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 The evolution of robotic surgery, from a platform initially developed to 
improve the surgical care of combat casualties to the most technically 
advanced surgical instrument ever introduced in many fi elds, has been noth-
ing but extraordinary. After a lukewarm reception in cardiac surgery in the 
late 1990s, robotic systems have been embraced in urology and then in gyne-
cology during the past decade, offering surgeons safe, precise, and reproduc-
ible approaches to complex pelvic surgery, and becoming the most widely 
utilized minimally invasive platforms in these specialties. 

 Although the adoption of robotics in general surgery has been somewhat 
slow, there is no doubt that the last few years have seen an exponential 
increase in the number of robotic procedures in this area. Moreover, no fi eld 
in this specialty has been more promising for robotic applications than 
colorectal surgery. After the fi rst robotic colectomy performed by Garth 
Ballantyne in 2002, the emphasis has mostly been on pelvic applications in 
subsequent years, with a number of centers from all over the world showing 
very promising results in terms of conversion rates and margin positivity with 
robotic total mesorectal excision (TME) compared to laparoscopic dissec-
tion. Indeed, in a recent analysis of the National Inpatient Sample (NIS), low 
anterior and abdomino-perineal resections were the most common robotic 
colorectal procedures with over 50 % of cases as opposed to just over 8 % 
with conventional laparoscopy [1]. Although robotic surgery accounted for 
less than 3 % of all NIS colorectal procedure in 2010, this fi gure has almost 
doubled in 2012 and is expected to continue to grow accordingly (Pigazzi 
et al. unpublished data). 

 One signifi cant limitation of robotic surgery has been its poor applicability 
in multi-quadrant surgery. For this reason, many colorectal robotic proce-
dures have been performed with hybrid laparoscopic-robotic approaches 
where reliance on a competent assistant is very important. However, new 
instrumentation such as the robotic stapler and vessel sealer, and improved 
arms design such as with the new Intuitive Surgical Xi system, are gradually 
rendering multi-quadrant robotic colorectal surgery a reproducible reality. By 
contrast, the problem of the added cost of robotic procedures still represents 
a signifi cant obstacle to the spread of this technology, and this issue is likely 
to become more relevant as the current health care reform plan is rolled out. 

   Foreword   
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In the absence of level I evidence showing the superiority of robotics over 
existing approaches, the burden will be increasingly on us to study and 
explain the potential benefi ts of this technology. 

 It is diffi cult to predict to what extent robotic surgery will replace laparos-
copy in colon and rectal surgery. Personally, I think the role of laparoscopy 
will continue to be an important one for the foreseeable future—at least out-
side of the pelvis—in part because of the increased cost of and limited access 
to robotic surgical systems. But it is also a fairly widely accepted fact that the 
two fi elds are somewhat complementary: the best robotic colorectal surgeons 
have come from extensive laparoscopic experiences and many who have 
labored extensively with robotic surgery in the pelvis have later found them-
selves able to perform laparoscopic TME with greater confi dence. 

 Given the current state of colorectal surgery and what lies ahead in the fi eld, 
it is a great joy to see the attention dedicated to robotics in “Robotic Approaches 
to Colorectal Surgery.” This textbook represents the most comprehensive and 
up-to-date reference for practitioners of the diffi cult art of minimal access colon 
and rectal surgery. The scope of procedures described in this book is unsur-
passed in the literature and will be of great value to young and seasoned sur-
geons. To the editors of this important work goes my admiration and ever-lasting 
friendship. 

    Alessio     Pigazzi, M.D., Ph.D.     

 Reference

   1. Halabi WJ. World J Surg. 2013;37:2782–90.     
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   Education is the most powerful weapon we can use to change the world 

  Nelson Mandela  

   When I was a medical student at the University of Rochester, James Adams, 
M.D., a beloved senior surgeon used to describe surgery as a dance, always 
moving and fl owing steadily forward. The progression of open surgery, to 
laparoscopic surgery, to robotic surgery seems to illustrate that same directed 
progression to an end that seems almost at once ready to grasp yet at the same 
time transient and lost in the distance. We truly do not know where robotic 
surgery as applied to colon and rectal disease will end up. Certainly, the rapid 
evolution in robotic systems that are now better designed to facilitate opera-
tion in multiple quadrants is evidence that the reality of robotic colon and 
rectal surgery is here now. The promise of tables that tilt to allow better posi-
tioning of patients without undocking, surgical staplers that sense tissue 
properties and ensure staple height and formation, and tissue perfusion 
assessment devices all hint at the ability to more broadly apply robotics to 
more patients and with possibly better outcomes. The future likely holds hap-
tic feedback, greater miniaturization, and an ability to better handle adhesions 
and infl amed tissues. Competition in the robotic marketplace and the ability 
to allow more surgeons exposure to robotic colon and rectal surgery will syn-
ergize improvements. 

 On behalf of all the editors of this text, we are truly excited to allow our 
work     Robotic Approaches to Colorectal Surgery  to instruct us in what is 
possible today, and illustrate the methods that will take us to the future. The 
state of the art is evolving so fast that each month seemingly new techniques 
and abilities arrive. We have been privileged to have contributions from sur-
geons who are pioneers, also dedicated to developing techniques and tech-
nologies to help our patients. The fi eld of robotics requires the cooperation 
and collaboration of industry and caregivers. The contributors to this book 
have worked successfully with industry to develop technology that serves the 
needs of our patients. The world’s patients with colon and rectal disease will 
now be better for it. 

  Robotic Approaches to Colorectal Surgery  explores all facets of the 
application of robotics to colon and rectal disease. The text begins with a 
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history of robotic surgery, describes particularly pertinent features of current 
systems, surgical anatomy, preoperative assessment, and troubleshooting 
with the aim of establishing a strong foundation for the performance of oper-
ations. Detailed instruction highlighting key features and multiple approaches 
to succeed with right, sigmoid, left, total, and proctocolectomy are offered. 
Low anterior resection, rectopexy, abdominal perineal resection, and trans- 
anal robotic resections are explored in-depth. The text also provides sur-
geons unique insight into preventing and treating complications, robotic 
surgery in the obese, training, the bedside assistant, and discussion of both 
the economics and realistic future of robotic colon and rectal surgery. 

 The textbook before you truly is a product of many, and for the tremen-
dous efforts the authors and editorial team at Springer we are indebted and 
grateful.  Robotic Approaches to Colorectal Surgery  creates a written and 
visual foundation for the surgeon to depend upon in this rapidly developing 
fi eld. The book was conceptualized to provide a centralized source of infor-
mation by surgeons and for surgeons. The promise of improved care and 
outcomes for the patient with colon and rectal disease continues to drive 
refi nements in technology and techniques and we are proud to add to the 
armamentarium of the surgeons of today and tomorrow.

I am forever indebted to my fellow coeditors, H.R., S.L., B.C., and A.P., 
for their friendship, guidance, and vision with this textbook. To my wife, 
Anabela, and daughters, Sophia and Gabriella, for their unwavering love and 
support. As far as my colleagues who believe there is no place for robotic 
surgery, “Once a new technology rolls over you if you’re not part of the 
steamroller you’re part of the road.” Stewart Brand.

  Internet Access to Video Clip 

  The owner of this text will be able to access these video clips through 
Springer with the following Internet link:   http://link.springer.com/
book/10.1007/978-3-319-09120-4    .     

  Philadelphia, PA, USA     Howard     Michael     Ross     
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      History of the Robotic Surgical 
System 

           Joshua     I.  S.     Bleier       and     Brian     R.     Kann    

    Abstract  

  Robotics has its roots back to ancient human history. The current concep-
tion of the surgical robot began with NASA, as a government project in 
telepresence surgery for use in remote battlefi eld surgery. The concept 
then quickly evolved into what we use today in the operating room. The da 
Vinci robot, the most commonly used robotic platform, is now pervasively 
used for all types of surgery. This chapter serves to explore the origins of 
the surgical robot and provide a brief overview of its current and, perhaps, 
future applications.  

  Keywords  

  Telepresence   •   Surgical robot   •   da Vinci   •   History  

     The origin of the surgical robot has its roots deep 
in human history. Although the term “robot” 
evolved relatively recently in the twentieth 
 century as detailed in the 1920s play “R.U.R. 
Rossum’s Universal robots” by Czech author 
Karel Capek, in which these were automatons 
used for forced labor of dreary tasks, “robots” 

appeared in human history as far back as 1000  bc . 
In ancient China, Yan Shi, a mechanical engineer, 
presented his king with a life-sized mechanical 
humanoid. In ancient Greece, the mathematician 
Archytas was credited with designing a steam-
powered mechanical pigeon in the fourth century 
BC. Later, early in the fi rst century, Heron of 
Alexandria allegedly created a speaking automa-
ton. Notably, Leonardo da Vinci, in sketches con-
tained from recovered notebooks, clearly detailed 
a mechanical knight based on his research in the 
Vitruvian Man [ 1 ] (Fig.  1.1 ). The timeline of our 
interactions with “robots” started early in human 
history and continues to be redrawn until the 
present day.

   The modern concept of the surgical robot had 
its origins in the development of virtual reality 
based on NASA’s use of a head-mounted display 
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for visualizing the data being returned from 
Voyager’s exploratory mission. Scott Fisher and 
Joe Rosen combined this with the use of robotic 
waldoes and coined the term “telepresence,” 
founding Telepresence Research Inc., envision-
ing the use in telepresence surgery. Rosen and 
Fisher collaborated with Phil Green, a PhD at 
Stanford Research Institute, and, with other 
roboticists, worked to develop an interface allow-
ing surgeons to operate virtually, with the sense 
that their robotic hands are directly in front of 
their eyes [ 2 ]. 

 During this time, in the late 1980s, laparos-
copy was also becoming mainstream, and the 
concept of a potential remote interface became a 
reality. It seemed that robotics could provide 
assistance to make up for the loss of three- 
dimensional visualization and impairment of 
dexterity that laparoscopy caused. 

 In 1985, Unimation’s PUMA 560 system, the 
fi rst non-laparoscopic robotic device, was used to 
perform the fi rst documented robotic-assisted 
surgical procedure, when it was used for a percu-
taneous brain biopsy (Fig.  1.2 ) [ 3 ]. In the early 
1990s, Hap Paul, a veterinary surgeon, and 

William Barger, an orthopedic surgeon, began 
developing a surgical system based on IBM’s 
Puma arm to develop a robot to be used in hip 
replacement surgery. The Puma system was an 
early robotic interface, which enabled more pre-
cise preoperative planning in order to best match 
a femur with a prosthesis. The collaboration 
yielded ROBODOC (Integrated Surgical 
Systems, Sacramento, CA), a device that 
improved the ability to core out the femoral shaft 
from 75 % (standard human accuracy) to 96 % 
(Fig.  1.3 ).

    In London, surgeon John Wickham, MD, and 
Brian Davies, PhD, used a system similar to 
ROBODOC (PROBOT) in its coring abilities, to 
perform a transurethral resection of the prostate. 
This was aided by a mechanically constrained 
ring in order to enhance safety and ensure precise 
movements of the robotic arm (Fig.  1.4 ).

   Research is continued by the US military to 
develop a medical application for the use of 
remote telepresence surgery. In 1992, Risk Satava 
and Don Jenkins, working with Defense 
Advanced Research Projects Agency (DARPA)   , 
developed the MEDFAST (medical forward 

  Fig. 1.1    Design drawings 
of the lost da Vinci 
writings (from Institute 
and Museum of the History 
of Science, Florence, 
Italy).  With permission 
from  Ilya A. Volfson,    Jeffrey 
A. Stock     .  History of 
Robotic Surgery. In : Jeffrey 
A. Stock MD, Michael 
P. Esposito MD, Vincent 
J. Lanteri MD, David 
M. Albala MD,  edds. 
Current Clinical Urology : 
 Urologic Robotic Surgery. 
Springer ,  New York 2008 : 
 pp 3 – 25 . ©  Springer        
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advanced surgical treatment) application. The 
goal was to maneuver the vehicle, a Bradley 
Fighting Vehicle (Fig.  1.5 ), onto the battlefi eld 
where injured soldiers could be treated by a fi eld 
medic and surgery could be performed using the 
robotic arms mounted inside, while surgeons 
were stationed at a MASH (Mobile Advanced 
Surgical Hospital) unit. In 1996, a successful 
demonstration over a 5 km distance provided a 
proof of principle, though ultimately this system 
never took hold, mostly due to a shift from open 
battlefi eld grounds to more urban environments 
in which this model was not feasible.

   Despite the success of ROBODOC, because 
of a prolonged approval process through the 
FDA, the fi rst true mainstream application of the 
surgical robot was in the use of laparoscopy. 
Yulun Wang, a PhD working with DARPA, 
developed the AESOP system (Automated 
Endoscopic System for Optimal Positioning) 
(Computer Motion Inc., Santa Barbara, 

California). This was developed in order to pro-
vide a robotic fi rst assist for the positioning and 
use of the laparoscopic camera (Fig.  1.6 ).

   At the same time as AESOP was becoming 
more prevalent, Frederick Moll, MD, licensed 
Green’s telepresence surgery device and formed 
Intuitive Surgical Inc. After some redesigning, 
the da Vinci system was born (Fig.  1.7 ). In April 
1997, this system was used to perform the fi rst 
true robotic surgery in Brussels by Drs. Himpens 
and Cardiere. In 1998, the da Vinci system was 
used to perform the fi rst robotic valve surgery [ 4 ]. 
Soon after this, Computer Motion Inc. launched 
their system, ZEUS (Fig.  1.8 ). This system was 
similar to the da Vinci system in that robotic 
manipulator arms performed the surgery; how-
ever, the user interface was different in that it pro-
vided an ergonomically enhanced interface and 
an enhanced two-dimensional display. Initially 
the ZEUS system did not provide wristed instru-
ments, although these were later introduced. 

  Fig. 1.2    Puma 200 robot.  With permission from M.L. Lorentziadis A Short History of the Invasion of Robots in Surgery. 
Hellenic Journal of Surgery  ( 2014 )  86 : 3 ,  117 – 121 . ©  Springer        

 

1 History of the Robotic Surgical System



6

This was used for the fi rst full endoscopic robotic 
procedure, a fallopian tube reanastomosis.

    Finally, in 2003, Intuitive Surgical Inc. bought 
Computer Motion Inc. and the rest, as they say, 
“is history.” The da Vinci robotic surgical system 
was introduced to the market in 1999. At that 
time, it included a three-dimensional vision sys-
tem, three arms, and the EndoWrist ®  technology. 
In 2003, its fi rst major upgrade included the addi-
tion of a fourth arm to allow for enhanced 
 manipulation and retraction. In 2006, the “S” 

system was released offering a high-defi nition 
vision and a multi-image display. In 2009, the 
“Si” system was released offering dual console 
capacity for enhanced training and collaboration 
as well as another enhancement of the visual sys-
tem. Finally, this year (2014), Intuitive launched 
the “Xi” system which allowed for improved use 
and multi-quadrant surgery, upgrading the tech-
nology of its optics systems and using technol-
ogy to improve the process of arm positioning 
and port placement. In addition, Intuitive Surgical 
Inc. introduced a fl uorescence imaging system, 
Firefl y™, to allow for direct visualization of tis-
sue perfusion as well as the addition of energy 
and stapling tools married to the armature. The 
various da Vinci systems will be more fully dis-
cussed later in this chapter. 

  Fig. 1.3    ROBODOC surgical system.  With permission 
from M.L. Lorentziadis A Short History of the Invasion of 
Robots in Surgery. Hellenic Journal of Surgery  ( 2014 ) 
 86 : 3 ,  117 – 121 . ©  Springer        

  Fig. 1.4    PROBOT surgical robotic system (from   http://
www.imperial.ac.uk/     mechatronicsinmedicine/projects/
probot/index.html).  With permission from  Ilya A. Volfson, 
Jeffrey A. Stock.  History of Robotic Surgery. In : Jeffrey 
A. Stock MD, Michael P. Esposito MD, Vincent J. Lanteri 
MD, David M. Albala MD,  edds. Current Clinical 
Urology :  Urologic Robotic Surgery. Springer ,  New York 
2008 :  pp 3 – 25 . ©  Springer        
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  Fig. 1.5    Bradley Fighting Vehicle.  With permission from M.L. Lorentziadis A Short History of the Invasion of Robots 
in Surgery. Hellenic Journal of Surgery  ( 2014 )  86 : 3 ,  117 – 121 . ©  Springer        

  Fig. 1.6    AESOP (Automated Endoscopic System for 
Optimal Positioning).  With permission from M.L. 
Lorentziadis A Short History of the Invasion of Robots 
in Surgery. Hellenic Journal of Surgery  ( 2014 )  86 : 3 , 
 117 – 121 . ©  Springer        

1.1     Current Applications 

    Although the fi rst robotic-assisted coronary 
artery bypass was performed in Germany in 1998 
[ 5 ], the Food and Drug Administration (FDA) 
only granted approval for selected robotic- 
assisted laparoscopic procedures in the Unites 
States in 2000. Since then, applications for 
robotic-assisted surgery have expanded exponen-
tially. This section reviews some of the current 
applications and surgical procedures for which 
robotic assistance has been utilized over the past 
decade and a half. 

1.1.1     Urology 

1.1.1.1     Robotic Radical Prostatectomy 
 Prostate cancer is the second leading cause of 
cancer in men in the USA and worldwide. Radical 
prostatectomy is the standard surgical manage-
ment for patients with localized disease; how-
ever, it is associated with high morbidity rates. 
Laparoscopic radical prostatectomy was intro-
duced in 1997 by Schuessler et al. with the goal 
of reducing the morbidity associated with the 
open operation [ 6 ]. However, the technical 
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 challenges of laparoscopic radical prostatectomy 
proved to be diffi cult for the average urologist 
with limited laparoscopic experience and limited 
case volumes, and widespread adoption of the 
laparoscopic approach was not seen. 

 The introduction of the da Vinci ®  Surgical 
System paved the way for minimally invasive 
prostatectomy. Since the initial report by Menon 
et al. in 2002 [ 7 ] describing robotic prostatec-
tomy utilizing the da Vinci ®  system, robotic pros-
tatectomy has become the most widely performed 
robotic surgical procedure in the world. The 
robotic technique offers the advantages of 
improved ergonomics, easier laparoscopic sutur-
ing, and shorter learning curves. Following US 
FDA approval for the use of the da Vinci ®  system 
for radical prostatectomy in 2001, there was a 
955 %    increase in the number of robotic prosta-
tectomies performed in the USA between 2003 
and 2009 [ 8 ], with as many as 90 % of radical 

prostatectomies in the USA being performed 
robotically [ 9 ]. 

 Interestingly, widespread adoption of robotic 
radical prostatectomy occurred in the early 2000s 
despite the lack of any convincing evidence dem-
onstrating a clear benefi t. It was not until 2012 
when Trinh et al. demonstrated improved periop-
erative outcomes for patients undergoing robotic 
prostatectomy compared with open or laparo-
scopic prostatectomy, with fewer intraoperative 
and postoperative complications, decreased like-
lihood of requiring blood transfusion, and shorter 
length of stay [ 10 ]. Interestingly, despite the 
robot’s overwhelming prevalence, well-powered, 
randomized controlled trials demonstrating supe-
rior oncologic and functional (urinary continence 
and sexual potency) outcomes with the use of 
robotic-assisted prostatectomy are still lacking. 
Nevertheless, it is still considered by most to be 
the current gold standard in the surgical manage-
ment of prostate cancer.  

1.1.1.2     Robotic Partial Nephrectomy 
 In 2014, there will be an estimated 64,000 new 
cases of kidney cancer diagnosed and 13,860 
deaths related to kidney cancer in the USA [ 11 ]. 
Given that radical nephrectomy has been shown 
to be an independent risk factor for new-onset 
chronic renal failure [ 12 ], there has been a trend 
in recent years toward performing partial nephrec-
tomy when technically feasible. For small (<4 cm) 
early stage cancers, long-term cancer- free sur-
vival rates are comparable to those with radical 
nephrectomy; the incidence of local recurrence 
for partial nephrectomy is estimated at 0–10 % 
and is 0–3 % for tumors less than 4 cm [ 13 ]. 

 While most would consider open partial 
nephrectomy the gold standard for nephron- 
sparing surgery, the procedure is associated with 
signifi cant morbidity related to the muscle- 
cutting fl ank incision, namely, a high rate of her-
nia, pain, and paresthesia. In an effort to reduce 
the morbidity associated with open partial 
nephrectomy, laparoscopic partial nephrectomy 
was introduced and began to be more widely 
 utilized in the late 1990s and early 2000s. 

 While laparoscopic partial nephrectomy is 
associated with shorter length of stay, decreased 

  Fig. 1.7    da Vinci surgical system console.  With permis-
sion from  Ilya A. Volfson, Jeffrey A. Stock.  History of 
Robotic Surgery. In : Jeffrey A. Stock MD, Michael 
P. Esposito MD, Vincent J. Lanteri MD, David M. Albala 
MD,  edds. Current Clinical Urology :  Urologic Robotic 
Surgery. Springer ,  New York 2008 :  pp 3 – 25 . ©  Springer        
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operative blood loss, and fewer wound-related 
complications, it is also a very technically chal-
lenging procedure with prolonged learning 
curves and has not quite gained the widespread 
acceptance that some thought it would. In fact, an 
unintended consequence of the push for more 
minimally invasive procedures for renal cancer 
was the resurgence in the number of radical 
nephrectomies being performed, as many viewed 
laparoscopic radical nephrectomy as a less tech-
nically challenging procedure than partial 
nephrectomy that still imparted the benefi ts of 
minimally invasive surgery (MIS) [ 14 ]. 

 Robot-assisted partial nephrectomy has now 
largely replaced the traditional laparoscopic 
approach to partial nephrectomy, as it preserves 
the advantages of MIS, while at the same time 
being more technically feasible than laparoscopic 
partial nephrectomy, with a shorter learning 
curve. A number of case series have demonstrated 

equivalent early oncologic outcomes with robot-
assisted partial nephrectomy compared with the 
traditional laparoscopic approach [ 15 ,  16 ]. A 
recent study utilizing data from the American 
College of Surgeons’ National Surgical Quality 
Improvement Program (NSQIP) database dem-
onstrated that, when compared with the open 
approach, minimally invasive (including both 
laparoscopic and robot-assisted) partial nephrec-
tomy resulted in shorter length of stay, fewer 
blood transfusions, and fewer complications, 
including pneumonia, wound infection, sepsis, 
and acute kidney injury requiring dialysis [ 17 ].  

