insufficient experience in advanced laparoscopy to perform 
more complex minimally invasive procedures.

 Advantages and Disadvantages of Robotic Surgery

The robotic system provides several advantages over the traditional laparoscopic 
techniques, including seven degrees of freedom, enhanced suturing capability, supe-
rior visualization with a 3-D camera system, elimination of physiologic tremor, and 
surgeon ergonomics. These features allow for precise identification and complex 
dissection of inflow/outflow vessels and biliary ducts, both extra- and intrahepati-
cally. While intrahepatic Glissonian pedicle approach is popular and effective in a 
non-cirrhotic liver, this technique is dangerous in cirrhotic livers. The cirrhotic liver 
parenchyma often resists a smooth clamp insertion or stapler passage, while a minor 
injury to the pedicles may cause significant bleeding in the context of portal hyper-
tension. The extrahepatic approach appears to be ideal in this situation, as long as it 
can be done safely during minimally invasive liver resections. Robotic surgery pro-
vides a superior technical ease in accomplishing this key step, when compared to 
the conventional laparoscopic approach. Some surgeons may even advocate that 
portal/inflow dissection is easier and safer robotically, secondary to the enhanced 
3-D visualization, better dissection angle, vision magnification, and tremor filtering 
by the robotic system.

Casciola et al. described that the robotic approach is most useful for lesions 
located high in the hepatic dome (segment 7–8) [3]. Due to the straight characteris-
tics of most laparoscopic instruments, the convexity of the liver surface can create 
difficulties in reaching the hepatic dome area. Robotic endowrist features of da 
Vinci robotic system provide better access to this area. Additionally, the use of the 
robotic system seems to shorten the learning curve for most complex operations 
when compared to the conventional laparoscopy. The technical advantages associ-
ated with the robotic approach allow completion of a higher percentage of major 
hepatectomies using a purely minimally invasive approach. Tsung et al. reported 
that 93% of the robotic liver resections were accomplished without the need for 
hand-assist ports or hybrid technique, in contrast with only 49.1% of those per-
formed using the conventional laparoscopic approach [4]. The technically challeng-
ing nature of most hepatobiliary operations provides an ideal application for robotic 
technology [5–8].

Higher operative costs, lack of tactile feedback, narrow operative field, and the 
need for a skilled bedside assistant are some of the disadvantages of robotic surgery 
currently. The lack of tactile feedback can generally be compensated by visual 
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feedback, which gradually comes with practice and experience [9]. Guilianotti et al. 
in 2003 reported the first series of robotics in general surgery [10]. In their early 
report of 207 procedures, which included liver and pancreas resections, they con-
cluded that robotic-assisted surgery is both safe and feasible. Based on the most 
recent international consensus in Morioka, Japan, however, major robotic liver sur-
gery is still recommended to be done within an institutional review board-approved 
registry [11].

 Robot-Assisted Liver Surgery

The first report of robot-assisted liver resection was published in 2006 by Ryska 
et al. [12]. Fourteen major series of robotic liver resection since 2010 have then been 
published in the literature, with description of operative time, estimated blood loss, 
requirement for blood transfusion, extent of hepatic resection, perioperative mor-
bidity, and postoperative duration of hospital stay. The 2008 International Consensus 
Conference on laparoscopic liver surgery held in Louisville, Kentucky led to recom-
mendations that solitary liver lesions of 5 cm or less and peripheral tumor location 
are ideal for minimally invasive approach. No specific guidelines have been written 
to date, in regards to the use of robot-assisted liver resection [11].

Upon review of all published series on robot-assisted liver resection, approxi-
mately 72% of cases were performed for malignancies [9]. The most common 
pathology was hepatocellular carcinoma, followed by colorectal liver metastasis 
and intrahepatic cholangiocarcinoma. On the other hand, benign indications for 
liver resection included symptomatic hemangioma, hepatic adenoma, and fibronod-
ular hyperplasia. Thirty-one percent of cases were classified as major resections 
with more than three liver segments resected. Operative time varied between 90 and 
812 min. The long operative times were usually attributed to equipment unfamiliar-
ity and longer robotic setup times. Increase in technical experience of the console 
surgeon, bedside assistant, and operating room team reduced the operative time 
[10]. Estimated blood loss ranged from 50 ml to 413 ml with transfusion rates 
ranged from 0 to 44%. Ji et al. in their series reported reduced blood loss using the 
robotic approach, in comparison with the conventional laparoscopic or classical 
open operation (280 ml vs. 350 ml vs. 470 ml, respectively; p < .05) [13]. Publication 
from our institution demonstrated reduced blood loss in the latter 44 robotic liver 
resections, when compared with the initial 13 cases (100 ml vs. 300 ml) [10]. Seven 
percent of open conversion rate was related to intraoperative bleeding, significant 
intraabdominal adhesions, technical difficulties in accomplishing resection, and 
concerns regarding oncologic margins [14].

Average reported rate of complications after robotic liver resections was 21%, 
which included liver-specific complications (bile leak, liver failure, and postop-
erative ascites), those related to the operation (abdominal bleeding, pleural effu-
sion, wound infection, postoperative ileus, and bladder injury), and those related 
to the any surgery in general (postoperative venous thromboembolism, 
Clostridium difficile infection) [9]. The overall most common were bile leaks, 
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development of bilomas, and intraabdominal abscesses. No perioperative mortal-
ity has been reported in any of the reported series. Length of hospital stay ranged 
from 4 to 12 days. There appeared to be variability in length of hospital stay 
depending on the country where the procedures were performed. The shortest 
hospital stay was observed in the United States. In Europe and Asia, post-hepa-
tectomy patients were kept in the hospital longer. Experience from the University 
of Pittsburgh Medical Center showed a median postoperative hospital stay of 
4 days [8, 10]. Ji et al. also described the duration of hospital stay to be 3 days 
shorter after robotic liver resection, when compared with open (7 days vs. 
10 days) [13].

There have been only limited data on oncologic outcomes after robotic liver 
resections. Most series reported a high R0 resection with only five series reported 
follow-up longer than 9 months after hepatectomy (range 9.6–25 months) [2–3, 
14–16]. Recurrence rates after robotic liver resection appears to be comparable with 
that of the laparoscopic liver resection published in the literature [17]. Given the 
lack of solid long-term follow-up data, more definitive conclusions on local recur-
rence rates and disease-free survival require further studies.

 Patient Assessment and Operative Strategy

The indications and preoperative evaluation for robotic liver resections are simi-
lar to those of open liver surgery. Imaging of the liver is best obtained with tri-
phasic liver CT scan or MRI. Biopsy of liver mass is usually reserved only for 
diagnostic uncertainty, despite of high-quality imaging. Evaluation of future 
liver remnant and patient general health performance are similar to those of the 
open surgery. Decision to perform liver resection robotically is strongly influ-
enced by the tumor location, size, vicinity to the vital structures, and experience 
of the robotic team. Both the console surgeon and his/her bedside assistant should 
be ideally proficient in open and robotic liver surgery. They should be inter-
changeable throughout the entire case. Central and high posterior lesions provide 
challenges and require significant robotic experience. The technical challenges 
with liver mobilization, hilar dissection, parenchymal transection, and hemosta-
sis can be minimized by an optimal port placement, good patient positioning, and 
efficient operating room team. Difficult dissections that require significantly pro-
longed operative time, failure to progress, significant intraoperative bleeding 
should prompt a consideration for conversion to the open approach. The anesthe-
sia team should also understand that a low central venous pressure should always 
be aimed during any liver operations, regardless of the operative approach. 
Temporary inflow occlusion with Pringle maneuver is sometimes necessary. In 
our institution, we use a flat rubber tape, which is placed around the portal pedi-
cle via the foramen of Winslow using a blunt robotic grasper. The rubber tape is 
then tightened by pulling its two ends together and subsequently held in place by 
a laparoscopic bulldog clamp.
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 Surgical Technique in Robotic Liver Resection

 Patient Positioning and Port Placement

The patient is placed supine on the operating table with 15–30 degree reverse 
Trendelenburg position and split legs. The bedside assistant is standing in between 
the patient’s legs. A foot board should be routinely placed to avoid untoward 
patient’s movements during intraoperative positional maneuvers. For lesions in 
right posterior sectors, the table can be slightly rotated to the left (partial left lateral 
decubitus) in order to increase exposure. Unlike in conventional laparoscopy where 
the operating table adjustments can be readily made at any time during the opera-
tion, in robotic surgery, the arms must be undocked before any positional changes.

A total of six ports are used (two 12 mm ports, three 8 mm robotic ports, and one 
5 mm port) in standard robotic major liver resection. Trocar positioning for both 
right and left liver resections is shown (Figs. 21.1 and 21.2). Access into the abdom-
inal cavity can be safely established using either the standard Hasson or the Optiview 
technique. After 15 mmHg pneumoperitoneum is achieved, a 30-degree robotic 
camera is inserted. The camera port should be placed approximately 15–20 cm from 
the target anatomy. The additional five ports are placed under direct visualization 
with the robotic ports should be placed at least 8 cm apart from each other to mini-
mize external collisions. The da Vinci robotic system is docked from the cranial 
aspect of the patient, making sure an adequate clearance from anesthesia apparatus. 
A properly docked robotic system should in line with the working axis (Fig. 21.3). 
In right liver resection, the 12 mm camera port is usually introduced in the right 
periumbilical position in order to place the camera in the middle of the target anat-
omy. The main working arms (arm 1 and 2 are placed to the left and right of the 
camera port). The third robotic arm is placed to the left of the arm 2, approximately 
10 cm away. This arm is used for field exposure and tissue retraction. The two assis-
tant ports (12 mm port to allow insertion of linear stapling device and 5 mm for 
laparoscopic suction/hemostatic instruments) are placed caudolateral to the camera 
port facing the target anatomy. For left hepatectomies, the camera port is placed in 
supraumbilical position because the operative frame is slightly shifted toward the 
left abdomen. The assistant’s instruments must be able to reach the working area for 
suctioning, clipping, compression, stapling, or ultrasonographic mapping without 
difficulty.

 Right Hepatic Lobectomy

The operation begins with division of the round and falciform ligaments. 
Attachments between the liver and the hepatic flexure, right kidney, duodenum, or 
omentum are taken down using a hook electrocautery. The third robotic arm is posi-
tioned to provide upward and medial retraction to the right liver in order to explore 
the right triangular ligament laterally and short hepatic veins medially (Fig. 21.4). 
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Fig. 21.1 Trocar 
positioning for right liver 
resection

Fig. 21.2 Trocar 
positioning for left liver 
resection
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Fig. 21.3 Operating room setup and robotic system docking position

Fig. 21.4 Exposure and mobilization of the right lobe of the liver

Appropriate adjustment is made by the third arm as the dissection proceeds crani-
ally toward the hepatic hilum. The right side of the inferior vena cava (IVC) is dis-
sected carefully off the inferior aspect of the liver. The short hepatic veins are 
individually isolated and divided between clips and silk ties.

Portal dissection is started by appropriately lifting the inferior aspect of the liver 
cranially using the third robotic arm. The gallbladder when still present can be used 
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as a natural grasping handle by the third arm. The proper hepatic artery, which leads 
to the right hepatic artery, is identified. The right hepatic artery branch is isolated 
using a Maryland dissector and encircled with a vessel loop. A clamping test must 
be performed to ensure an intact arterial flow in the left hepatic artery prior to divi-
sion. Silk tie with placement of metal clips or Hemolock clips are commonly used 
for this step (Fig. 21.5). A close attention must be exercised to avoid injury to the 
replaced or accessory right hepatic artery that is present in up to 25% of patients. 
The right portal vein is then carefully dissected and isolated prior to division using 
a linear vascular stapler (Fig. 21.6). Small branches to the caudate lobe often need 
to be divided in order to provide an adequate space for division. Finally the right 
hepatic duct is isolated, ligated, and divided after an intraoperative cholangiogram 
confirming presence of an intact contralateral biliary system (Fig. 21.7). Other 
authors have described the extra-Glissonian approach, where the right hepatic duct 
is divided using a linear stapler, without having to do a portal dissection with indi-
vidual structure identification/ligation [2].

The right hepatic vein is then isolated and encircled with a vessel loop. A linear 
vascular stapler is used to divide the right hepatic vein by the bedside assistant, which 
safely accomplishes the outflow control. The line of parenchymal transection is then 
marked with the hook electrocautery, which follows a demarcation line on the liver 
surface. Placement of figure of eight silk sutures on both sides of the transection 
plane can be helpful for retraction (Fig. 21.8). Intraoperative ultrasonography is per-
formed to confirm adequate tumor margins and to anticipate any large underlying 
crossing vessels. The Tilepro® feature of da Vinci system is helpful in transferring the 
ultrasonographic images to the console. The liver parenchymal transection is started 
using a combination of a Maryland bipolar forceps, application of silk ties and metal 
clips, and the robotic vessel sealer device. Use of rubber bands for lateral traction of 
the liver in minimally invasive hepatectomy has been introduced by Choi et al. [18, 

Fig. 21.5 Portal dissection and division of the right hepatic artery
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19]. As the parenchymal transection progresses, the traction of each rubber band was 
adjusted to optimize the exposure. The bedside assistant should help with tissue 
hemostasis and dynamic exposure of the transection plane. Medium- and large-sized 
crossing vessels/branches found intrahepatically are individually secured using ties 
and clips before division. Alternatively, they can also be handled using linear vascu-
lar stapler, fired by the bedside assistant. Thorough hemostasis and meticulous search 
for bile leak are performed along the cut surface prior to placing an abdominal drain. 
The resected specimen is placed in a large endo bag retrieval system and removed via 
either the enlarged camera port at the umbilical location or via a Pfannenstiel 
incision.

Fig. 21.6 Isolation of the right portal vein and division using linear vascular stapler

Fig. 21.7 Isolation and division of the right hepatic duct
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 Left Hepatic Lobectomy

The round and falciform ligaments are taken using similar technique as the right 
liver resection. A complete stomach decompression via a naso/oro-gastric tube is 
important at the beginning of the case. The left triangular ligament is divided using 
the hook electrocautery. It is important to not injury the branch of the phrenic veins 
often located nearby. Access into the lesser sac is obtained by dividing the gastrohe-
patic ligament. An accessory or replaced left hepatic artery is ligated and clipped 
prior to division when present in about 10–15% of patients. The lesser sac is opened 
all the way cephalad, toward the origin of the left hepatic vein. The goal is to obtain 
a complete mobilization of the left hemiliver. The portal dissection and parenchy-
mal transection are performed using similar techniques as the right liver resection. 
The transverse portion of the left portal inflow allows a technically safer dissection. 
The right posterior sectoral bile duct empties into the left hepatic duct in approxi-
mately 13–19% of the population [20, 21]. Therefore, it is safer to divide the left 
bile duct close to the junction of the transverse and umbilical portion of the portal 
pedicles. Outflow dissection is subsequently performed after division of Arentius’ 
ligament. With the left lobe reflected toward the right, the origin of the left and 
middle hepatic veins is carefully dissected. In majority of patients, the left and mid-
dle hepatic veins create a common trunk before entering the inferior vena cava. A 
linear vascular stapler is used to divide the hepatic vein after encirclement using a 
vessel loop (Fig. 21.9). If a safe outflow dissection cannot be achieved extrahepati-
cally, the hepatic veins can also be divided intra-hepatically as the parenchymal 
transection proceeds cephalad (Fig. 21.10). Hemostasis and bilestasis are meticu-
lously ensured prior to completion.

 Left Lateral Sectionectomy and Nonanatomic Liver Resection

In a left lateral sectionectomy, the transection line is located just to the left of the 
falciform ligament after left hemiliver mobilization. The divided round ligament 

Fig. 21.8 Placement of 
two stay stitches on both 
sides of transection plane
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can be used as a handle toward the right anterior direction, which opens up the tran-
section plane. Segment 2 and 3 pedicles were taken (either together or individually) 
with vascular load linear staplers, following the extra-Glissonian technique. The 
parenchymal transection is performed using similar steps, similar to those in formal 
left or right hepatectomies. Crossing vessels to segment 4A and 4B usually are usu-
ally encountered, but they can be easily managed with clips, vessel sealing devices, 
or linear staplers. The left hepatic vein is divided intrahepatically toward the end of 

Fig. 21.9 Isolation of the left hepatic vein outflow before parenchymal division

Fig. 21.10 Parenchymal transection with division of hepatic vein common trunk
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the parenchymal transection. For nonanatomic liver resection, intraoperative ultra-
sonography is frequently used to ensure adequate margins and to detect underlying 
major vessels to and from the segments of pathology. Adequate planning for vascu-
lar control of medium/large vessel branches shown by the ultrasound should be in 
place prior to transection. Complete hemostasis and detection of bile leak must be 
ensured after parenchymal division. When a bile leak is identified from a biliary 
branch, careful placement of silk or vicryl sutures are effective. For hemostasis, we 
prefer to use saline-cooled radiofrequency device, which gives excellent results. 
Thermal energy, however, must be carefully applied in areas near the hepatic hilum 
and vessel staple lines. It is a good practice to lower the pneumoperitoneum while 
observing the liver cut surface for occult bleeding prior to closure [22].

It is critical to have a skilled bedside assistant surgeon with this type of advanced 
operations in liver surgery. Intraoperative bleeding during parenchymal transection 
is the primary reason for conversion to open surgery during major laparoscopic liver 
resection. Similar situation applies for major robotic liver resections. Conversion 
rates in laparoscopic major hepatectomy range from 33% in the early experience by 
Dulucq et al. [23] to a lower rate of 14% reported more recently by Gayet et al. [24]. 
In the totally robotic right hepatectomy of 24 patients reported by Giulianotti et al. 
[25], open conversion only occurred in 1/24 patients, which was related to onco-
logic concerns (inability to carefully evaluate the resection margins).

 Robotic Biliary Reconstruction

Robotic application in hepatobiliary surgery has included complex biliary tract 
reconstructive operations for benign and malignant biliary pathology. In 1995, the 
first report of minimally invasive choledochal cyst excision with Roux-en-Y hepati-
coenterostomy was published by Farello et al. [22]. Unfortunately, adoption of this 
technique is slow, because of its technical complexity. In the past 5 years, however, 
several studies have emerged due to the availability of robotic system in many 
developed countries, which clearly facilitates performance of complex minimally 
invasive biliary tract operations [26, 27]. Alizai et al. reported 27 total cases of 
robot-assisted resection of choledochal cysts with hepaticojejunostomy in children, 
with five cases converted to open because of technical difficulties [28]. Reported 
average operative time was 5 h. Positive outcomes after 2.7 years of mean follow-up 
were reported with one child developed anastomotic stricture and subsequent bile 
leak after an open redo hepaticojejunostomy. Median hospital stay was 6 days and 
cosmetic results were excellent. Another report of robot-assisted complete excision 
of type 1 choledochal cyst with significantly shorter operative time (180 min) was 
published by Akaraviputh et al. [29]. A postoperative complication, which required 
percutaneous drainage of fluid collection and administration of systemic antibiotic, 
was noted, with otherwise excellent 1 year follow-up outcomes.

Inflammation of the porta hepatis, variable biliary anatomy, inadequate exposure and 
visualization, overly aggressive attempts at dissection/hemostasis, and surgeon inexperi-
ence are the commonly cited risk factors for biliary injury during cholecystectomy. 
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Roux-en-Y hepaticojejunostomy is the standard treatment for common hepatic duct 
injury type E2 according to the Strasberg classification. Most biliary injuries occur high 
in the biliary tree, close to the porta hepatis, thus not allowing a tension-free anastomosis 
with the duodenum for a choledochoduodenostomy. Prasad et al. reported the first case 
of robotic hepaticojejunostomy reconstruction for common bile duct injury after a cho-
lecystectomy [30].

In a palliative setting of advanced malignant biliary obstruction, biliary drainage 
procedure can also provide durable restoration of life. The minimally invasive 
method may provide an optimum palliation with minimal trauma, low morbidity, 
and rapid recovery. Robot-assisted Roux-en-Y hepaticojejunostomy provides a bet-
ter solution for the obstacles related to the technically challenging laparoscopic 
hepaticojejunostomy. Lai et al. in 2015 reported nine patients who were success-
fully treated using the robotic-assisted technique [31]. Roux-en-Y hepaticojejunos-
tomy with gastrojejunostomy (double bypass) was performed in four patients, and 
the other five underwent hepaticojejunostomy only. The mean operative time was 
213 min with blood loss of <40 ml. Bile leak was seen in 1/9 patient with no mortal-
ity. They concluded that robot-assisted hepaticojejunostomy for malignant biliary 
obstruction is a viable alternative to the percutaneous or endoscopic approach with 
low complication rates and improved quality of life.

 Surgical Technique in Biliary Tract Reconstruction

 Excision of Choledocal Cyst with Roux-en-Y Hepaticojejunostomy

The patient is positioned in reverse Trendelenburg prior to docking to allow the 
intestines and right colon to fall caudally. Ports are placed in similar configura-
tion as that for right hepatectomy (Fig. 21.1). Using the third robotic arm, the 
liver is retracted cephalad, which results in exposure of the porta hepatis. The 
portal dissection is started by carefully identifying and dissecting the chole-
dochal cyst off the hepatic artery medially and portal vein posteriorly. Once the 
hepatic artery and portal vein are separated from the cyst, the common bile duct 
dissection is continued distally toward the pancreas. The distal common bile duct 
is then ligated and clipped prior to division. The divided common bile duct with 
cyst attached to it is retracted cephalad. Careful dissection is carried out toward 
the biliary bifurcation until normal caliber common hepatic duct is identified. 
The gallbladder (if present) is then dissected and removed. The common hepatic 
duct is transected with scissors. The resected specimen is placed in an endo bag 
specimen retrieval system for later removal. A Roux-en-Y jejunal limb is then 
brought up in an antecolic fashion and prepared for an end-to-side hepaticojeju-
nostomy. Tension and torsion of the jejunal limb must be avoided at all cost. 
anastomosis. can be done using either running or interrupted technique depend-
ing on diameter of the bile duct. Robotic system greatly facilitates precise sutur-
ing of the bile duct to the jejunal limb. A Jackson–Pratt drain is placed next to the 
anastomosis, prior to specimen removal.
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 Robotic Roux-en-Y Hepaticojejunostomy for Bile Duct Injury 
After Cholecystectomy

After Anastomosis establishing a pneumoperitoneum up to 15 mmHg, the operating 
table is placed in a reverse Trendelenburg position and slightly rotated to the left if 
possible. The robotic system is then docked and the usual three working arms are 
installed. The porta hepatis is freed up from the duodenum and transverse colon if 
they are found to be adhered. The anatomy of the biliary duct must be sorted out and 
the site of bile duct injury/transection is identified. The source of bile leakage must 
be ensured and thorough exploration for additional injuries to the bile duct or sur-
rounding structures must be performed. The cut edge of the common hepatic duct is 
freshened with scissors. Devitalized tissue caused by excessive thermal injury from 
hemostasis attempts must be resected until a healthy segment is seen. Doppler 
examination of the hepatic artery must also be performed to ensure the presence of 
intact right and left hepatic artery branches. A Roux-en-Y jejunal limb is then 
brought up using similar technique described previously. The hepaticojejunostomy 
can be done using either running or interrupted fashion, similar to that in chole-
dochal cyst resection. A Jackson–Pratt drain is placed next to the anastomosis for an 
early detection and drainage of bile leak if it were to develop postoperatively.

 Robot-Assisted Hepaticojejunostomy for Advanced Malignant 
Biliary Obstruction

The patient and the trocars were positioned in a similar fashion as previously 
described. It is preferable to place the bedside assistant between the patient’s legs. 
After establishing pneumoperitoneum, staging laparoscopy and laparoscopic ultra-
sonographic assessment of the tumor were performed. Only after these steps and 
decision to proceed is made by the operating surgeon, then robotic system is docked. 
Approximately 40–60 cm Roux limb is prepared in a standard fashion and brought 
up toward the hilum in an antecolic tension-free configuration. In a case of malig-
nant distal biliary obstruction with significantly dilated common bile duct, a side-to- 
side choledochoduodenostomy can be performed. For more proximal biliary 
obstruction, an end-to-side hepaticojejunostomy is performed after transection of 
the common bile duct. If a double bypass is planned, then the hepaticojejunal anas-
tomosis is completed before the gastrojejunal anastomosis. For a thin bile duct, 
monofilament sutures are preferred, while for a thickened bile duct, continuous 
3–0 V-Loc™ sutures (Covidien, Dublin, Ireland) are preferred.

Robotics is one of the most recent developments in the field of minimally inva-
sive surgery and many surgeons have started to see its advantages over the conven-
tional laparoscopic approach. Robotic-assisted approach in complex hepatobiliary 
surgery can potentially overcome many limitations of the laparoscopic technique. 
Publications are emerging and promising outcomes are being reported from major 
centers worldwide. Further, large multi-institutional randomized trials are needed to 
establish robotic liver and biliary tract operations as new standards in modern mini-
mally invasive hepatobiliary surgery.
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22Robotic-Assisted 
Pancreaticoduodenectomy (Whipple)

Jonathan C. King, Melissa E. Hogg, Herbert J. Zeh, 
and Amer H. Zureikat

Pancreaticoduodenectomy (PD) has long been considered the sine qua non of surgi-
cal mastery among abdominal operations. The procedure has challenged some of 
the greatest surgeons in the modern era due to the need for meticulous dissection 
and flawless reconstructive techniques. With the advent of laparoscopic techniques, 
interest in the application of laparoscopy to PD has grown [1]; however, the techni-
cal complexity of the operation has prevented its widespread adoption and dissemi-
nation [2]. Robotic-assisted laparoscopic surgery offers some advantages over 
traditional laparoscopic surgery by providing improved degrees of freedom of 
motion, greater precision through computer assistance, and improved visualization, 
allowing a greater number of practitioners to incorporate minimally invasive tech-
niques in the management of pancreatic diseases. Multiple single institutional high- 
volume center reports of robotic-assisted PD (RAPD) have confirmed its safety and 
efficacy (with outcomes comparable to the open operation [3]) though there remains 
a significant learning curve that must be negotiated, ideally in the setting of dedi-
cated fellowship training or in a mentored or proctored setting [4].
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 Patient Selection and Preparation

Successful outcomes following RAPD are intimately linked to appropriate and judi-
cious patient selection, particularly early in the learning curve. The selection process 
begins with a thorough assessment of the patient’s medical and surgical history along 
with cardiopulmonary risk stratification. Predictors of mortality following open PD 
include age, male sex, preoperative albumin, tumor size, sepsis, and comorbidities, 
particularly renal insufficiency [5]. Among these factors, preoperative nutrition is the 
only modifiable risk factor. Therefore, particular attention to concomitant weight 
loss, biliary obstruction, steatorrhea, new-onset or worsening diabetes mellitus, and 
poor alimentation are important. Long-standing biliary obstruction with or without 
malnutrition is best managed with temporary biliary stenting and nutritional supple-
mentation [6]. However, if an operation is planned within 7–10 days and biliary 
obstruction has been sub-acute, biliary stenting is best avoided [7].

Cross-sectional imaging with intravenous contrast should be performed for all poten-
tial candidates. Computed tomography (CT) or magnetic resonance (MR) imaging 
depending on institutional availability, patient factors, and preference may be used. CT 
and MR accurately assess the primary pathology and are highly predictive of resectabil-
ity [8]. Involvement of major vascular structures (superior mesenteric vein [SMV], por-
tal vein [PV], hepatic artery [HA], and superior mesenteric artery [SMA]) is generally a 
contraindication to RAPD though some expert surgeons have reported on the feasibility 
of vascular resection and reconstruction with minimally invasive techniques [9]. 
Endoscopic ultrasound (EUS) may also be utilized, particularly if tissue diagnosis is 
required. While assessment of large-vessel vascular invasion by EUS is very sensitive 
and specific for some practitioners, it is also highly operator dependent [10]. For this 
reason the authors rely on triphasic cross-sectional imaging interpreted by an expert 
pancreatic-biliary radiologist to evaluate resectability in the preoperative setting.

Prior abdominal operations and anatomic abnormalities must be noted, and while 
these are not absolute contraindications to RAPD, ulcer operations, large hiatal her-
nias, severe scoliosis, and roux en-Y gastric bypass surgery may add undue complex-
ity to a robotic-assisted approach. The indication for operation should be considered 
as well. It is the opinion of the authors that early in the practitioner’s RAPD experi-
ence, benign lesions or those with low malignant potential (i.e. low- grade pancreatic 
neuorendocrine tumors [PNET], cystic neoplasms, ampullary adenoma, etc.) are 
ideal due to lack of vascular involvement. Unfortunately, these ‘non-PDA’ cases may 
be associated with higher pancreatic leak rates due to a soft pancreatic gland and the 
presence of a non-dilated pancreatic duct. In summary, a thoughtful and exclusionary 
approach to patient selection maximizes the opportunity to perform RAPD safely.

 Instrumentation

Our practice has led to a standardized approach to instrumentation: the dissection is 
carried out with a monopolar cautery hook dissector, a fenestrated bipolar cautery 
grasper, and a utility grasper forceps. Suturing is performed with large needle drivers 
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with and without integrated cutting blades and additional tools such as scissors and 
Maryland dissectors are used as needed. The bedside assistant’s tools consist of stan-
dard laparoscopic instruments: graspers, scissors, suction–irrigator, and a vessel 
sealing device such as Ligasure (Covidien-Medtronic; Minneapolis, MN). We 
employ a self-retaining liver retractor (Mediflex; Islandia, NY) routinely to retract 
segment 4B of the liver. Instruments and supplies are listed in Table 22.1. Additionally, 
retractors and instrument trays for an open PD, including vascular instruments, 
should be immediately available in case of the need to convert to laparotomy.

 Operating Room Configuration

The patient is positioned with the right arm padded and tucked and the left arm extended 
at the shoulder on a split-leg table that allows the bedside assistant to stand between the 
legs of the patient. The patient is secured to the table with straps, and foot supports are 
utilized to allow reverse Trendelenburg positioning. Extreme care must be taken to pad 
all pressure points. The robotic (da Vinci Si) patient cart is positioned over the patient’s 
head and the robotic arms are aligned as shown in Fig. 22.1. The laparoscopic monitors 
are positioned to allow the bedside assistant an unobstructed view in an ergonomically 
neutral posture. The robotic console should be placed to allow unimpeded communica-
tion between the console surgeon and bedside assistant.

Table 22.1 Equipment for robotic-assisted pancreaticoduodenectomy (RAPD)

Robotic 
instruments

Laparoscopic 
instruments

Disposable 
equipment

Durable 
equipment Sutures/supplies

12 mm, 30° 
down scope

5 mm 0° and 
30° scope

GIA staplers 
(3.5 mm, 2.5 mm 
staple height)

Split-leg OR 
table

2-0 silk, 3-0 silk; 8″ 
length

Hook 
monopolar 
cautery

Graspers 5- and 7-French 
ERCP Stent

Carter- 
Thomason

3-0 V-Loc 180; 6″ 
length × 2

Fenestrated 
bipolar forceps

Scissors Laparoscopic 
specimen bag 
(10 cm, 15 cm)

Self-retaining 
liver retractor

4-0 V-Loc 180; 6″ 
length × 2

Prograsp™ 
forceps

Maryland 
dissector

19-French Blake 
drain

Ultrasound 5-0 polyglactin or 
polydiaxonone 5″ 
length

Maryland 
dissector

5 mm 
trocar × 2

10 mm clip 
applier

¼″ Umbilical tape

Scissors 
(monopolar)

12 mm 
trocar × 2

GelPoint® Mini™
1
8

¢¢

 Vessel loops

Large needle 
driver × 2

Vessel sealer

8 mm trocar × 3

Ultrasound 
probe

GIA gastrointestinal anastomosis
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 Operative Steps

The operative steps outlined in the following text represent a general flow of the 
operation, though specific parts may be re-arranged or modified as clinically indi-
cated. Experienced pancreatic surgeons will quickly realize that the steps are very 
familiar to its open counterpart and, in fact, RAPD is essentially identical to open 
PD as performed by the authors with few exceptions.

 Port Placement/Laparoscopy

The operation starts with the patient bed in neutral position, and a 5 mm optical 
trocar is placed to the left of the midline through the rectus sheath 2–3 cm above the 
level of the umbilicus. Upon entry into the abdomen the peritoneum is explored for 
evidence of metastatic disease. Barring any contraindications to resection additional 
laparoscopic/robotic ports are placed as shown in Fig. 22.2. Approximately 10 cm 
(roughly one hand-breadth) is required between robotic ports to minimize collisions 
between the robotic arms. The right lateral trocar is placed with the patient in reverse 
Trendelenburg and the right side rotated upwards to allow it to be positioned as far 
laterally as possible. The initial entry 5 mm trocar is changed to an 8 mm trocar for 
robotic instruments.

The initial dissection and exploration are performed laparoscopically. Any adhe-
sions between the liver and stomach are divided to allow placement of the liver 

Fig. 22.1 Operating room setup
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retractor. The lesser sac is entered through the gastrocolic ligament below the level of 
the gastroepiploic arcade and opened widely. The right colon is mobilized completely 
to the cecum. Next, a marking stitch is placed in the jejunum 80 cm distal to the liga-
ment of Treitz (LOT). Proximal to the marking stitch the jejunum is tacked to the 
greater curve of the stomach with another stitch. This maneuver facilitates identifica-
tion and orientation of the jejunal loop for creation of the gastrojejunostomy (GJ).

 Docking/Bedside Assisting

The robot is docked and robotic instruments are inserted: monopolar cautery hook 
dissector in arm 1, fenestrated bipolar cautery grasper in arm 2, and Prograsp™ 
forceps in arm 3. A 30°, down-angled stereoscopic laparoscope is used. The bedside 
assistant, standing between the legs of the patient, operates the vessel sealer and 
suction–irrigator or laparoscopic graspers through the right lower quadrant 5 mm 
trocar and the left lower quadrant 12 mm trocar. The bedside assistant is responsible 
for clearing the surgical field of blood/fluids, providing dynamic retraction, dividing 
blood vessels and achieving hemostasis with the vessel sealer, operating staplers, 
exchanging robotic instruments, passing sutures, and extracting the specimens. 
Bedside assistant requires sound surgical instinct, a thorough knowledge of surgical 
anatomy and the steps of the operation, as well as maneuvers to stem blood loss or 
manage emergencies. It is not an appropriate role for most surgical scrub techni-
cians, physician assistant, or junior surgical residents.

Fig. 22.2 Laparoscopic/
robotic trocar positioning
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 Kocher Maneuver

Once the robot arms are positioned, hook cautery is used to dissect the duodenum 
and the head of the pancreas off of the retroperitoneum until the left renal vein is 
visible and the LOT is reached. The proximal jejunum is delivered into the dissec-
tion field whereupon a point 10 cm distal to the LOT can be chosen to create a 
mesenteric window and divide the bowel with a stapler (2.5 mm staple height). The 
vessel sealer is used to divide the mesentery. This linearizes the distal duodenum 
and facilitates the lateral SMV dissection later.

 Transect Stomach/Hepatic Artery/GDA

The lesser omentum is opened in the pars flaccida taking care not to divide a replaced/
accessory left hepatic artery (HA), if present. A stapler with 3.5 mm staples is used to 
divide the stomach 2–3 cm proximal to the pylorus. The antrum is retracted to expose 
the underlying neck of the pancreas. The hepatic artery lymph node (level VIIIa) is 
identified and the peritoneum is opened along its inferior border. The entire lymph 
node is excised exposing the [common] HA beneath it. Once the HA is identified, it is 
traced distally to the takeoff of the gastroduodenal artery (GDA) which is skeletonized. 
The HA [proper] is also traced further distally where the right gastric artery may be 
found and divided with a vessel sealer. The importance of using Doppler flow ultra-
sound to confirm flow in the HA while occluding the GDA cannot be understated. It is 
also the author’s practice to rotate the specimen medially (to the left) and dissect the 
lateral border of the hepatoduodenal ligament to confirm the presence or absence of an 
accessory/replaced right HA before the GDA has been ligated. Once these steps have 
confirmed the arterial anatomy, a stapler with 2.5 mm staples can be used to transect 
the GDA. The bedside assistant applies a 10 mm vascular clip to the GDA stump.

 Hepatoduodenal Ligament/Bile Duct/Superior Neck

With the GDA transected the portal vein (PV) is easily identified immediately deep 
to the previous dissection. The hook cautery is used to dissect in the peri-adventitial 
plane of the vein, and soft tissue at the superior neck of the pancreas is divided. This 
is a convenient time to create the superior aspect of the superior mesenteric vein 
(SMV) tunnel as well. Next, the lateral border of the PV is dissected, freeing it from 
the bile duct anterio-laterally. This dissection may be difficult in patients with bile 
duct tumors; care must be taken not to injure the PV where it may be adherent to the 
common bile duct (CBD). At this point the lymph node posterior to the PV and 
CBD (level XI) may be dissected and retracted caudally to be taken with the speci-
men. Again, identification and protection of a replaced right HA are necessary and 
may be aided by placing vessel loop around it. If no CBD stent has been placed the 
bile duct is divided with a stapler with 2.5 mm staples. If a stent is present the bile 
duct may be transected with a stapler above the stent or with cautery. Cholecystectomy 
can then be performed in a standard fashion.
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 Inferior Neck/Tunnel

Next, with the third arm retracting the specimen cephalad the inferior neck of the 
pancreas is exposed. The peritoneum at the inferior border of the pancreas is 
opened until the SMV is identified, allowing creation of the pancreatic neck tun-
nel. This is accomplished by using a grasper to gently lift the pancreas while the 
hook cautery bluntly develops the avascular plane anterior to the SMV using gen-
tle downward movements progressively more proximal on the vein wall (Fig. 
22.3). Several maneuvers assist in making the tunnel dissection safer and easier: 
create a wide window in the peritoneum at the inferior border of the pancreas—
this will open the dissection to allow greater access to the tunnel and effectively 
make the tunnel shorter. Also, use the vessel sealer or bipolar cautery to divide the 
soft tissue at the inferior neck of the pancreas medial to tunnel. There are typically 
several small vessels here which bleed profusely if divided with monopolar cau-
tery. Finally, pan outwards with the camera to identify the PV at the superior neck 
of the gland, as this will establish the trajectory of the SMV and help to avoid 
creating a tunnel that does not connect to the superior dissection. The superior and 
inferior tunnels are joined and the bedside assistant places a laparoscopic grasper 
through the tunnel so an umbilical tape may be passed through.

 Transection of Pancreas/PV: SMV Dissection

The neck of the pancreas is transected with the robotic scissors using monopolar 
cautery. The umbilical tape suspends the pancreas to avoid injuring the SMV/

Fig. 22.3 Creating the tunnel behind the neck of the pancreas. The bedside assistant applies gentle 
traction downwards and uses the opposite hand to elevate the neck of the pancreas to expose the 
tunnel. SMV superior mesenteric vein, P neck of pancreas
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PV. When approaching the main pancreatic duct (MPD) the scissors are used with-
out energy to avoid cauterizing the duct itself. Once transection of the pancreas is 
complete, an en face margin from the specimen side may be obtained for frozen 
section analysis, if indicated.

Retracting the specimen laterally, the robotic scissors are used with the tips 
opened 3–5 mm to bluntly ‘roll’ the vein off of the pancreas. The bedside assistant 
applies gentle retraction on the vein medially allowing progressive dissection 
towards the uncinate process. Inferiorly, this dissection will expose the middle colic 
and gastroepiploic veins as they drain into the SMV. Next, the entire specimen is 
rotated medially and the lateral wall of the SMV is identified and skeletonized. This 
maneuver is important to avoid mistaking the first jejunal vein for the SMV which 
can set the stage for ligating the true SMV under the assumption that it is an expend-
able mesocolic tributary. Once the SMV is positively identified the specimen is 
rotated laterally again and the middle colic and gastroepiploic veins may be ligated.

Cephalad, if a replaced right (or common) HA is present, it will be encountered 
as it passes lateral to the PV and continues posteriorly towards the SMA. Arterial 
branches in this location should not be ligated unless involved by tumor and alter-
nate arterial inflow to the liver is confirmed.

 Uncinate Dissection/SMA

The uncinate process is typically the most challenging portion of the dissection. The 
bedside assistant plays an active role in retracting the SMV/PV medially and main-
taining a bloodless field, while the third robotic arm retracts the specimen laterally 
‘up and out’ (analogous to the surgeons left hand during open PD). The console 
surgeon applies liberal use of bipolar cautery both for obtaining hemostasis and to 
‘pre-coagulate’ visible uncinate vessels prior to dividing them. Fortunately, the 
visualization of the SMA is unparalleled in comparison to the traditional open tech-
nique where these steps are performed with a combination of ‘feel’ and blind dissec-
tion. This enhanced visualization allows the dissection to follow a plane immediately 
adjacent to the artery, which enables maximize the retroperitoneal surgical margin. 
While most bleeding can be avoided with careful use of cautery, there is usually 
some level of ‘oozing’ that may persist until the specimen is completely freed. As a 
result, overzealous attempts to achieve a bloodless field may unnecessarily prolong 
this step and paradoxically result in more blood loss.

 Removal of Specimen

Completion of the uncinate dissection marks the end of what is typically the most 
challenging portion of the operation. Most major blood loss, physiologic perturba-
tion, and operative risk are incurred up to this point. The continued strain of operat-
ing on the robotic console may contribute to some level of ‘robot fatigue’. This 
phenomenon is quite reproducible though not measured formally and is based on our 
own observations after cooperating on many cases. Typical signs are missed cues and 

J.C. King et al.



289

‘unforced errors’ that are uncharacteristic for the skill of the operating surgeon. In 
our experience, the best strategy to mitigate the effects of robot fatigue is to switch 
the roles of the bedside assistant and console surgeon at this point in the operation.

The specimens are placed in retrieval bags, and the incision around the left lower 
quadrant 12 mm trocar is enlarged transversely to allow removal. A gel port with an 
airtight lid (GelPoint™ Applied Medical; Rancho Santa Margarita, CA) may be 
used to seal the incision and allow re-insufflation of the abdomen. The 12 mm assis-
tant trocar is placed through the gel port.

 Pancreaticojejunostomy

Many methods of pancreatic-enteric anastomosis have been described and there 
remain numerous variations. We have standardized our approach using a modified 
Blumgart two-layer PJ technique.

The jejunal limb is oriented so the antimesenteric border lies next to the pancreatic 
duct and loops gradually and without kinking past the bile duct. Two to four centime-
ters of the pancreatic stump is dissected from surrounding tissues. Interrupted hori-
zontal mattress sutures of 3-0 silk are placed using trans-pancreatic bites of pancreas 
and seromuscular bites of jejunum. A 5-French Hobbs ERCP stent (Hobbs Medical; 
Stafford Springs, CT) is placed in the main pancreatic duct (MPD) to help prevent 
inadvertent occlusion. The sutures are tied so that the bowel wall is directly opposed 
to the posterior pancreas without any dead space. The best way to ensure this is to lift 
both tails of the sutures prior to securing the first knot (Fig. 22.4). The needles are left 

Fig. 22.4 Placement of buttressing sutures of 3-0 silk. Note how the surgeon lifts the ends of the 
suture prior to tying the first knot to close any dead space between the serosa of the jejunum and 
pancreas posteriorly. The pancreatic duct stent prevents occlusion of the main pancreatic duct
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on these sutures and used for the anterior seromuscular layer later. Three sutures are 
placed in the posterior row with the middle stitch straddling the MPD.

Next, a 2–3 mm enterotomy is made in the jejunum using monopolar cautery. 
The inner suture line is constructed with interrupted 5-0 polydiaxonone or polygla-
ctin sutures incorporating the pancreatic duct and full-thickness jejunum. The 
choice of suture material is based on surgeon preference with each offering some 
minor advantages and disadvantages. Both have been used extensively in our expe-
rience with good results. It is usually possible to place three to five sutures in the 
posterior row. After the posterior suture line is complete the Hobbs stent is inserted 
with the curved end in the jejunum. Another three or four 5-0 sutures anteriorly 
complete the inner layer. These are placed without tying until all sutures have been 
placed. Then, the sutures at the superior and inferior aspect of the duct are tied fol-
lowed by the middle sutures, which are tied last. It may be helpful for the bedside 
assistant to gently push the bowel medially to remove any tension while the sutures 
are being tied. Finally, the anterior row mattress sutures are created using the previ-
ously placed posterior row needles (Fig. 22.5).

 Hepaticojejunostomy

The biliary anastomosis is constructed in one layer and may be interrupted or con-
tinuous depending on the diameter of the bile duct. For large ducts, we perform a 
running hepaticojejunostomy (HJ). We prefer using absorbable 4-0 V-Loc 180 
sutures (Covidien-Medtronic; Minneapolis, MN) as the barbed monofilament 

Fig. 22.5 Seromuscular bites of jejunum are used to imbricate the bowel wall over the anterior 
surface of the pancreas
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obviates the need for maintaining continuous traction on the suture as it is sewn 
(Fig. 22.6). Smaller ducts should be reconstructed with interrupted 5-0 polydiaxo-
none. Our practice has been to place the biliary anastomosis at least 10–15 cm 
downstream of the PJ anastomosis. Although not classically described in the litera-
ture, in the opinion of the authors, this space between the two anastomoses helps to 
prevent reflux of biliary fluid into the pancreatic anastomosis. Little clinical evi-
dence exists to support this practice, but it is an important anecdotal observation that 
may decrease the incidence of massive pancreatic anastomotic disruption.

 Gastrojejunostomy

The jejunum that had been tacked to the greater curve of the stomach is freed, and 
the marking stitch position is noted to identify the efferent end of the jejunal loop, 
so it may be placed downstream of the planned gastrojejunostomy. A posterior row 
of 3-0 silk seromuscular sutures are placed along the length of the planned anasto-
mosis (Fig. 22.7). Once the posterior row is complete (typically five sutures) the 
gastric staple line is removed with monopolar cautery. A corresponding longitudinal 
enterotomy is created on the jejunum.

Two 3-0 V-Loc 180 sutures are placed to complete the corner of the anastomosis 
using full-thickness jejunum and stomach. These stitches are placed close together, 
and the suture is pulled taught after each throw to eliminate any gaps. The posterior 
row stitch is sewn continuously to the opposite corner and around to the anterior 
part of the anastomosis. At this point the suture is set aside and the anterior row 

Fig. 22.6 Single-layer continuous hepaticojejunostomy anastomosis
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suture is used to perform a Connell stitch to complete the inner layer of the anasto-
mosis. Finally, 3-0 silk Lembert sutures are used to complete the anterior row taking 
care not to narrow the anastomosis.

 Falciform Flap/Drain Placement/Closure

We routinely create a vascularized tissue flap from the falciform ligament to exclude 
the GDA stump from potential PJ anastomotic leakage. Several 3-0 silk sutures may 
be used to secure the flap to the retroperitoneum as needed. Given routine drain 
placement has been associated with a decrease in severe complications following 
PD [11], we place a 19-French Blake channel drain (Ethicon; Sommerville, NJ) 
through the right flank robotic port directed under the right lobe of the liver, anteri-
orly past the HJ and anterior to the PJ. The end of the drain is tucked behind the 
gastrojejunostomy to hold it in place. A Carter-Thomason device is used to 
 re-approximate the fascia of the 12 mm camera incision, and the left lower quadrant 
extraction incision is closed with appropriate fascial sutures in an open fashion.

 Post-operative Care

Post-operative care is similar to that of open PD patients. Routine intensive care unit 
admission is generally unnecessary, and we find post-operative regional analgesia to be 
useful (paravertebral catheters placed preoperatively). As much of the post- operative 

Fig. 22.7 Gastrojejunostomy posterior-row sutures of 3-0 silk. Note this row of sutures is placed 
near the mesenteric border of the jejunum to avoid narrowing the anastomosis. J jejunum, S 
stomach
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care is standardized as this has been shown to improve care and facilitate timely dis-
charge [12]. Prophylactic low molecular–weight heparin is routinely administered.

Surgical drain management is standardized as well: a serum and drain fluid amy-
lase activity are assayed on the morning of post-operative day 3, and if the drain 
fluid amylase activity is ≤3 times the serum value and the patient is improving clini-
cally, the drain is removed on post-operative day 4, regardless of the volume of its 
output. This protocol has been adapted and modified from a protocol published by 
Bassi et al. [13, 14].

 Learning Curve

Numerous studies have investigated and defined the number of cases that are needed 
to be performed before proficiency may be attained for complex procedures. Open 
PD has been reported to require between 30 and 60 procedures [15–18] and RAPD 
may add as many as 80 more cases to a surgeon’s cumulative experience before 
mastery is attained [3, 4]. However, cautious interpretation of these numbers is war-
ranted given evidence showing that much of the improvement in perioperative out-
comes seen with increased experience has to do with the overall volume of the 
hospital and the quality of its ancillary services (advanced endoscopy, interven-
tional radiology, critical care medicine, etc.) [19, 20]. Furthermore, our experience 
with RAPD was reported in the absence of formal training and curricula, and with-
out the aid of mentorship in robotic-assisted surgery. In the current era, surgical 
trainees have the advantage of greater exposure to the robotic platform as well as the 
opportunity for apprenticeship with experienced surgeons. As a result the number of 
cases needed to graduate from the learning curve is expected to fall significantly. 
Nonetheless, it is important for surgeons who intend to start practicing robotic- 
assisted pancreatic surgery to seek and attain appropriate mentorship from experi-
enced pancreatic and minimally invasive surgeons.