1.1.1.3     Robotic Cystectomy 
 Radical cystectomy is the standard surgical proce-
dure for node-positive or muscle-invasive bladder 
cancer, but it can be associated with morbidity 
rates of up to 50 % and mortality rates as high as 
5 % [ 18 ]. Laparoscopic cystectomy was fi rst 

  Fig. 1.8    ZEUS Robotic Surgical System.  With permission from Faust RA ,  Kant AJ ,  Lorincz A et al. Robotic endoscopic 
surgery in a porcine model of the infant neck. J Robotic Surg 2007 ; 1 : 75 – 83        
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introduced in 1992 with the primary goal of reduc-
ing the morbidity rates seen with the open proce-
dure and decreasing length of stay. While 
laparoscopic cystectomy has been shown to be 
associated with less morbidity, fewer blood trans-
fusions, less postoperative pain, and shorter length 
of stay when compared with open cystectomy 
[ 19 ], it suffers from the same drawbacks as lapa-
roscopic partial nephrectomy, namely, extreme 
technical challenges and a long learning curve. 

 The fi rst robotic-assisted radical cystectomy 
was performed in 2003 [ 20 ]. The robotic 
approach has since been seen as a means to 
potentially overcome the technical challenges of 
laparoscopic cystectomy. However, the proce-
dure is still in its relative infancy, and there is a 
paucity of level I data comparing robotic-assisted 
cystectomy with open and laparoscopic cystec-
tomy. A prospective, randomized controlled trial 
published by Bochner that randomized patients 
to open vs. robotic-assisted radical nephrectomy 
demonstrated similar perioperative complication 
rates and length of hospital stay. In this study, the 
robotic-assisted approach was associated with 
less intraoperative blood loss, but had an average 
operative time 127 min longer than the open tech-
nique; the authors concluded that this argued 
against the benefi t of robotic-assisted cystectomy 
in terms of minimizing perioperative morbidity 
[ 21 ]. A recent non-randomized, retrospective 
study comparing open and robotic-assisted radi-
cal cystectomy showed no difference in surgical 
margin status and lymph node yield, though there 
were less need for transfusion and a 20 % reduc-
tion in length of stay in the robotic group [ 22 ]. 

 While preliminary reports of robotic-assisted 
cystectomy are encouraging, long-term func-
tional and oncologic results are still widely 
unknown. Certainly, the procedure seems to hold 
promise for the future, though further study is 
clearly needed before it gains the acceptance that 
robotic prostatectomy has seen.   

1.1.2     Cardiothoracic Surgery 

 One of the earliest applications of robotic surgery 
was in cardiothoracic surgery, with a robotic- 
assisted mitral valve repair being performed by 

Carpentier in 1998 [ 23 ]. Robotic-assisted cardiac 
procedures currently being performed include 
mitral valve repair and replacement, coronary 
artery bypass grafting, closure of atrial septal 
defects, implantation of pacing leads, and resec-
tion of intracardiac tumors. Robotic mitral valve 
surgery is probably the most widely used applica-
tion of robotic assistance in cardiac surgery and 
has been shown to be associated with decreased 
rates of postoperative atrial fi brillation and pul-
monary effusion, as well as decreased length of 
stay, while maintaining similar perioperative 
complication rates to those seen with open proce-
dures [ 24 ,  25 ]. The complexity of the procedure 
and longer operative times are felt by its propo-
nents to be offset by the shorter length of stay and 
other potential benefi ts of the minimally invasive 
approach to mitral valve surgery. 

 Robotic-assisted thoracic surgical procedures 
currently being performed include pulmonary 
resection and mediastinal lymphadenectomy for 
lung cancer, thymectomy, and removal of medi-
astinal tumors. The adoption of robotic lobec-
tomy has gained signifi cant momentum in recent 
years, despite the majority of trials showing 
equivocal results. A recent national database 
review did demonstrate that robotic pulmonary 
resections were associated with signifi cant reduc-
tions in mortality, length of stay, and overall 
complication rates compared with open thora-
cotomy [ 26 ]. Robotic-assisted esophagectomy 
has also been recently introduced, with early 
reports suggesting similar outcomes to those seen 
with laparoscopic and open esophagectomy [ 27 ]. 

 Despite being one of the pioneering special-
ties in the development and implementation of 
robotic-assisted surgical technology, it is still 
somewhat unclear as to whether or not there is a 
distinct advantage afforded to patients undergo-
ing robotic-assisted cardiothoracic procedures 
compared with those undergoing open proce-
dures. Given prolonged operative times and the 
increased cost associated with the use of robotic 
technology, combined with largely equivocal 
results in the literature thus far, further evidence 
and results from well-powered, randomized 
controlled trials are needed before robotic-
assisted cardiothoracic surgery becomes a stan-
dard of care.  
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1.1.3     Colon and Rectal Surgery 

 While laparoscopic colon and rectal resection for 
benign disease has been performed for some time 
now, laparoscopic resection for malignant disease 
did not become an accepted means of surgical 
treatment until the results of the Clinical Outcomes 
of Surgical Therapy (COST)    trial were published 
in 2004, demonstrating equivalent oncologic out-
comes between laparoscopic and open colectomy 
[ 28 ]. The use of laparoscopy for colorectal resec-
tion, however, is fraught with a number of diffi cul-
ties, including the need to work in multiple 
quadrants, lack of fi xation of the transverse and 
sigmoid colon, and diffi cult access to the pelvis. 
The addition of robotic technology to traditional 
laparoscopic techniques has sought to overcome 
the diffi culty of operating in the pelvis but aug-
ments the challenge of operating in different quad-
rants and provides zero tactile feedback. 

 Colon and rectal surgical procedures that have 
been described using a robotic-assisted approach 
include segmental and total abdominal colec-
tomy, low anterior resection, abdominoperineal 
resection, restorative proctocolectomy, and recto-
pexy (with and without sigmoid colectomy) for 
rectal prolapse. The number of publications 
describing techniques and outcomes for robotic- 
assisted colon and rectal surgery continues to 
grow exponentially, yet a great deal of contro-
versy still remains regarding the exact role of 
robotics in colon and rectal surgery. 

 While a number of studies have shown robotic 
colon and rectal surgery to be safe and techni-
cally feasible [ 29 – 31 ], two of the major deter-
rents to its more widespread adoption, similar to 
that seen in other specialties, are longer operating 
times (including operating room setup and break-
down) and greater cost. In fact, a recent study 
comparing robotic-assisted and conventional 
laparoscopic right colectomy [ 32 ] found that 
while there were equivalent morbidity rates, 
lymph node retrieval, blood loss, and length of 
stay, the robotic group clearly had signifi cantly 
longer operative times and increased cost, argu-
ing that robotic surgery for right colectomy may 
only be disadvantageous. 

 An area where some feel that longer operative 
times and increased cost may be justifi ed is the in 

the realm of rectal cancer surgery. Total mesorec-
tal excision (TME) has become the gold standard 
in surgery for rectal cancer [ 33 ], but this can be a 
challenging procedure to perform laparoscopi-
cally, particularly in obese patients and those 
with a narrow pelvis. The quest for a complete, 
intact TME specimen, coupled with the desire 
to minimize pelvic autonomic nerve injury and 
postoperative genitourinary dysfunction, has 
raised the bar in terms of the need for surgical pre-
cision when operating in the pelvis. Proponents of 
robotic-assisted rectal resection argue that 
improved outcomes in terms of oncologic and 
functional outcome may be achievable due to 
more precise identifi cation of anatomic planes and 
neurovascular structures, aided by the magnifi ed, 
three-dimensional high-defi nition images pro-
vided by the robotic platform as well as improved 
tissue handling facilitated by wristed instruments. 

 A body of evidence is growing in the literature 
indicating that robotic surgery may be equivalent 
to open and conventional laparoscopy for rectal 
cancer. De Souza et al. published a comparative 
series of robotic vs. open TME that demonstrated 
similar perioperative morbidity, length of stay, 
and wound infection rates between the two 
groups, while the robotic group has less blood 
loss but longer operative times [ 34 ]. A number of 
other studies have demonstrated similar and, in 
some cases, better complication rates and short- 
to intermediate-term oncologic results for 
robotic-assisted rectal resection when compared 
to open and conventional laparoscopic rectal 
resection [ 35 – 37 ]. A recent meta-analysis com-
paring robotic-assisted and laparoscopic TME 
published by Xiong showed that robotic TME is 
safe and feasible and the short- and medium-term 
oncologic and functional outcomes are equiva-
lent to laparoscopic TME [ 38 ]. 

 As previously discussed, one of the proposed 
benefi ts of robotic-assisted surgery for rectal can-
cer is the potential for better visualization of the 
neurovascular bundles in the pelvis and reduced 
rates of genitourinary dysfunction. However, data 
supporting this fact had been lacking until 
recently, when Kim et al., in 2012, reported that 
robotic TME, in their experience, was associated 
with earlier recovery of normal voiding and sex-
ual function compared to patients undergoing 
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conventional laparoscopic TME [ 39 ]; others have 
since reported similar fi ndings [ 40 ,  41 ]. 

 The issues of increased cost and operative 
time have been major deterrents to the more 
widespread use of robotic TME. However, Byrn 
et al. have actually shown that the issues of longer 
operative time and increased cost may become 
offset with experience and increased surgical vol-
ume. They compared their fi rst 43 robotic-assisted 
rectal resections with their next 42 robotic-
assisted rectal resections and found that, despite 
the latter group having a higher body mass index, 
shorter operative times were seen; direct hospital 
costs were also lower in the latter group, though 
this did not reach statistical signifi cance [ 42 ]. 

 The future of robotic colon and rectal surgery 
remains somewhat unclear. Many continue to 
raise the question as to whether the potential ben-
efi ts are offset by the increased cost and operative 
time. Additionally, data regarding improved 
functional outcome for robotic-assisted rectal 
surgery are just beginning to appear in the litera-
ture, and we are still awaiting long-term results 
with regard to oncologic outcomes. It has been 
proposed that with the further development and 
advancement of single-site robotic technology 
and techniques, there may be further increased 
interest in advancing robotic-assisted colon and 
rectal surgery in coming years [ 43 ].  

1.1.4     General Surgery 

 Robotic applications in general surgery are wide-
spread and include gynecology [ 44 – 51 ], chole-
cystectomy, bariatric surgery, anti-refl ux surgery, 
hepatobiliary surgery, gastrectomy, and splenec-
tomy. Conclusions regarding any clear benefi t of 
the robotic-assisted approach for these proce-
dures, as well as their safety and effi cacy, are lim-
ited due to a lack of well-powered, prospective 
randomized clinical trials. Nonetheless, as 
robotic surgery becomes more accepted, newer 
applications for this technology continue to be 
explored within the realm of general surgery. 

 After the initial introduction of robotic- assisted 
surgical technology in urologic and cardiac sur-
gery, robotic cholecystectomy was seen by many 

as a way for general surgeons to “practice” their 
robotic skills on a less complicated procedure 
before attempting to broaden the spectrum of 
applications to more complex tasks [ 52 ]. However, 
the issues of higher cost and prolonged operative 
times hampered the widespread adoption of 
robotic-assisted cholecystectomy. In fact, a review 
of data from the NIS Database found that robotic-
assisted cholecystectomy was associated with a 
statistically  higher  complication rate than that 
seen with conventional laparoscopic cholecystec-
tomy [ 53 ]. As single-site robotic technology con-
tinues to advance and more experience with the 
procedure is gained, robotic-assisted single-site 
cholecystectomy may become a more accepted 
option, as decreased operative times may lead to 
less of a cost differential when compared with con-
ventional laparoscopic cholecystectomy [ 54 ,  55 ]. 

 Obesity is a nationwide epidemic, and bariat-
ric surgical procedures in appropriately selected 
patients can provide durable weight loss and 
reduce obesity-related comorbidities. The appli-
cation of robotic technology to bariatric surgical 
procedures has seen a dramatic rise in recent 
years. A recent systematic review showed that 
perioperative complication rates and short-term 
outcomes are similar between robotic-assisted 
and conventional laparoscopic bariatric proce-
dures and the learning curve may actually be 
shorter for the robotic approach [ 56 ]. However, 
prospective randomized trials and long-term out-
comes are still needed to better defi ne the role of 
robotics in bariatric surgery. 

 Robotic surgery has also been used with 
increased frequency for anti-refl ux procedures, 
such as Nissen fundoplication. In a recent review 
of data from the University HealthSystem 
Consortium (UHC) of patients undergoing anti- 
refl ux surgery, robotic procedures and 
 conventional laparoscopic procedures had simi-
lar morbidity, mortality, and length of stay, 
though the robotic group demonstrated higher 
readmission rates and substantially higher cost 
[ 57 ]. However, operative times have actually 
been reported in more recent series to be lower 
with the robotic approach [ 58 ]. 

 Recent studies have also demonstrated the fea-
sibility and safety of robotic-assisted hepatectomy 
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in terms of perioperative morbidity and mortality 
[ 59 ]. In a comparison of  robotic- assisted and con-
ventional laparoscopic hepatectomy, Tsung et al. 
demonstrated similar perioperative outcomes. 
While operative times were longer with the robotic 
approach, a higher percentage of cases performed 
with robotic assistance were able to be completed 
in a purely minimally invasive approach, without 
conversion to open surgery or the use of hand port 
or hybrid approach [ 60 ]. Lai et al. have reported 
2-year overall and disease-free survival rates of 
94 % and 74 %, respectively, utilizing robotic-
assisted hepatectomy for resectable hepatocellular 
carcinoma [ 61 ]. However, data regarding long-
term oncologic outcomes are still lacking. 

 As interest in minimally invasive pancreatic 
surgery has grown in recent years, the robotic 
approach has been seen as a means to attempt to 
overcome the technical diffi culties and limitations 
of conventional laparoscopic pancreatectomy. 
A recent comparison of robotic-assisted and 
 laparoscopic pancreaticoduodenectomy by Orti-
Rodriguez and Rahman showed no differences in 
operative times, morbidity, and mortality; how-
ever, the laparoscopic approach was actually 
found to be superior to the robotic approach in 
terms of less blood loss, shorter length of stay, 
fewer postoperative fi stulae, and fewer conver-
sions to open procedures [ 62 ]. In contrast, a meta-
analysis comparing open and robotic-assisted 
pancreaticoduodenectomy showed that complica-
tion rates, reoperation, and surgical margin posi-
tivity were signifi cantly lower following robotic 
surgery [ 63 ]. Despite promising initial reports, 
more experience with the use of this technique 
and further data regarding long-term oncologic 
outcomes and cost- effectiveness are likely needed 
before robotic pancreatic surgery becomes more 
widely utilized. 

 Reports of safety and effi cacy with the use of 
robotic surgery for other general surgical proce-
dures, such as gastrectomy and splenectomy, are 
also being published with increasing frequency 
[ 64 – 77 ]. Robotic approaches to these procedures 
are still in their relative infancy, and prospective 
randomized trials showing clear advantages of 
the robotic approach over open and conventional 
laparoscopic approaches have yet to be reported.  

1.1.5     Current Prototypes 

 The da Vinci ®  Surgical System (Intuitive Surgical 
Inc., Sunnyvale, CA), fi rst introduced in 1999, is 
the sole robotic surgical system currently com-
mercially available. The system is comprised of 
three main components: the surgeon’s console, a 
patient-side robotic cart that has four robotic arms 
(one for the camera and three for surgical instru-
ments) that are manipulated by the surgeon at the 
console, and a high-defi nition three- dimensional 
vision system. The da Vinci ®  Surgical System 
was fi rst approved by the FDA for use in the USA 
in 2000. At that time, the patient-side robotic cart 
had only three arms; an upgraded version with a 
fourth arm was introduced in 2003. Since then, 
the da Vinci ®  Surgical System has gone through 
three generational upgrades: the da Vinci ®  S in 
2006, the da Vinci ®  Si in 2009, and the latest gen-
eration, the da Vinci ®  Xi, which was introduced 
in 2014. 

 The da Vinci ®  Xi Surgical System has a num-
ber of advancements designed to make the sys-
tem easier to use and broaden its potential 
applications. One of the major changes is that 
instead of the arms extending outward from the 
main body of the patient-side cart, they now 
extend downward from an overhead boom, which 
allows the arms to rotate as a group and frees up 
space inside the surgical fi eld, allowing unob-
structed access to the patient. The endoscope can 
now also be attached to any one of the four arms, 
instead of being limited to one arm. This allows 
for improved visualization and four-quadrant 
access to the abdomen without undocking, 
 repositioning the patient-side cart, and redock-
ing, which can be time-consuming. 

 The newly designed endoscope is smaller and 
more compact, providing better defi nition and clar-
ity, while being less cumbersome. White balanc-
ing, calibration, and draping are not required, and 
the endoscope is easily interchangeable between 
any of the four arms on the patient-side cart at any 
point in the operation, allowing more fl exibility 
and expanded visualization. Docking of the patient 
cart is now facilitated by a laser targeting system, 
which simplifi es the process of positioning the cart 
appropriately in relation to the position of the 
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patient. Once the endoscope is pointed at an 
intended surgical site, the system will confi gure 
itself into the optimal position for the procedure. 

 The robotic arms are now smaller and lighter, 
with an extended range of motion that, when cou-
pled with longer instrument shafts, allow for 
greater reach within the abdomen and pelvis. The 
mechanism used to dock the robotic arms with 
the laparoscopic trocars in the patient’s abdomi-
nal wall has also been greatly simplifi ed, allow-
ing for faster docking and undocking. 

 Lastly, the da Vinci ®  Xi Surgical System is 
compatible with all of the advanced da Vinci ®  tech-
nology, including the single-site surgery platform, 
intracorporeal stapler, vessel sealer, and Firefl y 
Fluorescence Imaging System, which allows for 
real-time imaging of blood vessels, tissue perfu-
sion, and bile ducts. All of the advances with the 
latest iteration of the da Vinci ®  Surgical System are 
intended to create a scalable platform that allows 
for the application of these advanced technologies, 
with the intent of broadening the scope of robotic-
assisted surgery’s clinical applications. 

1.1.5.1     Future Developments 
 It is almost    redundant to include a section on the 
future development of robotic surgery; since this 
is such an actively evolving technology, likely all 
of our speculation will be fact or confi rmed his-
tory by the time this textbook is published; how-
ever, current research can certainly spark 
speculation. Even before the da Vinci Xi model 
was launched, robotic trailblazers have been 
pushing the envelope. The ENT surgeons have 
fully realized the use of the robot with natural ori-
fi ce surgery, the TORS (trans-oral robotic sur-
gery) platform. Active development of single- arm 
platforms with multiple robotically controlled 
manipulator tips will advance our capabilities 
with single-incision laparoscopic/robotic surgery 
(SILS). In vivo tests have already shown proof of 
principle [ 71 ]. Major advances have been made in 
urologic procedures with completely intracorpo-
real renal autotransplantation [ 72 ]. Currently, 
adaptations of this use are being adapted to use 
the robot for NOTES (natural orifi ce translume-
nal endoscopic surgery). NOSCAR, the Natural 
Orifi ce Surgery Consortium for Assessment and 
Research, was developed to explore the frontiers 

of this technology. Adaptation of this technology 
has been used to push the limits of transanal 
endoscopic microsurgery (TEM) using the robot 
[ 73 ,  74 ], as well as the use of the robot for com-
pletely transanal TME [ 75 ]. 

 Perhaps the natural extension of NOTES sur-
gery is true incisionless surgery, using miniatur-
ized, robotically controlled manipulators. 
Zygomalas published an excellent review detail-
ing the current status of the various prototypes of 
miniature robots that have been tried to test the 
paradigm of intracorporeal robot operating [ 76 ]. 
True miniaturization already exists, with the 
development of microelectromechanical systems 
(MEMS), but the primary issue regarding these 
systems has to do with the fact that with the radical 
reduction in scale comes an equal reduction in the 
force that can be generated by the robots, greatly 
limiting the scope of their usefulness. Similarly, 
nanotechnology is advancing at a fast rate, and 
such experimental “microbots” are already in exis-
tence and have been used for invasive intraocular 
surgery, demonstrating that such untethered 
microbots can be controlled effectively [ 77 ]. 

    Technological advances grow almost as fast 
as human imagination. No longer are the limits 
to MIS dictated by patient characteristics as 
they were during the advent of MIS; rather, they 
are dictated now only by our ability to come up 
with new ideas. The future for robotic surgery 
and its extension are truly boundless, and it will 
be exciting to see how far we can go. Perhaps 
Star Trek’s sick bay and tricorder are only 
around the corner.  

1.1.5.2     Key Points 

•     Modern-day robotics has its roots in NASA’s 
development of virtual reality.  

•   Its fi rst practical application was developed as 
the Green Telepresence Surgery System for 
DARPA.  

•   Unimation’s PUMA system was the fi rst 
robotic system to be used clinically.  

•   The AESOP system and the da Vinci system 
were developed in parallel.  

•   Current clinical applications of the robotics are 
growing daily but include urology, gynecology, 
colorectal surgery, and cardiac surgery.          
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    Abstract  

  The evolution of robotic surgery is not unlike the process described by 
Charles Darwin (Fig. 2.1) in his seminal treatise,  On the Origin of Species . 
His premise of natural selection is based on the concept that certain genetic 
traits of an organism encode for enhanced robustness and fecundity. 
Organisms capable of adapting to their environments reproduced, passed 
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lated into improved outcomes and perceived advantages have established 
themselves in surgical culture and continue to develop.  
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       In the long history of humankind (and animal kind, 
too) those who learned to collaborate and improvise 
most effectively have prevailed.—Charles Darwin 

   The evolution of robotic surgery is not unlike 
the process described by Charles Darwin 
(Fig.  2.1 ) in his seminal treatise,  On the Origin of 
Species . His premise of natural selection is based 
on the concept that certain genetic traits of an 
organism encode for enhanced robustness and 
fecundity. Organisms capable of adapting to their 

environments reproduced, passed on their genetic 
material, and survived. The development of mini-
mally invasive surgery (MIS) is analogous in that 
techniques that have translated into improved 
outcomes and perceived advantages have estab-
lished themselves in surgical culture and con-
tinue to develop.