 Drawbacks/Limitations

The most frequently cited limitation of RAPD (and robotic-assisted surgery, in gen-
eral) is the significant cost associated with purchase of the console ($1.2 million) 
and maintenance/equipment costs ($100,000–150,000 per year) above and beyond 
expenditures for operating room time and other supplies and equipment. These 
costs are magnified in the early phase of the adoption of RAPD given the longer 
operative times. However, robotic-assisted surgery has been shown to be profitable, 
particularly when operative efficiency has been optimized [21], and the institutional 
investment required for starting an RAPD program can be balanced by cost savings 
associated with shorter length of stay [22].

The complexity of RAPD represents another hurdle in the widespread adoption 
of robotic-assisted approaches. As with laparoscopic PD, there are currently only 
selected centers performing RAPD regularly. As residency training programs 
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implement standardized robotics training curricula and trainee exposure to robotic- 
assisted techniques grows, we expect there will be an increased comfort with the 
robotic interface that will allow greater dissemination of RAPD in the future. 
Evidence to support the role of resident/fellow training as well as institutional 
implementation of robotics in the growth of robotic-assisted surgery is accumulat-
ing [23, 24].

 Outcomes

The primary goal in developing RAPD is to improve patient outcomes. To date the 
largest series reporting outcomes following RAPD have shown that open and 
robotic-assisted techniques are largely equivalent [3, 25]. However, it is important 
to note that endpoints such as operative times and blood loss as well as perioperative 
complications such as pancreatic fistula and even mortality as reported in these 
series represent the learning curve phase of their experience. This is illustrated by 
operative times that averaged 529 ± 103 min for the entire cohort of 132 RAPD but 
decreased to about 400 min after the learning curve of 80 cases was surpassed at the 
University of Pittsburgh [3]. Mature data to compare RAPD and open PD is still 
forthcoming and no direct comparisons of open PD and RAPD have been com-
pleted. A recently published systematic review of robotic and laparoscopic 
approaches to pancreatic surgery shows RAPD is associated with longer operative 
time with no associated increase in perioperative morbidity or mortality. Hospital 
length of stay has been observed to be decreased in some, but not all series [26]. 
Oncologic outcomes such as margin positivity and lymph node harvest also appear 
to be similar among RAPD and open PD series, though direct comparative data are 
lacking.

Long-term survival following PD is the most important outcome to measure, 
particularly for cancer patients. The receipt of adjuvant chemotherapy has implica-
tions on cancer-specific survival, and the morbidity associated with PD delays or 
prevents the administration of chemotherapy in a significant proportion of patients. 
There is evidence that laparoscopic PD is associated with fewer delays in the initia-
tion of adjuvant therapy, and this may prove to be true for RAPD as well, though 
data is lacking at this time [27].

 Conclusions

Though technically challenging, RAPD represents a step forward in the manage-
ment of pancreatic disease. In appropriately selected patients, RAPD may be per-
formed safely and cost-effectively. We predict greater cumulative clinical experience 
will be required to realize the full potential of RAPD as the techniques and technol-
ogy are still in their relative infancy. With continued dissemination of RAPD, there 
will be an opportunity for direct comparison of outcomes to open and laparoscopic 
approaches, which will help to define the role of robotic-assisted approaches to PD.
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23Robotic Partial and Total Gastrectomy

Julietta Chang and Matthew Kroh

 Introduction

Laparoscopic gastric surgery was first described in the resection of early gastric cancer 
in 1994 in a distal gastrectomy with Billroth I reconstruction [1]. While laparoscopic 
resections for various intra-abdominal procedures such as colectomy have gained wide-
spread adoption, minimally invasive gastrectomy remains less so, likely as it is a techni-
cally challenging laparoscopic procedure with a steep learning curve. Additionally, 
fewer patients present with pathology related to gastric disease than colonic pathologies. 
Regardless, laparoscopic gastric resection has been shown to have reduced morbidity, 
improved recovery with decreased hospital stay and, in the case of gastric cancer, equiv-
alent oncologic outcomes compared to open gastrectomy [2].

The da Vinci® Surgical System robotic platform was introduced in the early 
2000s (Intuitive Surgical, Inc) and it is the most commonly used system currently. 
This device allows for stereoscopic three-dimensional visualization, tremor- 
filtration, enhanced instrument movement with 7° of instrument articulation, among 
other advantages. The first robotic gastrectomy was shortly thereafter described in 
2003 for early gastric cancer [3]. This chapter will aim to discuss the indications for 

Electronic supplementary material: The online version of this chapter (doi: 10.1007/978-3-
319-51362-1_23) contains supplementary material, which is available to authorized users. Videos 
can also be accessed at http://link.springer.com/chapter/10.1007/978-3-319-51362-1_23.
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the application of robotic gastrectomy in both malignant and benign disease, the 
technical aspects in the use of the robot in these surgeries, the potential advantages 
of the use of the robot in these cases, and future directions.

 Indications in Malignancy

The Japanese Gastric Cancer Guideline from 2010 regards minimally invasive gastrec-
tomy for gastric cancer as an investigational treatment, although up to 20% of gastrec-
tomies in Japan are now performed with minimally invasive techniques. Laparoscopic 
resection is recommended for T1 tumors or smaller. The incidence of early gastric 
cancer, defined as cancer limited to the mucosa or submucosa regardless of nodal 
involvement, is increasing in Japan and Korea due to earlier detection secondary to 
aggressive national screening protocols, such that up to 50% of newly diagnosed gas-
tric cancers are T1 lesions [2] and thus potentially suitable for a minimally invasive 
resection. However, in Western countries, the proportion of early gastric cancer remains 
relatively fixed at 15–21% [4]. A D1 lymphadenectomy encompassing lymph node 
stations 1 through 7 is the standard of care for T1 lesions [2, 5] (Fig. 23.1). However, 
due to understaging, some authors recommend routine D2 lymphadenectomy involv-
ing resection of D1 lymph nodes as well as stations 8 through 12 [6]. However, a Dutch 
randomized controlled trial examining D1 versus D2 lymphadenectomy for gastric 
cancer found increased perioperative morbidity and mortality following D2 lymphad-
enectomy without survival benefit [7].

Fig. 23.1 Lymph node 
stations in gastric cancer
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 Oncologic Outcome

As robotic gastrectomy is a relatively new approach, long-term oncologic outcome 
is lacking for robotic gastrectomy specifically. However, meta-analyses demon-
strate no significant difference in histopathologic margins or lymph nodes retrieved 
between laparoscopic and robotic gastrectomy, nor are there significant differences 
in 3- or 5-year disease-free and overall survival [8, 9]. One meta-analysis demon-
strated that robotic gastrectomy was associated with a significantly larger distal 
resection margin compared to laparoscopic resection [10].

One of the main advantages of robotic surgery is enhanced three-dimensional 
visualization allowing for precise dissection around the splenic vessels and success-
ful removal of D2 lymph nodes. This was recently demonstrated in a prospective trial 
by Kim et al., who showed that a D2 lymphadenectomy was able to be completed 
successfully in a higher percentage of robotic-assisted gastrectomy resections com-
pared to laparoscopic cases [11]. Another group reported greater number of retrieved 
lymph nodes in a D2 spleen-preserving dissection compared to laparoscopy alone 
[12]. One meta-analysis demonstrated a trend towards greater number of retrieved 
lymph nodes with an open approach versus robotic, but this did not reach statistical 
significance [9]. Laparoscopic gastrectomy for early gastric cancer has been found to 
have equivalent long-term survival compared to open gastrectomy as well [13], 
while a recent Cochrane review found laparoscopic versus open gastrectomy for 
gastric cancer to have no difference in short-term or long-term outcomes [14].

 Description of Technique

 Extent of Resection

Curative resection for gastric cancer involves resection of at least two thirds of the 
stomach with adequate lymphadenectomy. Depending on the location of the tumor, 
this may range from a total gastrectomy, distal gastrectomy, pylorus-preserving distal 
gastrectomy, or proximal gastrectomy. According to the Japanese Gastric Cancer 
Guideline, a proximal margin of at least 3 cm is recommended for T2 or greater 
lesions. For T1 tumors, a gross resection margin of at least 2 cm is required. Any local 
invasion into surrounding structures such as pancreas or colon mandates a total gas-
trectomy regardless of tumor location with en bloc resection of the involved organ [5].

 Distal Gastrectomy

A distal gastrectomy involves resection of the distal two thirds of the stomach. Ports are 
placed as shown in Fig. 23.2, with robotic and laparoscopic trocars identified as such. 
Initial diagnostic laparoscopy is performed to rule out metastatic disease. The robot is 
typically docked directly over the patient or over the left shoulder. The assistant grasps 
the greater curve of the stomach, while the surgeon using an advanced energy source 
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divides the gastrocolic ligament under the omentum. Dissection is carried towards the 
pylorus, where the right gastroepiploic artery is identified, ligated, and divided. 
Associated lymph nodes are kept with the specimen. Using a dissector, a retroduodenal 
tunnel is created from inferior to superior in the avascular plane at the point of transac-
tion (Fig. 23.3). Attention is then taken to the superior border of the duodenum, includ-
ing lymph nodes along the porta hepatis. The right gastric artery is identified, ligated, 
and divided between ties or clips. The advanced energy source then completes the ret-
roduodenal tunnel. A 60 mm stapler is introduced and the duodenum is divided. The 
stomach is then retracted cephalad, and any attachments between the stomach and the 

Fig. 23.2 Robot trocar 
placement: (a) 
laparoscopic 12 mm trocar 
for stapler and free-needle 
suture; (b) robotic trocar; 
(c) nathanson liver 
retractor; (d) robotic 
camera; (e) robotic trocar; 
(f) laparoscopic 5 mm 
trocar (for distal 
gastrectomy) or 15 mm 
trocar (for total 
gastrectomy in anticipation 
of using EEA stapler for 
Roux-en-Y reconstruction)

Fig. 23.3 Intraoperative 
creation of the 
retroduodenal tunnel 
during robotic gastrectomy
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pancreas are divided. The lesser omentum is dissected close to the liver to include 
associated lymph nodes along the hepatic artery and the left gastric artery in the 
resected specimen. Either hook electrocautery or ultrasonic shears can be used for this 
dissection. The necessity to take the left gastric vasculature and associated lymph 
nodes is typically dictated by location of the lesion, with more distal lesions allowing 
for preservation of the vessels, and body and proximal lesions requiring inclusion. A 
linear stapler is introduced through the left lower port and the stomach is transected 
with appropriate height staple loads. The specimen is removed through the left lower 
port. Reconstruction is left to the discretion of the operating surgeon and may include 
gastro- jejunostomy, gastro-duodenostomy, or Roux en-Y. Intraoperative pathology of 
frozen margins should be obtained to ensure that the submucosa is free of residual 
tumor, after which reconstruction is carried out as detailed below.

 Total Gastrectomy

The initial steps of a total gastrectomy are described above. After omentectomy and 
division of the right gastroepiploic artery and duodenum, the lesser omentum is 
divided close to the liver to the esophagogastric junction. The left gastric artery is 
ligated and divided close to its origin at the celiac trunk (Fig. 23.4). Attention is turned 
to the greater curvature, and the short gastric arteries are taken close to spleen with an 
advanced energy source. After the fundus is fully mobilized, nodal tissue along the 
splenic artery (station 11) and adjacent to the splenic hilum (station 10) are dissected 
and removed with the specimen. Once the stomach is fully mobilized, the intra-
abdominal esophagus is divided with a linear stapler, with associated lymph nodes in 

Fig. 23.4 Dissection of the left gastric artery and vein during robotic gastrectomy
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the phreno-esophageal ligaments included in the specimen. Intraoperative pathology 
analysis of specimen margins should be performed prior to reconstruction.

 Reconstruction

Reestablishment of gastrointestinal continuity after resection depends on the extent 
of gastric resection, patient anatomy, and surgeon preference. Following distal gas-
trectomy, reconstructive options include a Billroth I gastro- duodenostomy, Billroth 
II gastro-jejunostomy, or Roux-en-Y gastro-jejunostomy (most common option). 
Reconstruction may be done wholly intracorporeally, extracorporeally, or a combi-
nation of both. One advantage of robotic surgery with its increased dexterity and 
visualization is the ability to complete wholly intracorporeal anastomoses during 
reconstruction (Fig. 23.5), which is technically much more demanding when per-
formed laparoscopically.

 Potential Benefits

Two randomized-controlled trials (RCTs) comparing long-term survival after mini-
mally invasive surgery for advanced gastric cancer are currently underway in Japan 
and Korea. Short-term outcomes from the Korean trial demonstrate decreased mor-
bidity with similar mortality between laparoscopic and open distal gastrectomy 
groups in patients with stage 1 gastric cancer [15].

Meta-analyses, prospective, and retrospective studies all consistently demon-
strate a significantly decreased intraoperative blood loss in the robotic gastrectomy 
compared with laparoscopic or open approaches (Table 23.1). Bleeding during 

Fig. 23.5 Robotic Roux-en-Y reconstruction
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laparoscopic gastrectomy is commonly described from injury to branches of the left 
gastric artery, coronary vein, or short gastric arteries [2]. Decreased blood loss in 
robotic gastrectomy is likely due to enhanced stereoscopic visualization and tremor 
filtration allowing for precise dissection of vascular structures, as well as improved 
dexterity to control bleeding should it occur. This potentially may lead to a decreased 
need for transfusions and associated transfusion-related complications, which is an 
advantage in the treatment of any malignancy.

Robotic surgery may also allow the surgeon to complete anastomoses 
intracorporeally due to enhanced ergonomics and visualization [10] rather than per-
forming an extracorporeal anastomosis. In addition, robotic anastomoses may be 
less technically challenging compared to the laparoscopic approach.

Robotic gastrectomy has been shown to have longer operative times compared to 
laparoscopic and open approach. This is likely due to increased time during robot 
docking and patient positioning. However, as surgeon’s experience with robotic 
procedures accrues, operative times have decreased approaching those of laparo-
scopic techniques [16].

The learning curve in robotic surgery is less steep compared to laparoscopy [15], 
which may allow centers to offer minimally invasive gastrectomy where previously 
only open approaches were performed.

 Indications for Benign Disease

 Peptic Ulcer Disease

The treatment of peptic ulcer disease (PUD) has evolved, starting from the devel-
opment of histamine blockers in the 1970s, to the development of proton-pump 
inhibitors in the 1980s, and finally to the discovery of H pylori [22]. Once rou-
tinely a surgical disease, PUD is now successfully treated with medical therapy 
in the majority of cases. Today, two-thirds of surgical interventions for peptic 
ulcer disease are due to perforation, while one-third is due to uncontrolled bleed-
ing. Laparoscopic intervention for perforated peptic ulcer disease has been 
shown to have equivalent outcomes with shorter hospital stays and decreased 
postoperative pain compared to open repair [23]. However, there is only one case 
series detailing a single institution experience with general surgery robotic cases. 
The authors report a robotic partial gastrectomy for perforation from peptic ulcer 
disease; however, this was unable to be completed robotically and required con-
version to laparoscopy [24]. The concepts and techniques regarding robotic 
washout and repair are comparable to laparoscopic approaches, but the relative 
rarity of surgical PUD has made description of robotic management rare in the 
literature as well.
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 Gastric Gastrointestinal Stromal Tumor

Gastrointestinal stromal tumors (GIST) arise from the interstitial cells of Cajal and 
most commonly occur in the stomach [25, 26]. Due to hematogenous spread, lymph-
adenectomy is not indicated, and these require resection to grossly negative margins 
as the status of microscopically positive margins has not been shown to affect 
 long-term survival [25]. These are usually discovered incidentally on abdominal 
imaging or endoscopy. Symptomatic GIST may present with bleeding due to ulcer-
ation or obstruction depending on size and location. The preoperative workup of a 
GIST tumor should include both computed tomography imaging and endoscopy. 
Endoscopic ultrasound (EUS) can be useful in differentiating between GIST and other 
tumors. GISTs appear as smooth submucosal lesions on EUS in the muscularis pro-
pria layer. An EUS-guided fine-needle aspiration of the lesion can provide tissue diag-
nosis as well as information about the malignant potential of the tumor itself [25].

Laparoscopic gastric GIST resection is well-described in the literature [24]. Two 
series describe a series of patients who successfully undergo robotic-assisted GIST 
resection, in which the tumor was excised with 1–2 cm margins using a Harmonic 
scalpel with the defect closed with a single-layer running suture [26, 27]. Another 
case report describes a posterior-wall GIST excised using electrocautery and the 
defect was closed with absorbable suture [28], demonstrating the advantage of 
using the robot which facilitates intracorporeal suturing. Another describes five 
patients who undergo robotic gastric GIST resection with on-table endoscopy used 
to help facilitate localization of the tumor [29].

Applications for robotic surgery are particularly compelling in treating lesions at 
the esophago-gastric junction or antrum. Due to the narrowed luminal space and 
possibility of creating obstruction at either location, precise definition of tumor 
boundaries is important. Combined endoscopic and laparoscopic or robotic GIST 
removal has also been described in which balloon-tipped trocars are placed directly 
through the anterior wall of the stomach. The lesion is then either enucleated or 
excised laparoscopically or robotically [25]. Within the narrowed space of these 
challenging anatomic locations, the dexterity of the robotic platform may facilitate 
accurate closure. Combined laparoscopic-endoscopic GIST resection, with intra-
gastric laparoscopic resection of the tumor and repair of the resultant defect, has 
been described in a series of 13 patients [30], with good long-term results and no 
evidence of disease recurrence [31] (Video 23.1).

 Future Directions and Conclusions

Robotic gastrectomy for gastric adenocarcinoma has been shown to have equivalent 
oncologic outcomes compared to laparoscopic resection, with some studies show-
ing better lymph node retrieval. In addition, it is associated with a lower intraopera-
tive blood loss compared to open and, in some centers, laparoscopic approaches to 
treatment of gastric cancer. It has been described in a variety of benign disease 
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processes as well. Robotic techniques are mainly limited by longer operating times 
as well as the common need to re-dock during the course of the procedure. However, 
the latter may be mitigated in the new Xi robot which allows greater flexibility and 
access to all quadrants of the abdomen with minimal repositioning of the robot. This 
adaptability may increase adoption of robotic-assisted procedures in more general 
surgical cases, including gastric surgery.

Minimally invasive gastrectomy for gastric cancer has been slower to adopt in 
the United States, where the incidence of early gastric cancer is lower than in Japan 
and Korea. Laparoscopic gastrectomy is offered for early stage cancer. Robotic gas-
trectomy may allow centers to perform minimally invasive gastrectomy as it has 
been shown to be associated with a shorter learning curve compared to laparoscopic 
gastrectomy.

In conclusion, robotic gastrectomy is feasible in both malignant and benign dis-
eases, with the potential benefits of shorter learning curves compared to laparo-
scopic technique as well as improved optics and instrument articulation. Reported 
benefits include decreased intraoperative blood loss and, in cancer, potentially bet-
ter lymph node retrieval. Further prospective trials are warranted, but as robotic 
technology continues to improve, we would expect advantages of robotic gastrec-
tomy to become more evident.
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24Robotic Approach to Transhiatal 
Esophagectomy

Jeffrey R. Watkins and D. Rohan Jeyarajah

 Introduction

The first transhiatal esophagectomy (THE) was performed in 1933 by Turner, but 
quickly replaced by the thoracic approach [1]. Orringer and Sloan re-popularized 
the transhiatal technique in their 1978 series, bringing about a change in the 
approach to treating esophageal disorders [2]. The transabdominal route requires no 
thoracic incisions and thus avoids the drawbacks associated with trans-thoracic 
esophagectomy: mainly postoperative pulmonary complications and mediastinitis 
from intrathoracic leak. Failure of the cervical anastomosis in transhiatal esopha-
gectomy results in a fistula easily managed with open drainage. Consider this in 
contrast to the devastating sequelae of a thoracic anastomotic leak resulting in medi-
astinitis with a mortality rate up to 42% [3].

The oncologic appropriateness of the transhiatal approach has previously been 
questioned and remains a point of contention. Critics argue that a complete thoracic 
lymphadenectomy cannot be performed adequately with the transhiatal approach 
[4, 5]. Orringer and others argue, however, that long-term survival is based upon the 
status of the disease at the time of resection with 46% of patients with Stage III or 
IV disease at the time of operation and 35% of patients with occult lymph node 
metastasis [6]. There are no randomized control studies which show a superior sur-
vival benefit of either approach. A recent meta-analysis looking at over 200 papers 
with five randomized trials concluded that overall mortality was equivalent in both 
operative techniques except for a possible survival benefit with the transthoracic 
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approach in a subgroup of limited node-positive patients [7]. The analysis also con-
cludes that, short-term, the transhiatal approach is associated with reduced periop-
erative morbidity as evidenced by a shorter hospital stay and decreased in-hospital 
mortality rates. For gastroesophageal junction tumors, there may even be a survival 
advantage for Type III tumors [8].

The first series of laparoscopic transhiatal esophagectomy was described by 
DePaula in 1995 and, since that time, the literature has showed improvement in 
length of stay, postoperative morbidity and mortality of minimally invasive tech-
niques over open esophagectomy [9, 10]. Recently, the advances in robotic technol-
ogy have allowed surgeons to approach the hiatus with this new technology. Since 
first being described in 2002, robotic transhiatal esophagectomy has found its place 
among minimally invasive techniques [11]. Advanced robotic techniques such as 
recurrent laryngeal nodal dissection and extensive transhiatal thoracic nodal dissec-
tions including those as described by Mori et al. are pushing the boundaries of robotic 
surgery [12, 13]. The robot offers several advantages over traditional laparoscopy for 
hiatal work including stereoscopic vision, improved camera and operator stabiliza-
tion, wristed instruments resulting in greater mobility, and improved surgeon ergo-
nomics. On the other hand, diminished haptic feedback, increased cost of individual 
operations, and a steep learning curve have all been criticisms aimed at the platform. 
Regardless, the robot has been proven a powerful tool for esophageal surgery.

 Indications/Patient Selection

All patients with benign and malignant disease should be considered candidates for 
robotic transhiatal esophagectomy. Patients with benign disease including caustic 
injuries, chronic strictures from previous anti-reflux surgeries, complications relat-
ing to achalasia, and sigmoid esophagus should all be considered for resection. The 
debate regarding the transhiatal approach in advanced stage carcinoma has been 
previously addressed, but there is no clear evidence that there is a survival benefit 
from one technique over another. Absolute contraindications to robot surgery paral-
lel those of laparoscopic surgery, including the inability to tolerate abdominal insuf-
flation and advanced stage/metastatic disease. Relative contraindications include 
extensive previous surgery or a hostile abdomen.

Preoperative staging is a necessity for all esophageal neoplasms. It is the authors’ 
practice to obtain preoperative computed tomography of the chest, abdomen, and 
pelvis along with positron emission tomography scans. Endoscopic evaluation with 
tissue biopsy is necessary for determination of tumor location and biology. 
Endoscopic ultrasound (EUS) allows for improved tumor staging including presence 
of local invasion and nodal status. The authors’ use of EUS is mostly for early stage 
lesions. The use of neoadjuvant chemotherapy and radiation in any lesions greater 
than T2 or node-positive lesions decreases the importance of EUS. Locally advanced 
tumors and invasion into the trachea-bronchial tree or surrounding tissues represent 
a contraindication to THE. Patients with neoplastic disease routinely receive neoad-
juvant chemoradiation. While it would seem that morbidity would increase with sur-
gery after neoadjuvant therapy, this has not been shown in the literature.
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 Room Setup

 Patient Positioning

The patient is placed on the operating table in a supine position with arms tucked. There 
are some groups that place the patient in “French” position with the legs split. This is 
especially useful when there is a bedside assistant with an additional port. This is not the 
authors’ preference as a bedside surgeon is not utilized. A foam padding is placed 
around the upper extremities and under the patient to assist in patient comfort as well as 
providing a non-skid surface to keep the patient in position when placed in severe reverse 
Trendelenburg. These pads are specifically used to both provide cushioning and prevent 
sliding of the patient. If the patient’s body habitus is too large, plastic sleds may assist in 
keeping the arms at the patient’s side. When using the Si system, it is important to keep 
patient as close to the head of the bed as possible, otherwise there may not be enough 
reach with the camera arm. Foam padding and goggles are placed over the patient’s face 
to avoid undue pressure from the robot on the eyes or other facial structures. A shoulder 
roll can be used to improve neck extension for the cervical portion of the dissection and 
anastomosis. A foot board is placed at the feet with padding under the heels and soles in 
order to provide support when positioned steeply.

One of the most important factors in the authors’ experience with robotic foregut 
surgery was the acquisition of a properly adjustable sliding operating table. The 
table should be able to slide in both cephalad and caudal directions and achieve 
extreme reverse Trendelenburg with the patient nearly “standing up” (Fig. 24.1). 
Positioning should be checked in conjunction with anesthesia in order to assure 
proper patient security. Once the patient is positioned satisfactorily, waist straps are 
applied and the rails on the patient’s right side are cleared of any obstruction, as the 
liver retractor will be placed here.

 Robot Positioning

When using the Si system, the table will likely need to be positioned at an oblique 
angle to the anesthesiologist to allow the robot to dock in a linear fashion over the 
patient’s head (Fig. 24.2). The surgeon should ensure that the Si robot, which will 
dock from above the head, will leave enough room for the anesthesiologist to access 
the airway and face. In addition, there must be enough space for the cervical anas-
tomotic portion of the case. When using the Xi system, the robot can approach from 
a lateral position with the arms turned 90° to facilitate easier docking (Fig. 24.3). 
The table is placed in maximal reverse Trendelenburg, then lowered as far down to 
the ground as possible. Sometimes it is necessary to adjust the sliding position of the 
table up or down. This is especially important because, unlike the Xi system, the Si 
boom cannot be raised or lowered. Once the positioning is confirmed, the patient 
may be prepped and draped.

 Key Points
See Table 24.1.
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Fig. 24.1 Positioning 
patient in steep reverse 
Trendelenburg on sliding 
operating table

Fig. 24.2 Room setup for Si system. The robot approaches and docks from above the patient’s 
head
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 Console Setup/Third Arm Approach

At the authors’ training institution, the use of a dual-console system is advocated in 
order to facilitate the involvement of trainees. The dual-console setup allows several 
advantages over a single-console setup. Once the trainee has fulfilled the requisite 
number of docking and instrument exchanges at the bedside, it is imperative that they 
participate in the surgery. Taking their place at the console allows involvement and 
graduated responsibility. Traditionally, using the “3rd arm” has referred to the utili-
zation of the unused arm on the Si system by the assistant on the second console. The 
arm numbering has been changed on the Xi system and thus the term “assistant arm” 
will be used in place of the term third arm on the Si and fourth arm on Xi.

The use of the assistant arm allows seamless swapping of instruments between 
surgeon and assistant. The trainee is able to start with a single arm in order to become 
more familiar with the mechanics of the robot controls and gradually move to the 
primary arms with the acquisition of more experience. Placing a trainee bedside with 

Fig. 24.3 Room setup for the Xi system. The robot approaches and docks from the patient’s side

Table 24.1 Docking key differences

Si Xi

Dock from above patient’s head Dock from patient’s left

Turn table Table position unchanged

Patient in steep reverse Trendelenburg Patient in steep reverse Trendelenburg
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an additional assistant port places emphasis on laparoscopy rather than robotics and 
does nothing to increase the robotic skillset. The dynamic interchange between robot 
arms allows the surgeon to take over the main arms during more difficult portions of 
the case. This technique enhances interplay between surgeon and trainee while facili-
tating education. It also overcomes the “loneliness” of the robot which can occur 
when the surgeon is isolated in the console without any other human contact. There 
may be some surgeons that gravitate towards robotics as a means to be alone and 
escape human interaction. The authors are not in this group and would encourage the 
more “social” surgeon to use the assistant arm as a technique of training. It is more 
convenient to position the two consoles near each other for ease of communication, 
but is not a requirement and operating room space limitations may preclude this 
arrangement. The voice communications system within the console may be inade-
quate for some, and the use of a separate hands-free wireless communication system 
for improved voice communication has been suggested.

It is important to customize the console settings for the individual surgeon. On 
both the Si and the Xi, surgeons are able to log in using unique profiles and adjust 
ergonomics and other settings as needed. In our experience, it is convenient to 
switch off the Firefly quick switching option to avoid inadvertent camera switching 
when finger clutching. We also use normal (1:1) motion scaling.

 Key Points
• Use dual-console setup
• Trainee should use assistant arm until proficiency shown
• Trainee should then advance to using primary arms (1 and 2 for Si, 1 and 3 for Xi)

 Operative Technique

 Port Placement

The abdomen can be entered by any manner in which the surgeon is comfortable. 
The authors prefer to use a 5 mm direct entry optical entry through a supraumbilical 
stab incision. The abdominal wall is grasped laterally by the surgeon and the assis-
tant and elevated as the trocar and camera are slowly advanced through the layers of 
the abdominal wall under direct visualization. Once the abdomen is entered, pneu-
moperitoneum of 15 mmHg is achieved. The underlying bowel and omentum is 
visualized to rule out inadvertent injury. In the authors’ practice, no documented 
complications or injuries over hundreds of procedures using this technique have 
occurred. A thorough exploration of the abdomen with the laparoscope should be 
undertaken in the patient with malignancy. It is very easy to proceed mechanically 
without this step and overlook metastatic disease.

A 12 mm robotic trocar is placed in the left upper abdomen which will be used 
for the energy device and stapler (Fig. 24.4). The location will vary depending on 
the energy device used. A more cephalad position along the mid-clavicular line 
(MCL) towards the costal margin is required for the ultrasonic dissector in order to 
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maximize the extent of its reach. It is the authors’ preference to use the Harmonic 
ACE™ ultrasonic dissector device in this position. If using the robotic vessel sealer, 
the port can be placed in a more caudal position just superior to the horizontal level 
of the midline camera port. The ultrasonic dissector is shorter than the vessel sealer 
and so the left mid-clavicular port must be placed more cephalad if the former 
device is being used. An 8 mm robotic port will be used to “piggyback” through the 
12 mm port. The 8 mm robotic port is placed inside the 12 mm port and the arm is 
docked to the robotic port in the normal fashion. In order to gain more reach when 
using the ultrasonic shears, the 12 mm port may be “burped” by the assistant which 
involves retracting the shears and clutching the arm and advancing the port in order 
to gain more distance for the instrument. Regardless of the robotic system used, this 
trocar should be spaced at least 10 cm away from the camera port.

An 8 mm trocar is then placed in the far left abdomen, below the costal margin at 
least 10 cm from the energy device port. This port should be placed far laterally while 
safely avoiding bowel. If the trocar is placed too far laterally, however, docking of 
this port can be challenging and there can be external collisions with the patient’s left 
arm. A ProGrasp™ instrument will be used through this port and will be controlled 
by the assistant if using a dual-console setup. This port will be placed at the same 
location on the abdomen regardless of whether the Si or Xi system is used.

An 8 mm port is placed in the right abdomen on the right MCL at the level of the 
camera port. This will be the surgeon’s right hand and a fenestrated bipolar grasper 

Fig. 24.4 Port placement 
for the Si and Xi system. If 
using the Harmonic device, 
the 12 mm port will be 
placed more cephalad than 
if using the Vessel Sealer. 
The camera port will be a 
bariatric length 11 mm 
trocar for the Si, or an 
8 mm robotic trocar if 
using the Xi
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will be used. In order to maximize the effectiveness of the bipolar instrument, the 
tips must be slightly open when coagulating tissue; otherwise the electrocautery 
will not be as effective. This port will be placed in a more caudal position resulting 
in a more linear angle if using the Xi system.

A liver retractor system is set up by securing the clamp to the rails of the table in 
cooperation with the anesthesiologist to avoid clamping any of the patient lines. A 
flexible triangular liver retractor (Snowden-Pencer®) is placed in the abdomen and, 
under direct visualization, is positioned under the left lobe of the liver to expose the 
hiatus. This is secured in place by the assistant using the Fast Clamp system.

The 5 mm camera port is then upsized to a robotic port under direct visualization. 
In the Si system, a bariatric length 12 mm trocar is placed and a 12 mm camera is 
used. In the Xi system, an 8 mm trocar is placed and an 8 mm scope is used with the 
advantage of being able to use any of the 8 mm ports as the camera port. A dispos-
able 5 mm port is placed in the far right abdomen in a subcostal position. A 5 mm 
AirSeal® port can be placed for improved insufflation and evacuation. If using the 
AirSeal® system, the surgeon should place this port last. Once AirSeal® is initiated, 
placement of ports becomes very difficult as the system will maintain the pressure 
of 15 mmHg and not allow for elevated pressures associated with trocar placement. 
The authors prefer this system as this is very efficient at steam evacuation without 
affecting pneumoperitoneum.

 Docking

Once the liver retractor is placed, the patient is placed in reverse Trendelenburg. It 
may be necessary for the table to be lowered and slid down towards the floor in 
order to achieve the correct height to accommodate the robot.

 Si System
For the Si system, the patient is approached in a linear manner from the head of the 
bed, i.e., dock from above the head. The robot should be advanced with the bed in 
the flat position. Once the camera arm appears to be in good position, the table is 
then placed in steep reverse Trendelenburg position and, with the surgeon watching 
carefully, ensures that the camera arm is still dockable. The robot will likely need to 
be advanced once the table position is achieved. The robot should be centered in line 
with the center camera port. Once the robot is positioned, the brake is applied and 
the camera arm is docked to the midline port, with the arm indicator in the blue 
“sweet spot”. With a very tall patient, the surgeon may have to dock with the camera 
arm in the straight position. This is not a major concern, but the robot must be 
advanced as close to the head of the bed as possible. Use of a bariatric 12 mm trocar 
at the midline position helps achieve greater mobility and decreases the likelihood 
of port slippage. Once the camera arm is docked, the remaining arms are docked. 
Arm three should be positioned to the patient’s left side. If there are external colli-
sions, the arms may need to be adjusted. A 12 mm camera is placed through the 
camera port and the remaining instruments are placed under direct visualization. All 
four arms are used.
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 Xi System
For the Xi system, the patient is approached from either the right or left side (see 
Fig. 24.3), depending on the room setup. The driver will input the location of the 
surgery (upper abdomen) and the direction of the approach (right or left). The green 
laser guides are then aligned with the midline camera port and arm 2 is docked to 
the 8 mm robotic port. The 8 mm camera is inserted and the targeting sequence is 
initiated by aiming the camera towards the hiatus and pressing the target button on 
the camera while holding the trocar firmly in place. The remaining free arms will 
move as the boom rotates. Once the targeting sequence is completed, the remaining 
arms are docked. Arm 3 will be docked to a free 8 mm port and “piggybacked” into 
a 12 mm left mid-clavicular line port.

 Key Points
See Table 24.2.

 Instrumentation

For the purpose of this section, the authors will use the arm terminology for the Si 
robot. Arm 1 is the right MCL port; arm 2 is the left MCL port; arm 3 is the left 
abdominal port.

The surgeon will use arms 1 and 2, while the assistant will use arm 3. The fenes-
trated bipolar instrument is used in arm 1 in the right abdomen. It is less traumatic 
than the ProGrasp™ and has the ability to apply bipolar energy. In order to maxi-
mize the effectiveness of the bipolar instrument, the tips must be slightly open when 
coagulating tissue, otherwise the electrocautery will not be effective. The surgeon 
uses the energy device in arm 2, which can either be an ultrasonic dissector or a 
bipolar vessel sealer. The Vessel Sealer is a wristed instrument which can effec-
tively seal vessel up to 7 mm in diameter. It exhibits minimal thermal spread without 
any active blades. It is possible to perform blunt dissection and has a longer reach 
and more mobility than the harmonic dissector. The activating sequence is more 
complex and requires three pedal presses for each complete cycle. The ultrasonic 
dissector has no “wrist” ability and less overall mobility. In addition, it has an 
exposed active blade, so care must be taken not to cause any inadvertent thermal 
tissue damage. The activating mechanism requires a single pedal press and tissue 
dissection and vessel coagulation proceed at a much more accelerated rate. If addi-
tional length is needed for the ultrasonic dissector, the 12 mm trocar may be 
“burped” in farther for a longer reach.

Table 24.2 Port placement key differences

Si Xi

Midline 12 mm bariatric port Midline 8 mm robot port

Bring robot in then position patient Position patient first

Arm 3 swings to the left No need to rearrange arms
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The assistant arm 3 will use the ProGrasp™ instrument. It exhibits the most grip-
ping power of the graspers, but in turn is the most traumatic to tissues. Care must be 
taken to limit tissue trauma by avoiding direct manipulation of hollow-viscous 
organs. The flexible triangular liver retractor is used in the far-right abdominal 
5 mm port and held in place using the Fast Clamp system on the right-sided bed 
rails. A 12 mm linear-lipped vascular load-powered stapler is used through the left 
upper abdominal 12 mm port when transecting the right gastric vessels. Finally, if 
the pyloroplasty is performed intracorporeally, large cutting needle drivers can be 
placed through the 12 mm port along with suture.

 Operative Details

After docking the robot and placing the instruments, the right gastroepiploic vessels 
are identified. It is important not to manipulate or place excessive retraction around 
this area as it will serve as the vascular pedicle for the gastric conduit. In our prac-
tice, we prefer a left-sided approach wherein the short gastric vessels are divided 
and the crus is approached from the greater curvature before moving on to the right 
crus via the pars flacida.

Once the right gastroepiploic vessels are identified, the greater curvature is 
grasped and elevated by the surgeon, while the assistant retracts the gastrocolic liga-
ment using arm 3 in the Si system (4 for Xi). The lesser sac is entered using the 
energy device and the short gastric vessels are divided, continuing the dissection 
towards the lefts crus. It is helpful for the surgeon to grasp the posterior wall of the 
stomach and retract medially and towards the abdominal wall. This will allow dis-
section and division of the posterior gastric attachments. Short gastric vessels up to 
5 mm can be divided using the ultrasonic dissector or up to 7 mm using the bipolar 
Vessel Sealer. The authors propose an unusual approach to the left crus: they start 
along the greater curvature and then work more medially. Effectively, the assistant 
lifts the stomach up towards the ceiling in line with the left edge of the aorta (Fig. 
24.5). The energy device is used to take the vessels to the left of this area. The 
maneuver allows for lengthening of the short gastric vessels at the spleen by taking 
the posterior short gastric vessels that emanate off the splenic artery first. This 
allows for little chance of injury to spleen itself. Once the left crus is identified, the 
phrenoesophageal ligament is incised. The right crus is then approached from the 
lesser curvature of the stomach. The gastrohepatic ligament is divided using an 
energy device, being careful to identify the presence of an accessory or replaced left 
hepatic artery. Once the right crus is identified, the phrenoesophageal ligament is 
divided (Fig. 24.6). Care must be taken in patients who have a hiatal defect as the 
left gastric vascular bundle can be elongated and enter the chest via the defect. It is 
possible to injure these vessels in this case.

The left gastric artery is then identified and a window is made by dissecting caudad 
to this vascular bundle in order to place the stapler. The cephalad dissection of the left 
gastric vascular bundle is created by developing the plane in the pars flaccida. A 
lipped vascular-load linear stapler is placed through the left upper abdominal 12 mm 
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port by the bedside assistant and the left gastric vessels are taken near their origin, 
including the celiac and common hepatic nodal basins (Fig. 24.7). Some surgeons 
perform an extensive celiac nodal dissection; it is the authors’ preference to place the 
stapler as flush with the hepatic artery to capture these nodes.

Fig. 24.5 The initial left-side first approach is demonstrated. The stomach is retracted towards the 
ceiling, lengthening the posterior short gastric vessels and minimizing injury to the spleen

Fig. 24.6 Approaching the right crus from the lesser curvature. The right crus and phrenoesopha-
geal ligament are shown
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The esophageal hiatal mobilization and dissection begins, maintaining en bloc 
lymphatics. The assistant (arm 3 on the Si) will retract caudad using the esophageal 
fat pad, while the operating surgeon retracts the hiatus to the left and right (Fig. 
24.8). In this manner, each can provide counter-traction and allow for use of the 
energy to divide the esophageal attachments. One of the advantages of the robotic 
system is the ability to gain improved hiatal visualization by placing the scope in the 
mediastinum and continuing the dissection. It is helpful for the assistant to retract 
the gastroesophageal fat pad caudally, while the surgeon retracts the crus and dis-
sects with the energy device. Care must be taken to avoid entering the pleural spaces 
on each side, as the pleura are very intimately associated with the esophageal tis-
sues. Magnification with the robotic camera allows for visualization of a thin white 
line that is the pleural edge. Entering the pleura does not mandate placement of a 
chest tube; it is rare that a post-operative clinically relevant pneumothorax will need 
intervention.

Specific circumstances that may cause difficulty with hiatal dissection are:

 1. Preoperative Chemoradiotherapy
In this circumstance, the esophagus can be quite thick and there can be dense 

adhesions to adjacent structures. Indeed, the majority of cases in the authors’ 
experience are post-chemoradiation; as such, this has become commonplace in 
the esophagectomy procedure. It is important to note that the surgery should 
occur in the 6–12 week time frame post-radiation. After the 12 week mark, there 
is dense scarring that can make the surgery more challenging. The authors use 
the analogy of a lasagna: when fresh, all the layers can be seen. However, when 

Fig. 24.7 The left gastric vessels are isolated by the assistant and divided using a linear vascular 
load stapler
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frozen (akin to long interval from radiation), there are no visible planes. Similarly, 
the anatomy becomes very tough the further one operates from the end of radia-
tion therapy.

 2. Presence of a Stent
While this is becoming more commonplace, a bulky stent can lead to substantial 
issues when manipulating the esophagus. The stent can be rather rigid and make 
the traction/counter-traction more challenging than necessary. Presence of a stent 
should not preclude robotic surgery, but the surgeon should be prepared for a 
more challenging surgery.
Once the proximal extent of the hiatal dissection is completed, a pyloroplasty 

can be performed. The gastric antrum is identified and followed distally towards the 
pylorus and duodenum. Kocherization of the duodenum is achieved by dividing the 
peritoneum laterally using blunt and sharp dissection. The precise location of the 
pylorus is confirmed by the presence of the vein of Mayo. Stay sutures (the authors’ 
preference is 2-0 silk on an SH needle) are placed and a longitudinal gastrotomy is 
made either using electrocautery or ultrasonic shears. This is extended through the 
pylorus and onto the duodenum, creating a generous 4–5 cm incision. This is then 
closed in the manner of Heineke-Mikulicz using interrupted 2-0 braided permanent 
sutures. A suture-cut needle driver is convenient in order to avoid frequently switch-
ing instruments in and out of the port. Once completed, the stay sutures are removed 
and the instruments withdrawn from the abdomen and the robot undocked. If an 
intracorporeal pyloroplasty proves unfeasible, an open approach can be performed 
or endoscopic botulinum toxin can be injected.

Fig. 24.8 The decussation of the crural fibers is identified and hiatal dissection is performed. The 
assistant elevates the esophagus, while the surgeon uses a combination of energy and blunt 
dissection
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The authors have experience with a fully robotic approach, but have found that 
the use of a mini-laparaotomy saves time and has no consequences on postoperative 
recovery or pain. Therefore, the authors have evolved to the following technique that 
some may call “hybrid” as there is a small laparotomy scar. In fact, the authors would 
argue that this incision is needed to extract the specimen and there are no retractors 
placed. As such, there has been no difference noted in postoperative recovery.

An upper midline mini-laparotomy is made that is enough to permit a hand into 
the abdomen and chest. This is generally just 10 cm with a fascial undercut. 
Anterograde blunt hiatal dissection is then performed. The hand in placed into the 
abdomen and the hiatus is manually dilated. The entire hand must be placed into the 
mediastinum and the esophagus should be grasped from within the palm of the 
hand. The dissection proceeds from posterior to lateral and finally anteriorly. Much 
like in the pelvis, the key structures are anterior and therefore this should be left for 
last. The left mainstem bronchus should be palpable anterior to the esophagus. Care 
is taken not to enter the pleura or disrupt the bronchus.

At the same time, the neck dissection can be performed and mobilization of the 
cervical esophagus is achieved. A limited anterior sternocleidomastoid incision is 
made. The carotid is retracted laterally and the thyroid medially. Care should be 
taken in using energy in the tracheoesophageal groove as the recurrent laryngeal 
nerve is in this location. Despite careful dissection, there is a risk of palsy of this 
nerve of at least 10% in the authors’ experience. The esophagus is mobilized from 
above into the thoracic inlet again working posteriorly first. The hand from above 
can then meet the hand from below and complete the dissection.

The nasogastric tube is pulled back and the esophagus is divided in the neck 
using a linear thoracic anastomosis 30 mm stapler with a blue load. The esophagus 
is transected leaving the staple line in the distal (specimen) side of the esophagus. A 
sterile nasogastric tube is sewn to the distal esophagus and the specimen is retrieved 
from the abdomen and laid on the abdominal wall. It is necessary to complete the 
antral dissection by dissecting the right gastroepiploic vessels to their origin from 
the gastroduodenal artery in order to gain maximal mobilization. The surgeon 
should not skeletonize this origin too much as it can tear when the conduit is pulled 
up into the neck. The conduit is then created by dissecting and stapling the lesser 
curvature of the stomach. The authors do not tubularize the stomach, but rather 
resect the proximal stomach. The staple line is oversewn using 2-0 silk in the man-
ner of Cushing. The sterile nasogastric tube which is lying in the posterior medias-
tinum is then sewn to the greater curvature of the stomach and the conduit is guided 
into the hiatus and pulled up into the neck. Stay sutures of 3-0 silk are used to tack 
the stomach to the posterior wall of the esophagus. A gastrotomy is made and the 
anastomosis is created using a blue intestinal load linear stapler. The enterotomy is 
then closed using interrupted absorbable braided suture (3-0 Vicryl). A flat drain 
placed to bulb suction is left in the cervical wound until patient tolerating soft diet. 
A feeding jejunostomy tube is then placed using a jejunal loop 30 cm distal to the 
ligament of Trietz. A nasal gastric tube is placed at the level of the pyloroplasty and 
bridled into place at the nares. The fascia is closed using a running absorbable 
barbed fascial closure suture with one full-thickness external retention sutures.
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 Postoperative Care

Postoperatively, all patients are sent to the Intensive Care Unit for close monitoring. 
A nasogastric tube (NGT) is left bridled in place, and special care is given to ensure 
proper fluid management and avoidance of hypotension. One of the most feared 
early postoperative complications is conduit necrosis. This presents as early tachy-
cardia, hypotension, leukocytosis, and respiratory failure. Adjunct pain medications 
are maximized including parenteral formulations of acetaminophen and ibuprofen 
to minimize opiates. Patients with an uncomplicated post-op course are transferred 
to a surgical bed on the floor after the first postoperative day. Continuous trickle 
tube-feeding is started early and advanced to full tube feeds as tolerated.

The authors regularly obtain a water-soluble upper gastrointestinal series on the 
fifth postoperative day to assess the esophagogastric anastomosis as well as the 
pyloroplasty. Once cleared, the NGT is discontinued and a clear liquid diet is started 
with advancement to soft mechanical as tolerated. The cervical incision staples are 
removed and the drain is discontinued. Continuous tube feeds are changed to noc-
turnal feeds and if the patient is tolerating per os diet, the patient can be discharged 
on a soft diet without home tube feeding. A multi-disciplinary approach to postop-
erative care is recommended and members from physical therapy, nutrition, speech 
therapy, and social work are included.

 Complications to Avoid

With the use of the robot come additional complications one must be aware of in 
order to avoid. The docking process can be complicated to the uninitiated and care 
must be taken to avoid external arm collisions with each other as well as with the 
patient. When using the Si, the camera arm lies directly over the patient’s head and 
can inadvertently cause injury if not positioned correctly. When initially placing 
instruments in the abdomen and with each subsequent replacement, extreme care 
must be taken to visualize the instrument in order to avoid blunt injury to the intra-
peritoneal organs. When using energy, especially electrocautery, care must be taken 
not to arc with other instruments. The lack of haptics (force feedback) can be chal-
lenging for the beginner robotic surgeon who is used to laparoscopy. Care must be 
taken to avoid undue traction on the tissues as it is much easier to damage soft tissue 
without the “feel” of the instruments.

 Current Data/Outcomes

Perioperative outcomes of robotic transhiatal esophagectomy in the literature have 
been favorable. The first series of robotic THE was presented by Galvani et al. in 
2008 with 18 patients [14]. The mean operative time was 267 min, no early mortal-
ity, and minimal postoperative complications. The average ICU stay and total hos-
pital length of stay was 1.8 and 10 days, respectively. Another series was presented 
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by Dunn et al. in 2013 with 40 patients undergoing robotic THE [15]. The indica-
tion for the majority of the patients was esophageal carcinoma. Mean operative time 
was 311 min and length of stay was similar to the Galvani series. Complication rates 
were higher than average with a postoperative stricture rate at 68% and leak rate of 
25%. Early postoperative mortality was only 2.5%.