   Technologic advancement has lent itself to the 
development of innovative surgical technique 
and has changed the surgical standard of care in 
several areas. Laparoscopic cholecystectomy is a 
technique that has demonstrated clear-cut advan-
tages over its open surgery predecessor. From 
decreased postoperative pain to shorter length of 
stay, the superiority of this approach from a 
short-term outcome standpoint catapulted it to 
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the standard of care for surgical treatment of rou-
tine gallbladder disease [ 1 – 4 ]. Although not 
extinct, open cholecystectomy represents less 
than 10 % of gallbladder resections performed 
annually. Similarly, routine tubal ligation is 
almost exclusively performed in a laparoscopic 
manner, avoiding the unnecessary morbidity of a 
laparotomy. 

 While shown to be oncologically sound and to 
signifi cantly reduce postoperative pain and length 
of stay [ 5 – 8 ], laparoscopic colectomy (LC) has 
experienced a fl atter trajectory in its evolution 
with less than a 50 % implementation for colorec-
tal resections. Attributed to the technical chal-
lenges of the approach and signifi cant learning 
curve [ 9 ,  10 ], the lack of signifi cant adoption of 
the laparoscopic approach may signify the estab-
lishment of an intermediate surgical technique. 
To clarify, the outcome advantages and technical 
feasibility may not demonstrate enough robust-
ness to supplant the standard open approach [ 11 ]. 
Some of the technical obstacles of laparoscopic 
colectomy include inadequate optics with poor 
resolution of 2D images, incongruous eye–hand 
coordination, decreased dexterity of laparoscopic 
instruments, and reduced sensory information 
with a loss of accurate haptic feedback. 

 Evolution is a concept that relies upon con-
stant, random mutation. Although not random, 
but rather the result of conscious innovation, the 

introduction of robotic technology to the fi eld of 
surgery can be viewed as one such mutation. 
From rudimentary instruments such as the PUMA 
560, designed to perform more precise biopsying 
of the brain and prostate, to the more sophisti-
cated platforms of the ZEUS and da Vinci ®  sys-
tems which enable surgeons to perform complex 
minimally invasive resections, robotic technol-
ogy has emerged as a variant of MIS aimed at 
addressing the technical limitations of laparos-
copy and expanding the benefi ts to patients. With 
its origin in cardiothoracic surgery, robotic sur-
gery has metastasized to such specialties as urol-
ogy, gynecology, ENT, and colorectal surgery. 
Within the fi eld of colorectal surgery, surgeons 
have reported on the expansion of their capabili-
ties and technique in regards to the optics, dexter-
ity of instruments, and stability of the current 
robotic platform. The goal of this chapter is to 
address the evolution of robotic technology and 
robotic surgical technique. 

2.1     The Dawn of Laparoscopic 
Surgery 

 Interest in evaluating the occult spaces of the 
human body using tube instruments and rudimen-
tary light sources was fi rst noted in artifacts from 
ancient Mesopotamian and Greek civilizations. 

  Fig. 2.1    Charles Darwin        
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However, the development of modern endoscopic 
technology truly found its beginnings in the early 
nineteenth century when several European physi-
cians contrived the fi rst cystoscope which was 
used to look into the vagina, urethra, and bladder. 
The term “celiacoscopy” was coined by the 
German surgeon Georg Kelling (1866–1945) in 
1901 after inserting a cystoscope into the abdo-
men of a laboratory dog followed by cadaveric 
and live humans [ 12 ]. Kelling had experimented 
with high-pressure insuffl ation of air into the 
abdominal cavity (Lufftamponade) as a means to 
halt intra-abdominal bleeding. To evaluate the 
effect of the air tamponade on the intra-abdomi-
nal contents, he began inserting a cystoscope. 

 While Kelling never published his results, 
Hans Christian Jacobaeus (1879–1937), a 
Swedish internist, did report on the fi rst use of 
“laparothoracoscopy” in 1910 during his investi-
gation of pneumoperitoneum as a treatment for 
tubercular peritonitis. He chronicled the use of 
this novel endoscopic technique in 97 patients, 
using the large volume of ascites created in the 
condition as a means of infl ating the abdomen 
and protecting from intestinal injury. 

 Slow progress ensued over the next 50 years 
in the fi eld of laparoscopy, but culminated in a 
publication by American surgeon, Raoul Palmer, 
in the early 1950s describing the fi rst diagnostic 
laparoscopy. German gynecologist, Kurt Semm, 
led the charge for pelviscopic and laparoscopic 
surgery in the mid-1950s, developing techniques 
such as minimally invasive adnexectomy, hyster-
ectomy, and appendectomy. As an instrument 
maker, he invented many sophisticated laparo-
scopic instruments such as a CO 2 -pneumatic 
insuffl ator, a thermocoagulator, and several intra-
corporeal knot-tying devices. Unfortunately, 
Semm was harshly ridiculed by his gynecologic 
colleagues and many international societies, with 
opponents demanding that he undergo a “brain 
scan” for “only a person with brain damage 
would perform laparoscopic surgery” [ 13 ]. With 
passion and perseverance, Semm continued his 
work and began to infl uence open-minded sur-
geons in both Europe and the USA. 

 The late twentieth century ushered in an era of 
laparoscopic implementation and diversifi cation. 

The fi rst descriptions of laparoscopic cholecys-
tectomy were reported by Erich Mühe (Germany, 
1985), Philippe Mouret (France, 1987), Francois 
Dubois (France, 1988), and McKernan/Saye 
(USA, 1988). After presenting a paper describing 
the fi rst laparoscopic cholecystectomy at the 
German Surgical Society (GSS) meeting in 1986, 
his paper was rejected, much like the work of 
Semm some 30 years before. Mühe was later 
given the highest honor by the GSS in 1992, rec-
ognizing the substantial contribution he had made 
toward the development of laparoscopic surgery. 
The use of trocars, specialized instruments such 
as graspers and scissors, and vessel clips was 
introduced in these early procedures. Interestingly, 
Mühe had developed his own “galloscope” 
through which he performed the fi rst laparoscopic 
cholecystectomies (Fig.  2.2 ). The galloscope con-
sisted of side-viewing optics, a light source, a 
duct for insuffl ation, and instrumentation chan-

  Fig. 2.2    The Mühe “galloscope” through which was used 
to perform the fi rst laparoscopic cholecystectomy       
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nels with valves. He adopted early on a single-
incision approach, described as an “open tube 
laparoscopic cholecystectomy,” which necessi-
tated a single 2.5 cm incision created directly 
above the gallbladder for his galloscope and 
required no insuffl ation [ 14 ,  15 ]. This technique 
was not adopted universally, as the multi-port 
approach with insuffl ation demonstrated the 
advantages of enhanced visualization and range 
of motion for instruments.

   As laparoscopic cholecystectomy gained 
momentum, surgeons began to expand the use of 
laparoscopic technology to include such proce-
dures as appendectomy, adrenalectomy, gastrec-
tomy, and colectomy. Large series and randomized 
controlled trials emerged in the literature demon-
strating the feasibility, safety, and oncologic 
soundness of laparoscopic colectomy for both 
benign and malignant colorectal disease [ 16 – 18 ].  

2.2     Robotic Technology 

 While early surgical robotic technology was 
originally created to enhance precision in 
biopsying, the development of more complex 
robotic surgery platforms was fi rst driven by the 
National Aeronautics and Space Administration 
(NASA) and the US military in hopes of achiev-
ing telepresence surgery. Telepresence surgery 
refers to the concept of performing surgery 
from a remote location outside of the operat-
ing room, such as the battlefi eld or space sta-
tion. When physicians became exposed to this 
new research, they recognized a very immi-
nent application of robotic technology in the 
current operating room. The collaboration 
between surgeons and roboticists culminated 
in a variety of telepresence devices such as 
AESOP, PROBOT, and ROBODOC which pro-
vided very specifi c, but limited surgical activi-
ties (i.e., voice-activated, “third-arm” camera 
assistance, more precise prostate biopsying, 
and femur manipulation in hip replacements) 
[ 19 ]. AESOP’s voice-activated technology was 
incorporated into the ZEUS Robotic Surgical 
System (ZRSS) by Computer Motion, an early 
master–slave platform that consisted of three 

robotic arms controlled by the surgeon sitting 
at a remote console. ZRSS was cleared by the 
FDA in 2001, but was discontinued when a 
merger between Computer Motion and Intuitive 
Surgical occurred in 2003. 

 In 2000, Intuitive Surgical launched their 
fi rst FDA-approved robotic surgery platform, 
the da Vinci ®  Surgical System, and has been 
the most widely used surgical platform to date. 
The da Vinci ®  Surgical System is comprised of a 
 patient- side cart with four interactive arms con-
trolled by the surgeon at the console using his 
forefi ngers and thumbs to manipulate the master 
controls.  

2.3     Optics 

 From the primitive light-sensitive “eyespot” of 
simple unicellular organisms to the more com-
plex optical systems of vertebrates, the evo-
lution of modern optics has relied upon 540 
million years of gradual mutation. Luckily, surgi-
cal optics have developed over a much shorter 
period of time. Building upon the early devel-
opments of such visionaries as Austrian Philipp 
Bozzini who created the  Lichtleiter  (Fig.  2.3 ) in 
1805, the fi rst illuminated scope which consisted 
of a rudimentary viewing tube, a series of mir-
rors, and a candle as a light source, and German 
dentist Julius Bruck who fi rst linked a medical 
scope to an electric light source (1867), physi-
cists have been pushing the boundaries of medi-
cal optics with the hope of enhancing surgical 
capabilities. The development of fi ber-optic tech-
nology in the 1950s allowed for improved illumi-
nation but exposed the defi cits of lens design. A 
series of small lenses were required to propagate 
the light through the shaft of the early scopes, but 
high- quality lenses were exceptionally diffi cult 
to manufacture. British physicist Harold Hopkins 
unveiled his “rod lens” design, which eliminated 
the need for lenses by using glass rods to trans-
duce the light and allowed for the development of 
smaller scope diameter.

   Until analog medical cameras were made 
available in the 1970s to attach to the scopes, the 
surgeon was required to utilize the eyepiece for 
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visualization of the surgical fi eld. The develop-
ment of medical cameras utilizing silicon chip 
technology or charge-coupled devices (CCD) in 
1982 was considered a groundbreaking techno-
logic advancement in that it allowed for the 
storage of a digital image of the surgical scene 
that could be transmitted more effi ciently and 
with greater resolution than its analog prede-
cessor. These higher-quality images could be 
projected onto monitors that could be viewed 
by the entire surgical team. Standard laparo-
scopic images are 2-D and result in the loss of 
binocular cues, limited depth perception, and 
increased motion parallax [ 20 ]. 

 Robotic surgery optical technology has revo-
lutionized MIS optics in that it has allowed for 
3-D visualization of the surgical fi eld at the 
remote console. 3-D technology is centered 

around the concept of stereopsis or creation of 
depth perception. The robotic system creates 
depth of fi eld using two cameras and two differ-
ent lenses, projecting images that are slightly dif-
ferent in each eye. A 3-D image is the result of 
the ocular disparity registered by the brain. 
Enhanced depth perception has been associated 
with a shorter learning curve in particular MIS 
skills such as intracorporeal knot tying and sutur-
ing [ 21 ,  22 ].  

2.4     The Surgical Hand 

 The acquisition of human stereoscopic vision 
accompanied the evolution of the prehensile 
hand. With the densest concentration of nerve 
endings of the entire body centered at its fi nger-
tips, the hand is the organ that is most intimately 
associated with the sense of touch. Haptic feed-
back generated by the hand is responsible for 
spatial recognition and interpretation of density 
and texture of objects, cognitive skills essential 
to surgical performance. As MIS became a 
prominent surgical technique, a reduction of 
sensory information resulted as direct contact of 
the hand with the surgical fi eld was replaced 
with crude feedback from rigid laparoscopic 
instruments. Decreased dexterity and range of 
motion are often cited as drawbacks of laparos-
copy and contribute to the steep learning curve 
of complex MIS procedures. The robotic “hands” 
of the current system attempt to regain some of 
these lost functions by providing wristed instru-
ments with 90 degrees of articulation and 7 
degrees of freedom. While little to no haptic 
feedback exists with this platform, the concept 
of  surgical synesthesia  has been suggested, 
referring to the development of a sense of 
“touch” from the visual cues gained as an object 
is touched [ 20 ,  23 ,  24 ]. 

 In addition to the specialized hands, the stabil-
ity of the robotic platform allows for more pre-
cise fi ne motor activities, such as dissection, 
tissue manipulation, and suturing. The signifi cant 
tremor reduction of the robotic platform is con-
sidered an advantage over both laparoscopic and 
open surgery.  

  Fig. 2.3    The  Lichtleiter  created by Austrian Philipp 
Bozzini in 1805, the fi rst illuminated scope which con-
sisted of a rudimentary viewing tube, a series of mirrors, 
and a candle as a light source       
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2.5     Ergonomics of the Robotic 
Surgeon 

 Chronic musculoskeletal and vertebral disk inju-
ries have been associated with the prolonged ergo-
nomic stress of traditional laparoscopy [ 25 – 27 ]. 
Many of the chronic back, neck, and shoulder 
injuries described are attributed to the incongru-
ous technical maneuvers required with straight-
stick laparoscopic instruments, awkward body 
positioning, and non-ergonomic positioning of the 
operating table and video console [ 28 ]. Surgeon 
laparoscopic case volume and workload over time 
have been specifi cally linked to chronic musculo-
skeletal pain and discomfort [ 29 ]. It has been sug-
gested that less surgeon fatigue occurs during 
robotic surgery as the operator sits in a more com-
fortable position at the console, manipulating 
lightweight master controls. 

 In a quantitative comparison study evaluating 
muscle activation during traditional laparoscopic 
surgery (TLS) versus robotic-assisted surgery 
(RAS), surface electromyography measurements 
were recorded from the surgeon’s biceps, triceps, 
deltoid, and trapezius muscle groups [ 30 ]. 
Signifi cantly elevated muscle activation was 
noted in the biceps, triceps, and deltoid muscles 
during TLS, compared to RAS. Similar levels of 
muscle activation were noted in the trapezius 
muscles in both TLS and RAS. These fi ndings 
suggest that the more ergonomic design of the 
robotic surgery platform may minimize surgeon 
muscular fatigue over time and perhaps improve 
overall productivity and longevity of practice.  

2.6     Evolution of Robotic Surgical 
Technique 

 Robotic surgical technique for numerous proce-
dures has developed after many painstaking 
hours in the laboratory and operating room. From 
the number of trocars utilized to the positioning 
of instruments, current surgical instrument con-
fi guration has largely been established through a 
trial-and-error process. Some of the fi rst robotic 
surgical experiences describe techniques used for 
cardiac and gynecologic procedures. In 2000, 

Kappert et al. [ 31 ] reported on their “three-point 
stab incision” trocar arrangement for closed- 
chest coronary artery bypass while Lapietra et al. 
[ 32 ] described a three-port approach for the tho-
racoscope and two needle holders, with the use of 
a fourth “service entrance” incision in the sev-
enth interspace for suture passing, retractor blade 
placement, and introduction of the valve prosthe-
sis for mitral valve surgery. In the fi rst reported 
series of hysterectomy with bilateral salpingo- 
oophorectomy, a four- to fi ve-port approach was 
detailed by Diaz-Arrastia et al., utilizing a cam-
era port, two robotic arm ports, and 1–2 laparo-
scopic assistant ports [ 33 ]. 

 Trocar placement is typically based on the 
laparoscopic concept of triangulation of instru-
ments around the target organ; however, the 
robotic ports require unique spacing to avoid arm 
collision once docked. Body habitus can compli-
cate trocar placement by either limiting the spac-
ing in the thin or petite patient or obscuring the 
abdominal landmarks in the obese patient. It is 
recommended that the spacing between trocars 
be at least 8 cm with approximately 18–20 cm 
between the camera port and the target organ. 
With respect to the iliac crests, at least 2–3 cm 
clearance should be allowed for the laterally 
placed ports. These earliest reports employed the 
three-armed da Vinci ®  Standard Surgery System. 
A fourth-arm upgrade to this system became 
available several years later, as well as a four-arm 
model, the da Vinci ®  S System. 

 Esposito et al. described their approach to 
radical prostatectomy using a four-arm model, 
noting the advantages of the fourth arm for retrac-
tion and rotation of the prostate during key 
events: dissection of the bladder neck and semi-
nal vesicles, mobilization of the prostate off of 
the rectum, and dissection of vascular pedicles 
and neurovascular bundles [ 34 ]. By locking the 
fourth arm into place, more effi cient dissection 
and exposure was made possible by the primary 
working arms. Similar fi ndings were reported by 
Newlin et al. regarding foregut surgery, but the 
authors cautioned that the fi xed retractor arm 
could pose a potential risk for tearing and avuls-
ing structures if tissues are moved in relation to 
its fi xed position [ 35 ]. 
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 Technical reports of colorectal procedures 
began surfacing in the early 2000s with authors 
touting the benefi ts of “single-surgeon surgery” 
[ 36 ]. The majority of these publications described 
a “hybrid” approach involving standard laparos-
copy for portions of the operation [ 37 – 39 ]. 
Unlike the fi elds of urology and gynecology, 
colorectal surgery typically requires dissection 
and mobilization in multiple abdominal quad-
rants. A hybrid robotic-assisted sigmoid and 
anterior resections involved a laparoscopic- 
assisted takedown of the splenic fl exure, transec-
tion of the bowel with a laparoscopic stapler, and 
division of vascular pedicles with laparoscopic 
energy devices, while the robot was utilized for 
the pelvic dissection. Technique for non-hybrid 
totally robotic colorectal resections evolved 
which entailed a “double-docking” approach 
[ 40 – 43 ]. Koh et al. described their approach for 
left-sided colon and rectal resections utilizing 
two phases of robotic application [ 40 ]. “Phase 1” 
involved docking the robot with the target anat-
omy toward the left colon allowing for the take-
down of the splenic fl exure, colonic mobilization, 
and ligation of the vascular pedicle. A second 
docking was then performed to allow for the pel-
vic dissection. 

 Single-stage totally robotic resections devel-
oped as surgeons discovered optimal placement 
of trocars with some of the newer generations of 

robotic systems (i.e., S, Si, and Xi) which have 
increased range of motion and less spacing 
requirements for arms [ 44 – 46 ]. A “one-step” 
approach for total mesorectal excision (TME) 
(Fig.  2.4 ) has been described with the fi rst step 
involving a three-arm setup through which the 
initial exposure, primary vascular control, and 
medial-to-lateral mobilization of descending 
and splenic fl exure are accomplished [ 44 ]. 
The second step employs the fourth arm for the 
TME dissection.

2.7        Conclusion 

 From rudimentary optical devices involving can-
dles and mirrors to the modern and sophisticated 
robotic surgical systems currently employed in 
hospitals around the world, surgical innovation 
has evolved steadily over the past 150 years. The 
fi eld of MIS has proven to offer advantages to 
patients in both short- and long-term outcomes. 
The lack of complete adoption of MIS for colorec-
tal surgery and other surgical fi elds illuminates 
some of the limitations posed by laparoscopy. 
Although initially developed to realize the possi-
bility of telepresence surgery, robotic surgical 
technology emerged as a response to some of the 
technical challenges of standard laparoscopy. 
Technique has coevolved with instrumentation 

  Fig. 2.4    A “one-step” approach for total mesorectal excision (TME)       
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and advanced robotic surgical systems. Robotic 
experience from other surgical fi elds has lent itself 
toward strategies regarding port placement and use 
of the fourth arm. The fi eld of colorectal surgery 
has seen the rise of multiple robotic approaches, 
including hybrid and non-hybrid operations with 
different docking strategies, designed to improve 
mobilization and dissection. As surgeons continue 
to collaborate with physicists and innovators to 
advance surgical technology, it seems evident that 
the boundaries of robotic surgical capabilities will 
be limited by the extent of our imaginations.     
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    Abstract  

  There has been an increase in the use of minimally invasive approaches 
for many colorectal procedures during the past three decades. Many 
colorectal surgeons have embraced laparoscopic surgery as their tech-
nique of choice for most of the procedures that they perform. It is well 
known that laparoscopic surgery results in smaller incisions, less postop-
erative pain, and shorter lengths of stay. Robotic Surgery is an alternative 
method of performing laparoscopic colon and rectal surgery. Many have 
suggested that it is the optimal method by which to perform these proce-
dures. This technology has expanded greatly since it was fi rst used for 
colon and rectal surgery in 2001. Worldwide, the number of robot-assisted 
procedures that are performed nearly tripled in 2007–2011, from 80,000 to 
205,000. We will discuss the most commonly used robotic platform, the 
advantages and disadvantages of robotic surgery, and the considerations 
that impact on a successful robotic program at an institution.  
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     There has been an increase in the use of minimally 
invasive approaches for many colorectal procedures 
during the past three decades. Many colorectal 
surgeons have embraced laparoscopic surgery as 
their technique of choice for most of the procedures 

that they perform. It is well known that laparoscopic 
surgery results in smaller incisions, less postop-
erative pain, and shorter lengths of stay. Robotic 
Surgery is an alternative method of performing lapa-
roscopic colon and rectal surgery. Many have sug-
gested that it is the optimal method by which to 
perform these procedures. This technology has 
expanded greatly since it was fi rst used for colon and 
rectal surgery in 2001 [ 1 ]. Worldwide, the number of 
robot-assisted procedures that are performed nearly 
tripled in 2007–2011, from 80,000 to 205,000 [ 2 ]. 
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 We will discuss the most commonly used 
robotic platform, the advantages and disadvan-
tages of robotic surgery, and the considerations 
that impact on a successful robotic program at an 
institution. 