A new robotic technique described by Mori et al. as the Non transthoracic esoph-
agectomy (NTTE) shows promise [13]. This technique first described in 2013 with 
a follow-up series combines a “video-assisted cervical approach for the upper medi-
astinum and a robot-assisted transhiatal approach for the middle and lower medias-
tinum”. The technique claims the benefit of an improved transhiatal nodal dissection 
without the disadvantages of a thoracic approach.

In the authors’ own experience, outcomes from a single institution’s experience 
with laparoscopic versus robotic THE are currently in publication. Eighteen con-
secutive patients who underwent robotic esophagectomy were included in the study. 
All procedures were performed for malignancy and mean operative time was 
168 min. There was one anastomotic leak which required no further invasive inter-
vention and no early mortalities. Mean hospital and ICU length of stay was 10 and 
1.7 days, respectively. An average of 14.2 lymph nodes were harvested with no 
gross positive margins and 94.4% disease-free microscopic margins.
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25Robotic Adrenalectomy

Neil D. Saunders

 Introduction

Since its initial description by Gagner in 1992, the laparoscopic adrenalectomy has 
gained wide acceptance and is currently established as the preferred approach for 
benign adrenal tumors. Like the cholecystectomy, adrenalectomy is an operation 
that was revolutionized by laparoscopy. A minimally invasive approach offers the 
benefits of improved visualization, decreased post-operative pain, shorter length of 
stay, and decreased overall morbidity [1]. With the advent of the da Vinci Robotic 
technology (Intuitive Surgical, Sunnyvale, CA), additional benefits are now avail-
able including improved ergonomics for the operating surgeon, 3D visualization, 
and enhanced dexterity with endowrist manipulation. This often proves particularly 
useful in dissecting more difficult adrenal veins where the improved visualization 
and accuracy leads to greater confidence. The first robotic adrenalectomy was per-
formed in 1999 [2] and is currently performed in many centers worldwide. It has 
been shown to be a safe alternative to laparoscopic adrenalectomy, with some data 
demonstrating improvements in blood loss and length of stay with no difference in 
morbidity [3, 4].

 Indications

Conditions and tumors for which one would approach an adrenalectomy robotically 
are similar to those for laparoscopic surgery. Small- to moderate-sized, benign adre-
nal masses and functional adrenal tumors including aldosteronomas, cortisol secret-
ing cortical adenomas, pheochromocytomas, and other hormone producing tumors 
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can be approached with a minimally invasive technique. Adrenocortical cancer con-
tinues to be a pathology for which open exposure is generally the preferred opera-
tion and for which we would not recommend a robotic approach.

 Robotic Left Adrenalectomy, Transabdominal Approach

Approaching the left adrenal tends to be less anxiety provoking for the surgeon due 
to the configuration of the left adrenal vein and its drainage into the left renal vein. 
The operative technique is similar to the laparoscopic approach.

 Positioning the Patient

The patient is placed on the bed in a position such that the gap between the iliac 
crest and costal margin is positioned over the break in the bed and kidney rest. An 
orogastric tube is placed. The patient is then rolled into a right lateral decubitus 
position on a beanbag or other appropriate padding system to hold them in place. 
The left arm is supported either on an armboard or with pillows. Before connecting 
the bean bag to suction, the kidney rest is raised and the operating table flexed such 
that the iliac to costal margin space expands, allowing for increased working space. 
The beanbag is then connected to suction and hardened to provide support to the 
patient while still allowing access to the midline of the abdomen. To secure the 
patient to the table, multiple straps are used: one at the level of the upper thorax, at 
the hips, and on the lower leg. These are appropriately padded to decrease risk of 
pressure necrosis or neuropathy. We then test the security of the patient by rotating 
the patient to the left slightly to ensure they do not move.

The bed is angled so that the robot can be positioned over the field in a configura-
tion to provide optimum position of the camera arm. This is achieved by aligning 
the approach path of the robot with the adrenal gland and the camera port in a 
straight line as shown in Fig. 25.1. The patient is then prepped and draped in the 
normal sterile fashion.

 Port Placement

Entry to the abdomen is done in the manner most familiar for the surgeon. Optical 
trocar entry, Veress needle, or open Hasson technique are all safe ways to enter the 
abdomen and chosen per surgeon preference [5]. For entry into the abdomen, we 
rotate the patient to the left slightly and enter the abdomen using the optical trocar 
technique with a 10/12 mm port near the midclavicular line approximately two to 
three fingerbreadths below the costal margin as shown in Fig. 25.2. Once we have 
established pneumoperitoneum, a 10 mm 30° laparoscope is inserted to survey the 
abdomen. We then place our two 8 mm robotic trocars. One is placed medially and 
one laterally to the camera port at a similar distance from the costal margin as 
shown in Fig. 25.2. The splenic flexure and proximal left colon may need to be 
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mobilized or adhesions taken down before the lateral trocar can be placed safely. To 
minimize collisions of the robot arms, at least 8–10 cm of space should be placed 
between the camera port and the working trocars. An optional fourth port is some-
times necessary for retraction or suction. This can be a standard laparoscopic 5 or 
10 mm assistant port through which suction or other instruments can be introduced 
to the abdomen. The assistant port can also be useful for holding the colon mesen-
tery and pancreas out of the way as one approaches the renal vein and adrenal vein. 
The best place for this port is typically halfway between the camera port and the 
lateral robot port.

Fig. 25.1 Operating room layout and angle of robot approach for left adrenalectomy

Fig. 25.2 Patient 
positioning and port 
placement for 
transabdominal robotic left 
adrenalectomy
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 Docking the Robot

After placement of the ports, mobilization of the splenic flexure and left colon to 
gain exposure to the retroperitoneum can be done quickly and easily with laparo-
scopic instruments. Once this is accomplished, the robot is docked. If the patient 
was rotated slightly to the left for entry into the abdomen, the operating table is 
positioned back to upright in the right lateral decubitus position. The entire bed is 
then placed in reverse Trendelenburg position to allow the bowel to fall out of the 
field with the aid of gravity. The robot is then guided into place along an imagined 
straight line connecting the camera port to the adrenal to the base of the robot. This 
allows for the camera arm to be positioned into an optimum configuration and 
allows the greatest camera freedom of movement. A 30-degree robot scope is then 
docked to the camera port in a downward facing orientation. The other two robot 
arms are similarly docked. Robot instruments are then introduced into the abdomen 
being sure to keep them under direct vision during the initial placement.

 Robotic Instrument Selection

Through the medial robot port, a double fenestrated grasper is good to start the 
operation with. An endowrist cautery hook or scissor cautery can be used through 
the lateral robot port. Throughout the operation one may need a second double 
fenestrated grasper available as well as a Maryland bipolar or a curved bipolar for-
cep. The bipolar forceps can be used to stop most bleeding in this area. A robotic 
vessel sealer may be used but is often not necessary. As robotic instruments improve  
and vessel sealing energy devices advance, the bipolar forcep can be replaced. A 
medium or large locking polymer clips and clip applier will be used for adrenal vein 
ligation and robotic shears are used to cut the vein once sealed.

 Operative Technique

The left robotic adrenalectomy is approached using the previously described “open 
book” technique of laparoscopy [6]. After mobilization of the colon caudad, the 
spleen is then mobilized lateral to medial. This can be done by providing gentle 
medial retraction of the spleen with the medial robotic arm and dividing the avascu-
lar attachments of the spleen to the lateral abdomen with hook or scissor cautery 
(Fig. 25.3). Caution should be used when retracting the spleen due to the lack of 
haptic feedback with the robot. One should be diligent to not put too much pressure 
on the spleen while retracting as splenic capsular tears can easily occur. Staying in 
the avascular, filmy plane will allow mobilization of the spleen with minimal blood 
loss. This is continued up to the diaphragm cranially and at this point the superolat-
eral aspect stomach will come into view. Continue mobilization of the spleen 
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medially until the spleen will lie medially under its own weight without retraction. 
Often, when progressing through this avascular plane, the tail of the pancreas and 
splenic artery are encountered. These structures may need to be gently dissected 
free and mobilized in continuity with the spleen to allow adequate exposure to the 
adrenal gland. Great care should be taken not injure the tail of the pancreas in this 
maneuver. This entire mobilization can usually be done with the endowrist cautery 
hook or scissor cautery. If small vessels are encountered, they may be sealed with 
bipolar cautery.

Once the mobilization of the spleen is completed, exposing and identifying the 
adrenal vein is the next step. As the tail of the pancreas is swept medially, the adre-
nal gland should come into view as well as the left kidney. The left adrenal vein is 
typically found at the inferomedial aspect of the adrenal gland. Dissection along the 
medial plane in the groove between the adrenal and the pancreas as well as dissec-
tion along the lateral aspect of the adrenal gland near the kidney can help to isolate 
the area of the adrenal vein (Fig. 25.4). Careful dissection, both blunt and with 
cautery, will allow identification of the adrenal vein as it empties into the left renal 
vein. Once identified and dissected circumferentially as shown in Fig. 25.5, the 
locking polymer clips are loading on the robotic clip applier and used to doubly 
ligate the vein on the stay side and once on the adrenal side (Fig. 25.6). The vein is 
then divided with the robotic shears. After division of vein, the tissue overlying the 
adrenal gland is grasped and used to elevate the adrenal gland. Bipolar cautery can 
be used to divide the attachments posterior to the retroperitoneal fat. The lateral 
aspect of the adrenal gland is similarly dissected free from the kidney. This is con-
tinued up toward the diaphragm. One may encounter a branch of the phrenic vein 
through this dissection, and if necessary, can be sealed and taken with bipolar cau-
tery. Once the specimen is free, it is placed in an endocatch bag and removed 
through the camera port. Depending on the size of the specimen, the camera port 
may need to be enlarged for removal.

Fig. 25.3 Mobilization of the spleen and tail of the pancreas medially to expose the retroperito-
neum. Image courtesy of Yusef Kudsi, MD
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 Robotic Right Adrenalectomy, Transabdominal Approach

Similar to the transabdominal robotic left adrenalectomy, the right-sided operation 
is conducted in a manner analogous to its laparoscopic counterpart.

Fig. 25.4 Separating the 
lateral aspect of the left 
adrenal gland from the left 
kidney. Image courtesy of 
Yusef Kudsi, MD

Fig. 25.5 Left adrenal 
vein exposed. Image 
courtesy of Yusef Kudsi, 
MD

Fig. 25.6 Dividing the left 
adrenal vein after 
placement of locking 
robotic clips. Image 
courtesy of Yusef Kudsi, 
MD
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 Positioning the Patient

After intubation and orogastric tube placement, the patient is placed in the left lat-
eral decubitus position on a beanbag or similar method to hold the patient in posi-
tion. The gap between the patient’s iliac crest and costal margin is placed at the level 
of the kidney rest on the operative table or at the break in the bed. This allows flex-
ing of the patient to widen the iliac crest-to-costal margin space to create more 
working room. The right arm is placed on an arm sling or board and the patient is 
secured to the bed at the level of the chest, hips, and lower extremities such that the 
patient can be rotated to the left or right and be secure on the operating table.

 Port Placement

The right-sided adrenalectomy generally requires four ports due to the need for the 
liver retractor. Ports required are a 10/12 mm port for the robot camera, two 8 mm 
working ports for the robotic instruments, and a 5 mm assistant port for liver retraction 
and/or suction as shown in Fig. 25.7. The lateral working port is placed in between the 
anterior axillary line and mid axillary line approximately two fingerbreadths below 
the costal margin. The 10/12 mm camera port is placed medial to this just lateral to the 
mid-clavicular line. The medial robot port is positioned near the midline in the epigas-
tric area. A 5 mm port for the liver retractor can be placed between the camera port and 
the medial robotic port. An optional additional assistant port is placed between the 
camera port and the lateral robotic port, this can be a 5 or 10 mm port.

 Docking the Robot

After placement of the ports, the robot is brought toward the operative field in a 
similar manner to the left adrenalectomy approach. If the patient was rotated to the 
right to access the abdomen, they are now rotated back to the upright left lateral 

Fig. 25.7 Patient 
positioning and port 
placement for 
transabdominal robotic 
right adrenalectomy
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decubitus position. While the bed remains flexed, the entire bed is then moved to a 
reverse Trendelenburg position to allow the bowel to retract downward with gravity. 
The robot is docked by driving the robot toward the surgical field along a line con-
necting the location of the adrenal gland and the camera port as shown by the angle 
of the robot in Fig. 25.8. This allows for the camera arm to align in the optimum 
working zone of the robot as well as minimize collisions with the working arms. 
The 30° robotic camera is then introduced to the abdomen in a downward looking 
orientation.

 Robotic Instrument Selection

To start the operation, a double fenestrated grasper is used through the lateral robotic 
port. An endowrist cautery hook or scissor cautery is placed through the medial 
working port. The Maryland bipolar or a curved bipolar forcep can be used through 
either port as needed to stop bleeding or seal small vessels. A robotic vessel sealer 
may also be used but is often not needed. Medium or large polymer clips and clip 
applier will be used for adrenal vein ligation along the inferior vena cava.

Fig. 25.8 Operating room layout and robot approach angle for right adrenalectomy
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 Operative Technique

After insertion of the robotic instruments, a snake liver retractor is introduced 
through the medial 5 mm port by the assistant and positioned to provide gentle 
medial traction on the underside of the liver in order to provide exposure to the 
retroperitoneum (Fig. 25.9). The first step is mobilizing the right lobe of the liver. 
With medial retraction on the liver, the right triangular ligament is divided with 
the endowrist cautery hook or scissor cautery (Fig. 25.10). Freeing the liver from 
the diaphragm is continued medially to mobilize segments VI and VII of the liver. 
Care is taken not to proceed too far medially and injury the right hepatic vein. 
After mobilization of the right liver, the peritoneal layer covering the retroperito-
neum is opened. Starting superiorly near the diaphragm, the endowrist cautery is 
used to divide the peritoneum approximately 3–5 mm from the underside of the 
liver. This is continued inferiorly in a hockey stick line following along the under-
side of the liver and then turning more southward just lateral and parallel to the 
vena cava as shown in Fig. 25.11 [6]. This can be continued out further laterally 

Fig. 25.9 Initial placement of robotic instruments and liver retractor at the beginning of the 
operation

Fig. 25.10 Taking down 
the triangular ligament of 
the right liver along the 
diaphragm to mobilize 
liver and expose right 
adrenal gland
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as well to follow the course of the right renal vein parallel to its superior aspect. 
Once the retroperitoneum is opened, blunt dissection along the lateral side of the 
inferior vena cava can expose the right adrenal vein (Figs. 25.12 and 25.13). Small 
vessels in this area can be divided with the robotic bipolar cautery. The location 
of the adrenal vein along the inferior vena cava can be variable and sometimes one 

Fig. 25.11 Opening of 
peritoneum along 
underside of liver and 
down the lateral border of 
the vena cava in a “hockey 
stick” line

Fig. 25.12 Dissection 
between lateral border of 
inferior vena cava and 
medial side of adrenal 
gland to expose right 
adrenal vein

Fig. 25.13 Isolating the 
right adrenal vein along the 
lateral border of the inferior 
vena cava. Image courtesy 
of Yusef Kudsi, MD
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will encounter multiple adrenal veins. Meticulous dissection in this area is critical 
as bleeding from the cava can be significant. Once the adrenal vein is identified 
and circumferentially dissected, a locking polymer clip is placed on the vena cava 
side and specimen side. If there is adequate length to the adrenal vein, a second 
clip can be placed on the vena cava side before dividing. Robotic shears are used 
to divide the adrenal vein.

After division of the adrenal vein, most of the remaining vessels can be divided with 
bipolar cautery. The peritoneal layer overlying the adrenal gland is then grasped and 
used as a handle to provide tension in the upward direction. Approaching from the 
inferior aspect of the adrenal gland, the bipolar cautery is then used to proceed in the 
relatively avascular plane beneath the adrenal gland. As noted previously, bleeding 
from small vessels in the retroperitoneal fat behind the adrenal gland can be sealed with 
the bipolar. Other than the adrenal vein medially, dissection through the plane along the 
vena cava and the underside of the liver is similarly avascular. Once the specimen is 
freed from its remaining attachments, it is placed into an endocatch bag for removal. 
The retroperitoneum is inspected for bleeding. Any visible bleeding can be stopped 
with cautery or hemostatic agents. The robotic instruments are then removed and the 
ports taken out under direct vision while the abdomen is desufflated. Often, the size of 
the adrenal tumor will necessitate enlargement one of the port incisions and further 
opening of the abdominal wall for specimen extraction. The robotic camera port, which 
would require fascial closure, is typically the incision chosen to enlarge. Once the spec-
imen is removed, the abdominal wall is reapproximated in two layers.

 Post-operative Care

Patients are admitted for overnight observation and typically discharged on post- 
operative day (POD) 1. They are started on a clear diet on the operative day with the 
expectation that they will have regular food in the evening or by the next morning. 
A complete blood count (CBC) is checked in the morning of POD1. For pheochromo-
cytomas, the decision to observe in the intensive care unit overnight is based on their 
immediate post-operative condition and hemodynamics with a low threshold for ICU 
admission. If their blood pressure has stabilized by post-operative day 1 they may also 
be discharged. In the cases of aldosteronoma, the patient’s mineralocorticoid medica-
tions may be stopped immediately following the operation. Their other antihypertensive 
medications will likely have to be continued upon discharge and discontinued in a grad-
ual fashion as it may take weeks for their blood pressure to decrease to a new baseline.

 Limitations

As with all robotic operations, the biggest limitation is lack of haptic feedback to the 
surgeon. This is particularly worrisome when retracting the spleen, liver or a fragile 
tumor with the robotic arm. In cases of pheochromocytoma, where manipulation of 
the tumor can have deleterious hemodynamic effects, one must be careful as well. 
Another limitation inherent in the system is collisions with the robot arms. 
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Robot- to- robot contact can easily mitigated by placing ports far enough apart to 
avoid interference but the problems we find are with the assistant navigating 
between the robot arms to work intra-abdominally. This is most pronounced with 
the snake liver retractor during the right adrenalectomy. The bulkiness of the robot 
arms and their position exterior to the patient makes it difficult for the assistant to 
thread between them and provide agile retraction of the liver. This difficulty may be 
obviated in a four robotic arm setup with the operating surgeon controlling the liver 
retraction robotically.

Some data suggest that robotic adrenalectomy may have benefits to the patient over 
laparoscopic surgery. A meta-analysis in 2014 comparing 277 robotic adrenalectomies 
to 323 laparoscopic adrenalectomies showed a statistically significant shorter length of 
stay and lower blood loss, though complication rate was the same and conversion to 
open was the same. The length of stay analysis, however, included data from institu-
tions with a mean length of stay after laparoscopic adrenalectomy of 5 and 6 days. This 
would be well outside the norm in the United States where the majority of patients 
undergoing laparoscopic adrenalectomy are discharged on POD1 or 2. This study, as 
well as most others looking at robotic adrenalectomy, is limited by the quality of the 
source data and small numbers in the individual studies [3]. Better data are needed to 
show that robotic adrenalectomy has improved outcomes over laparoscopy.

 Conclusions

Like laparoscopy before it, robotic adrenalectomy provides another excellent surgical 
technique for approach to the adrenal gland. The transabdominal robotic approach is 
easily adapted by those who are familiar with laparoscopic adrenalectomy as the dis-
section is along familiar planes and the operations proceed in a similar manner. The 
greater flexibility of the wristed instruments and improved vision can make for more 
precise dissection. Because of the lack of haptic feedback, care needs to be taken 
especially in the case of pheochromocytoma due to the hemodynamic consequences 
of rough handling of the tumor. Overall, in properly selected patients, robotic surgery 
is a great tool for adrenalectomy and will continue to improve as technology advances.
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26Robotic-Assisted Transaxillary Thyroid 
and Parathyroid Surgery

Daniah Bu Ali, Sang-Wook Kang, and Emad Kandil

 Introduction

Over the last decade, there has been increased interest in improving quality of life 
as well as healthcare overall. Patients are more aware and active in the decision- 
making process, which has led to an increase in focusing on quality of life issues 
such as early return to normal activity and cosmetic appearance after a treatment. As 
a result, there has been an increased adoption of minimally invasive surgery in vari-
ous surgical fields. In the area of head and neck surgery, minimally invasive and 
endoscopic surgical techniques were slow to be adopted due to some spatial and 
anatomical limitations, such as the lack of a pre-existing working space, the hyper-
vascularities of target organs, and abundance of critical nerves and major vessels. 
However, using the features of the surgical robotic system, such as a three- 
dimensional magnified surgical view, hand-tremor filtration, fine-motion scaling, 
and precise and multiarticulated hand-like motions, scarless thyroid and parathyroid 
surgery using a remote site incision overcame many of the previous limitations. 

Electronic supplementary material: The online version of this chapter (doi: 10.1007/978-3-
319-51362-1_26) contains supplementary material, which is available to authorized users. Videos 
can also be accessed at http://link.springer.com/chapter/10.1007/978-3-319-51362-1_26.
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Since the first introduction of robotic thyroidectomy using transaxillary approach in 
2007, many studies have examined the technical aspects and surgical outcomes for 
robotic thyroid surgery and reported similar outcome. As a result, the robotic tech-
nique has become a promising remote access approach for the treatment of thyroid 
and parathyroid gland pathology in a select group of patients.

In this chapter, the robot-assisted transaxillary approach for thyroid and parathy-
roid surgery will be described.

 Indications and Patient Selection

 Thyroidectomy

Robotic approach can be considered in patients who have concerns of a visible neck 
scar, due to cosmetic impact or a previous history of healing with keloid or hyper-
trophic scar. The body build of the patient, volume of the thyroid gland, and the 
nodule size are factors that need to be assessed preoperatively as they can affect the 
decision to proceed with a robotic approach. Proper positioning is an essential part 
of the procedure, so certain conditions that can interfere with patients’ positioning, 
such as limitation of neck or arm mobility, should also be considered preoperatively. 
Patient selection is based on the following criteria set by high volume centers, as 
there are no clearly established guidelines yet:

• Contraindications:
 – Absolute contraindication:

History of radiation to the neck.
Previous neck surgery.
Substernal goiter.
Thyroid cancer with invasion to adjacent structures.
Metastatic thyroid cancer to the retropharyngeal or substernal lymph nodes.
Poorly differentiated thyroid cancer.

 – Relative contraindication:
Nodules more than 4 cm.
Thyroid volumes more than 40 ml.
Advanced thyroiditis.
Conditions affecting neck or shoulder mobility, e.g., rotator cuff injury.
Morbid obesity.

With experience, the surgeons might gradually extend their surgical indications 
for robotic thyroidectomy to include obese patients, cases of thyroiditis, Graves’ 
disease [1], large thyroid nodules more than 4 cm, and lateral neck dissection [2]. 
However, it is advisable to be conservative at the beginning of the learning curve. 
The best candidates for the beginner surgeon are young female patients with small 
body build (BMI < 35) without any thyroiditis.
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 Parathyroidectomy

Robotic parathyroidectomy is only indicated in patients with preoperatively well- 
localized primary hyperparathyroidism having a single gland disease. This proce-
dure currently cannot be offered to patients with multi-gland disease or preoperatively 
poorly localized parathyroid glands, as it would require bilateral neck exploration, 
which is technically difficult to perform using a one side approach.

• Absolute contraindication:
 – Failure to localize the parathyroid gland preoperatively.
 – Preoperative biochemical or radiological evidence of multiglandular disease.
 – Previous neck surgery.
 – Previous radiation to the neck.

• Relative contraindication:
 – Parathyroid carcinoma.
 – Associated large goiter, or Graves’ disease.

 Equipment and Instruments

A shoulder roll is required for neck extension and soft pillows are required for the arm 
positioning. For the flap creation, monopolar electro-cautery with long tip, long vascu-
lar Debakey forceps, two army-navy retractors, two lighted breast retractors (Fig. 26.1), 
and a vessel-sealing device are needed. An external retractor is required to maintain the 
working space during the procedure (Marina Medical, Sunrise, FL, USA) (Fig. 26.2).

For the robotic dissection portion of the procedure, the da Vinci S, Si, or Xi sys-
tem (Intuitive, Inc., Sunnyvale, CA, USA) can be used along with a 30-degree down 
looking scope, 5 mm Maryland dissector (Intuitive, Inc.), and 8 mm Prograsp for-
ceps (Intuitive, Inc.). A 5 mm harmonic curved shear (Intuitive, Inc.) is used as the 
robotic vessel-sealing device. Four trocars can be inserted through the single 

Fig. 26.1 Lighted breast 
retractor
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axillary incision: two 5 mm trocars, one 8 mm trocar, and one 12 mm trocar. During 
the procedure a 5 mm laparoscopic suction and irrigation can be used by the assist-
ing surgeon to retract structures such as sternocleidomastoid (SCM) muscle or tra-
chea. Rolled gauze can be used for hemostasis during the procedure.