3.1     A Guide to the Currently 
Used Robotic System 
and Robotic Components 

 The most frequently used robotic system today is 
the da Vinci Si (Intuitive Surgical, Inc., Sunnyvale, 
CA). It consists of a vision cart, a patient cart, 
and a surgeon console. Firstly, the vision cart 
(Fig.  3.1 ) consists of a touch screen monitor; this 
provides interactive control of video and audio at 
the patient side and also allows for the ability to 
draw directly on the screen’s endoscopic view, 
known as telestration. This is particularly useful 
when trying to point out anatomy to the operating 
surgeon. The system’s core, which is the system’s 
central processing point, is housed in the vision 
cart. The camera assembly, which provides the 
three-dimensional, high- defi nition view, is also 
part of the vision cart, as is the illuminator, which 
is the light source for the endoscope. A 0° and 
30° endoscope is available; the 30° endoscope 
can be positioned up or down; this is determined 
when attaching it to the camera assembly. The 
three-dimensional image is created by capturing 
two independent views from 2- to 5-mm endo-
scopes fi tted into the endoscope and then display-
ing them into two channels which is viewed at the 
surgeon console’s stereo viewer (Fig.  3.2 ). This 
provides a three- dimensional, high-defi nition, 
bright, and stable image.

    The patient cart (Fig.  3.3 ) is the robotic com-
ponent that interfaces with the patient directly. It 
consists of setup joints, which are used to posi-
tion the arms. There are three instrument arms 
and one camera arm. The setup joints are con-
nected to the camera and instrument arms, the 
camera arm holds and manipulates the camera, 
and the instrument arms do the same for the 
instruments. The camera arm is what provides 
the perfectly stable image. Each arm has its own 
clutch buttons that allow for movements of the 

arms during docking. Positioning the joints prop-
erly is essential to a procedure with the most 
intra-abdominal reach and the least arm colli-
sions. In general the camera port, target anatomy, 
and center column of the patient cart should be 
placed in a straight line, such that the robotic 
arms are working toward the patient cart. The 
camera arm joints should be positioned such that 
the second camera arm joint is opposite arm 
number three. Also, the camera arm joints should 
be set up so that it is in its “sweet spot”; the sweet 
spot is indicated by a thick blue line on joint 
number two. The blue arrow should be within the 
boundaries of the thick blue line. This helps to 
insure that the patient cart is at an appropriate 
distance from the patient, which will improve 
arm mobility. Lastly, the camera port, target anat-
omy, camera port clutch button, third camera arm 
joint, and patient cart center column should be in 
a straight line. Exceptions to this exist when side 
docking; in this case, all other alignment remains 
true with the exception of the target anatomy 
which will be 30°–45° from the line created by 
the other points previously mentioned. The 
instrument arms should be placed at 45° angles to 
each other. If care is taken to establish ideal joint 
position, this will greatly impact on the seamless-
ness of the procedure. The movement of the 
patient cart is controlled with the shift switches 
and the motor drive control. The use of these 
components must be understood well by the sur-
geon and the nursing staff because it is essential 
to docking the robot properly. The patient cart is 
moved to the patient side using motor drive. This 
is accomplished by moving the shift switch into 
the drive position, indicated by the “D.” It is rec-
ommended that two people be used to move the 
cart, one to move it and one to direct that person. 
The throttle-enable switch is held in, and then the 
throttle is rotated away from you to move for-
ward and toward you to move back. The cart can 
also be moved in neutral when the shift switch is 
in the neutral position indicated by the “N” and 
physically pushing the cart. The shift switch must 
be on “D” when docking is complete in order to 
set the breaks. Putting any port in a cannula 
mount will disable the motor drive and prevent 
the cart from moving in drive mode.
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  Fig. 3.1    Vision cart       
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   The surgeon console is the surgeon’s interface 
with the da Vinci system; it also consists of many 
components. The stereo viewer provides the 
three-dimensional, high-defi nition video feed of 
the surgical fi eld in real time. It also has a head 
and neck support for added ergonomic comfort. 
The stereo viewer also displays detailed messag-
ing and icons that convey system settings for the 
surgeon during the procedure. These are dis-
played in specifi c locations throughout the proce-
dure. The messages alert the surgeon to any 
changes or errors with the system. Next to the 
stereo viewer are infrared sensors that activate 
the surgeon console and robotic instruments 

when the surgeon’s head is against the stereo 
viewer; the instruments do not move when the 
head is removed. This prevents inadvertent move-
ment of the instruments. The master controllers 
(Fig.  3.4 ) are where the surgeon places his    fi ngers 
(Fig.  3.5 ) in order to control the instruments and 
the endoscope. The master controllers are the sur-
geon’s interface to the EndoWrist instruments, 
which afford 7 degrees of freedom, 180 degrees 
of articulation, and 540 degrees of rotation. The 
master controllers also provide ergonomic com-
fort and tremor fi ltration. Movements are simul-
taneously and seamlessly replicated at the patient 
cart. The master controllers also have a fi nger 

  Fig. 3.2    Stereo viewer        
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clutch option, which some surgeons prefer to the 
foot pedal master clutch. The fi nger clutch allows 
for clutching a single master controller without 
the other, unlike the master clutch foot pedal, 
which will allow for clutching of both master 
controllers. The da Vinci Si has 1.5 cubic feet of 
working space for the master controllers; the sur-
geon should use the master and fi nger clutches to 
establish a comfortable working environment and 
avoid collisions between the master controllers; 
this must be constantly adjusted throughout the 
procedure. The surgeon must also “match grips” 
by grasping the master controllers to match the 
position and grip of the EndoWrist instrument 

tips in the patient’s body. This prevents unwanted 
activation of the instruments and therefore tissue 
damage. It is advantageous to frequently clutch 
and keep the master controllers close, to avoid 
reaching for tissues and avoid surgeon strain. The 
left-side pod houses the ergonomic control lever; 
this allows one to adjust the height and tilt of the 
stereo viewer, move the arm rest up and down, 
and move the foot switch panel (Fig.  3.6 ) in and 
out; these are important for optimal comfort dur-
ing the procedure. The right-side pod contains 
the power button and the emergency stop button. 
The power button will power on the surgeon con-
sole (Fig.  3.7 ) in standalone mode or when 

  Fig. 3.3    Patient cart        

3 The Robot



34

  Fig. 3.4    Master controllers       

  Fig. 3.5    Master controller 
with surgeon       
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  Fig. 3.6    Foot switch panel       

  Fig. 3.7    Surgeon console       
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attached to the other system components can be 
used to power on the entire system. Pressing the 
emergency stop button will automatically stop 
system operation. The touch pad controls the sys-
tem’s audio and video. It acts as the interface for 
the surgeon to adjust and save personal prefer-
ences. The foot switch panel houses the foot ped-
als. The pedals allow for arm swapping, master 
clutching, camera control, and integrated instru-
ment activation control. The foot switches are 
where the actions of many instruments are 
 executed; examples are the energy for monopolar 
instruments, bipolar instruments, vessel-sealing 
devices, and the stapler. The Si has two tiers of 
pedals and a pedal on the side of the panel. On the 
right side, there are two sets of cut and coagula-
tion pedals, which can control two instruments. 
The pedal on the side of the panel is for arm 
switching, and the left-side pedals are for the 
camera and for master clutching.

      There are many EndoWrist instruments avail-
able for the da Vinci; we will discuss those most 
commonly used in colorectal surgery. All instru-
ments have a fi xed number of uses; the system 
automatically tracks the number of uses and will 
not work if it has exceeded its maximum allowed 
uses. This information is relayed in the stereo 
viewer. 

 The monopolar curved scissors or “Hot 
Shears” can provide monopolar current. They 
function like laparoscopic endoshears with the 
added benefi t of being wristed with the typical 
degrees of freedom described earlier. There are 
multiple graspers, scissors, and monopolar cau-
tery devices; these are the most commonly used 
in colon and rectal surgery. The Hot Shears open 
to 38° and the jaws are 1.3-cm long. The perma-
nent cautery hook is similar to the laparoscopic 
hook cautery, its hook is 1.6-cm long, and the 
permanent cautery spatula is 1.7-cm long. The 
Cadiere forceps are nontraumatic fenestrated 
graspers; they open 30°, and the jaws are 2.0-cm 
long; these are appropriate for handling bowel. 
The Double Fenestrated Grasper opens 60° and is 
3.3-cm long; they have a very low closing force 
and can be used for bowel. The Fenestrated 
Bipolar Forceps open 45° and are 2.1-cm long 

and have a medium closing force, but allow for 
bipolar cautery; they are considered to be the 
bipolar equivalent to the Cadiere forceps. There 
are also Maryland Bipolar Forceps; they are 
curved and fenestrated, open 45° and are 2.1-cm 
long, and have a medium closing force. 

 With regard to needle drivers, there are fi ve to 
choose from; two provide scissors at the base of the 
jaw. The Large Needle Driver and Large SutureCut 
are for midsize needles. The Mega Needle Driver 
and Mega SutureCut are for large needles. And the 
Black Diamond Micro Forceps are for small nee-
dles. All of the instruments mentioned thus far can 
be used up to ten times. There are also small, 
medium, and large EndoWrist clip appliers; they 
can each be used for up to 100 closures. 

 There are two energy devices available 
(Fig.  3.8a–p ), the HARMONIC ACE Curved 
Shears and the da Vinci Vessel Sealer, which is 
similar to the LigaSure in that it is a bipolar 
energy device. The HARMONIC can be used up 
to 30 times, and the Vessel Sealer can be used 
once. There is also a suction/irrigator which can 
be used once. da Vinci now has an EndoWrist 
Stapler, which is available in 45-mm length and 
two staple heights—a blue reload, which is 
3.5 mm, and green reload which is 4.3 mm.

   The new da Vinci Xi has many features, which 
are meant to overcome some of the limitations of 
the previous systems. It is available, but not in 
broad use as of yet. Many procedures, which 
require access to multiple quadrants of the abdo-
men, could not be performed with the da Vinci 
alone in a single dock. The Xi has thinner arms 
and instruments with longer reach; also the cam-
era can be placed on any of the arms—these fea-
tures are meant to make multi-quadrant surgery 
possible with the da Vinci. The Xi also has voice- 
guided instructions which makes setup more effi -
cient. There is a laser guidance system that will 
position a boom, in the appropriate location over 
the patient to make docking more precise. Lastly, 
the camera is smaller and lighter (Fig.  3.9a ), 
which is why it can be placed in any arm 
(Fig.  3.9b ), but also allows for better defi nition 
and eliminating the need for draping, focusing, 
white balancing, and calibrating.
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  Fig. 3.8    Energy devices. ( a ) Hot Shears. ( b ) Permanent 
cautery hook. ( c ) Permanent cautery spatula. ( d ) Cadiere 
forceps. ( e ) Double Fenestrated Grasper. ( f ) Fenestrated 
Bipolar Forceps. ( g ) Maryland Bipolar Forceps. ( h ) Vessel 

Sealer. ( i ) Suction/irrigator. ( j ) HARMONIC ACE Curved 
Shears. ( k ) Small clip applier. ( l ) Medium-large clip 
applier. ( m ) Large clip applier. ( n ) Large Needle Driver. 
( o ) Large SutureCut needle driver. ( p ) Stapler       

 



38

3.2        Advantages 
and Disadvantages 

 One advantage of robotic surgery is the ergonomic 
position that the surgeon is able to be in during the 
procedure. This allows for less physical strain and 
fatigue during the procedure [ 3 ]. Also, the 
improved dexterity of the wristed robotic instru-
ments is a clear advantage. Robotic interface can 
also downscale movements (5:1–2:1); this com-
bined with the tremor fi ltering technology makes 
for a distinct benefi t while operating. As discussed, 
the instruments of a robotic arm have an EndoWrist, 
which has functions of 7 degrees of freedom, 180 
degrees of articulation, and 540 degrees of rota-
tion. Its function is a technological advantage for 
dissection, especially in small spaces, and intracor-
poreal suturing. With regard to rectal surgery in 
particular, there are clear advantages. Robotic 
approach has particular advantage during pelvic 
dissection. The surgeon gets equal access to both 
sides of the pelvis, and the presence of the 
EndoWrist instruments permits a range of angles 
to approach the rectum from different directions, 
thus allowing sharp dissection around the lower 
part of the rectum and mesorectum [ 4 ]. Additionally, 
the three- dimensional, high-defi nition, completely 

stable optics produces superb visualization. Also, 
the ability for the surgeon to seamlessly control 
camera position and angle is a defi nite advantage 
(Fig.  3.10 ).

   A disadvantage of robotic surgery is the limi-
tation to a single quadrant of the abdomen, which 
is a signifi cant shortcoming, certainly in colon 
and rectal surgery [ 4 ]. This is one of the reasons 
that this technique was initially thought of as 
most benefi cial for work in the pelvis. However, 
many pelvic procedures that are performed 
require attention to the left upper quadrant as 
well. This is a concern that is supposedly 
addressed with the new Xi system. Also the 
patient cannot be repositioned during the proce-
dure without undocking the robot [ 4 ]. For 
instance, if one would like steeper Trendelenberg 
or changing to reverse Trendelenberg position, 
this cannot be accomplished without manipula-
tion of the patient cart and therefore undocking 
and redocking. Initially, robotic surgery was uni-
versally considered to take much longer than tra-
ditional laparoscopic surgery; this is no longer 
thought to be true [ 5 ]. In fact, a recent meta- 
analysis showed that the operative times were not 
signifi cantly different between the two tech-
niques. Another disadvantage is the lack of haptic 
feedback. Moreover, suture material can be torn 

  Fig. 3.9    ( a ) da Vinci smaller, lighter camera. ( b ) da Vinci Xi—thinner arms       
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frequently because of no tensile feedback during 
suturing using the robotic instrument. Also, tis-
sue can be damaged due to lack of tactile feed-
back. These technological disadvantages can be 
overcome by learned visual sense, which many 
robotic surgeons attest to. However, experience is 
necessary [ 4 ]. This learning curve for performing 
safe and effi cient robotic surgery also involves 
the assistant and the nursing staff. And fi nally, 
cost is a major concern. The initial capital invest-
ment is substantial, $1–2.5 million [ 6 ]. There is 
also an annual service agreement of which is 
priced at anywhere from $100,000 to $170,000 
[ 7 ]. Finally and most signifi cantly, the cost per 
procedure is also affected by the number of 
instruments and accessories that have a limited 
number of uses; this cost is anywhere from 
$1300–$2200 per procedure. During the fi rst 9 
months of 2013, sales of instruments and acces-
sories increased by 18 % and represented 45 % 
of the company’s total revenue [ 8 ]. One study 
showed an increase in operating room costs of 
approximately $2,000 per procedure [ 9 ].  

3.3     The Importance of Having 
a Dedicated Team 

 It is essential and advantageous to have a dedi-
cated team for robotic colon and rectal surgery. 
This consists of several components. The nursing 

staff in the operating room is essential to the 
 success of any surgical procedure; this is espe-
cially true in robotic surgery, where there is more 
instrumentation and need for proper coordination. 
During a robotic procedure, the surgeon is not 
operating at the patient’s side, but in fact is at a 
distance from the patient at the surgeon console. 
Therefore, the surgeon cannot observe the patient 
or his team members during the procedure. Also, 
much of the issues with the increased cost of 
robotic surgery revolve around effi ciency and 
length of the procedure. For both these reasons, 
having a highly qualifi ed dedicated nursing team 
is essential for the success of a robotic operation 
and therefore a robotic program. It has been sug-
gested that a robotic team consist of an experi-
enced, dedicated surgical technician and circulator. 
It is important that they are familiar with colon 
and rectal procedures and not simply robotic sur-
gery in general. It is also important to have a man-
aging nurse for the robotic program to oversee the 
training of new staff and update experienced staff 
as the program evolves [ 10 ]. There should be an 
ongoing dialogue about the progress of the robotic 
program at the institution. Initially, monthly meet-
ings are recommended. All meetings regarding the 
robotic program at the institution should involve 
the surgeons, the nurse manager, and all members 
of the team. This is also an essential way to bring 
up issues as they arise and discuss change as the 
program grows; these are all aspects that are 

  Fig. 3.10    Surgeon at console        

3 The Robot



40

included in having a dedicated team. Dedicated 
surgical physician assistants are an asset to any 
robotic team. Again, due to the remote position of 
the operating surgeon, an appropriately trained 
physician assistant can effectively and effi ciently 
accomplish all of the necessary patient side tasks 
during the procedure. Other options for assistants 
are less advantageous for many reasons. Having a 
second surgeon at the bedside in the long run will 
be costly. Utilizing trainees of any level as the lone 
assistant is not recommended; she will not be an 
effective assistant, and the experience will not 
truly benefi t her education either. Training the 
resident or fellow at the bedside along with a phy-
sician assistant present and then also training them 
at the second console of a dual console (Fig.  3.11 ) 
robotic system are a far superior method.

3.4        Partnership with the 
Hospital Health System 
in Understanding Program 
Goals and Financial Support 
of the Program, Including 
Dedicated Teams 

 Likely, the most important element for the success 
of any new robotic program is the unity of vision 
between the surgery team and the hospital or 
health system administration. Of course the goal 
should always be to provide a better procedure for 
the patient with better outcomes. However, the 
path should be agreed upon as well to have the 
most effective program. Understanding each oth-
er’s goals, needs, and expectations is necessary 

  Fig. 3.11    Dual console       
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from the outset. Because success breeds more 
success, harnessing the achievements as they 
come and building upon them are also essential. 

 There must be a program coordinator; this 
person can be a healthcare professional such as a 
nurse, physician assistant, or physician or a non- 
healthcare professional with the skill and desire 
to perform all of the necessary tasks. This person 
will be a link between the administration and the 
operating room team. She is also responsible for 
the coordination of the program overall. She 
should have access to the administrative staff 
responsible for marketing, patient education, and 
other avenues of growth for the program [ 10 ]. 

 Marketing is certainly part of the success of 
any new surgical program. In order to offer a new 
procedure on a large scale, the institution needs 
to draw patients who require this procedure; this 
is often patient driven, and therefore, direct 
patient marketing is necessary; however, market-
ing to referring physicians is also essential. The 
marketing team should consist of people who 
understand the geographical area, referral pat-
terns, and the most effective methods to dissemi-
nate information about the new program. 

 Financial support is essential to the success of 
the program. Prior to going down the path of estab-
lishing a robotic program, the hospital or health 
system must have a realistic fi nancial plan in place. 
The capital investment for the purchase of the 
robotic components and instruments and mainte-
nance is one cost. Also, there is facility renovation 
to provide an appropriate operating room to per-
form the procedures. As discussed earlier, a dedi-
cated team is essential; this involves staff retraining 
and often recruitment of new staff. The administra-
tion must often balance this against local payer 
mix and likely reimbursement for the procedures 
with the notion that providing a new and desired 
procedure will increase patient draw, with the 
appropriate marketing, of course. Additionally, an 
institution that provides the most up-to-date tech-
niques with good outcomes will likely grow in all 
of its departments simply due to improved reputa-
tion and being considered “cutting edge.” However, 
without the establishment of a realistic fi nancial 
plan up front, a program is unlikely to fl ourish. 

 Ongoing reevaluation of the program’s prog-
ress is essential. The program coordinator should 

be constantly evaluating the metrics that make 
the program successful. These include case vol-
ume, docking time, procedure time, conversion 
rate, complications, and outcomes. It is recom-
mended that a meeting be held monthly that 
includes the coordinator, the entire robotic team, 
and all of the robotic surgeons. The data regard-
ing the metrics that are being evaluated should be 
presented. There should be a discussion regard-
ing the overall health of the program, the obsta-
cles to its development, and new ideas for its 
growth. There should also be dialogue about the 
use of resources and the possible need for more 
resources. Lastly, is the program meeting its 
goals, should there be an expansion, and are their 
new applications for robotics that should be eval-
uated? This periodic assessment will identify any 
concerns and guarantee that the program contin-
ues to provide the best outcomes for our patients.     
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    Abstract  

  Perioperative assessment in robotic colorectal surgery involves consider-
ation of the patient, surgeon, and circumstances unique to robotics. Surgeons 
experience a learning curve so proper surgeon education is critical for opti-
mizing outcomes. Patient selection is also essential to maximizing the ben-
efi ts of the robotic surgery. This requires careful evaluation of robotic 
surgical indications and an understanding of the physiological effects 
of pneumoperitoneum. Finally, practitioners must understand the special 
considerations of robotics including docking, the lack of tactile feedback, 
the potential for peripheral nerve damage due to patient positioning and 
prolonged operative times, and the high operating and maintenance costs.  

  Keywords  

  Robotics   •   Laparoscopy   •   Colorectal surgery   •   Minimally invasive surgery   
•   Learning curve   •   Patient selection   •   Pneumoperitoneum  

        A.   Damle ,  M.D., M.B.A.    
  Department of Surgery ,  University of Massachusetts 
Medical Center ,   67 Belmont Street ,  Worcester , 
 MA   01605 ,  USA     

    J.  A.   Maykel ,  M.D.      (*) 
  Division of Colon and Rectal Surgery, Department 
of Surgery ,  University of Massachusetts Medical 
Center ,   67 Belmont Street ,  Worcester ,  MA   01605 ,  USA   
 e-mail: Justin.Maykel@umassmemorial.org  

 4

     Robotic-assisted    surgery (RAS) requires special 
considerations both preoperatively and intraop-
eratively. Successful outcomes require the right 
surgeon, the right patient, the right team, and the 
right equipment. This chapter will demonstrate 
the importance of each of these factors. 

4.1     Surgeon Skill and Training 

4.1.1     The Learning Curve 

 The adoption of any novel surgical technique 
involves a learning curve to obtain profi ciency 
and mastery. Following the introduction of lapa-
roscopy in the 1990s, concerns were raised 
regarding the learning curve needed to master 
this new technique. Retrospective studies dem-
onstrated 90 % of common bile duct injuries 
occurred during a surgeon’s fi rst 30 laparoscopic 
cholecystectomies, highlighting the danger of 
the learning curve [ 1 ]. However, compared to 
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open cholecystectomy, numerous studies have 
since demonstrated that laparoscopic cholecys-
tectomy is the superior operation in terms of 
cost and outcomes [ 2 ]. Similarly, RAS must 
address this  concern through appropriate poli-
cies and procedures that can help surgeons over-
come the learning curve while avoiding potential 
harm to patients. 

 Currently, it is unknown exactly how long the 
robotic learning curve is and which surgeons 
should embark upon it. Additionally, it is not 
clear which outcomes should be measured or 
how to defi ne “profi ciency.” Multiple studies 
have attempted to evaluate these issues using 
operative time as a surrogate market for compe-
tence [ 3 ]. However, as surgeons take on increas-
ingly complex cases, operative times tend to 
increase. Accordingly, this review will focus on 
studies using a multidimensional assessment 
such as the cumulative sum model. 

 Regarding the in vitro acquisition of robotic 
skills, early studies demonstrated a short learning 
curve of 4–6 h for experienced laparoscopists to 
successfully perform robotic intracorporeal knot 
tying at a level comparable to standard laparos-
copy [ 4 ]. However, it has been a greater chal-
lenge to demonstrate how this learning curve 
applies more broadly to colon and rectal surgery. 

 A recent systematic review of laparoscopic 
and robotic colorectal surgical cases demon-
strated a range of 5–310 cases to achieve profi -
ciency in laparoscopy and 15–30 cases for 
robotics [ 3 ]. However, it should be noted that all 
six studies that evaluated the learning curve in 
RAS observed rectal resections only and did not 
include colon resections. In comparison, laparo-
scopic rectal resections have a learning curve of 
60–80 cases. Measures of surgical competency 
included both patient outcomes and/or surgical 
effi ciency. The only study to use multiple sur-
geons and both of these profi ciency measure-
ments cited a tighter learning curve in robotic 
rectal surgery of 21–23 cases [ 5 ]. 

 This learning curve has been demonstrated to 
evolve along three distinct phases, as reported by 
Bokhari et al. when examining a single-surgeon 
experience with robotic rectosigmoid resections. 

Each phase of the learning curve corresponded 
with the surgeon’s ability to adapt to the changes 
of RAS [ 6 ]. The fi rst phase deals with overcom-
ing the lack of tactile feedback and recognizing 
visual cues for tissue tension and traction. The 
second phase involves understanding the spatial 
relationships of the robotic instruments outside 
the direct fi eld of view and the ability to reposi-
tion them without direct visualization. The third 
phase develops the surgeon’s ability to operate 
the robotic console without directly visualizing it 
or the patient. This fi nal phase demonstrates an 
understanding of not only where the multiple 
robotic arms are within the patient but also their 
relationship to how the robotic system is docked. 
Of note, this study similarly reported that 15–25 
cases were required to achieve competence. 

 Phase 1 of the learning curve included the fi rst 
15 cases and was associated with a steady 
decrease in surgeon console and docking time 
[ 6 ]. Phase 2 represented a plateau over the next 
ten cases. These 15–25 cases represent the learn-
ing curve required for competency. This number 
is similar to the learning curves reported for 
robotic cholecystectomy and Nissen fundoplica-
tion [ 7 ]. Phase 3 (>25 cases) represents the post- 
learning period where the surgeon is able to take 
on increasingly complex patients and procedures, 
which often leads to increased operative times. 
Similar fi ndings regarding the three-phase model 
have been duplicated in other studies of robotic 
rectal resections [ 5 ]. 

 Unlike rectal surgery, there are no studies to 
support the number of procedures required to 
achieve profi ciency with robotic colon resec-
tions. However, proponents suggest that since 
right colectomies are straightforward procedures 
for colorectal surgeons and can be done with only 
two robotic arms, they can be undertaken in the 
early part of the learning curve [ 8 ]. A series of 40 
robotic right colectomies demonstrated a mean 
operative time of 159 min. Although 41 min lon-
ger than the mean operative for laparoscopic col-
ectomies at the same institution, the robotic 
colectomy times were similar to those reported in 
the literature for laparoscopic right colectomy 
(76–214 min) [ 8 – 10 ]. 
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 It is diffi cult and possibly misleading to describe 
an overall learning curve for the use of RAS as 
each procedure requires a different skill set. 
However, there is insuffi cient data to provide this 
information for each specifi c procedure. Therefore, 
surgeons must participate in clinical trials to col-
lect this data. A systematic review of the literature 
recommended that surgeons complete 20–30 cases 
in addition to participating in a structured training 
course and have adequate mentorship before par-
ticipating in robotic clinical trials [ 3 ]. Due to lim-
ited case volume utilizing this evolving technology, 
the number of surgeons able to accrue patients for 
such studies remains limited.  

4.1.2     Is Laparoscopic Experience 
Required? 

 A proposed benefi t of RAS is the reduced learn-
ing curve compared to laparoscopy [ 11 ]. It has 
been suggested that the controls of robotic sur-
gery are more intuitive and similar to open sur-
gery. This would allow open or even inexperienced 
laparoscopic surgeons to make the transition to 
RAS [ 12 ]. This has been demonstrated within the 
fi eld of urology focusing on laparoscopic radical 
prostatectomy (LRP). Typically, for a skilled lap-
aroscopist, the learning curve for an LRP is 
40–60 cases. For a surgeon without prior laparo-
scopic experience, this number jumps to 80–100 
cases [ 13 ]. However, Ahlering et al. demon-
strated that after completing a 1-day robotic 
training course and two cadaveric robotic LRPs, 
the learning curve for experienced open surgeons 
who were laparoscopically naïve dropped to 
8–12 cases. 

 Many authors caution inexperienced laparo-
scopic surgeons from proceeding directly into 
robotics [ 6 ,  7 ]. Although robotic surgery provides 
advantages over laparoscopy in  three- dimensional 
vs. two-dimensional viewing, the fi eld of view 
for both minimally invasive techniques is smaller. 
Expertise in all minimally invasive surgery (MIS) 
requires not only an understanding of what is 
directly in the fi eld of view but an awareness of 
what is outside of it. The complexity required for 

this understanding is even higher with robotics 
due to the capability of the operator to use mul-
tiple arms that may not be visualized at all times. 
Further, surgeons without laparoscopic experi-
ence must convert a failed attempt at RAS to an 
open technique rather than laparoscopic which 
may lead to increased postoperative pain and 
length of stay (LOS). In addition, opponents state 
that even if the learning curve for robotic surgery 
is slightly lower than it is for laparoscopy, it is 
not substantial enough to justify the cost implica-
tions of learning robotic surgery rather than lapa-
roscopy [ 14 ].  

4.1.3     Training Surgeons 

 In order to perform RAS in a safe and effective 
manner, surgeons must have the proper training. 
In general surgery, completion of the fundamen-
tals of laparoscopic surgery (FLS) program is 
required to be board eligible [ 15 ]. Currently, no 
such standardized and validated program exists 
for RAS [ 16 ]. Training is largely based on single- 
day courses followed by the implementation of 
skills into clinical practice [ 16 ]. However, as sur-
geons have recognized, this algorithm is not 
ideal, and multiple strategies for enhanced 
robotic training have been developed and 
implemented. 

 Many authors advocate for a stepwise 
approach to implement RAS into clinical prac-
tice. These steps include a didactic overview of 
the technology; mastery of skills in inanimate, 
animal, and cadaveric labs; and supervised live 
operating room procedures [ 17 ]. Although this 
intensive stepwise training allows surgeons to 
graduate up the latter, it does have its drawbacks. 
In particular, the capital investment required to 
operate multiple wet and dry labs in addition to 
owning a robotic operating system may be cost 
prohibitive for many medical centers. 

 Therefore, many programs divide training 
into acquisition of technical skills and mastery 
of intraoperative technique. Beginning with 
technical skills, Dulan et al. have been attempt-
ing to create a profi ciency-based curriculum 
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similar to FLS [ 18 ]. Robotic surgical experts at 
an academic medical center identifi ed 23 essen-
tial skills for robotic surgery ranging from 
learning console settings to suture running 
(Table  4.1 ). These skills are taught and tested 
via an online tutorial, a half-day interactive ses-
sion, and nine inanimate exercises. This allows 
trainees to apply  previously learned laparo-
scopic skills like peg transfer and pattern cut-
ting to robotics while learning new techniques 
that are unique to robotics such as docking and 
operating the foot clutch.

   Other simulators attempt to create more 
specialty- specifi c training. For example, Marecik 
et al. created a pelvic model to partner with a 
robotic simulator for colorectal surgery [ 19 ]. 
This allows surgeons to gain experience with 
robotic setup and use of the console in the con-
text of their practice. Colorectal surgeons can 
experience proper docking and positioning, use 
of multiple robotic arms, and dissection between 
the pelvic sidewall and mesorectum in a simu-
lated total mesorectal excision (TME). The mate-
rials to create this simulator (other than the 
robotic system) are inexpensive and easily 
obtainable. This provides signifi cant advantages 
over virtual reality trainers, which are more 
expensive but have not been shown to offer any 
advantage in skill acquisition [ 20 ]. 

 Other programs focus more heavily on opera-
tive technique. An academic MIS fellowship pro-
gram required a fellow to fi rst demonstrate 
profi ciency in laparoscopy as well as completing 
10 h of robotic training sessions before being 
allowed to operate with the robotic system [ 21 ]. 

The trainee then moved on to the operative por-
tion with robotic-assisted Roux-en-Y gastric 
bypasses under the guidance of an expert robotic 
surgeon. Three specifi c subtasks of increasing 
diffi culty were identifi ed in the procedures. Task 
A, performing the posterior outer layer of the 
gastrojejunostomy (GJ) anastomosis, was per-
formed during all 30 procedures. Operative times 
for this task decreased steadily through all 30 
cases. Task B added the anterior outer layer of the 
GJ anastomosis, and operative times of the 20 
cases did not differ signifi cantly from the time of 
the faculty surgeon. Task C, enterotomy closure 
of the GIA-stapled inner layer, was performed by 
the fellow in the fi nal ten cases. Trainee operative 
times were similar to what faculty times had been 
during the fi rst ten cases. No patients in this series 
had any intraoperative complications such as 
anastomotic leak. 

 A similar methodology could easily be applied 
to colorectal surgery. For example, a robotic- 
assisted laparoscopic low anterior resection 
(LAR) could be divided into high ligation of the 
inferior mesenteric artery and mobilization of the 
descending colon, pelvic dissection and rectal 
mobilization, and colorectal anastomosis. This 
would allow colorectal trainees to receive graded 
responsibility under direct mentorship and ensure 
patients get the best outcomes. 

 Concerns for patient safety and surgeon 
accountability are of the highest importance. The 
current literature suggests that robotic surgery 
can be performed safely and effectively if sur-
geons train properly. Although no standardized 
and validated program exists, surgeons must be 

   Table 4.1    Robotic skills list [ 18 ]   

 1. Console setting   9. Clutching  17. Atraumatic handling 

 2. Docking  10. Instrument names  18. Blunt dissection 

 3. Robotic trocars  11. Instrument exchange  19. Fine dissection 

 4. Robotic positioning  12. Fourth arm control  20. Retraction 

 5. Communication  13. Basic eye-hand coordination  21. Cutting 

 6. Energy sources  14. Wrist articulation  22. Suturing interrupted 

 7. Robot component names  15. Depth perception  23. Suturing running 

 8. Camera  16. Instrument to instrument transfer 
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educated on robotic technology and become 
familiar with its use in a laboratory setting before 
operating on patients. While in the early portion 
of the learning curve, operating in increments of 
graded responsibility or with a mentor ensures 
the highest chance of success. Like other authors, 
we believe that patients and surgeons alike would 
benefi t from a formal credentialing process 
addressing both the preclinical and clinical 
aspects of robotic surgical training [ 22 ].   

4.2     Patient Selection 

 When adopting a new technology, appropriate 
patient selection is as important as selecting the 
best surgeons (Table  4.2 ). While there are no spe-
cifi c indications for robotic colorectal surgery 
over traditional approaches, the best applications 
of this technology are those that leverage the 
advantages that robotics has over laparoscopic or 
open surgery. These advantages include superior 
three-dimensional viewing, stabilization of 
instruments and camera, improved surgeon ergo-
nomics, and mechanical advantages including 
instruments with 7 degrees of freedom and 90 
degrees of articulation [ 23 ].

4.2.1       Robotic Colon Surgery 

 While the fi rst robotic-assisted colectomy was 
reported in the literature in 2002, there are no 
consensus guidelines for indications for robotic 
colon resection that do not apply to the open or 
laparoscopic techniques [ 24 ]. Indications previ-
ously described in the literature for robotic colec-
tomy include colonic adenoma, polyps, carcinoid, 
and diverticulitis [ 14 ]. Reported robotic resec-

tions include left, right, and subtotal colectomies. 
Operative techniques included both intracorpo-
real and extracorporeal, stapled, and robotic- 
assisted hand-sewn anastomoses [ 25 ]. While 
multiple studies have demonstrated robotic colec-
tomy to be safe and feasible for both benign and 
malignant disease, none have demonstrated any 
objective benefi t to justify the increased cost or 
increased operative time associated with robotics 
[ 8 ,  25 ,  26 ]. 

 One reason for the lack of improvement with 
robotic colectomy may be that the advantages of 
robotics cannot be fully utilized for this opera-
tion. The advantages of robotic surgery apply 
best to operating in confi ned spaces, whereas 
colonic resection requires dissection in multiple 
abdominal quadrants and it can be diffi cult to 
retract the redundant colon in order to provide 
adequate countertraction [ 26 ]. However, some 
authors do report advantages with splenic fl exure 
takedown and dissection of the inferior mesen-
teric vessels [ 26 ]. In addition, creation of an 
intracorporeal hand-sewn anastomosis is easier, 
allowing placement of the minilaparotomy 
extraction incision in the most convenient site for 
the patient [ 27 ]. 

 Additional considerations in patient selection 
are the effects of prolonged anesthesia and pneu-
moperitoneum due to increased operative times. 
While the specifi c physiological effects of pneu-
moperitoneum will be discussed in the next sec-
tion, comorbidities including severe chronic 
obstructive pulmonary disease (COPD), sepsis, 
chronic renal insuffi ciency, and heart failure must 
be taken into account when selecting patients for 
robotic surgery.  

4.2.2     Robotic Rectal Surgery 

 In contrast to colon surgery, robotic-assisted rec-
tal surgery may provide distinct improvements 
over open and laparoscopic approaches. While 
standard laparoscopy is widely accepted for 
colonic resections, it still faces signifi cant limita-
tions in rectal cancer, particularly in those requir-
ing a complete TME [ 28 ]. The advantage of 
laparoscopy is that it provides unobstructed views 

   Table 4.2    Ideal patient for colorectal robotic surgery [ 28 ]   

 Sex  Male 

 Body habitus  Obese 

 Preoperative 
radiotherapy 

 Yes 

 Pathology  Malignancy 

 Tumor location  Lower two thirds of the rectum 
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of the rectal tissue planes and allows a more 
 precise dissection due to the magnifi ed view, and 
the pneumoperitoneum assists in opening tissue 
planes in the mesorectal dissection [ 29 ]. 

 However, due to the confi ned space of the pel-
vis, fi xed instrument tips with limited dexterity, 
and poor surgeon ergonomics, the distal dissec-
tion is technically challenging [ 29 ]. It often 
results in clashing of instruments and a crowded 
operative fi eld, restricting view and requiring the 
involvement of an experienced assistant. The use 
of electrocautery introduces smoke into the surgi-
cal fi eld, further disrupting visualization. In addi-
tion, localization of the exact distal margin of the 
tumor, particularly when in the low rectum, can 
be challenging without direct tactile sensation. 
Finally, limited maneuverability and articulation 
of staplers often lead to multiple angulated staple 
lines, increasing the risk of anastomotic leak 
[ 29 ]. Each of these    factors contributes to the high 
learning curve for laparoscopic rectal procedures 
described above. 

 RAS may provide solutions to many of these 
problems. First, because the surgeon is the cam-
era operator and the three-dimensional view is 
stabilized, visualization and depth perception are 
improved [ 28 ]. Second, the robotic endowrists 
allow for improved dexterity, decreasing the dif-
fi culty of intracorporeal suturing as well as giv-
ing the surgeon the ability to approach the 
mesorectum from multiple angles. Third, robotic 
suturing may allow surgeons to create a single- 
stapled, double-purse-string anastomosis that 
could potentially reduce leak rates [ 30 ]. Finally, 
robotics allows for improved ergonomics, allow-
ing the surgeon to sit, and decreases the awkward 
hand and arm positioning encountered in laparo-
scopic rectal resections.   

4.3     Physiology 
of Pneumoperitoneum 

 Similar to laparoscopy, intra-abdominal robotic 
procedures require the establishment of pneumo-
peritoneum, and special consideration of the phys-
iological effects of sustained pneumoperitoneum 

must be considered. Particularly due to the learn-
ing curve and increased operative times, these 
physiological effects may play an even larger role 
with RAS than they do with laparoscopy. An 
understanding of this topic plays an important role 
in patient selection and management. These phys-
iological effects will be discussed in a system-
based manner (Table  4.3 ).

   Pneumoperitoneum is typically created with 
the insuffl ation of carbon dioxide (CO 2 ) gas. CO 2  
is noncombustible, rapidly soluble in the blood, 
and relatively inexpensive [ 31 ]. There is no sin-
gle ideal pressure to achieve pneumoperitoneum. 
Rather, the lowest intra-abdominal pressure that 
allows adequate exposure of the operative fi eld 
should be used [ 32 ]. 

4.3.1     Pulmonary 

 When the peritoneal cavity is insuffl ated with 
CO 2  gas, a small portion is absorbed in the blood, 
but the majority combines with water in red 
blood cells to form carbonic acid and dissociates 
into hydrogen and bicarbonate [ 33 ]. CO 2  
absorbed through the peritoneum is metabolized 
in a similar fashion. 

 This leads to an increase in end-tidal CO 2  as 
high as 50 % requiring an increase in minute ven-
tilation to achieve eucapnia [ 33 ]. Regardless of 
whether or not the patient achieves this, most 
healthy patients can easily adapt using intracellular 

   Table 4.3    Organ-specifi c physiological effects of 
pneumoperitoneum   

 Organ system  Mechanical effect  Biochemical effect 

 Pulmonary  ↑ Functional 
residual capacity 

 ↑ End-tidal CO 2  

 ↑ Dead space 

 ↑ Atelectasis 

 Cardiovascular  ↓ Venous return  Metabolic 
acidosis  ↓ Cardiac output 

 Renal  ↓ Renal perfusion  ↑ Renin 

 ↑ Antidiuretic 
hormone 

 ↑ Aldosterone 
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and plasma buffering systems. However, patients 
with diminished buffering capacity such as those 
with severe COPD or sepsis may be unable to tol-
erate the increased CO 2  load, resulting in acidosis 
and its sequelae. 

 In addition to the biochemical effects of CO 2 , 
increased intra-abdominal pressure disrupts typi-
cal pulmonary mechanics [ 33 ]. Diaphragmatic 
movement is impaired resulting in a decreased 
functional residual capacity and increased dead 
space. Controlled ventilation with large tidal 
 volumes can offset pulmonary problems by 
decreasing atelectasis. This can also be offset 
by increased positive end-expiratory pressure 
(PEEP); however, this must be balanced with the 
resulting cardiovascular effects, which will be 
described next. However, despite these changes, 
studies have demonstrated that laparoscopy 
results in smaller postoperative changes in pul-
monary function tests compared to open surgery 
[ 33 ]. Overall, in healthy patients, changes to 
 pulmonary mechanics are of minimal clinical 
signifi cance. 

 Due to the resulting hypercapnia and respira-
tory acidosis, the monitoring of end-tidal CO 2  is 
mandatory during laparoscopy, whether tradi-
tional or robotic assisted. In patients with limited 
pulmonary reserves, capnoperitoneum carries an 
increased risk of CO 2  retention, increasing the 
diffi culty of extubation. In patients with severe 
cardiopulmonary disease, arterial blood gas mon-
itoring and continuous capnography are recom-
mended [ 34 ].  

4.3.2     Cardiovascular 

 The primary changes to the cardiovascular sys-
tem due to CO 2  insuffl ation also result from 
hypercarbia and mechanical compression. These 
physiological effects occur most often during the 
early stages of insuffl ation [ 34 ]. 

 The increase in end-tidal CO 2  may result in a 
mild hypercapnia (pCO 2  45–50 mmHg), which has 
little effect on hemodynamics. However, severe 
hypercapnia (pCO 2  55–70 mmHg) and the result-
ing acidosis may result in hemodynamic changes. 

CO 2  has a direct effect of myocardial depression 
and vasodilation [ 33 ]. These effects trigger a com-
pensatory sympathetic reaction resulting in a refl ex 
tachycardia and vasoconstriction. 

 However, the primary effect of pneumoperi-
toneum on the cardiovascular system is due to 
mechanical compression of the venous system 
which lowers venous return. This compression, 
seen with intra-abdominal pressures from 12 to 
15 mmHg, results in a decreased cardiac pre-
load and cardiac output and a corresponding 
increase in heart rate, mean arterial pressure, 
and systemic and pulmonary vascular resis-
tance [ 34 ]. 

 Changes in patient positioning are often 
essential to gain proper visualization of the oper-
ative fi eld. However, these changes can also 
affect hemodynamics. Reverse Trendelenburg 
position intensifi es the physiological effects of 
pneumoperitoneum, while Trendelenburg posi-
tion increases venous return [ 34 ]. Additionally, 
the use of PEEP of 10 cm H 2 O during pneumo-
peritoneum to decrease atelectasis decreases pre-
load and cardiac output [ 34 ]. 

 It should be noted that the European 
Association of Endoscopic Surgery (EAES) in 
their 2001 clinical practice guidelines on pneu-
moperitoneum stated the effects of a 12–14 mmHg 
CO 2  pneumoperitoneum are not clinically rele-
vant in healthy patients (ASA I or II) [ 34 ]. 
However, special consideration must be given to 
patients with underlying cardiac disease or other 
signifi cant morbidities. Invasive blood pressure 
or circulating volume status measurements 
should be considered, and all of these patients 
should receive adequate preoperative beta- 
blockade, volume loading, and pneumatic com-
pression of the lower limbs [ 34 ].  