Instruments and surgical equipment

Flap creation and maintenance of working space

  2 Army-navy retractors

  2 Lighted breast retractors

  Long Vascular Debakey forceps

  Monopolar electrocautery (short and long tips)

  Vessel sealing device

  Special modified robotic thyroidectomy retractor (Marina Medical, Sunrise, FL, USA)

Robotic instruments

  DaVinci Si or Xi robot system

  Two 5-mm trocars

  8-mm trocar

  12-mm trocar

Fig. 26.2 Modified 
robotic thyroidectomy 
retractor (Marina Medical, 
Sunrise, FL, USA)
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Instruments and surgical equipment

  5-mm Maryland dissector

  8-mm Prograsp forceps

  5-mm Harmonic curved shear

  30 degree endoscope

  Laparoscopic suction/irrigation

Surgical Technique

 Positioning

The patient is placed in the supine position and is intubated using one of the nerve 
integrity monitor endotracheal tubes to enable intraoperative monitoring of the 
recurrent laryngeal nerve. The neck is extended using a shoulder roll. The ipsilateral 
arm on the same side of the lesion is raised and flexed at the elbow with the forearm 
resting over the forehead, and secured in place with proper padding using soft pil-
lows and foam (Fig. 26.3). By raising the arm, the distance between the incision and 
anterior neck will be shortened. The contralateral arm is tucked in on the side of the 
patient. Caution has to be taken not to overextend the shoulder in order to avoid 
traction injury of the brachial plexus. Nerve monitoring of the radial, median, and 
ulnar nerves using somatosensory evoked potential (SSEP) (Biotronic, Ann Arbor, 
MI) can be used to help avoid stretching of any of these nerves.

Intraoperative ultrasound is usually performed at the beginning of the procedure 
to assess the relation of the thyroid to the internal jugular vein and carotid artery. 
In cases of robotic-assisted parathyroidectomy, the location of the pathological 
parathyroid gland can be confirmed by performing intraoperative ultrasound.

Fig. 26.3 Patient positioning in transaxillary approach; the arm is raised and flexed at the elbow 
resting comfortably over the patients face. Preoperative ultrasound is performed to assess the rela-
tion of the internal jugular vein and carotid to the thyroid
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 Incision and Flap Creation

 Incision
 – The neck, anterior chest, and the ipsilateral axilla are prepped and draped.
 – The incision location landmarks are the thyroid prominence, sternal notch, and 

the anterior axillary line. A 60° oblique line is drawn from the thyroid promi-
nence to the axilla and a transverse line is drawn from the sternal notch to the 
axilla. Afterward, a 5–6 cm skin incision can be made between the two lines at 
the anterior axillary line along the lateral border of pectoralis major muscle. This 
will create a completely hidden incision in the axillary folds (Fig. 26.4).

 Flap Creation
 1. Using electrocautery, the subcutaneous flap is created superficial to the pectoralis 

major muscle fascia up to the clavicle. The army-navy and lighted breast retrac-
tors are used to facilitate this step (Fig. 26.5).

 2. Subplatysmal dissection is performed after crossing the clavicle until the two 
heads of (SCM) are identified. The flap dissection is continued medially to the 
medial border of the SCM.

Fig. 26.4 The skin incision landmarks, it is placed at the anterior axillary line between two lines, 
an oblique line from the thyroid prominence and a transverse line from the sternal notch

Fig. 26.5 Flap creation superficial to the pectoralis major muscle fascia
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Fig. 26.6 Opening of the avascular plane between the two heads of SCM

Fig. 26.7 The omohyoid muscle, which is a landmark of the upper pole, is identified after opening 
the plane between the two heads of SCM

 3. The avascular plane between the clavicular and sternal heads of the SCM is cre-
ated. The omohyoid muscle is considered a great landmark of the superior pole 
of the thyroid gland. Great care should be taken to avoid injury to the internal and 
external jugular vein during this dissection (Fig. 26.6, 26.7, and 26.8).

 4. The superior belly of omohyoid muscle is retracted or divided and then the thyroid is 
separated from the overlying strap muscles using the electrocautery or a vessel-seal-
ing device until the contra lateral side of the thyroid gland is fully exposed.

 5. The blade of the special thyroid modified self-retaining retractor is placed 
through the axillary incision retracting the flap, the sternal head of SCM, and the 
strap muscles. It is mounted to the bed from the contralateral side of the operat-
ing table. Appropriate maintenance of the working space is an important aspect 
during the procedure. A suction tube should be attached to the suction channel of 
the retractor to remove the smoke during the procedure (Fig. 26.9).
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 Robot Docking

The robot is docked from the contralateral side of the table. A 30-degree down view 
endoscope and three robotic instruments are secured to the robotic arms and inserted 
through the single axillary incision. The 12 mm trocar is placed in the middle of the 

Fig. 26.8 After dividing 
the omohyoid muscle the 
strap muscles, thyroid, and 
internal jugular vein are 
exposed

Fig. 26.9 The external 
modified robotic 
thyroidectomy retractor is 
placed and connected to 
suction to eliminate the 
smoke during the 
procedure
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Fig. 26.10 Placement of 
the endoscope, the trocar is 
placed at the center of the 
lower edge and the scope is 
inserted in an upward 
direction

axillary incision on the lower edge and the camera is inserted in an upward direction 
(Fig. 26.10). The 8 mm trocar is placed at the upper edge of the incision, and the 
Prograsp forceps is inserted in downward direction. The two 5 or 8 mm trocars are 
placed as far apart as possible at the lateral ends of the incision, and the Maryland 
dissector is inserted at the non-dominant side of the surgeon in an upward direction 
and the Harmonic curved shear is inserted so it can be used by the dominant hand 
of the surgeon. Proper placement of the instruments and maintaining appropriate 
space between the arms is a crucial step of the procedure to avoid collision of the 
robotic arms (Fig. 26.11, 26.12, 26.13, and 26.14).

Fig. 26.11 Placement of trocars in a left side approach; the scope is placed at the middle of the 
lower edge of the incision, the prograsp placed taround the upper middle area of incision, the 
Maryland to the right lateral end of the incision and harmonic curved shear at the left lateral end
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Fig. 26.12 Room setup for Si robot, left side approach

Fig. 26.13 Room setup for Xi robot, right side approach
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Fig. 26.14 Robotic arms configuration for Si robot

 Thyroidectomy

 1. The vagus nerve is stimulated initially using the nerve monitor probe, which is 
introduced into the field by the assistant.

 2. The laparoscopic suction/irrigation is introduced by the assistant through the 
axillary incision, and used to downward retract the internal jugular vein and 
clavicular head of the SCM.

 3. The upper pole of thyroid is retracted medially and inferiorly using the Prograsp 
forceps. The superior thyroid vessels are dissected and divided using the 
Harmonic curved shear. Care has to be taken to divide them closer to the thy-
roid to avoid injury of the external branch of the superior laryngeal nerve. 
Further dissection of the upper pole is continued until it is dissected from the 
cricothyroid muscle. This will allow identification and preservation of the supe-
rior parathyroid gland.

 4. The Prograsp forceps is repositioned and the thyroid is retracted medially, then the 
thyroid middle vein is dissected and divided using the Harmonic curved shears.

 5. Meticulous dissection at the tracheoesophageal groove is performed until the 
recurrent laryngeal nerve (RLN) is identified and its functional integrity is con-
firmed using the nerve monitor probe. Dissection of the RLN is carried until its 
insertion into the cricothyroid muscle.

 6. The inferior pedicle is dissected and divided using the Maryland and Harmonic 
curved shear after careful dissection of the RLN.
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 7. The thyroid is dissected carefully medial to the RLN. It is shaved from the tra-
chea until reaching the contralateral side. Caution has to be taken at Berry’s 
ligament region to avoid direct and indirect thermal injury to the RLN by the 
Harmonic curved shear active blade.

 8. The thyroid lobe and isthmus are divided from the remaining thyroid lobe and 
the specimen is extracted through the axillary incision (Video 26.1).

 9. In cases of total thyroidectomy, after performing ipsilateral lobectomy, subcap-
sular dissection of the contralateral lobe is performed. The RLN and parathyroid 
glands are identified. The superior pedicle is then dissected and divided followed 
by dissection of the inferior pedicle. Then, the remaining thyroid is separated 
from the trachea and extracted through the axillary incision. In some cases, such 
as in a prominent trachea or male patient, tilting the operating table 10–15° can 
help to achieve better exposure of the contralateral tracheoesophageal groove.

 10. The vagus nerve and RLN are re-stimulated using the nerve monitor probe at 
the end of the procedure. Hemostasis is secured and confirmed prior to comple-
tion of the procedure.

 11. The external retractor is removed followed by careful inspection for hemostasis 
at the flap. A drain is inserted through a separate incision below the axillary 
incision, then the incision is closed in two layers: interrupted subcutaneous 
closure followed by a continuous subcuticular closure.

 Parathyroidectomy

 1. The vagus nerve is initially stimulated using the nerve stimulator probe.
 2. The thyroid is retracted medially using the Prograsp forceps; the pathological 

parathyroid gland is identified with careful dissection.
 3. Meticulous dissection in the tracheoesophageal groove is performed until the 

recurrent laryngeal nerve is identified and its functional integrity is confirmed by 
nerve stimulation using the nerve monitor probe.

 4. Circumferential dissection of the parathyroid gland is performed via the utiliza-
tion of Harmonic curved shears and Maryland dissectors until the pedicle of the 
inferior thyroid artery branches is identified and divided.

 5. The specimen is extracted using an endo-catch bag through the axillary incision 
and sent for frozen section for confirmation.

 6. Serial blood samples are drawn for intra-operative parathyroid hormone (IOPTH) 
levels at scheduled interval; one baseline at the beginning of the procedure, one 
pre-excision followed by scheduled 10 and 15 min levels post-excision. A drop 
of 50% or more of the IOPTH level from the baseline or pre-excision level indi-
cates a curative surgery by successful removal of the culprit parathyroid gland.

 7. Hemostasis is secured and the vagus nerve is re-stimulated at the end of the proce-
dure, followed by undocking of the robot.

 8. The retractor is removed and a drain is inserted through a separate incision below 
the axillary incision. The incision is closed in two layers: interrupted subcutane-
ous and continuous subcuticular.
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 Postoperative Care

The drain is usually kept in place until the output is less than 30 ml/day. Most 
patients will have their drains removed in 2 or 3 days. Discharging the patient 
depends on the surgeons’ experience and preference; however, in our experience, 
most patients are discharged on the same day of surgery.

 Precautions During the Procedure

 Positioning

Neuropraxia of the brachial plexus is a rare possible risk that can happen during 
improper positioning, likely caused by overextension of the shoulder leading to 
traction of the brachial plexus. It usually causes temporary paralysis of the arm that 
recovers within a few weeks. This can be prevented by avoiding overextension and 
over medial-rotation of the shoulder while positioning the arm. In addition, the use 
of the nerve monitor of the radial, median, and ulnar nerves using SSEP can be very 
helpful, which can alert you if there was loss of signal of the nerve during the pro-
cedure allowing adjustment of the arm positioning when needed.

 Flap Creation
During flap creation, injury to the skin flap by button-hole perforation or thermal 
injury should be avoided by following the proper surgical plane along the subplatys-
mal layer and using the lighted breast retractor. One should avoid injury to the 
internal jugular vein or carotid while opening the avascular plane between the two 
heads of SCM. The best way to avoid this complication is careful dissection follow-
ing the anatomical plane and direct identification of these structures.

 Robotic Dissection

One should avoid the rare risk of thermal tracheal or esophageal injuries by making 
sure all arms are in view during energy application.

 Advantages of Robotic Thyroid and Parathyroid Surgery

Several studies have reported on the safety and feasibility of robotic thyroid and 
parathyroid surgery, with surgical outcomes comparable to conventional open and 
endoscopic approaches. In one meta-analysis study, we found no difference in the 
incidence of recurrent laryngeal nerve injury, permanent hypocalcaemia, hema-
toma, seroma, chyle leak, and tracheal injury in robotic approaches compared to 
open and endoscopic approaches [3].
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Robotic surgery has several advantages compared to the conventional open 
approach. The main advantage is the cosmetic effect of a hidden scar in the 
axilla, which might be an important factor for young females where a visible 
neck scar might have significant cosmetic impact on them. Several studies 
reported greater cosmetic satisfaction in robotic approach compared to the open 
approach [4–7]. Technically, the robotic approach has several advantages com-
pared to the endoscopic approaches. First, it provides a stable three-dimensional 
view that makes it easier to identify and preserve the recurrent laryngeal nerve 
and parathyroid gland. Additionally, the downscaling and tremor elimination fea-
tures enable the surgeon to perform precise movements. The multiarticulated 
arms and endowrist instruments facilitate the work in deep and narrow places and 
enable wide range of movement. During robotic surgery, the surgeon is in control 
of the entire procedure, and is not depending on an assistant compared to the 
endoscopic approach [7–10].

The ergonomics provided by the robot reduces the musculoskeletal discomfort to 
the surgeon [9, 11]. A multicenter study by Lee et al. showed that surgeons’ neck 
and back pain were lower in robotic thyroidectomy compared to open and endo-
scopic thyroidectomy. This can be attributed to the position of the surgeon, as he or 
she sits at a console and performs the surgery with the aid of stereoscopic vision and 
robotically controlled instruments with the monitor placed at his eye level, which 
minimize the postural changes to the neck and shoulders [10].

Interestingly, there is a reported rapid learning curve in robotic-assisted thyroid-
ectomy in comparison to endoscopic approaches. One should perform 35–45 robotic 
cases compared to 55–70 in the endoscopic approach to reach the peak of their 
learning curve [12].

The high cost of robotic thyroid surgery compared to the open and endoscopic 
approaches is the main disadvantage, and this is due to the longer operative time and 
equipment cost [13]. However, there is less risk of complications, shorter hospital-
izations, and lower cost when thyroid surgery is performed by high volume sur-
geons compared to low volume surgeons.

 Conclusion

Robotic thyroid and parathyroid surgeries provide great functional and cosmetic 
benefits with acceptable surgical outcomes when compared to the conventional 
open procedure. We anticipate that with future improvements of the robotic technol-
ogy the indications of robotic thyroid and parathyroid surgery will expand along 
with improved surgical outcomes.
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27Robotic Lobectomy

Benjamin Wei and Robert Cerfolio

 Introduction

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. [1, 2]. Since then, the use 
of robotic technology for lobectomy has become increasingly common.

 Patient Selection and Preoperative Considerations

The evaluation of candidates for robotic lobectomy includes the standard preopera-
tive 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 mediastinoscopy, depending on expertise. Certain patients may warrant addi-
tional testing, including stress test, brain MRI if concern exists for metastatic dis-
ease, and/or dedicated computed tomography scan with intravenous contrast or 
MRI if concern exists for vascular or vertebral/nerve invasion, respectively.
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Investigators have shown that thoracoscopic lobectomy is safe in patients with a 
predicted postoperative forced expiratory volume (FEV1) or DLCO <40% of pre-
dicted [3]. 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, presence 
of induction chemotherapy and/or radiation, prior thoracic surgery, and hilar nodal 
disease are not contraindications for robotic-assisted lobectomy for experienced 
surgeons.

 Conduct of Operation

 Preparation

A well-trained team that communicates effectively is a priority for successful perfor-
mance of robotic lobectomy. Criteria for a well-trained team include: documented 
scores of 70% or higher on simulator exercises, certificate of robotic safety training 
and cockpit awareness, weekly access to the robot, familiarity with the robotic and 
the instruments, and a mastery of the pulmonary artery from both an anterior and 
posterior approach. Currently, the da Vinci surgical system console (Intuitive 
Surgical; Sunnyvale, CA) is the only FDA-approved device available for robotic 
lobectomy. Proper location of the robot should be established prior to the operation. 
The third robotic arm will need to be located so that it will approach the patient from 
the posterior. The approach of the robot to the patient depends on whether or not an 
Si or Xi system is used. For the Si system, the robot is driven from over to patient 
shoulder at a 15° angle off the longitudinal access of the patient (Fig. 27.1). The 
patient will need to be turned so that the axis of the patient is 90° away from the typi-
cal position (i.e. head near the anesthesia workstation) to facilitate this. The use of 
long ventilator tubing and wrapping up this and other monitoring lines with a towel 
secured to the side of the bed is helpful to minimize interference with the surgeon/
assistant. For the Xi system, the robot can approach from the patient’s side and the 
patient’s head can remain oriented towards the anesthesiologist’s work station (Fig. 
27.2). Precise placement of the double lumen endotracheal tube and the ability to 
tolerate single lung ventilation should be established prior to draping the patient, as 
repositioning the tube will be virtually impossible once the robot is docked.

 Patient Positioning/Port Placement

The patient is positioned in lateral decubitus position and the operating table flexed 
to open up the intercostal spaces. The patient should be moved posteriorly as much 
as possible so that the patient’s arms can fit on the bed in front of the patient’s head. 
Axillary rolls and arm boards are unnecessary (Fig. 27.3). The robotic ports are 
inserted in the seventh intercostal space for upper/middle lobectomy and in the 
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eighth intercostal space for lower lobectomy. Typical port placement is shown in 
Fig. 27.4 for a right robotic lobectomy. The ports are marked as follows: robotic arm 
3 (5 or 8 mm port) is located 1–2 cm lateral from the spinous process of the vertebral 
body, robotic arm 2 (8 mm) is 10 cm medial to robotic arm 3, the camera port (we 
prefer the 12 mm camera) is 9 cm medial to robotic arm 2, and robotic arm 1 
(12 mm) is placed right above the diaphragm anteriorly. The assistant port is trian-
gulated behind the camera port and the most anterior robotic port, and as inferior as 
possible without disrupting the diaphragm. We use a zero-degree camera for this 
operation. Insufflation of the camera or assistant port with carbon dioxide is used to 
depress the diaphragm, decrease bleeding, and compress the lung.

 Mediastinal Lymph Node Dissection

After examining the pleura to confirm the absence of metastases, the next step dur-
ing our performance of robotic lobectomy is removal of the mediastinal lymph 
nodes, for staging, and also to help expose the structures of the hilum.

Fig. 27.1 Angle of approach of robot docking for lobectomy (da Vinci Si system) (a) right lobec-
tomy, (b) left lobectomy
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• Right side—The inferior pulmonary ligament is divided. Lymph nodes at stations 
8 and 9 are removed. Robotic arm 3 is used to retract the lower lobe medially and 
anteriorly in order to remove lymph nodes from station 7. Robotic arm 3 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 

Fig. 27.2 Angle of approach of robot docking for lobectomy (da Vinci Xi system) and possible 
room layout

Fig. 27.3 Patient position for robotic lobectomy, viewed from anterior
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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 bron-
chus, lateral to the esophagus. The lower lobe is retracted medially/anteriorly 
with robotic arm 3 during this process. Absence of the lower lobe facilitates dis-
section of level 7 from the left. Finally, robotic arm three is used to wrap around 
the left upper lobe and pressed it inferior to allow dissection of stations 5 and 6. 
Care should be taken while working in the aorto-pulmonary 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 tactile feedback, special techniques may be necessary to identify a nodule 
that is not obvious on visual inspection. An empty ring forceps may be used via the 
assistant port to palpate the nodule. Alternatively, preoperative marking of the nod-
ule with a dye marker injected via navigational bronchoscopy can help facilitate 
location of the nodule. Preoperative confirmation of a cancer diagnosis with tissue 
biopsy is helpful to avoid being unable to locate the nodule intraoperatively. In the 
future, the use of injected indocyanine green (ICG) may also allow surgeons to 
visualize nodules intraoperatively [4].

Fig. 27.4 Port placement 
for right robotic lobectomy. 
C camera port, 1 robotic 
arm 1, 2 robotic arm 2, 3 
robotic arm 3, A assistant 
port, MAL mid-axillary 
line
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 The Five Lobectomies

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 conduct 
of each lobectomy.

 Right Upper Lobectomy

• 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 dis-
sected out to expose the bifurcation. The right upper lobe bronchus is then encir-
cled and divided. Care must be taken to apply only minimal retraction on the 
specimen in order to avoid tearing the remaining pulmonary artery branches.

• Retraction of the right upper lobe laterally and posteriorly with robot arm 3 helps 
expose the hilum.

• The bifurcation between the right upper and middle lobar veins is developed by 
dissecting it off the underlying pulmonary artery.

• The 10R lymph node between the truncus branch and the superior pulmonary 
vein should be removed or swept up towards 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.

• Finally, the posterior segmental artery to the right upper lobe is exposed, the sur-
rounding N1 nodes removed, and the artery encircled and divided.

• The upper lobe is reflected again posteriorly, and the anterior aspect of the pul-
monary 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 typically done from anterior to 
posterior, but may be done in the reverse direction if the space between the pul-
monary 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 robot arm l 
helps expose the hilum.

• The bifurcation between the right upper and middle lobar veins is developed by 
dissecting it off the underlying pulmonary artery. The right middle lobe vein is 
encircled and divided.
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• 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 segmen-
tal 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.

 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 pulmonary veins should be dis-
sected out. The location of the right middle lobar vein should be positively iden-
tified 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 segmen-
tal 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.

• The inferior pulmonary vein is divided.
• The right lower lobe bronchus is isolated, taking care to visualize the right mid-

dle lobar bronchus crossing from left to right. The surrounding lymph nodes, as 
usual, are dissected and the bronchus divided. If there is any question of compro-
mising the right middle lobe bronchus, the surgeon can ask the anesthesiologist 
to hand-ventilate the right lung to confirm that the middle lobe expands.

 Left Upper Lobectomy

• Retraction of the left upper lobe laterally and posteriorly with robot arm 3 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 robotic arm 3 and interlobar dissection 
is started, going from posterior to anterior.
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• If the fissure is not complete then it will need to be divided. Reflecting the lung 
posteriorly again and establishing 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 posterior 
segmental artery.

• The superior pulmonary vein is isolated then divided. Because the superior pul-
monary vein can be fairly wide, it may require that the lingular and upper divi-
sion 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 robotic arm 1 in order to avoid injuring the main pulmonary artery.

• Finally, the remaining arterial branches are encircled and divided.

 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 robotic arm 3.

• The bifurcation of the left superior and inferior pulmonary veins should be dis-
sected out.

• The lung is reflected anteriorly by robotic arm 3. The superior segmental artery 
is identified. The posterior ascending arteries to the left upper lobe are frequently 
visible from this view also. The superior segmental artery is isolated and divided. 
The common trunk to left 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. If the fis-
sure is not complete, this will need to be divided to expose the ongoing pulmo-
nary artery to the lower lobe.

• After division of the arterial branches, 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 per-
formed before targeting the subcarinal space for removal of level 7 lymph nodes.

 Review of Literature

Reported series of robotic lobectomy to date have been notable for a fairly low con-
version rate, low mortality rate, and comparable morbidity to VATS approaches 
(Table 27.1). We will soon publish our results with over 500 consecutive robotic 
lobectomies, the largest series ever reported. Between September 2010 and September 
2015, there were 1304 consecutive operations scheduled for robotic resection by one 
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thoracic surgeon. They included 502 planned robotic lobectomies (37 were converted 
to thoracotomy, 11 of which were for bleeding from a major vascular injury, addi-
tionally 2 major vascular injuries were repaired robotically) and 130 planned seg-
mentectomies (2 were converted to thoracotomy, both for bleeding from a major 
vascular injury). Overall, there were 16 patients with major vascular injuries (1.2%). 
Thirteen occurred during lobectomy (13/502 = 2.6%), two during segmentectomy 
(2/130 = 1.5%), and one during a mediastinal tumor resection. Of the 13 that occurred 
during lobectomy, five occurred during left upper lobectomy, four during right upper 
lobectomy, two during right lower lobectomy, and two during left lower lobectomy. 
All injuries were immediately packed with pressure from a rolled-up sponge that was 
already in the operative field at the time of injury. A minimum of 7 min of pressure 
was held. In the first eight patients, an elective thoracotomy was performed after 
packing. In the last eight patients, the injury was unpacked and examined; two inju-
ries were able to be repaired using robotic minimally invasive techniques, while the 
remaining six patients required thoracotomy.

With increasing experience, operating times for robotic lobectomy have been 
shown to decrease; at our institution, robotic lobectomies with complete mediasti-
nal lymph node dissection can routinely be done in 1.5–2 h from incision to skin 
closure. The single comparison with VATS lobectomy published to date, by Louie 
et al., demonstrates similar blood loss, operative time, ICU stay, and length of stay 
between robotic and VATS, but did show benefits of robotic lobectomy in terms of 
duration of narcotic use and time to return to usual activities [9]. Park et al. have 
reported 5-year survival rates for 310 patients with stage I non-small cell lung can-
cer of ~90% following robotic lobectomy, which is comparable to both VATS and 
open lobectomy [10]. Our experience has been that robotic lobectomy facilitates a 
thorough mediastinal lymph node dissection, which we believe is associated with a 
greater accuracy of staging and therefore more optimal adjuvant treatment.