4.3.3     Renal 

 A systematic review on the effects of pneumo-
peritoneum on the renal system demonstrated a 
reduction in both renal perfusion and renal func-
tion [ 35 ]. This impairment is primarily mediated 
by direct compression of the renal parenchyma, 
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arteries, and veins [ 34 ]. There is also an increase 
in the release of antidiuretic hormone, plasma 
renin activity, and serum aldosterone, which may 
further contribute to the decrease in urine output 
[ 36 ]. The level of depression is dependent upon 
multiple factors including preoperative renal 
function, volume status, intra-abdominal pres-
sure, patient position, and duration of pneumo-
peritoneum. These changes appear to be 
temporary with function returning to normal after 
pneumoperitoneum is released. Although the 
decreases in renal perfusion and function are 
documented in the literature, it is unclear if 
they are of any clinical signifi cance. The EAES 
guidelines state that while an intra-abdominal 
pressure of 12–14 mmHg in healthy patients is 
likely clinically insignifi cant, in patients with 
impaired renal function, intra-abdominal pres-
sure should be kept as low as possible, and 
these patients should be volume loaded before 
and during times of increased intra-abdominal 
pressure [ 34 ].   

4.4     Special Considerations 
for Robotic Surgery 

 Robotic surgery warrants several special consid-
erations that do not apply to open or laparoscopic 
surgery (Table  4.4 ). These include robotic dock-
ing, the lack of tactile feedback, the potential for 
peripheral nerve damage, and the high cost.

4.4.1       Robotic Docking 

 In order to maximize the effectiveness of 
robotic systems, they must be precisely posi-
tioned [ 37 ]. Malpositioning can lead to clashing 
of surgical instruments or the need to re-dock 
the robot. Often, multiple dockings are required 
during a single procedure [ 28 ]. Both docking 

and separation of the robot are time consuming, 
and the process varies considerably among 
institutions. For example, of the two recent case 
series evaluating the average docking time for 
robotic rectal procedures, one institution aver-
aged 14 min per case, while the other averaged 
nearly 63 min per case [ 6 ,  7 ]. Finally, there is a 
concern that in the event of acute hemorrhage 
and the rapid need for open conversion, the 
time needed for robotic separation could affect 
patient safety [ 38 ]. 

 This fundamental issue underscores the neces-
sity for a dedicated robotics team. It is not just 
surgeons who graduate up the learning curve. 
In the previously mentioned studies evaluating 
docking time, there was a 48 and 49 % reduction 
in docking time between the fi rst third and the 
last third of patients [ 6 ,  7 ]. As the team continues 
to gain experience with docking, positioning, and 
changing robotic instruments, total operative 
time will decrease.  

4.4.2     Lack of Tactile and Tensile 
Feedback 

 Compared to open surgery, the haptic feedback 
from laparoscopic instruments has been demon-
strated to provide surgeons with the ability to 
interpret the texture, shape, and consistency of 
objects [ 39 ]. However, a major limitation of the 
current robotic surgical systems is the lack of tac-
tile or tensile feedback [ 23 ]. This may lead to 
breaking of suture during knot tying or tissue 
damage while creating traction [ 40 ]. In order to 
account for these factors, surgeons must learn to 
determine tissue strain by visualization [ 6 ]. While 
the ability to tie knots adequately without break-
ing suture can be mastered in a dry lab, the issue of 
iatrogenic injury is more complicated. For exam-
ple, in colonic resection, redundant colon must be 
retracted to provide adequate counter tension. 
However, there have been reports of iatrogenic 
bowel injuries caused by robotic graspers [ 12 ]. 
There also exists a risk of iatrogenic injury that 
goes unrecognized at the time of surgery, particu-
larly if the retracted tissue is out of the surgeon’s 
fi eld of view.  

   Table 4.4    Special considerations for robotic surgery   

 • Robotic docking 

 • Lack of tactile and tensile feedback 

 • Capital and maintenance expenditures 
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4.4.3     Potential Peripheral Nerve 
Damage 

 Injuries of the brachial plexus and common pero-
neal nerve have been documented after laparo-
scopic colorectal surgery [ 40 ]. This is often due 
to steep Trendelenburg positioning used to retract 
the small intestine out of the pelvis. Also, patients 
are often tilted down to the left or right or kept in 
lithotomy position. A systematic review found 
that prolonged operative time is the factor 
 common to most peripheral nerve injuries in 
 laparoscopy [ 42 ]. In addition, obesity was 
found to be a signifi cant patient risk factor [ 41 ]. 
The Closed Claims Project, an analysis of 4000 
anesthesia- related insurance claims, found 16 % 
of malpractice claims to be related to postopera-
tive neuropathy [ 42 ]. 

 Robotic surgery often requires steeper 
Trendelenburg positioning and generally has lon-
ger operative times [ 43 ]. Surgeons sitting at the 
console may not have a clear view to immediately 
recognize changes in patient position. A case 
series evaluating positioning injuries after uro-
logical surgery identifi ed operative time, in- room 
time, ASA class, and quantity of IV fl uids admin-
istered (which directly correlated with operative 
time) to be statistically signifi cant [ 43 ]. Currently, 
there is insuffi cient evidence to determine if 
robotic colorectal surgery is associated with a 
higher risk of peripheral nerve injury. However, 
surgeons must be vigilant in minimizing risk fac-
tors including minimizing operative time and in-
room time, judicious use of steep Trendelenburg 
position, and the creation of a positioning check-
list. In addition, surgeons must perform and doc-
ument a preoperative neurological exam to 
evaluate any preexisting nerve damage.  

4.4.4     Large Capital Investment 
and High Operating Costs 

 Perhaps the biggest stumbling block for the imple-
mentation of robotic surgical systems is their cost. 
Robotic systems require fi nancing of both the ini-
tial capital investment and ongoing operating 
costs. The 2013 average sale price for a  da Vinci  

Surgical System was $1.53 million dollars (rang-
ing from $1.0 to $2.3 million), and annual service 
agreements ranged from $100 to $170 thousand 
dollars per year [ 44 ]. In addition, robotic surgery 
requires single-use consumable products, further 
increasing the price [ 45 ]. However, despite the 
increased costs, robotic surgery does not result in 
additional reimbursement beyond the primary 
procedure code [ 46 ]. Therefore, centers that can-
not make up for lower profi t margins with 
increased volume will have diffi culty providing 
robotic surgical services. This topic will be dis-
cussed in greater detail in Chap.   24    .   

4.5     Summary 

 Surgeons demonstrate a procedure-dependent 
learning curve when adopting robotic surgery. 
We recommend a stepwise approach to training 
beginning with didactics and a complete under-
standing of the technology, followed by robotic 
skills lab training to master skills such as intra-
corporeal suturing and knot tying, and fi nally 
operating room experience. This early experience 
should be with a mentor who is profi cient in 
RAS. We also recommend that surgeons are 
experienced with laparoscopy before beginning 
robotics. 

 Data regarding patient selection is still in its 
early stages; however, there may be a benefi t in 
short-term outcomes in obese male patients with 
low-lying rectal cancers who have completed 
neoadjuvant chemoradiation. Further study is 
warranted to determine if these benefi ts are 
widely generalizable. In addition, patients must 
be able to tolerate the physiological effects of 
prolonged pneumoperitoneum. Patients with 
heart failure, COPD, sepsis, and renal failure 
should be carefully evaluated to ensure they can 
tolerate the increased operative time associated 
with robotics. 

 Finally, there are a number of unique consid-
erations that apply to robotic surgery. Docking 
and separation of the robot also have a learning 
curve, and an experienced team is required to 
maximize effi ciency. Also, in contrast to open or 
laparoscopic surgery, robotic systems do not 
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provide tactile or tensile feedback. This means 
that cues of tissue tension must be visual and 
acquisition of this skill is part of the learning 
curve. Due to prolonged operative times and the 
increased use of steep Trendelenburg position-
ing, patients may be at a higher risk for periph-
eral nerve injuries. Surgeons must remain 
cognizant of and attempt to minimize the factors 
associated with injury. Finally, the issue of cost 
must be  considered. Robotic surgical systems 
are expensive to purchase, maintain, and oper-
ate. However, as reimbursement is not increased, 
centers that do not have suffi cient volume may 
fi nd robotic surgery to be prohibitively 
expensive.     
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      Robotic and Patient Positioning, 
Instrumentation, and Trocar 
Placement 

           Emre     Balık     

    Abstract  

  Four decades ago, the performance of the fi rst laparoscopic cholecystec-
tomy was a milestone in medicine. A decade later, the fi rst laparoscopic 
colon resection was reported in the United States, and this progress ulti-
mately led to the introduction of robotic surgery in 2000. There are many 
advantages of minimally invasive operative modalities. However, the 
widespread adoption of laparoscopic colorectal surgery has been delayed 
because of technical diffi culties. Furthermore, operating in multiple quad-
rants and the lack of appropriate laparoscopic training for practicing 
colorectal surgeons have complicated the learning curve. Some of the 
limitations in terms of two-dimensional imaging, limited dexterity, and a 
long learning curve could possibly be overcome by robotic approaches. 
This chapter will describe robotic room setup, instrumentation, patient 
positioning, and trocar placement.  

  Keywords  

  Robotic surgery   •   Patient positioning   •   Trocar placement   •   Instrumentation  
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5.1         Introduction 

 Four decades ago, the performance of the fi rst lap-
aroscopic cholecystectomy was a milestone in 
medicine. A decade later, the fi rst laparoscopic 
colon resection was reported in the United States, 

and this progress ultimately led to the introduction 
of robotic surgery in 2000. There are many advan-
tages of minimally invasive operative modalities. 
However, the widespread adoption of laparoscopic 
colorectal surgery has been delayed because of 
technical diffi culties. Furthermore, operating in 
multiple quadrants and the lack of appropriate lap-
aroscopic training for practicing colorectal sur-
geons have complicated the learning curve. Some 
of the limitations in terms of two-dimensional 
imaging, limited dexterity, and a long learning 
curve could possibly be overcome by robotic 
approaches. This chapter will describe robotic 
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room setup, instrumentation, patient positioning, 
and trocar placement.  

 Robotic surgery systems have many techno-
logic advantages. These include a stable camera 
platform, three-dimensional imaging system, 
better ergonomics, tremor elimination, ambidex-
trous capability, motion scaling, and instruments 
with multiple degrees of freedom [ 1 – 8 ]. This 
chapter will outline the details required for appro-
priate robotic positioning and trocar placement.  

5.2     Robotic and Patient 
Positioning 

 The robotic surgery team consists of the surgeon, 
circulating nurse, surgical technician, and surgi-
cal assistants. Each member has to be knowl-
edgeable in robotic-assisted, laparoscopic, and 
open surgery. The team members should develop 
good communication habits and preference cards 
for each procedure. Good outcomes are depen-
dent on a team that communicates and adjusts 
accordingly for each procedure [ 5 ,  9 ]. It is critical 
that the entire team participate in a robotic course 
and see a more experienced robotic team in a sur-
gery before beginning robotic surgery. 
Furthermore, it is important for the surgical team 
to remain consistent, and it is recommended to 
have a dedicated team to work together during 
the robotic surgery [ 5 ,  10 ,  11 ] (Fig.  5.1 ). 

 The surgeon will command and organize the 
whole group; however, each person on the team 
should feel that they are an integral part and that 
their participation leads directly to improve 
patient outcomes. The surgeon should not only be 
in full command of the robot procedure but also 
have knowledge and experience for the setup, 
basic  services, and troubleshooting the system 
errors and be prepared for any emergency situa-
tions. The team members, nurses, and surgical 
technician have critical roles for robotic opera-
tions in regard to starting up the robot, draping, 
docking instruments, troubleshooting, and 
exchanging the instruments. We emphasize a 
“total team approach.” The surgical assistant 
should have experience with trocar insertion, clip-
ping, suction, and irrigation cutting and feel com-
fortable with vessel-sealing instruments [ 5 ,  9 ]. 

 The operating room should be designed for 
robotic surgery to accommodate all of the robotic 
components. The robotic system needs more 
space than the standard laparoscopic system. The 
connections can be done easily, and each person 
can see each other and communicate in an easy 
way [ 5 ,  12 ,  13 ]. The room should be big enough 
to facilitate the docking of the robot for different 
types of surgery [ 2 ,  13 ,  14 ]. 

 If    the operation room is not dedicated to 
robotic surgery, there may be a need to have addi-
tional laparoscopic towers to accommodate the 
other instruments. Ideally the operating room 

  Fig. 5.1    Robotic Room       
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will accommodate a room for laparoscopic sur-
gery and robotic surgery only [ 6 ,  15 ,  16 ].  

5.3     Patient Positioning 

 For most surgical approaches, patients are placed 
directly onto a gel pad on the operating room 
table. The gel pad increases friction and prevents 
patients from sliding during the procedure. The 
patient is placed in a modifi ed lithotomy position 
using yellow fi n stirrups with thromboembolic 
stockings and intermittent pressure devices. The 
angle of the stirrups should allow the robotic 
arms to move without collision. We have found 
that fl exion of less than 10° at the hip area is 
ideal. Both arms are padded and placed along the 
side of the patient’s body. A block of foam is 
placed over the face as a protector. A safety strap 
or tape can be used to secure the patient to the 
table. We do not use any shoulder braces as these 
have been associated with brachial plexus inju-
ries (Fig.  5.2 ).   

5.4     Robotic System 

 The da Vinci Surgical System consists of three 
main parts: console, cart with the four arms, and 
video and insuffl ation systems [ 2 ,  17 ]. The sur-
geon performs the operation from the console 
with command of the four robotic arms. We often 
have to educate patients that the “da Vinci ® ” is a 
slave robotic system that does not have artifi cial 
intelligence and cannot perform the operation by 
itself. The standard system was released in 1999 
and was originally with one camera and two 
instrument arms. A few years later, the S series 
was launched into the market. This system had 
some improved developments in terms of a 
motorized patient cart, color-coded fi ber optic 
connections, more straightforward device con-
nection, and quick click trocar attachments [ 3 , 
 18 ,  19 ]. In 2007, the S system upgraded to a high- 
defi nition video system and named Si HD. 
Recently another surgeon console is adapted the 
Si system. The dual console connects two sur-
geon consoles to the same patient cart and is ideal 

  Fig. 5.2    Patient positioning       
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for teaching purposes. It helps to coordinate sur-
gery real time and also permits collaboration of 
different specialties at the same time during the 
operation. The “da Vinci” XI has been launched 
to the market in mid-2014. The XI system has 
many differences on the patient-side cart such as 
laser targeting system and long, thin, and more 
fl exible arms. This new chart is more suitable for 
general surgery procedures such as complex pro-
cedures. This new technology allows for easier 
and faster docking and for multiple- quadrant 
approaches [ 20 – 24 ] (Figs.  5.3  and  5.4 ).   

5.4.1     Surgeon Console 

 The surgeon console is the driver seat for control-
ling the robot. From here the surgeon obtains three-
dimensional images of the surgical fi eld through 
the stereo viewer, adjusts the system with the pod 
controls, and controls the instrument arms [ 9 ]. The 
stereo viewer displays the real-time high-resolution 
three-dimensional images of the surgical fi eld, sys-
tem status icons, and messages. The three-dimen-
sional image is created by capturing two 
independent views from two 5 mm endoscopes fi t-

ted into the stereo endoscope and displaying them 
into right and left optical channels [ 5 ,  10 ,  11 ,  25 ]. 
The system status icons and messages are displayed 
in specifi c locations within the stereo viewer and 
alert the surgeon to any changes or errors within the 
system. Directly adjacent to the stereo viewer are 
infrared sensors. These are activated at the surgeon 
console when the surgeon’s head is placed between 
them. This prevents unwanted movement of robotic 
instruments inside of the patient’s body as the 
robotic instruments are immediately deactivated 
when the doctor looks away from the stereo viewer 
and removes their head from between the infrared 
sensors. This feature is an exquisite security tool in 
robotic surgery [ 5 ,  11 ,  26 ]. 

 The da Vinci standard and S models have 
right- and left-sided pod controls that can com-
municate signifi cant system errors and turn on 
and off the system. The Si-HD model combines 
the right and left pod controls into a central 
touchpad on the armrest. In addition, the console 
can be adjusted in four different directions to 
facilitate better ergonomics and particular set-
tings can be stored for each surgeon [ 5 ,  25 ,  27 ]. 

 For all of the da Vinci models, the master 
controllers are the manual manipulators that the 

  Fig. 5.3    Da Vinci Si patient cart         Fig. 5.4    Da Vinci Xi patient cart       
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surgeon uses to control the instruments, arms, and 
endoscope. The controllers are grasped with the 
index fi nger and thumb. Movements are translated 
by a computer that scales, fi lters, and relays them 
to the instruments [ 5 ,  7 ,  28 ]. 

 For activation of the instrument arms during 
the surgery, the surgeon must “match grips” by 
grasping the masters to match the position and 
grip of the EndoWrist instrument tips as seen 
within the body. This feature prevents accidental 
activation of the instrument arms and inadvertent 
tissue damage. When toggling between two 
instruments and taking control of an instrument 
that is retracting the tissue, the master is closed to 
prevent dropping the tissue. The foot switch panel 
allows the surgeon to control the camera for 
zoom-in or zoom-out positions and to activate 
energy sources if desired for each device in each 
arm. The clutch pedal allows the surgeon to 
change to the third arm or adjust the working dis-
tance between the master controllers. Quickly 
tapping of the clutch pedal once allows the desig-
nated master controller toggles between the pow-
ers of the current arm to the third robotic arm. 
Tapping the clutch pedal once again reverses the 
action. This feature allows the surgeon to toggle 
control of two different robotic arms using the 
same master controller. Depressing the clutch 
pedal disengages the master controls from the 
instrument arms, and the surgeon can readjust 
their arms to more comfortable position in the 
working space. Utterly depressing the camera 
pedal disengages the master controls from 
the instrument arms and instead engages the 
 endoscope. The endoscope may then be moved or 
rotated to the appropriate area of interest within 
the body. The scope comes in 0 and 30°. There is 
a focus control lever on the standard and S sys-
tems for endoscope labeled “+/−” in the center of 
the foot switch panel. The coagulation pedal is 
connected to a compatible electrosurgical unit. 
With the dual power capabilities, one machine 
arm can be connected to bipolar energy while the 
other one is connected to monopolar energy. The 
Si model has a completely remodeled footboard 
with two tiers of pedals and levers on the side of 
the board. There are still clutch and camera pedals 
on the left side of the board. The brakes on the 
side of the panel are used to shift power between 

the two surgeons in dual-console mode. In addi-
tion, the foot switch panel on the right can be used 
to change the coagulation pedal to bipolar mode. 
This property prevents accidental electrosurgical 
activation of the wrong tool arm [ 5 ,  12 ,  22 ,  28 ].   

5.5     Patient Cart 

 The patient cart for the standard and S system 
houses the camera and instrument arms. Each 
arm has several clutch buttons that assist with the 
gross movements of the arm and to enter or 
remove devices [ 2 – 4 ]. To activate the clutch, the 
buttons are depressed and the arm is moved. 
Otherwise, there will be resistance encountered, 
and the arm will return to the original position. 
Each arm has two port clutch buttons used for 
gross movements of the instrument arm. There is 
also a particular    camera or instrument clutch but-
ton located at the top of each arm to adjust the 
fi nal trajectory of the arm during docking and 
inserting or withdrawing endoscope/instruments. 
Each division requires several sterile accessories 
that are placed during the draping procedure [ 4 ]. 

 The standard system was initially offered with a 
camera arm and two instrument arms. Later an 
optional third instrument arm became available for 
new standard systems. The third instrument arm is 
mounted on the same axis as the camera arm. 
Because of this reason, the team should be more 
careful and aware that the third arm can have collu-
sion with the other arms or operating table. Each 
arm on the standard system is color coded, the cam-
era arm is blue, and instrument arms are yellow, 
green, and red. With the standard system, the sur-
geon can only use one clutch at a time to move the 
tool arm. With S and Si systems, surgeon can use the 
port clutch and camera/instrument clutch simultane-
ously to maneuver the arm into position [ 2 ,  18 ,  29 ]. 

 Similar to the standard system, S and Si sys-
tems have a camera arm and two instrument arms 
and are available with an optional third instru-
ment arm. Each tool arm is numbered. These 
models also added LED light below the camera/
instrument clutch and a touch-screen monitor. 
The LED light communicates the status of the 
arm to the surgical team using preset color 
scheme. The Xi system does not have specifi c 
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camera arm. Each arm will act as a camera arm. 
The Xi system has laser-targeting mode. The 
laser-targeting specialty makes docking easier 
than the previous models [ 5 ,  11 ]. 

 The touch-screen monitor is synchronized 
with the surgeon’s view and displays all of the 
system status icons and messages. It can be used 
for endoscope alignment and telestration or to 
toggle between video inputs. The patient-side 
cart of the S and Si systems also features a motor 
drive, which assists in docking the patient cart to 
the operating table and trocars [ 5 ,  30 ].  

5.6     Instruments 

 The actual robotic system has four arms for the 
surgical interventions. One arm is designed for 
the endoscope, and the other are for the surgical 
procedure. The endoscopic arm holds the endo-
scope and provides a stable image. In conven-
tional laparoscopic surgery, the view is obtained 
by an assistant. This may cause unnecessary 
movements and low-quality vision also. In the 
robotic surgery, the surgeon commands the cam-
era often eliminating the visual confusion caused 
by laparoscopy. 

 The robotic system does not contain an inher-
ent smoke evacuator. Smoke occurs after every 
single cauterization.    One of the trocars may be 
reserved for smoke evacuation. However, it is a 
time-consuming procedure and also one of the 
disadvantages of robotic surgery [ 31 – 33 ]. A suc-
tion/irrigator does exist; however, it will take up 
the use of one of the working arms. We usually 
use an assistant laparoscopic 5 mm port for this 
purpose. 

 With any surgery, hemostasis is paramount. 
The bleeding from a major vessel can directly 
contaminate the endoscope, and it causes of loss 
of vision. In this situation, the assistant should 
clean the lenses of the endoscope. The assistant 
should separate the endoscope from the robotic 
system, clean, and reinsert it immediately and 
rapidly. Sometimes this takes time and needs to 
convert to open surgery. In this case, the weight 
of the endoscope may cause a delay. Thus, a more 
secure dissection is required in robotic surgery 
[ 3 ,  14 ,  34 ]. More time is needed to control bleed-

ing than the laparoscopic surgery or convert into 
an open surgery. 

 The tips of the instruments are designed to act 
like the dexterity of the human and wrist. This is 
a new technology and specifi c to the robotic sur-
gery, and it is named EndoWrist function. The 
robotic instruments carry out precise motions, 
which are coming from the surgeon console [ 2 , 
 14 ,  35 ,  36 ]. The instruments have 7 degrees of 
freedom with 180° of articulating and 540° of 
rotation simulating a surgeon’s hand and wrist 
movements. The EndoWrist function allows the 
surgeon to perform secure intracorporeal anasto-
mosis after bowel resections. This is one of the 
major advantages of robotic surgery. Laparoscopic 
intracorporeal anastomosis has often been a 
major hurdle for surgeons performing colorectal 
procedures and has led to the vast majority of 
anastomoses being performed by extracorporeal 
means. In addition, the EndoWrist function is 
also very useful for the pelvic dissection and 
around blood vessels. One can perform very deli-
cate and precise dissection in very narrow con-
fi nes of the deep pelvis [ 2 ,  3 ,  37 ,  38 ]. 

 One of the major issues with pelvic surgery is 
dissection and transection of mesorectum, particu-
larly in a narrow pelvis. This can often be a com-
plicated and diffi cult procedure even in the open 
surgery. In laparoscopic surgery, the axis of the 
rectum and the axis of the instrument are often at 
oblique or tangential angles. The surgeon would 
prefer an acute- or right-angle approach to this 
dissection, but often it is not possible given the 
limitations of current widely applicable laparo-
scopic instruments. The robotic instrumentation, 
with its increased ability to rotate and provide 
acute angulation, allows for a right-angle approach 
during the transection of the mesorectum. The 
angulated instruments of the robotic system can 
act as a retractor also. The robotic instruments can 
create a bigger space than the classic laparoscopic 
instruments even in deeper pelvis [ 38 – 40 ]. 
However, the robotic instruments do have a usage 
limit. The robotic surgery system tracks the num-
ber of uses and data of usage will be tracked on the 
master console. An instrument arm will not func-
tion if an overused device is inserted [ 19 ,  20 ,  41 ]. 

 The robotic surgery instruments are composed 
of an insertion and releasing part, instrument 
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shaft, wrist, and a variety of tool tips. The stan-
dard robotic surgical tools are 52 cm with the 
gray label compared to the S systems being 
57 cm with blue label. The tools are interchange-
able between the systems. Nowadays, there are 
more than 40 EndoWrist ®  instruments available 
for colorectal surgery in 8 or 5 mm shaft diame-
ters. The 8 mm devices operate on an “angled 
joint” compared to “snake joint.” The angled 
joint allows the tip to rotate using a shorter radius 
compared to snake joint [ 20 ,  22 ,  23 ,  42 – 44 ].  

5.7     General Considerations 

5.7.1     Preparation of Robot 

 Preparing the operating room for robotic-assisted 
procedure is essential before the surgery starts. 
There should be a short checklist before the sur-
gery [ 5 ,  11 ]:

    1.    Connect system cables, optical channels, 
focus control, and power cables, and turn on 
the system.   

   2.    Position the instrument and camera arms so 
they have adequate room to move.   

   3.    Drape the patient cart arms. The team should 
be in close coordination for draping. Draping 
should not be so tight. If it is too tight, then the 
arms cannot move correctly and the drapes 
may tear.
    (a)    The instrument arms are draped to cover 

the arm completely, and the sterile instru-
ment adapter is locked into the tool arm 
carriage. For the standard system, the 
sterile trocar mount is also locked into 
position while the S system has the trocar 
mount permanently attached, and the 
drape is placed over the mount.   

   (b)    The camera arm is draped in a similar way. 
For the standard system, a sterile endo-
scope trocar mount and camera arm sterile 
adapter are also placed at this time. The S 
system also requires a camera arm sterile 
adapter. Depending on when the S system 
was purchased, some use a sterile endo-
scope trocar mount, while others have the 
mount permanently attached. There are 

different robotic camera arm trocar mounts 
for each trocar manufacturer.       

   4.    Drape the endoscope by connecting the cam-
era sterile adapter to the endoscope and then 
tape the drape to the sterile adapter. The cam-
era head is connected, and the drape is inverted 
over the camera head and optical cables.   

   5.    Connect the light source to the endoscope 
with the sterile light cable.   

   6.    Align the endoscope and set endoscope set-
tings (three-dimensional vs. two-dimensional, 
0° vs. 30°)   

   7.    Set the “soft spot” of the camera arm by align-
ing the trocar mount with the center of the 
patient cart column. Then extend the camera 
arm, so there is approximately 20″ between 
the back of the camera arm and patient cart. 
The S systems have a guide on the camera arm 
to assist with setting the soft spot. The Xi sys-
tem also has laser targeting system.    

5.7.2       Abdominal Access and Trocar 
Placement 

 Robotic surgery begins similar to laparoscopic 
surgery, abdominal access, and trocar placement. 
Verres needles or open-access methods (Hasson 
technique) can be used for the creation of 
 pneumoperitoneum. The abdominal cavity is 
insuffl ated to 12–15 mmHg level [ 5 ,  7 ]. Any 
12 mm disposable trocar can be used for fi rst tro-
car placement, which is used for the robotic 
endoscope telescope. The camera trocar should 
be placed 15–20 cm from the targeted surgical 
fi eld and allows optimal visualization of the sur-
gical fi eld. For the obese patients, optic trocar 
should be placed closer to the target area and a 
longer trocar is useful [ 5 ]. 

 After the fi rst trocar insertion, secondary tro-
cars can be placed under laparoscopic vision. The 
latest model has laser targeting system which is 
mounted at the center of the boom and assists 
with alignment of cart to target anatomy. This lat-
est improvement also helps to fi nd accurate trocar 
sites and quicker docking. The robotic instrument 
arms are compatible with specifi c da Vinci 5 or 
8 mm metal trocars that can be placed using blunt 
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or sharp obturators. The robotic trocars need to 
be inserted to the thick black band/mark on the 
trocar at the level of the abdominal fascia [ 5 ,  10 ]. 
This acts as a pivot point for the trocar and robotic 
tool arm. It is recommended that robotic trocars 
be placed at least 10 cm away from the camera to 
avoid the instrument arm collision and facilitate 
intracorporeal suturing. Also, the angle created 
by the robotic and camera trocars should be 
greater than 90° to increase arm maneuverability 
[ 5 ,  7 ]. Other laparoscopic instruments may need 
to be available for lysis of adhesions prior to 
robot docking and the fi rst assistant to use during 
the procedure. The important point is trocar 
places should be decided after completion of 
insuffl ation.  

5.7.3     Patient Cart Docking 

 After pneumoperitoneum, the patient cart should 
be driven to the operating table for docking. One 
member of the surgical team drives the patient 
cart while another one guides the driver. The sur-
gical table should be placed in the desired posi-
tion (Trendelenburg, lithotomy, etc.) before 
docking the patient cart. 

 The standard system is pushed into position, 
and the brakes at the base of the cart are hand- 
tightened; also the S and Si systems have a motor 
drive to assist with the docking, but use of motor 
drive is not mandatory [ 5 ,  12 ,  13 ]. 

 The camera arm is the fi rst one connected to 
the patient by locking the camera trocar mount. It 
is important to use the camera setup joint buttons 
to move the camera arm into position and the 
camera grip to adjust the trajectory of the arm. 
Exclusively using the camera grip to move the 
camera arm may limit the range of motion of the 
camera during operation. The instrument arms 
are then attached to the robotic trocars and 
screwed into place using a twist-lock device. 
When using the S or Si system, snap-mounted 
devices are used to engage the robotic trocars. 
Port clutch should be used for gross movements 
of the instruments and fi nal positioning. The 

team should make sure to prevent a collision, 
contact, or pinching the patient’s arm, body, or 
legs [ 5 ,  9 ,  13 ]. 

 The surgical team should also recheck all 
instruments once again before beginning the sur-
gical procedure. The team should check for 
proper working distance and make sure that the 
arms are not compressing the patient. After inser-
tion of an endoscope to the camera trocar, the 
endoscope can be positioned to the surgical fi eld 
using the camera clutch button. The working 
instruments (EndoWrist ® ) are added placing the 
instrument tip into the trocar and sliding the 
instrument housing into the adapter. The instru-
ment is then moved to the surgical fi eld by using 
instrument clutch button. Each device should be 
placed into the patient under endoscopic vision. 
To remove the instrument, the surgeon should 
straighten the instrument wrist and the assistant 
should squeeze the release levers and pull out the 
device. Close communication is mandatory for 
preventing inadvertent adjustment, movement, 
and complete removal of the device. As    a safety 
measure, the system has security control that any 
new device can be inserted and placed to a depth 
1 mm shorter than the previous instrument posi-
tion [ 5 ,  9 ,  28 ].   

5.8     Conclusion 

 A surgical robot is a computer-controlled device 
that can be programmed to aid the positioning 
and manipulation of surgical instruments. The 
goal of robotic colorectal surgery is to use a min-
imally invasive approach to perform procedures 
that are performed by laparotomy or are too 
 complex for conventional laparoscopy. The 
potential advantages of robotic over conven-
tional laparoscopy include three-dimensional 
imaging, mechanical improvement stabilization 
of instruments within the surgical fi eld, and 
improved ergonomics. There are some limita-
tions of clinical use of robots including cost, 
physician and nursing team training, and the 
need for more data.  
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5.9     Key Points 

•     The operating room setup is of paramount 
importance for robotic surgery.  

•   A dedicated and consistent surgical and nurs-
ing team is mandatory for a successful robotic 
surgery program.  

•   The team should be familiar with all types of 
the minimally invasive surgical operations.  

•   The team should be ready for emergency situ-
ations and should know the limitations of the 
robotic equipment.        
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      Troubleshooting 

           Farrell     Adkins      and     David     J.     Maron     

    Abstract  

  This chapter addresses common problems or errors that may arise during 
a complex robotic surgical case. A concise stepwise approach to solving 
such issues will limit the impact on the progression of a robotic surgical 
procedure as well as limit any impact on patient safety. The knowledge 
and experience of the surgeon and surgical team are paramount in address-
ing these problems.  

  Keywords  

  Surgical robot   •   Troubleshooting   •   Error  

6.1         Introduction 

 Robotic surgical systems, developed to improve 
the dexterity and visualization of surgeons during 
complex laparoscopic procedures, require the 
seamless integration of numerous components. 
With multiple systems comprising three separate 
units (Surgeon Console, Vision Cart, and Patient 
Cart), there are several areas for the development 
of potential problems or issues that can derail 
even the most well-planned cases. Repeat expo-
sure to robotic surgical cases with intimate 
knowledge of the various components and 
 connections which drive the robotic surgical sys-

tem is key to preventing or troubleshooting any 
problems that may arise. This chapter will explain 
common problems that arise either preopera-
tively or intraoperatively, as well as demonstrate 
basic steps to resolve them.  

6.2     Issues with the Endoscope or 
Vision Systems 

6.2.1     Problem: Unilateral Camera 
Fogginess (Fig.  6.1 ) 

    With its high-defi nition, three-dimensional (3D) 
optics, which requires the use of a binocular 
endoscope and camera, the da Vinci Surgical 
System can experience unique diffi culties with 
image acquisition that result in unclear or 
“foggy” images obtained from one side of the 
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system (right or left). This problem can arise at 
one of several points along the vision system: 
the endoscope lens, the camera, or the cable 
connecting the camera to the Vision Cart. 
Rapidly diagnosing the source of such a prob-
lem requires a dedicated, experienced robotic 
surgical team within the operating room and 
allows a robotic surgical case to begin or proceed 
with little interruption. 

 In order to troubleshoot a problem resulting in 
a unilateral unclear image, one must fi rst deter-
mine which side (right or left) is having image 
diffi culty as the camera is currently assembled. 
To determine this, toggle between the right- and 
left-side images displayed on the Vision Cart 
touchscreen, as this screen displays only a two- 
dimensional (2D) image acquired from one side 
of the system. This is done by accessing the menu 

  Fig. 6.1    Troubleshooting for a blurry image.  With permission from Intuitive Surgical Inc. ,  Sunnyvale ,  CA        
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in the lower left corner of the Vision Cart touch-
screen and toggling between the right and left 
channels. Once it is determined that the image 
diffi culty or “fogginess” is limited to one particu-
lar side, disconnect the endoscope from the cam-
era, and rotate it by 180° prior to reconnecting it 
to the camera head. If this maneuver results in a 
switch of the image defect from the right to left 
channel (or vice versa) on the Vision Cart touch-
screen, then the problem is most likely related to 
the endoscope itself. The endoscope should be 
removed from the camera and its lenses cleaned 
properly prior to reconnecting to the camera 
head. If simple cleaning alone fails to improve 
the image, then the endoscope may require repair 
or replacement, and an alternate endoscope 
should be obtained and used for the remainder of 
the robotic case [ 1 ,  2 ]. 

 If rotating the endoscope 180° does not result 
in a switch of the image defect from one side to 
the other, then other sources for the unilateral 
image problem must be sought. At this point, the 
issue is likely related to either the camera itself or 
the cable connecting the camera to the Vision 
Cart. While the camera itself should be cleaned 
and reconnected to the endoscope fi rst, either the 
camera or cable may need to be replaced with an 
alternate camera or cable to resolve the issue. 
This can be performed rapidly by the robotic sur-
gical team in the operating room, as problems 
with the camera or cable are frequently fi rst 
noticed during the preoperative setup of the sur-
gical case, prior to draping.  

6.2.2     Problem: Unbalanced Color or 
Image Brightness (Fig.  6.2 ) 

    At the start of a robotic surgical case, the surgeon 
seated at the Surgeon Console may note image 
differences between the right and left eye despite 
having clarity of the image itself. This is fre-
quently perceived as unbalanced levels of bright-
ness between the two sides or may be perceived 
as discoloration such as a red- or blue-tinged hue 
to the image on one particular side. This usually 
arises due to a failure to perform white balancing 
of the camera. 

 Resolution of this issue requires repeat white 
balancing of the camera. The camera should be 
removed from the Patient Cart, if attached, and a 
clean, white sheet of paper (not a gauze or lapa-
rotomy pad) should be placed 5–10 cm from the 
end of the endoscope. The vision setup button on 
the camera should then be pressed allowing the 
vision setup menu to be displayed on the Vision 
Cart touchscreen, and the White Balance option 
should be selected. Once white balancing is com-
pleted, a notation of “Successful” will be dis-
played on the touchscreen. Note that successful 
white balancing should only be performed with 
the Illuminator set to 100 %; otherwise, persis-
tent issues with image color and balance may 
occur [ 1 ,  2 ].  

6.2.3     Problem: Double Vision 
(Fig.  6.3 ) 

    Similar to problems with white balancing, a sur-
geon seated at the Surgeon Console at the begin-
ning of a robotic surgical case may alternatively 
experience a sensation of double vision. The 
image presented to the surgeon appears to have 
two separate or somewhat overlapping images of 
objects within the visual fi eld. This problem 
occurs due to incomplete or inaccurate three- 
dimensional (3D) calibration of the camera. 
Diffi culties with 3D calibration result in incom-
plete alignment of the images produced by the 
separate right and left lenses of the camera. To 
resolve this issue, the camera should be removed 
from the Patient Cart, and the alignment target 
should be attached to the end of the endoscope. 
The vision setup button on the camera should 
then be pressed allowing the vision setup menu to 
be displayed on the Vision Cart touchscreen, and 
the Auto 3D Calibration option should be 
selected. At this point, separate magenta and 
green crosses will appear on the Vision Cart 
touchscreen, and the computer of the da Vinci 
Surgical System will automatically focus the 
images and align the two crosses. Once calibra-
tion is complete, an onscreen prompt will ask if 
calibration appears correct. If the image is not 
correct, the calibration process can be repeated. 
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It is also important to note that if an angled endo-
scope is employed, 3D calibration will have to be 
repeated in both the angled up and angled down 
positions [ 1 ,  2 ].  

6.2.4     Problem: Illuminator Lamp 
Issue/Error 

 The illuminator and lamp module contained 
within the Vision Cart provides a powerful 
source for lighting the surgical fi eld when using 
the da Vinci Surgical System. In general, it is 
 recommended that the lamp be changed after 

1000 h of use. If the system is activated and the 
lamp module currently exceeds 1000 h of use, an 
error message will be displayed on the Vision 
Cart touchscreen indicating that this limit has 
been reached. At other points during a robotic 
surgical case, an error message will be received 
on the Vision Cart touchscreen which may read 
“Preventive maintenance recommended. Contact 
customer service” accompanied by shutdown of 
the illuminator. This is frequently due to an error 
in communication between the illuminator and 
the lamp module. 

 When these errors occur during a case, the 
instruments and camera should be immediately 

  Fig. 6.2    Troubleshooting for a dark or poor color image.  With permission from Intuitive Surgical Inc. ,  Sunnyvale ,  CA        
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removed from the Patient Cart arms to prevent 
patient injury. The da Vinci Surgical System 
should then be shut down, and total power to the 
Vision Cart can be interrupted using the power 
switch on the bottom right aspect at the back of the 
Vision Cart. This will eliminate any risk of electri-
cal injury while further resolving this type of issue. 
After disconnecting the light cord, the lamp mod-

ule drawer can then safely be opened to expose the 
lamp module. The lamp module can be removed 
by sliding from the lateral aspect of the lamp mod-
ule drawer. If the error message is related to 
exceeding recommended lamp hours, a simple 
exchange for a new lamp module should resolve 
the problem at this point. If it appears that the error 
message may be related to a communication issue 

  Fig. 6.3    Troubleshooting when unable to focus.  With permission from Intuitive Surgical Inc., Sunnyvale ,  CA        
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between the lamp module and the illuminator, an 
attempt can be made to reseat the current lamp 
module within the lamp module drawer or 
exchanging the current lamp module for a new 
one. The lamp module drawer can then be closed, 
light cord reconnected, power to the Vision Cart 
restored, and system powered on [ 1 ,  2 ].  

6.2.5     Problem: Image Grainy or 
Dark at Outer Edges 

 At various times throughout a robotic surgical 
case, the onscreen image may become distorted. 
Specifi cally, the image may take on a grainy 
appearance, which can partially impair visualiza-
tion of structures or tissue planes. This commonly 
occurs when the brightness settings are too high. 
Resolution of this issue requires an adjustment of 
settings on the Vision Cart touchscreen or at the 
Patient Console touchpad. After selecting the 
video settings heading on the menu, ensure that 
the brightness level has not been set to the extreme 
far right of the slider bar in the orange portion of 
the bar. If so, reduce the brightness back to within 
the normal range of the control slider bar. 

 During the course of a robotic surgical case, 
the surgeon may perceive a darker halo or dim-
mer region at the outer edges of the surgical fi eld 
as viewed through the Surgeon Console, a phe-
nomenon referred to as vignetting. This results 
from viewing a surgical fi eld that is wider than 
the light output from the camera. To reduce this 
perception requires ensuring that the camera is 
not set to wide mode. This can be adjusted on the 
Surgeon Console touchpad [ 1 ].   

6.3     Issues with Instrumentation 

6.3.1     Problem: Determining 
Instrument Usage 

 Prior to initiating any surgical case using the 
robotic system, it is important to check each 
instrument to be used during the case to determine 
the number of uses or “lives” left for each. Most 8 
and 5 mm instruments have ten lives before requir-
ing placement, meaning that ten separate cases 

can be performed given proper care and mainte-
nance of the instrument. The robotic clip applier 
device can be fi red 100 times, and in general, any 
training instruments usually have 30 lives. 

 In order to determine the number of lives 
remaining, the instrument is inserted in standard 
fashion into the appropriate cannula and secured 
onto the Patient Cart arm. Once in place, the 
Utilities menu can be used to select Inventory 
Management. This will display information for 
any instruments currently secured on the Patient 
Cart arms. The name for each instrument will be 
displayed as well as the number of lives remaining 
and total lives for the instrument. For example, a 
display of “Curved Bipolar Dissector 5/10” would 
indicate that from an original ten lives, currently 
fi ve lives are remaining for this instrument. 

 It should be noted that the da Vinci Surgical 
System will remove a “life” from the instrument 
if the instrument is advanced through the cannula 
and control of the instrument is assumed by the 
surgeon seated at the Surgeon Console. In order 
to prevent such an event, an inventory check to 
determine the number of lives remaining should 
only be performed with the instrument secured to 
the Patient Cart arm but not fully inserted through 
the cannula. Once inserted, however, the da Vinci 
Surgical System will not remove additional lives 
from the instrument with each additional instru-
ment removal or exchange. This holds true even if 
a system reset or shutdown is encountered as long 
as the sterile connector which seats the instru-
ment on the Patient Cart arm remains in place [ 1 ].  

6.3.2     Problem: Cannula Not Detected 

 The da Vinci Surgical System employs a system 
of sensors embedded within the cannula mount 
on each Patient Cart arm in order to sense the 
presence of a cannula within the cannula mount 
as well as the length of cannula currently in use 
(standard or long). This involves an interaction 
between the metallic rings at the neck of the can-
nula and proximity sensors within the cannula 
mount. Once a cannula is detected, the da Vinci 
Surgical System can determine how far a given 
instrument needs to be inserted in order to clear 
the tip of the cannula. 
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 One frequent error that can occur during dock-
ing or during instrument exchanges is a “Cannula 
Not Detected” error. Resulting in an inability for 
the Surgeon Console to take control of the instru-
ment in a given Patient Cart arm, this error occurs 
when the interaction between the cannula and the 
cannula mount on the Patient Cart arm has been 
disrupted. This frequently arises as a result of inter-
ference by the rubber piece, which covers the can-
nula mount as part of the drape for the Patient Cart 
arm. If this rubber piece becomes bunched within 
the cannula mount, the cannula cannot be properly 
sensed by the proximity sensors. Alternatively, this 
error can occur if the drape becomes bunched on 
the posterior aspect of the cannula mount resulting 
in an inability to completely close the wings on the 
posterior aspect to fully engage the cannula mount. 
To prevent such errors from occurring during dock-
ing, care should be taken to ensure that the cannula 
is engaged in a parallel orientation to the mount 
and all portions of the drape are smoothly in place 
to allow for proper interaction [ 1 ].   