Table 27.1 Results reported in series of robotic-assisted lobectomies

Year n
Conversion 
rate Morbidity

Perioperative 
mortality

Median 
LOS Other notes

Cerfolio 
et al. [5]

2011 168 7.7% 27% 0% 2 days Decreased 
morbidity, 
improved 
QOL, shorter 
LOS than 
open 
lobectomy

Park et al. 
[6]

2006 30 12% 26% 0% 4.5 days

Veronesi 
et al. [7]

2009 54 13% 20% 0% 4.5 days Shorter LOS 
than open 
lobectomy

Gharagozloo 
et al. [8]

2009 100 21% 3% 4 days

LOS length of stay, QOL quality of life
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 Tips and Tricks/Troubleshooting

• The dissection and removal of lymph nodes between lobar and segmental struc-
tures (bronchi, arteries, veins) helps facilitate their isolation.

• Although the temptation when performing dissection is to avoid encountering 
these structures, approaching them carefully but emphatically will result in a 
more accurate and faster dissection.

• Appropriate retraction is essential for the steps outlined above. The assistant can 
be used to help with retraction.

• The passing of vascular staplers around fragile structure such as the pulmonary 
artery and/or vein deserves special attention. Carefully orchestrated moves and 
clear communication is needed between the bedside assistant and the surgeon. 
We have developed our own communication system between the bedside assis-
tant and the surgeon to prevent iatrogenic injuries. This uses the anvil of the 
stapler as the hour hand of a clock and the degree of articulation is also quantified 
and communicated.

• Robotic instruments should be initially inserted under direct vision during tho-
racic surgery for their initial placement. Once safely positioned, instruments then 
can be quickly and safely inserted or changed for other instruments by properly 
using the memory feature of the robot that automatically inserts any new instru-
ments to a position that is exactly 3 mm proximal to its latest position. However, 
if this feature is used, it is incumbent on the surgeon to ensure that no vital struc-
ture has moved into the path of that newly placed instrument. The most common 
structure would be the lung.

• A rolled-up sponge should always be immediately accessible when working 
around vascular structures. If an injury occurs, the first step should be to tampon-
ade the structure with the sponge. A minor injury may respond to this packing 
alone. If bleeding is massive or persists, a thoracotomy will be necessary. Lap 
pads should be inserted via the assistant port and packed around the injury to 
control bleeding. The robot is then de-docked and a thoracotomy made.

• The “drop zone” for the specimen should be well away from the pulmonary 
artery, which can be injured during this process if care is not taken.

• The robotic arms are removed under direct vision with insufflation discontinued 
in order to confirm the absence of bleeding.

Table 27.2 shows how to trouble shoot common problems encountered during 
robotic lobectomy.

 Conclusion

Robotic lobectomy can be done with very low morbidity and mortality, as we and 
other investigators have demonstrated, and is clearly advantageous when compared 
to open lobectomy with regard to short-term outcomes, both in community and 
academic settings [10, 11]. Early and 5-year survival rates appear to be similar 
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Table 27.2 Troubleshooting of common problems during robotic lobectomy

Problems Solutions

Robotic arms are not responding to 
hand movement

1. Ensure trocar’s remote center is in chest

2. Ensure trocar’s docked properly to robotic arms

3. Ensure sterile plastic gown covering robotic arms is 
not interfering with wheeled mechanism of robot

4. Ensure surgeons’ hand not maximized at console

The camera is fogging 1. Place humidified CO2 insufflation through non- 
robotic access port (and not through the camera port)

2. Pre-heat the camera

3. Evacuate smoke from intra-operative field

There are conflicts between robotic 
arms 3 & 1 or 2

1. Ensure at least 10 cm between robotic arm 3 and 
closest robotic arm (robotic arm 1 or 2)

2. Use 5 mm thoracic lung grasper as the instrument 
of choice through the most posterior robotic arm

3. After docking, ensure the link 2 s of robotic arms 
are aligned parallel to one another

4. When surgeon toggles between robotic arm 3 and 2 
or 1, ensure the non-active instrument is placed 
anteriorly towards chest wall

The bipolar cautery or thoracic 
dissector is not working

Ensure bipolar…

1. …source is connected to robot

2. … energy source is functioning

3. … cord is not damaged

There is a sudden loss of working 
space

1. Ensure DLET is properly positioned

2. Inflate more air in bronchial cuff

3. Ensure no leaks out of ports if using a completely 
portal technique

4. Ensure all valves are closed on ports

5. Do not place sucker in chest on suction unless 
immersed under water or blood

You are unable to achieve proper 
angle of stapler to come across 
vessels or fissures

1. Try placing stapler through robotic access port or 
robotic arm 1 or 2 to achieve best angle

2. Use a stapler which maximizes the degrees of 
rotation and articulation

3. Do not force the stapler; tie vessels with suture or

4. Use 8 mm robotic clips on vessel

There is difficulty in bagging 
specimen

1. Use a bag that provides easy opening and closing by 
bed-side assistant

2. Place bag under trocar prior to deployment

3. Place bag in the most anterior-superior aspect of 
chest to maximize use of gravity, space, and keep 
bag away from stapled hilar structures

4. Use robotic arm 3 to place specimen into bag and 
then hold back of the bag in place while stuffing 
specimen into bag with robotic arms 1 & 2

DLET double lumen endotracheal tube
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between robotic, VATS, and open lobectomy [12, 13]. With proper training and 
experience, robotic lobectomy can become part of the fundamental armamentarium 
of the modern thoracic surgeon.
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28Robotic Mediastinal Procedures

Ray K. Chihara and Manu S. Sancheti

 Introduction

Mediastinal pathology historically required maximum exposure through incisions 
such as median sternotomy, lateral thoracotomy, and anterolateral thoracotomy with 
or without transverse sternotomy (clamshell), leading to long hospital stay and 
recovery. The development of video-assisted thoracoscopic surgery (VATS) for 
mediastinal procedures allowed smaller incisions, shorter hospital stay, and faster 
recovery time [1]. VATS has been utilized for various mediastinal pathologies 
including the thymus, germ cell, cysts, neurogenic tumors, and malignant or meta-
static lesions such as thymoma, liposarcoma, and adenocarcinoma [2]. Advances in 
robotic surgery have given surgeons an additional tool to visualize, navigate, and 
dissect the mediastinum. The benefits of robotics as compared to VATS include 
articulating instruments, three-dimensional visualization, scaling down of operative 
movements, and lack of tremor. Such improvements are particularly paramount in 
areas like the mediastinum due to its small space and many vital structures. 
Disadvantages are the lack of tactile sensation, higher costs, initial learning curve, 
and lack of standardized approaches to robotic mediastinal procedures. In this chap-
ter, approaches to robotic mediastinal procedures are detailed, specifically catego-
rized into three anatomical sections: the anterior, middle, and posterior mediastinum. 
The anterior mediastinum is the space in the chest between the anterior border of the 
pericardium and the sternum. The middle mediastinum is the space in the chest 
between the anterior border of the pericardium and the posterior border of the peri-
cardium. The posterior mediastinum is the space in the chest between the posterior 
border of the pericardium and the vertebrae. The mediastinal pleura is the lateral 
boundaries for this space.
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 General Operative Evaluation for Robotic Mediastinal 
Procedures

Preoperative evaluation for robotic mediastinal procedures is generally the same as 
open cases with several caveats. Computed tomography (CT) with contrast is essen-
tial in evaluation of mediastinal pathology and important mediastinal structures to 
determine if the lesion can be resected safely. The association of the lesion with rib 
spaces is vital for planning port placement. History of prior chest procedures may 
indicate higher risk for conversion to open procedure due to adhesive disease in the 
chest and may change surgical approach. Pulmonary function testing is recom-
mended for robotic mediastinal procedures, as poor pulmonary function may not 
allow for single lung ventilation necessary for mediastinal robotic surgery. Lung 
isolation is achieved with the combination of carbon dioxide insufflation at 
8–10 mmHg as well as selective ventilation via a double lumen endotracheal tube or 
bronchial blocker.

 Reasons for Conversion to Open

The most common reasons for conversion are chest wall adhesions and inability to 
discern the appropriate anatomy for dissection. Causes include prior instrumenta-
tion of the pleural cavity via thoracotomy or thoracoscopy, pleural space infections, 
malignant involvement of the pleural space, and decreased working space from 
inability to insufflate the pleural space with carbon dioxide. Other reasons for con-
version to open include the mass is in close proximity of vital mediastinal structures 
and inability to tolerate single lung ventilation. The later causes for conversion are 
largely avoided with appropriate preoperative work up of the patient.

 General Rules for Port Placement and Robotic Positioning 
in Mediastinal Masses

Port placement and robotic positioning is a key aspect of successful mediastinal 
robotic operations. Port sites are ideally placed in a triangular pattern at least 
10 cm away from the target lesion. The camera should be in the center with robotic 
arms at least 10 cm away from the camera port to decrease conflict between the 
robotic arms. Access port placement for the assistant should ideally be 10 cm 
away from robotic ports posterior to the engaged robotic arms to minimize assis-
tant to robot arm collisions. The imaging studies are key in determining appropri-
ate port sites especially for masses in the middle mediastinum and posterior 
mediastinum where variability in tumor location is more common. The position of 
the robot should generally be placed at an angle allowing the instruments to be 
pointing at the dissection area and in a manner where the robotic arms are extended 
out approximately half way to maximum extension using the range indicator on 
the robot. Such robot positioning allows for the maximum mobility and increases 
angles of dissection.
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 Approach to Anterior Mediastinal Pathology

 Introduction to Anterior Mediastinal Procedures

Anterior mediastinal pathology for which robotic surgery has been utilized include: 
thymus for myasthenia gravis, thymoma, lymphoma/lymph node excisional biopsy, 
germ cell tumors, parathyroid, and thyroid tissues. Specific preoperative consideration 
may be necessary for anterior mediastinal pathology. Myasthenia gravis patients have 
increased risks for general anesthesia requiring preoperative preparation with pyr-
idostigmine, IVIG, or plasmapheresis. IVIG should be given 2 weeks prior to planned 
resection. Potential anesthetic related issues include resistance to depolarizing para-
lytic agents, cholinergic crisis for neuromuscular blocking reversal agents, increased 
risks of aspiration, increased risks of respiratory failure, and continued requirements 
for intubation and ventilator use postoperatively. If the differential for the anterior 
mediastinal mass includes thymoma, screening for symptoms related to myasthenia 
gravis should be completed to direct further laboratory investigation for definitive 
diagnosis of myasthenia gravis to avoid potential anesthesia- related complications.

 Indications for Robotic Anterior Mediastinal Mass Resection

Cross-sectional imaging, CT and/or MRI, is required to evaluate the association of 
the anterior mediastinal mass to surrounding mediastinal structures to discern 
resectability of the lesion. In the case of a thymoma, complete resection is required 
for adequate treatment due to risk of recurrence. Therefore, Masaoka stage I tumors, 
enclosed within the thymic capsule, have been deemed acceptable for minimally 
invasive techniques [3]. Some data suggest possible equivalent efficacy of mini-
mally invasive resections for Masaoka stage II tumors, but requires further valida-
tion for robotic-assisted resections [4]. Robotic resections for anterior mediastinal 
germ cell tumors are indicated for mature teratomas and dermoid cysts. Seminomas 
and non-seminomas are treated primarily with radiation and chemotherapy, respec-
tively. If a mass remains after initial treatment of seminomas or non-seminomas, 
further medical treatment may be indicated or surgical resection if tumor markers 
AFP and beta-HCG are negative and remaining mass does not involve mediastinal 
structures. Excision of enlarged anterior mediastinal lymph nodes may also be 
appropriate for diagnosis of lymphoma or staging for other malignancies.

 Anterior Mediastinal Mass Case Scenario

The patient was a 67 year-old man who was undergoing work up for unintentional 
weight loss. The work up included a CT scan, revealing an incidental anterior medi-
astinal mass surrounded by thymus and thymic fat (Fig. 28.1). He had no history of 
myasthenia gravis. Differential diagnosis included thymic hyperplasia, thymic car-
cinoma, thymoma, and lymphoma. The patient elected to undergo resection of the 
anterior mediastinal mass.
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 Surgical Equipment Used

• da Vinci 0-degree camera
• EndoWrist® (Bipolar) Maryland forceps or EndoWrist® One™ Vessel sealer
• EndoWrist® Grasper—Cadiere Forceps × 2
• EndoWrist® Clip Applier—small and large
• Kittner roll gauze sponges
• 5 mm Optiview trocar
• 12 mm Optiview trocar
• 8 mm instrument cannula × 2
• 5 mm thoracoscope
• Endo Catch bag

Fig. 28.1 CT scan for an anterior mediastinal mass. Red arrows point to the anterior mediastinal mass. 
(a) Axial, (b) coronal, (c) sagittal. Anterior mediastinal mass does not appear to involve surrounding 
mediastinal structures and appears to be encapsulated by thymus and surrounding thymic fat.
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 Patient Positioning

Anterior mediastinal masses may be approached from the right or the left side of the 
chest. In our example, a right-sided approach was used. The patient is placed in 
supine position with a jellyroll or rolled sheet along the posterior mid-clavicular line 
to elevate the operative side. The arms are tucked with the arm on the operative side 
allowed to sit slightly below the OR table to allow more space for the robotic arms.

Port sites were determined by preoperative imaging studies (Fig. 28.1). The port 
sites are positioned along the mid-anterior axillary line for the robotic port 1 and cam-
era port. Robotic port 2 was positioned in the anterior axillary line as shown in Fig. 
28.2. In the example case, port 1 was placed in the third intercostal space, camera port 
in the fifth intercostal space, and port 2 in the seventh intercostal space. When the 
anterior mediastinal mass sits high in the chest, port placement in the second, fourth, 
and sixth intercostal spaces may be advantageous. The rib spaces and port sites are 
marked, then the patient is prepped and draped in usual fashion (Fig. 28.3).

 Port Insertion and Positioning of the Robot

After making a 5 mm incision at the camera port, the chest is entered using the 5 mm 
Optiview trocar and the 5 mm laparoscope. Stabilize the trocar with your non- 
dominant hand, while passing the scope and trocar into the chest seeing the layers of 
the chest wall until lung is visualized (Fig. 28.4). The pleural space is insufflated with 
carbon dioxide set at 10 mmHg pressure and inspected for adhesions and evaluated 
for malignant involvement. Decision can be made at this time to convert to an open 
procedure or continue with placement of the robotic ports 1 and 2. Using the 5 mm 
laparoscope for visualization, the 8 mm robotic cannulas are placed into port sites 1 
and 2. The thick black line on the 8 mm port is positioned just within the intercostal 
muscle. The 5 mm port is removed and the incision is then extended to fit a 12 mm 

Fig. 28.2 Port placement 
for robotic anterior 
mediastinal mass resection. 
AAL anterior axillary line, 
MAL mid-axillary line, 
PAL posterior axillary line. 
Port sites are labeled blue 
for camera port, yellow for 
robotic port 1, green for 
robotic port 2
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Optiview port with depth just past the chest wall confirmed with the 5 mm laparo-
scope in one of the 8 mm port sites. The robot is then driven into the operative field 
from the contralateral side and perpendicular to the patient centered on the camera 
trocar as depicted in Fig. 28.5. The ports are then secured into the robotic arms. The 
0-degree da Vinci camera is passed into the center camera port. The Cadiere forceps 
are placed into port site 1 followed by the Maryland bipolar forceps (or robotic vessel 
sealer) into port site 2 under robotic camera visualization. Bipolar is set at 70 W.

 Anterior Mediastinal Mass Excision Operative Steps

The phrenic nerve is first identified along the pericardium, as this nerve must be 
preserved and defines the posterior border of the dissection. We use the Maryland 
bipolar forceps to initiate the dissection of the mediastinal pleura just anterior to the 
phrenic nerve running along the superior vena cava (Fig. 28.6). The Kittner roll 
gauzes are inserted into the thoracic cavity through the access port to assist with 
absorbing minor bleeding and assist with retraction. The dissection of the mediasti-
nal pleura is extended caudad to the inferior pole of the thymic tissue above the dia-
phragm denoting the right-sided inferior border of dissection. The mediastinal pleural 
incision is then extended cephalad to the innominate vein (Fig. 28.7). Care must be 
taken as the dissection nears the innominate vein, as clips may be necessary to divide 
vein branches to the thymus. Thymic tissue underneath the innominate is dissected 
free. The thymic tissues are dissected off the pericardium posteriorly to the medias-
tinal pleura on the left side which is incised at the same level as on the right side. 
Occasionally, the phrenic nerve may not be visible on the left side. If there is con-
cern, a 5 mm thoracoscope can be placed into the left pleural space to visualize the 
left phrenic nerve. The anterior dissection is started just medial to the internal mam-
mary vessels (Fig. 28.8). Arterial branches may need to be clipped and divided 

Fig. 28.3 Positioned and marked for anterior mediastinal mass resection
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supplying the thymus. The right-sided superior pole of the thymus is then dissected 
free using caudad and posterior traction (Fig. 28.9). A clip is usually necessary at the 
superior aspect of the pole to control bleeding. The dissection is then carried over to 
the left superior pole, which is similarly dissected away from the inferior neck 
(Fig. 28.10). The dissection is then carried over to the mediastinal pleura on the ante-
rior aspect of the dissection along the sternum. The left pleural space is entered ante-
riorly taking care not to injure the left internal mammary artery. The thymus is 
retracted over to the right side and the left lobe of the thymus is dissected free 
(Fig. 28.11). The robotic instruments are retracted and robot disengaged from the 
ports. The 5 mm laparoscope is placed into port site 1 and the Endo Catch bag is then 

Fig. 28.4 Thoracic cavity 
entry using 5 mm Optiview 
trocar with 5 mm 
laparoscope. (a) 
Subcutaneous fat layer, (b) 
muscle layer, (c) lung 
parenchyma visualized
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Fig. 28.5 Robot position 
in respect to the patient for 
anterior mediastinal mass 
resection

Fig. 28.6 Initial dissection 
plane for anterior 
mediastinal mass resection

Fig. 28.7 Identification of 
the Innominate vein
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used in the 12 mm camera port. A blunt grasper is used to place the specimen into the 
bag and removed from the pleural cavity. The incision may need to be widened to 
accommodate the removal of the specimen. The port sites are then closed with 2-0 
vicryl suture followed by 4-0 monocryl subcuticular skin closure. The anterior medi-
astinal mass was found to be a thymoma, Masaoka stage I on pathology.

Fig. 28.8 Identification  
of the internal mammary 
vessels. Defines the 
superior and anterior 
dissection plane

Fig. 28.9 Identification  
of the right superior  
thymic pole

Fig. 28.10 Identification 
of the left superior  
thymic pole
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 Approach to Middle Mediastinal Pathology

Middle mediastinal masses include most commonly lymph nodes and congenital 
bronchogenic cysts and pericardial cysts. Lymph nodes in the middle mediastinum 
are addressed mainly with mediastinoscopy, which is a minimally invasive tech-
nique to sample paratracheal and subcarinal lymph nodes of interest. Bronchogenic 
cysts, most common, and pericardial cysts, second most common, are rare congeni-
tal entities found in the middle mediastinum [5]. Bronchogenic cysts and pericardial 
cysts have been addressed with robotic assistance in several case reports [6–8].

 Indications for Resection

Bronchogenic cysts can be symptomatic due to extrinsic compression, have infec-
tion risks if they rupture, and rare transformation to malignant lesions [9]. Resection 
is indicated for both lesions that are symptomatic and asymptomatic and are ame-
nable to straightforward resection to avoid future complications. Surveillance of the 
lesion may be more appropriate for asymptomatic lesions in high-risk patients or 
asymptomatic lesions located in a precarious area. Resection for diagnostic pur-
poses is also indicated if the type of mediastinal cyst is in question. Pericardial cysts 
are benign lesions where resection is indicated for rare symptomatic lesions or for 
diagnostic purposes.

 Middle Mediastinal Mass Example Case Scenario

The patient is a 66 year-old woman with history of mantle cell lymphoma who 
underwent computed tomography scan, revealing an incidental middle mediasti-
nal cyst in the aortopulmonary window that abutted the esophagus, trachea, pul-
monary artery, and aorta (Fig. 28.12). Differential diagnosis included bronchogenic 
cyst, pericardial cyst, and less likely a foregut cyst. The patient was given 

Fig. 28.11 Completion of 
the anterior mediastinal 
mass resection
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recommendations for observation versus resection, which included risks of injury 
to vital structures such as aorta, pulmonary artery, trachea esophagus, left vagus, 
and recurrent laryngeal nerve resulting in voice hoarseness. The patient elected 
for resection due to her concerns with prior malignancy.

 Surgical Equipment Used

• da Vinci 30-degree camera
• EndoWrist® (Bipolar) Maryland forceps or EndoWrist® One™ Vessel sealer
• EndoWrist Grasper—Cadiere Forceps × 2
• 12 mm Optiview trocar × 2
• 8 mm instrument cannula × 3

Fig. 28.12 CT scan for middle mediastinal cyst. Red arrow points to the cyst. The cyst abuts the 
aorta, pulmonary artery, esophagus, trachea, and left main stem bronchus. (a) Axial, (b) coronal, 
(c) sagittal
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 Patient Positioning

For middle mediastinal masses, patient positioning will depend on the location of 
the tumor. In most cases, a right or left lateral decubitus position will be appropriate 
for resection. A right lateral decubitus position, left side up, on a reversed OR table 
was used for the example case due to the laterality of the lesion and to allow space 
for docking the robot.

A three-armed robot was chosen for this procedure along with an access port. 
Port sites were determined by preoperative imaging studies (Fig. 28.12). The cam-
era port was positioned in the seventh intercostal space mid-axillary line. Robotic 
port 1 was positioned in the sixth intercostal space just outside the anterior axillary 
line. Robotic port 2 was positioned in the seventh intercostal space along the poste-
rior axillary line. Robotic port 3 was positioned in the eighth intercostal space just 
anterior to the paraspinal muscles. The access port was positioned in the ninth inter-
costal space triangulated between robotic port sites 1 and 2 (Fig. 28.13).

 Port Insertion and Positioning of the Robot

The robotic camera and a 12 mm Optiview trocar can be used as an alternative to using 
the 5 mm laparoscope with the Optiview trocar as demonstrated for the anterior medi-
astinal mass case. A 12 mm incision is made at the planned camera port site followed 
by guiding the robotic camera and 12 mm Optiview trocar into the thoracic cavity 
visualizing the layers of the chest wall until lung parenchyma is seen (Fig. 28.14). 

Fig. 28.13 Port placement for middle mediastinal cyst excision. Camera port is blue, robotic port 
1 is yellow, robotic port 2 is green, robotic port 3 is red. Assistant port is white
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The carbon dioxide insufflation tube is connected to the 12 mm port to insufflate 
the pleural space for inspection of the thoracic cavity. Using the robotic camera for 
visualization, the 8 mm instrument cannulas are placed into robotic port sites 1, 2, 
and 3. Another 12 mm trocar is placed for assistance. Special care must be taken 
for posteriorly positioned ports to ensure the placement is anterior and lateral to the 
paraspinal muscles to avoid oozing. The OR table was turned 90° and the robot was 
then driven into operative field from cephalad direction perpendicular to the patient 
centered on the camera trocar as depicted in Fig. 28.15. The ports are then secured 
into the robotic arms. The 30-degree da Vinci camera is passed into the center 
camera port. The bipolar Maryland forceps was placed into the port site 1 followed 
by the Cadiere forceps into port sites 2 and 3. Energy for the bipolar Maryland 
forceps was set at 70 W for dissection due to proximity of the left vagus nerve and 
recurrent laryngeal nerve.

Fig. 28.14 Thoracic 
cavity entry using 12 mm 
Optiview trocar with 
robotic camera.  
(a) Subcutaneous fat layer,  
(b) muscle layer, (c) lung 
parenchyma visualized
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 Middle Mediastinal Cyst Excision Operative Steps

The lung is pushed away anteriorly using the Robotic arm 3 with the Cadiere for-
ceps instrument to expose the aortopulmonary window (Fig. 28.16). The mediasti-
nal pleura was entered using robotic arms 1 and 2 centered around the camera port 
to begin the dissection of the cyst away from vital structures starting with the aorta 
(Fig. 28.17). The assistance port is used for suctioning and retraction. As the dissec-
tion is carried medially towards the trachea, the left vagus and recurrent laryngeal 
nerve is visualized and preserved (Fig. 28.18). The cyst is then released from the 
trachea and esophagus. Blunt dissection is carried anteriorly, while retracting the 
cyst anteriorly and laterally away from the pulmonary artery (Fig. 28.19). Once the 
cyst is fully released, a sterile cut glove finger was placed into the apex of the tho-
racic cavity via the access port and the specimen was then removed (Fig. 28.20). 
The middle mediastinal cyst was lined with mesothelial cells on pathology consis-
tent with a pericardial cyst.

Fig. 28.15 Robot position 
in respect to the patient for 
middle mediastinal cyst 
resection
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Fig. 28.16 Exposure of 
the aortopulmonary 
window

Fig. 28.17 Dissection of 
the middle mediastinal cyst 
away from the aorta

Fig. 28.18 Identification 
of the left recurrent 
laryngeal nerve for 
preservation
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Fig. 28.19 Dissection of 
the cyst away from the 
pulmonary artery

Fig. 28.20 Removal of 
the specimen using a cut 
sterile glove finger

 Approach to Posterior Mediastinal Pathology

Posterior mediastinal pathology for which robotic surgery has been utilized include: 
neurofibroma, schwannoma, neuroganglioma, ganglioneuroblastoma, paragangli-
oma, and foregut duplication cysts. Mediastinal foregut duplications cysts are rare 
entities with case reports found in literature regarding the use of robotics in the 
pediatric population. Foregut duplication cysts can be approached in similar fashion 
to middle mediastinal cysts with the exception of not resecting the medial common 
mucosal wall aspect of the cyst. The most common adult posterior mediastinal 
masses are neurogenic in origin.
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 Indications for Robotic Posterior Mediastinal Mass Resection

Most adult neurogenic tumors are benign; however, resection is usually indicated 
in adults due to rare risk of possible malignancy [5]. There are preoperative con-
siderations for posterior mediastinal solid tumors of neurogenic origin. Patients 
with suspicious history of hypertension are evaluated for a functional paragan-
glioma with serum and urine catecholamine levels, as hypertensive crisis is a pos-
sible fatal intraoperative complication without the appropriate preoperative 
medical treatment [5]. Patients with neurogenic posterior mediastinal masses are 
screened for compressive spinal cord symptoms because such symptoms may 
indicate an intraspinal involvement of the tumor. Magnetic resonance imaging is 
the diagnostic study of choice in patients with neurogenic tumors, as this imaging 
modality is sensitive for identifying dumbbell- or hourglass-shaped involvement 
of the intravertebral foramen [5]. If intraspinal involvement is detected, a  
combined Robotic and posterior neurosurgical approach may be necessary to 
treat the tumor.

 Posterior Mediastinal Mass Case Scenario

A 59 year-old man presents to clinic with previously discovered posterior mediasti-
nal mass that has grown in size on comparison computed tomography scan 
(Fig. 28.21). Past medical history was significant for previous lymphoma that had 
been in remission for over 5 years and well-controlled hypertension. The patient 
denied headaches, palpitations, or night sweats. He was referred for CT-guided 
biopsy of this mass with pathology consistent with Schwannoma. Magnetic reso-
nance imaging was obtained, which did not identify involvement of the intraverte-
bral foramen. After discussion about continued surveillance versus resection, the 
patient elected for surgical management.

 Surgical Equipment Used

• da Vinci 0-degree camera
• EndoWrist® (Monopolar) Permanent cautery spatula
• EndoWrist® (Bipolar) Maryland forceps or EndoWrist® One™ Vessel sealer
• EndoWrist® Grasper - Cadiere Forceps × 2
• EndoWrist® Clip Applier—small and large
• Kittner roll gauze sponges
• 12 mm Optiview trocar × 2
• 8 mm instrument cannula × 2
• Endo Catch bag
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 Patient Positioning

Posterior mediastinal mass resections are approached from either right or left 
lateral decubitus position depending on the location of the mass. For the case 
example, the patient was placed in the right lateral decubitus position. The OR 
table is placed in reverse direction for the positioning of the patient to accom-
modate the robot.

Fig. 28.21 CT scan of the posterior mediastinal mass. Red arrows point to the posterior medias-
tinal mass. The mass abuts the aorta. (a) Axial, (b) coronal, (c) sagittal
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A 3-arm robot was chosen for the case along with an access port. Port sites were 
determined by preoperative imaging studies (Fig. 28.21). In our example, a poste-
rior mediastinal mass was found in the left pleural cavity at the level of the T9 ver-
tebral body. The camera port was positioned along the mid-axillary line ninth 
intercostal space. Robotic port 1 was positioned in the anterior axillary line seventh 
intercostal space. Robotic port 2 was marked for the posterior axillary line in the 
ninth intercostal space. The accessory port was marked for the tenth intercostal 
space triangulated between robotic ports 1 and 2 (Fig. 28.22).

 Port Insertion and Positioning of the Robot

Entry into the thoracic cavity is accomplished using the Optiview trocar technique 
as described in the anterior and middle mediastinal sections of this chapter. The 
pleural cavity is insufflated with carbon dioxide and assessed. The 8 mm instru-
ment cannulas were placed into the robotic port sites previously marked robotic 
port sites 1 and 2. The OR table was turned 90° and the robot was then driven into 
operative field from anterior-cephalad direction to the patient centered on the 
camera trocar as depicted in Fig. 28.23. The ports are then secured into the robotic 
arms. The 0-degree da Vinci camera is passed into the center camera port. The 
monopolar cautery spatula was placed into the port site 2 followed by the Cadiere 
forceps into port site 1. The monopolar cautery was set at 30 W and bipolar 
Maryland forceps set at 70 W.

Fig. 28.22 Port placement for the posterior mediastinal mass resection. Camera port is blue. 
Robotic port 1 is yellow. Robotic port 2 is green. Assistant port is white
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 Posterior Mediastinal Mass Excision Operative Steps

The assistant retracted the lung anteriorly through the access port using a blunt 
grasper holding a Kittner roll gauze sponge to expose the posterior mediastinal 
mass. Robotic arm 1 was used to retract the mass superiorly to initiate dissection of 
the mass along inferiorly using the monopolar cautery spatula (Fig. 28.24). Feeding 
vessels are identified during the dissection (Fig. 28.25). An intercostal artery branch 
was found feeding the tumor inferiorly requiring clips (Fig. 28.26). Bipolar 
Maryland forceps were used once dissection became close to the vertebral foramina 
to decrease risk of nerve stimulation. The dissection is carried over medially with 
continued retraction using robotic arm 1 medially and anteriorly (Fig. 28.27). 
The anteromedial dissection is accomplished with retraction of the aorta using 
robotic arm 1 and the assistant retracting the mass posteriorly (Fig. 28.28).  
A plane of dissection can be created easily along a rib when identified (Fig. 28.29). 

Fig. 28.23 Robot 
positioning in respect to 
patient for posterior 
mediastinal mass resection
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Fig. 28.25 Identification 
of a tumor feeding blood 
vessel. Courtesy of Dr. 
Allan Pickens, Emory 
University, Atlanta, GA

Fig. 28.24 Identification 
of intrathoracic mass and 
inferior dissection plane. 
Courtesy of Dr. Allan 
Pickens, Emory University, 
Atlanta, GA

Fig. 28.26 Identification, 
dissection, and clipping of 
an intercostal artery 
feeding the tumor. 
Courtesy of Dr. Allan 
Pickens, Emory University, 
Atlanta, GA
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Fig. 28.29 Identification 
of a rib as a marker for the 
posterior dissection plane. 
Courtesy of Dr. Allan 
Pickens, Emory University, 
Atlanta, GA

Fig. 28.27 Posterior and 
lateral dissection of the 
mass. The robotic arm 
retracts the mass anteriorly. 
Courtesy of Dr. Allan 
Pickens, Emory University, 
Atlanta, GA

Fig. 28.28 Anterior and 
medial dissection of the 
mass. The robotic arm 
retracts the aorta anteriorly. 
The suction irrigator 
retracts the tumor 
posteriorly. Courtesy of Dr. 
Allan Pickens, Emory 
University, Atlanta, GA
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After the last tumor attachments are ligated in the superior and medial aspect of the 
dissection, the Endo Catch bag was placed into the assistant port with subsequent 
removal of the specimen after the trocar incision was enlarged (Fig. 28.30). 
Pathology revealed a schwannoma.

 Summary

Robotic assistance is useful for navigating and dissecting the mediastinal space. 
Vision is enhanced by using the binocular 3D robotic camera and dexterity is 
improved by having surgical instruments with superior articulation in respect to 
thoracoscopic equipment. Future advances in equipment and technology such as 
haptic feedback would further increase the value of robotic assistance in delicate 
mediastinal operations. The most common indicated procedures were presented in 
detail for the anterior, middle, and posterior mediastinal lesions. The principles 
learned from these examples may be applied to a wide variety of lesions in the 
mediastinum. Continued research and development in robotic surgical techniques 
will be necessary as advances are made to current robotic technology.
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29Robotic-Assisted Cardiac Surgery

Emmanuel Moss and Michael E. Halkos

 Introduction

The first robotic-assisted cardiac surgery using the da Vinci robot was reported by 
Carpentier in 1998 [1]. Due to the complexity of cardiac surgical operations, broader 
adoption of robotic technology has been slower than other specialties; however, 
with recent technological advances and concurrent growing demand for less inva-
sive procedures, it is now becoming a significant part of the armamentarium for the 
treatment of cardiac valvular and coronary artery disease. In addition to smaller 
incisions and improved cosmesis, the theoretical advantages of minimally invasive 
cardiac surgery include shorter intensive care unit and hospital stays, decreased 
perioperative complications, and an earlier return to the patient’s preoperative func-
tional level. The da Vinci Surgical system (Intuitive Surgical, Sunnyvale, CA, USA) 
is currently the only robotic surgical system approved by the United States Food and 
Drug Association (FDA) for cardiac surgery. When used in conjunction with 
advanced perfusion systems, myocardial protection strategies, and operative tech-
niques that have been developed to facilitate minimal access surgery, the advantages 
of robotic technology over video-assisted thoracoscopic surgery are clear. The 
robot’s high definition 3-dimensional video capabilities and articulating wrists with 
six degrees of freedom allow for greater freedom of movement in an enclosed space 
compared to traditional long-shafted instruments. Robotic-assisted cardiac surgical 
procedures have been shown safe and feasible, with a growing body of literature 
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showing equivalent or improved perioperative outcomes. In addition to describing 
robotic-assisted coronary bypass surgery, this chapter will outline robotic technol-
ogy’s application to other cardiac surgical procedures.

 Robotic-Assisted Coronary Artery Bypass

Minimally invasive coronary bypass has evolved significantly over the last decade. 
While most techniques have in common a sternal sparing approach, technological 
advances have allowed surgeons to progress from left internal mammary harvest 
(LIMA) under direct vision (minimally invasive direct coronary artery bypass, 
MIDCAB), to endoscopic harvest (endoscopic atraumatic coronary artery bypass, 
ENDOACAB), to robotic harvest (robotic-assisted coronary artery bypass), and 
finally to totally endoscopic robotic CABG (TECAB). With the exception of 
TECAB, these other procedures include a LIMA-LAD anastomosis performed 
through a left mini-thoracotomy incision of varying sizes. Robotic-assisted Coronary 
Artery Bypass Graft (CABG) is our preferred technique, giving the operator supe-
rior visualization and control during LIMA harvest compared to other techniques, 
while avoiding the complexity of TECAB. The anastomosis is performed through a 
small 4–5 cm non-rib-spreading anterior minithoracotomy, located precisely over 
the Left Anterior Descending (LAD) target.

 Patient Selection

As with many minimally invasive procedures, patient selection is key to a successful 
operation. Surgeons must ensure that coronary anatomy is suitable by evaluating the 
caliber and quality of the LAD, anticipating the planned anastomotic site as it relates 
to LIMA length, and recognizing an intramyocardial LAD path. A patient’s body 
habitus is important as well, with ideal candidates being non-obese and having large 
thoracic cavities and generous intercostal spaces. In obese patients, landmarks can be 
obscured making port placement difficult, and intrathoracic adipose tissue can obscure 
the LIMA and LAD leading to a difficult harvest and anastomosis, respectively.

While robotic-assisted CABG is limited to bypassing only 1 or 2 vessels (LAD 
and/or a Diagonal branch), the technique can be applied more broadly to patients that 
may benefit from a hybrid coronary revascularization (HCR) strategy. The criteria 
include an LAD target that is appropriate for a mini-thoracotomy approach, and non-
LAD targets that are appropriate for percutaneous coronary intervention (PCI).

 Indications/Contraindications

Indications for robotic-assisted CABG are similar to traditional CABG. There are 
two typical patient subgroups that are often referred for this procedure. (1) Relatively 
low-risk patients with LAD disease that wish to avoid sternotomy, but seek the 
durability of CABG. (2) Sicker patients, considered high risk for sternotomy, with 
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LAD disease that is not suitable for PCI or medical therapy. These patients may or 
may not have non-LAD targets that require PCI. These subgroups can present with 
either isolated LAD disease or with multivessel CAD that have anatomy amenable 
to a hybrid revascularization approach.

Contraindications include left chest adhesions (e.g. previous thoracotomy, empy-
ema, etc.), morbid obesity, untreated left subclavian stenosis, and severe lung dis-
ease. Coronary anatomical contraindications include an LAD that is intramyocardial, 
small, heavily calcified, or diffusely diseased. Some of the above are relative contra-
indications, dependent on surgeon experience and patient comorbidities.

 Operating Room Setup and Overview of Operative Technique

The patient is placed in supine position with the left chest lifted 15°. The left shoul-
der hangs over the edge of the bed, with the left arm hanging slightly below the 
table to maximize mobility of the right (superior) robotic arm (Fig. 29.1). The chest, 
abdomen, and legs of the patient are prepared as for traditional CABG, with the 
sterile field extended to the left midaxillary line to allow for placement of the robotic 
arms. Three incisions are made in the left chest to accommodate the robotic camera 
and two robotic arms (Figs. 29.2 and 29.3). These are placed in approximately the 
third, fifth, and seventh intercostal spaces, although it may vary slightly depending 
on individual patient anatomy.

Figure 29.4 shows a sketch of a typical operating room setup. The robot is 
advanced from the patient’s right side to allow docking onto the left-sided ports. 
The assistant and scrub nurse must have an unhindered view of the vision cart, 
which should be placed toward the patient’s feet. A monopolar spatula instrument is 
placed in the right arm and a microbipolar forceps in the left. The chest is insufflated 
with carbon dioxide at 12 mmHg to push the mediastinal structures medial and 
inferior, facilitating visualization. This pressure can be adjusted depending on the 
patient’s response to the controlled pneumothorax. Most commonly, anesthesia 

Fig. 29.1 Arm positioning 
during robotic-assisted 
CABG. The patient’s left 
shoulder lies flush with the 
edge of the operating room 
table, while the arm is 
allowed to hang below the 
plane of the table. This 
allows the superior (right) 
robotic arm to move freely
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adjustments with preload and minor vasopressors allow for hemodynamic stability 
during the entire LIMA harvest. Figure 29.5 shows a thoracoscopic view of the 
LIMA and surrounding structures. With the robot docked, the surgeon can then 
proceed to the robotic console and complete the LIMA harvest, pericardiotomy, and 
identification of the LAD. Following administrating heparin, the LIMA is divided 
between clips and hemostasis along the entire mammary bed is verified.

Fig. 29.2 Port placement. Superior port (green) is placed in the second or third intercostal space. 
The camera port (blue) is placed at the midsternal level, at a 45° angle to the chest wall. The infe-
rior port (green) in placed in the sixth or seventh intercostal space at the level of the distal third of 
the clavicle

Fig. 29.3 View of the left hemithorax following port placement
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The robot is then undocked and the minithoracotomy site is planned. Under tho-
racoscopic guidance, a long spinal needle is passed through the anterior chest wall, 
allowing precise localization of both the ideal LAD anastomotic site and the inter-
costal space most appropriate to approach it. This allows for a precise 3–4 cm 
anterolateral thoracotomy. Once the thoracotomy is performed, a soft-tissue retrac-
tor (Medtronic, Minneapolis, MN) is placed between the ribs to provide optimal 
visualization without requiring the use of a rib-spreader. After retrieving the LIMA 
into the field, an endoscopic coronary stabilizer (Octopus Nuvo, Medtronic 

Fig. 29.4 Operating room setup for robot-assisted CABG

Fig. 29.5 Thoracoscopic 
view of proximal LIMA 
and surrounding structures
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Corporation, Minneapolis, Minn) is advanced through the left robotic arm incision 
and the hand-sewn off-pump LIMA-LAD anastomosis is performed (Fig. 29.6). 
Use of an intracoronary shunt is recommended to avoid any concerns for hemody-
namic or electrical instability during the anastomosis. Subsequently, hemostasis is 
verified, the stabilizer is removed, the lung reinflated over the LIMA pedicle, and 
the incisions are closed, leaving a left pleural chest tube that is placed through the 
left arm port. Unlike traditional cardiac surgery, patients can often be extubated in 
the operating room, which facilitates “fast track” transfer out of the intensive care 
unit and discharge home on postoperative day 2 or 3. Figure 29.7 shows a photo-
graph at 1 month following surgery.

 Outcomes

Compared to other techniques for minimally invasive CABG, we believe that the 
technique described above provides the optimal combination of practicality, patient 
benefit, and operating room efficiency, as well as potential broad adoption for the 
cardiac surgical community [2]. In 2014, we published our institution’s series of 
307 patients who underwent robotic-assisted CABG surgery, with low mortality 
(1.3%), a low incidence of perioperative stroke (0.3%), and a 97% graft patency [3]. 
Nesher and colleagues published a series of 146 consecutive robotic-assisted 
CABGs with a 96.3% patency rate and no in-hospital deaths [4]. More recently, 
Harskamp and colleagues performed a meta-analysis including 941 patients who 
had undergone either minimally invasive CABG or PCI with drug eluting stents and 
found a lower incidence of repeat revascularization with CABG and otherwise 

Fig. 29.6 (a) Soft tissue and self-retaining retractors are shown, with the Medtronic Nuvo stabi-
lizer inserted through the lower robotic port site. (b) LIMA-LAD anastomosis being completed 
with the aid of an intracoronary shunt
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similar clinical outcomes [5]. Compared to traditional CABG, patients benefit from 
a shorter length of hospital stay, faster recovery, decreased need for perioperative 
blood transfusions, and similar cardiovascular outcomes at 3 years [6].

 Robotic-Assisted TECAB

While robotic-assisted LIMA harvest is an excellent alternative to traditional CABG, 
some surgeons have transitioned to robot-assisted totally endoscopic coronary artery 
bypass (TECAB). The benefits of TECAB are even less tissue trauma because the need 
for a minithoracotomy is obviated, and the potential to perform multivessel bypass, 
including to the circumflex and right coronary territories. The first significant series, 
reported by Mohr and colleagues in 2001, described 27 patients who underwent LIMA 
harvest and endoscopic LIMA to LAD anastomosis using the da Vinci telemanipula-
tion system [7]. In 2006, a multicenter FDA- sanctioned trial demonstrated the safety 
and efficacy of TECAB using the da Vinci system in 85 patients [8]. Since that time, 
select centers have begun to routinely perform multivessel TECAB with excellent 
results [9]. Unfortunately, the complexity of the operation and significant learning 
curve result in prolonged operative times and possibly increased complication rates 
early in a surgeon’s experience [10, 11]. Despite overall good short-term results with 
TECAB, the aforementioned shortcomings have limited its widespread adoption.

Fig. 29.7 Photograph 
taken 1 month following 
surgery
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 Hybrid Coronary Revascularization (HCR)

With good outcomes for minimally invasive CABG surgery established, increasing 
demand for minimally invasive procedures, mediocre outcomes with saphenous 
vein grafts, and improved results with PCI using drug-eluting stent (DES), hybrid 
coronary revascularization (HCR) has garnered attention from surgeons, cardiolo-
gists, and patients. While many minimally invasive CABG techniques have been 
described, we feel that robotic-assisted CABG is ideally suited for this revascular-
ization strategy in appropriate coronary anatomy. The robotic-assisted LIMA har-
vest is a relatively simple and short procedure and allows for versatility when 
combining with non-LAD PCI, which can be performed either before, after, or con-
comitantly with the surgical procedure. HCR has been repeatedly shown to be safe 
and effective compared to traditional CABG and PCI [5, 12–16]. When compared 
to CABG, several reports have found excellent results with shorter ICU and hospital 
lengths of stay, decreased perioperative blood loss and transfusion requirements, 
shorter intubation time, and improved patient satisfaction. These advantages are 
likely particularly true in sicker or potentially frail patients. Although long-term 
outcomes with HCR are lacking, this strategy is quickly becoming an important 
option in the revascularization algorithm.

 Robotic-Assisted Mitral Valve Surgery

Technological advances with the cardiopulmonary bypass machine and perfusion 
options have fueled a growing trend toward less invasive “sternal sparing” mitral 
valve surgery. Compared to sternotomy, these techniques are associated with shorter 
hospital lengths of stay, improved cosmesis, and earlier return to preoperative func-
tional level. Non-sternotomy mitral valve surgery began with larger right anterior 
minithoracotomy approaches and subsequently evolved to smaller incision minitho-
racotomy incisions with videoscopic assistance. While these techniques are still 
commonly used today with excellent reported results in high volume centers, they 
are hindered by technical challenges such as limited visualization, the mandatory 
use of long-shafted instruments, and considerations for patient anatomy (e.g. small 
chests, obesity, etc.). Robotic-assisted surgery addresses these limitations with 
unparalleled visualization and improved dexterity that enables application to a 
broader range of patients. Since the first report of robotic-assisted mitral valve sur-
gery in 1999 [17], the technique has evolved considerably and can now be per-
formed in minimally traumatic fashion with five 1–2 cm incisions in the right 
thorax, in addition to a 3 cm femoral cutdown for venous and arterial cannulation 
[18]. Several high volume academic centers have since published excellent results 
using robotic-assisted techniques for mitral valve surgery [19–21].

As technology and surgical techniques have improved, surgeons have been able 
to safely perform concomitant procedures such as atrial septal defect repair, tricus-
pid valve repair or replacement, and the Cox-Maze procedure for atrial fibrillation. 
These procedures are generally well-tolerated, adding little increase in morbidity.
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 Other Robotic-Assisted Intracardiac Procedures

The versatility and improved dexterity that is delivered by robotic technology has 
led to its use in a variety of other cardiac surgical procedures.

Isolated atrial fibrillation surgery—This therapy can be delivered using either 
transcatheter or surgical techniques. Robotic technology alleviates some of the tech-
nical challenges of the thoracoscopic Maze procedure while minimizing morbidity. 
In 2009, Rodriguez and colleagues reported their series of stand-alone robotic atrial 
fibrillation surgery, with an 88% freedom from AF at 6-month in 71 patients [22].

Atrial septal defect closure—Robotic-assisted repair of isolated atrial septal defects 
is now performed routinely in adults. A series reported by Bonaros and colleagues 
described 17 patients, ranging from 16 to 35 years of age, with excellent safety and 
efficacy outcomes [23].

Epicardial pacemaker lead placement—When transcatheter left ventricular pace-
maker lead placement is not feasible, the surgical procedure is traditionally per-
formed via a left anterior minithoracotomy. Performing the procedure with 
robotic-assistance has been proposed by some surgeons as an option to decrease 
procedure-related morbidity in a patient population that often suffers from multiple 
comorbidities [24].

Intracardiac mass resection—There are limited numbers of reports describing 
resection of left and right atrial tumors; however, the procedure is being per-
formed frequently in actual practice. One of the first series was reported in 2005 
by Murphy and colleagues [25]. We recently reported the largest series to date of 
left atrial tumor resection and showed it to be safe with improved perioperative 
outcomes [26].

Pediatric cardiac surgery—Although robotic technology is better suited for use in 
adult cardiac surgery, robotic-assisted procedures have been described in children 
as well. In 2005, Suematsu and colleagues reported six successful vascular ring 
repairs and nine patent ductus arteriosis closures [27].

 Conclusion

It is up to cardiac surgeons to adapt to the growing demand for less invasive pro-
cedures without compromising short- or long-term patient outcomes. Robotic tech-
nology allows surgeons to perform gold standard interventions through smaller 
incisions with minimal morbidity. Despite the slow early adoption in cardiac sur-
gery, robotic cardiac surgical procedures are now routinely performed in many 
centers across North America and around the world. This has been due to pioneer-
ing work by innovative surgeons and their numerous publications over the last 
decade demonstrating safety and efficacy in the application of robotic technology 
to cardiac surgery.
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