6.4     System Errors 

6.4.1     Problem: Recoverable, Non- 
recoverable, and Arm-Specifi c 
Faults 

 System errors within the da Vinci Surgical System 
are classifi ed as either recoverable or non-recov-
erable faults based on the degree of severity of 
the problem. Recoverable faults will stop the 
function of the da Vinci Surgical System until the 
error is corrected, at which time system function 
will resume. When a recoverable fault occurs, an 
Error Status window will be displayed on the 
Vision Cart touchscreen as well as on the Surgeon 
Console touchpad indicating that such a fault has 
occurred and a brief description of the fault as 
well as a corresponding error code number for 
reference. Examples of recoverable faults include 
excessive force on surgical arms, collisions 
between surgical arms, power fl uctuation, or 
functioning on low battery backup power. Once 
the fault has been resolved, system function can 
be immediately recovered by pressing the Fault 
Override button on the Error Status window. 

 A non-recoverable fault represents an error 
within the system that is more severe and will 
require a complete system restart in order to 
recover system function. As with a recoverable 
fault, when a non-recoverable fault occurs, an 
Error Status window will be displayed with a cor-
responding error code number for reference. All 
instruments should then be removed for the 
safety of the patient and the entire system shut 
down. The system should then be restarted by 
pressing a system power button [ 3 ]. 

 At times, an arm-specifi c error may occur to 
one of the arms of the Patient Cart. The da Vinci 
Surgical System allows for disabling of an indi-
vidual arm if such an error should occur. This 
permits further progression and completion of a 
robotic surgical procedure until such time as fur-
ther troubleshooting or maintenance can be per-
formed to the given arm. If an arm-specifi c error 
occurs, an Error Status window will appear on 
the Vision Cart touchscreen or on the Surgeon 
Console touchpad indicating which arm is 
involved as well as an error code number for ref-
erence. To disable the indicated arm, press the 
Disable Arm button on the Error Status window. 
The indicated arm will not be able to function 
again until the system is reset [ 3 ]. 

 For any recoverable or non-recoverable fault 
that occurs and is unable to be resolved by stan-
dard measures, contact with customer support for 
the da Vinci Surgical System will be required. 
This may require information in the system Event 
Log which can be accessed via the Vision Cart 
touchscreen or Patient Console touchpad via the 
Utilities menu and Event Log submenu [ 3 ].   

6.5     Summary 

 Problems are not uncommon and may arise during 
the preoperative or intraoperative course of any 
robotic surgical procedure. Thorough knowledge 
of the components and relevant connections that 
make up the affected system within the surgical 
robot allows for such problems to be addressed in 
a concise stepwise fashion. This limits the impact 
that such problems may have on the initiation or 
progression of a robotic surgical procedure. An 
emphasis should be placed on the development of 
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a dedicated robotic surgical team with training 
and experience to recognize and respond to the 
myriad of problems and errors that can develop.  

6.6     Key Points 

•     The surgical robot is a complex instrument 
with numerous components presenting multi-
ple opportunities for the development of prob-
lems or errors throughout the course of a 
robotic surgical case.  

•   A dedicated, experienced robotic surgical 
team with thorough knowledge of the various 

components of the surgical robot can limit 
development of problems during the preopera-
tive setup for the procedure, as well as quickly 
respond to intraoperative issues that may arise.        
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    Abstract  

  From Ancient Greece through modern surgical practice, anatomical knowl-
edge has remained of utmost importance. Surgery, more than any other 
fi eld, relies heavily on this framework to both diagnose and treat patients. 
Despite the fundamental basis for anatomic knowledge in surgery, many 
teaching institutions are placing less and less emphasis on gross anatomy 
coursework. For those without a strong fund of anatomic knowledge, unfa-
miliarity with minimally invasive visualization of structures may produce 
angst. As critical structures in abdominal procedures appear different in 
open, laparoscopic, and robotic approaches, one should always establish 
familiar orientation depending upon modality used. This chapter seeks to 
demonstrate relevant colorectal anatomy from a robotic perspective.  
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7.1         Introduction 

 Twenty-fi ve years following the fi rst laparoscopic 
right colectomy in the United States, utilization 
of this technique accounts for fewer than 25 % of 
benign abdominal procedures around the world 
[ 1 ,  2 ]. Initially, growth was tempered by concern 
for complications and poor long-term outcomes 
in cancer. Unfortunately, despite publication of 
multiple randomized controlled trials demon-
strating equivalency with open surgery, utiliza-
tion rates for laparoscopy in cancer resection 
continue below 12 % in the United States [ 3 ]. 
While recent data suggests strong growth in the 
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use of minimally invasive techniques for cancer, 
growth remains less robust for benign disease [ 3 ]. 
Suggested reasons for slow adoption of mini-
mally invasive surgery in colorectal compared 
with general surgery include complexity of pro-
cedures, high risk of procedure conversion, cost, 
and diffi culty with visualization and organ 
manipulation to successfully complete indicated 
procedures. With similar complaints plaguing 
laparoscopic prostatectomy, urologic surgeons 
embraced the improved benefi ts of superior 3D 
optics, multi-arm endowrist articulation, and con-
trol of three instruments. Over the last decade, the 
robotic approach has not simply supplanted, but 
replaced laparoscopic prostatectomy [ 4 ]. As such, 
more colorectal and general surgeons are follow-
ing the lead of robotic colorectal pioneers and 
utilizing this technology for pelvic dissections. 

 For surgeons learning and applying the robotic 
approach in practice, surgical anatomy remains 
absolutely crucial. While 3D visualization pro-
vides many advantages, the loss of haptic feed-
back compared to open and laparoscopic 
procedures cannot be understated. In this text we 
demonstrate important aspects of robotic colorec-
tal surgery, including visualization, instrument 
placement, and procedures to ensure patient 
safety. As always, patient morbidity and mortal-
ity are tantamount. If a procedure cannot be com-
pleted safely using the robotic modality, an 
alternative technique must be selected.  

7.2     Basics of Robotic-Assisted 
Laparoscopic Colectomy 

 When embarking on a new technique, it is easy 
for a surgeon to change too much. We recom-
mend the opposite. Minimizing the amount of 
alteration in your approach can optimize success 
with robotic-assisted surgery. As with laparos-
copy, various approaches to robotic-assisted lap-
aroscopic colorectal resection are available 
(medial to lateral, lateral to medial, inferior to 
superior, superior to inferior). The lateral to 
medial dissection initiates mobilization of the 
colon from the lateral peritoneal attachments 
along the “white” line of Toldt, as traditionally 

taught in open cases. In contrast, the medial to 
lateral approach involves incision along the 
colonic mesentery with early ligation of vascular 
pedicle. The division of the lateral peritoneal 
attachments occurs once the majority of the 
mobilization is completed. This approach pro-
duces several advantages and is preferred by the 
authors for the following reasons:

    1.    Early pedicle ligation theoretically prevents 
tumor shedding and dispersion throughout the 
mesentery while manipulating the colon—
basis of the Turnbull no-touch technique.   

   2.    In the setting of abdominal or pelvic sepsis, as 
seen in diverticulitis or Crohn’s disease, gen-
erally, a high ligation away from the infec-
tious processes will subsequently allow for 
easier and quicker visualization and conse-
quently safer dissection of the colon and mes-
entery away from other vital structures 
(posterior and lateral).   

   3.    Preservation of the lateral attachments permits 
dissection without a redundant and fl oppy 
colon and mesentery while performing the 
rest of the procedures.     

 A robust knowledge and understanding of 
vital structures, anatomic planes (retroperitoneal 
and peritoneal), nervous system anatomy, and 
lymphatic drainage allows fl uid transition from 
one approach to another. The best approach is the 
one most comfortable to the surgeon. Keeping 
the approach similar should ideally increase the 
recognition of essential visual cues during the 
dissection, which is critical in the absence of hap-
tic perception with the current technology. 

 From a robotic-assisted standpoint, the sur-
geon must choose an approach that (1) maxi-
mizes visualization with a more limited range of 
camera movement and (2) minimizes risk of 
injury from robotic arm movement/immobiliza-
tion that may occur off the screen. 

 Correct positioning for the intended procedure 
is critical for success. Once the robot is docked, 
patient position is set unless the robot is undocked 
and adjusted. As with most minimally invasive 
techniques, gel pads or bean bags should be 
affi xed to the operating table with safety straps to 
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ensure minimal patient movement during posi-
tioning. Appropriate padding at pressure points 
including the hands, wrists, elbows, and heels 
should coincide with positioning (modifi ed lithot-
omy, supine, split leg). We advocate the split-leg 
position for almost all patients, including those 
undergoing ileocolic or right colon resections 
(Fig.  7.1 ). Positioning in this manner affords the 
surgeons numerous advantages such as:

     1.    Exposure to the anus/rectum for intraoperative 
colonoscopy if needed. This can be particu-
larly useful for a tumor not preoperatively tat-
tooed and localized or when colonoscopy and 
laparoscopy are used together as adjuncts for 
resection-sparing colonic polypectomy.   

   2.    In infl ammatory disease processes such as 
Crohn’s, an occult fi stula may not be appreci-
ated despite preoperative imaging until intra-
operative exploration. Operative intervention 

may then necessitate both right- and left-sided 
mobilization as well as possible utilization of 
per-anus anastomotic stapling device.   

   3.    Operator positioning between the legs during 
more diffi cult dissections.    

  Depending upon the surgeon’s robot docking 
schema, split-leg positioning may not be feasible. 
Familiarize yourself with side (parallel) and pel-
vic docking to ensure appropriate case-specifi c 
robot positioning. Both docking positions are uti-
lized in pelvic dissection; however, for right or 
left colectomies, including low anterior resec-
tions, the side docking position is preferred. 
Room layout is crucial to provide adequate space 
for the entire operative team, which facilitates 
docking and undocking of the robot. Carefully 
planned operative layout and robot docking allow 
for effi cient, effective docking. Although studies 
demonstrate increased operative times with 

  Fig. 7.1    Patient setup. Patient is placed in the split-leg position for most cases. In cases requiring a synchronous peri-
neal approach such as an intersphincteric dissection, the patient is placed in the modifi ed lithotomy position       
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robotics versus laparoscopy, most added time 
comes from docking the system. These times can 
be signifi cantly reduced with appropriate team 
development, planning, and practice [ 5 ,  6 ]. 

 Robotic-assisted surgery is an enhanced ver-
sion of laparoscopy, and as such, port placement 
is vital. If ports are inappropriately placed, expo-
sure and anatomic defi nition is inferior. 
Additionally, instrument collision due to poorly 
placed ports will signifi cantly hinder progression 
of the case. The current Si da Vinci robot has 
excelled in urology and gynecologic surgery due 
to superiority when focused on single quadrant 
surgery, in particular the pelvis. Colorectal sur-
gery differs from those specialties as it often 
requires multi-quadrant dissection. The current 
da Vinci models are somewhat bulky with arms 
that often collide when moving from one quad-
rant to another. Several schemata have been rec-
ommended for right and left colectomies as well 
as pelvic dissections; however, port placement 
will vary based on the surgeons’ preferred 
approach and technique. 

 After prepping and draping, diagram your pro-
posed port placement on the abdomen as a guide-
line. Following insuffl ation, port placement is 
confi rmed or adjusted based on pneumoperito-
neum. Remember, if you have extra body surface 
area to space ports out, use it to avoid collisions. 
Entrance to the abdomen is completed via open 
(Hasson), optiview, or closed (Veress) technique 
per the operating surgeon’s preference. Our pref-
erence is to place a 12-mm camera port 2 cm cra-
nial and 2 cm right lateral from the umbilicus for 
left-sided dissections or supraumbilical in right- 
sided dissections. A supraumbilical port can be 
used for left-sided dissections, as diagrammed in 
placement schema (Figs.  7.2 ,  7.3 ,  7.4 , and  7.5 ). 
A 5-mm laparoscopic camera, 8-mm robotic cam-
era, or 12-mm robotic camera can be used to com-
plete intraperitoneal diagnostic exploration and 
guide robotic instruments into the peritoneal cav-
ity. An initial laparoscopic overview is performed 
in every procedure. We argue its elevated impor-
tance in robotic-assisted colon surgery for several 
reasons. Firstly, the surgeon must inspect the 
abdomen and pelvis for evidence of (1) occult 
metastatic disease, (2) altered anatomy, or (3) 

inability to safely perform the procedure with 
robotic assistance. Secondly, the surgeon can 
evaluate port placement and anatomical markings 
and determine if robotic assistance will benefi t or 
harm the operation. The larger robotic camera is 
quite cumbersome and heavy, not to mention 
costly to repair if dropped, so we discourage its 
use for this portion of the case. In contrast, the 
opening of a 5-mm laparoscope and other laparo-
scopic equipment may add unnecessary cost to 
the procedure. By avoiding the use of unnecessary 

  Fig. 7.2    Three-arm technique for robotic right colec-
tomy. Extraction site is through the midline or surgeon 
preference       
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  Fig. 7.3    Four-arm technique for robotic right colectomy. 
Extraction site is through the midline or surgeon 
preference       
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equipment, expenses are lowered. We prefer to 
utilize the 5-mm laparoscopic camera as it is eas-
ier to maneuver, especially when visualizing ports 
in the upper quadrants. Once all ports are placed, 
the camera visualizes careful insertion of robotic 
instruments, all pointed toward the pelvis.

        PEARL :  As with all minimally invasive tech-
niques, placement of ports and instruments 
into the peritoneal cavity is performed under 
direct vision in order to minimize unnecessary 
injury to the underlying viscera .     

7.3     The Right Colon 

7.3.1     Brief Anatomy Review 

 The right colon is supplied by the ileocolic artery 
branching off the superior mesenteric artery, 
which travels just infero-caudally to the third 
portion of the duodenum. The ileocolic artery is 
present in 100 % of patients, while the middle 
colic artery is present in 98 % of patients. In con-
trast, the typically depicted right colic artery 
branching off the superior mesenteric artery actu-
ally only occurs in 11 % of cases (Fig.  7.6 ). 
Often, the distal right colon is perfused by the 
middle colic vessel. The middle colic vessel is 
also the primary blood supply to the proximal 
two-thirds of the transverse colon. It branches 
off the superior mesentery artery just inferior 
to, and then overlies, the pancreas (Fig.  7.7a ). 

TO APPROACH PELVIS TO APPROACH SPLENIC
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  Fig. 7.4    Port placement for a robotic low anterior resection. When approaching the splenic fl exure, arm #3 is moved 
from the left side of the abdomen to the right side. Arm #2 is undocked to avoid unnecessary collisions       
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  Fig. 7.5    Port placement for a robotic sigmoidectomy. 
Notice that the camera port is slightly off midline. This 
allows dissection of the splenic fl exure and upper pelvis 
utilizing arm #3 (which is also moved slightly more 
medial)       
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The common middle colic artery is very short, 
quickly branching into a left and right vessel, giv-
ing it the classic “Y” appearance upon retraction 
of the transverse colon mesentery ventrally 

(Fig.  7.7b ). When dissecting the right branch of 
the middle colic artery, one must also consider 
the right branch of the middle colic vein. The 
middle colic vein may give a communicating 

Right colic
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pedicle

Terminal
ileum

  Fig. 7.6    The ileocolic 
artery is present in 100 % 
of patients; the right colic 
artery most commonly 
arises from the ileocolic 
artery rather than the SMA. 
 With permission from 
Landmann RG and 
Francone T. Surgical 
Anatomy. In :  Minimally 
Invasive Approaches to 
Colon and Rectal Disease : 
 Techniques and best 
practices. Ross HM ,  Lee 
SW ,  Mutch MG , 
 Rivadeneira DE ,  Steele 
SR. Springer ,  New York , 
 2015 :  pp. 25 – 50        
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  Fig. 7.7    ( a ) Superior mesenteric artery and its branches. 
( b ) Note the typical “Y” appearance of the middle colics. 
 With permission from Landmann RG and Francone 
T. Surgical Anatomy. In :  Minimally Invasive Approaches 

to Colon and Rectal Disease :  Techniques and best prac-
tices. Ross HM ,  Lee SW ,  Mutch MG ,  Rivadeneira DE , 
 Steele SR. Springer ,  New York ,  2015 :  pp. 25 – 50        
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branch to the gastroepiploic vein which courses 
behind the transverse colon mesentery. When 
mobilizing the transverse colon mesentery, this 
communicating or bridging vein can be disrupted 
causing diffi cult to control hemorrhage.

    After completion of diagnostic laparoscopy, 
the patient is placed in slight Trendelenburg posi-
tion combined with left inclination. It is often 
benefi cial to limit the amount of Trendelenburg 
incline with robotic surgery such that positioning 
does not favor exposure to one quadrant and limit 
it in another. This is particularly critical when 
performing a robotic splenic fl exure mobiliza-
tion, where too much Trendelenburg can prevent 
adequate exposure in the left upper quadrant but 
superb exposure in the pelvis. The camera port 
and the arm #1 port are typically placed fi rst to 
position the patient and assess case feasibility. 
The surgeon retracts the omentum superiorly 
over the transverse colon, along with mobilizing 
the small bowel out of the pelvis and into the left 
upper quadrant. Once completed, additional ports 
are inserted under direct visual guidance. With 
the patient positioned in the split-leg position, the 
robot is docked over the patient’s right chest. A 
three- or four-arm technique can be used to per-
form the right colectomy (Figs.  7.2  and  7.3 ). In 
the four-arm technique, arm #3 is typically an 
assistant port used to hold up mesentery or omen-
tum for facilitation of dissection. Arms #1 and #2 
are utilized more frequently to perform dissec-
tion, either lateral to medial or vice versa.  

7.3.2     Lateral to Medial Dissection 

 This approach is generally the easier dissection 
to learn and perform. There are several critical 
anatomic landmarks that once appreciated can 
lead to a safer, more expedient, and appropriate 
oncologic resection (sometimes termed total 
mesocolic excision). With the exclusion of a right 
colectomy for pathological enlargement of the 
appendix (i.e., mucocele, cystadenoma, cystade-
nocarcinoma, or carcinoid), grasping this tubular 
structure can help signifi cantly in retraction. 
Otherwise, either the terminal ileum or cecum 
can be gently and carefully grasped to mobilize 
the enteral structures anteriorly and toward the 
left upper quadrant. Arm #3 is typically utilized 
to grasp and retract the mesentery leftward in a 
ventral and cephalad direction, exposing the lat-
eral attachments of the colon and mesentery to 
the retroperitoneum (white line of Toldt). 
Division of this attachment allows entry into a 
loose alveolar plane, whereby dissection can pro-
ceed distally along the ascending colon to the 
hepatic fl exure. Arm #1 or #2 may be used for 
this portion of the procedure depending on expo-
sure and surgeon preference. At the ileocecal 
valve, care is taken to identify and preserve the 
ureter as it crosses the right iliac artery bifurca-
tion (Fig.  7.8 ). Further care is taken to stay within 
the appropriate plane as straying laterally leads to 
dissection of Gerota’s fascia with subsequent 
medial mobilization of the kidney.

  Fig. 7.8    The right ureter 
enters into the pelvis 
slightly more lateral 
crossing over the right 
external iliac artery       
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   Mobilization within the correct plane of the 
mesocolon from the retroperitoneum centrally (or 
medially) toward the takeoff base of the ileocolic 
pedicle will expose the anterior surface of the duo-
denum and pancreas. The mesentery of    the termi-
nal ileum is then divided from the retroperitoneum 
to the level of the right iliac artery. At this point, 
the base of the ileocolic pedicle is easily visual-
ized and divided using energy (vessel sealer), sta-
pler, or clips. When using a vessel- sealing device, 
the authors suggest having an endoloop or clips 
readily available should bleeding ensue.  

7.3.3     Medial to Lateral Dissection 

 The key to a profi cient medial to lateral dissec-
tion, using either laparoscopic or robotic 
approach, is entry into the avascular plan between 
the colonic mesentery and the retroperitoneum. 
Before beginning, the surgeon should make an 
attempt to identify the pertinent anatomy (ileoco-
lic pedicle, ureter, and duodenum) involved in 
dissection to prevent untoward events. This is 
often easier in thinner patients than the morbidly 
obese where identifi cation of the duodenal sweep 
or C-curve can be observed with superoanterior 
retraction of the transverse colon. Carefully 
grasping the cecum, or its mesentery, close to 
the base and lifting toward the anterolateral 
abdominal wall display the ileocolic artery cours-

ing infero-caudally to the duodenum (Fig.  7.9 ). 
This motion creates a tenting or “bowstring” 
effect with a distinct crease coursing parallel to 
the vessel (Fig.  7.10 ). Arm #3 can be used for 
cecal retraction, freeing arms #1 and #2 to 
develop the correct plane. Care is taken with the 
robot to not avulse vessels due to lack of haptic 
feedback. Once bowstringing is noted, the perito-
neum is scored parallel to the vessel, allowing 
pneumoperitoneum to fi ll the avascular space and 
facilitate development of the appropriate plane. 
Some mobilization of the mesocolon from the 
retroperitoneal structures may be necessary and 
can be performed with gentle, blunt sweeping 
motions dorsally. Particular attention must be 
given medially and posteriorly where the C-loop 
of the duodenum lies and can be easily injured 
with the dissecting instrument or energy device 
(Fig.  7.11a, b ). When in the correct plane, it is 
generally not necessary to identify the ureter or 
iliac vessels located in the inferolateral aspect of 
the dissection. However, in the presence of pen-
etrating disease, either benign with perforating 
Crohn’s disease or malignant with penetrating 
neoplastic mass, the surgeon must be aware of 
the surrounding anatomy.

     As the avascular plane is developed, there is a 
consistent thinning out or paucity of adiposity in 
the mesenteric fat on both sides of the ileocolic 
pedicle (Fig.  7.10 ). Careful dissection through this 
mesentery creates a window around the pedicle at 

  Fig. 7.9    The ileocolic artery courses infero-caudally to 
the duodenum; in thinner patients, the duodenal sweep 
can often be identifi ed prior to the initiation of the dissec-
tion.  With permission from Landmann RG and Francone 

T. Surgical Anatomy. In :  Minimally Invasive Approaches 
to Colon and Rectal Disease :  Techniques and best 
 practices. Ross HM ,  Lee SW ,  Mutch MG ,  Rivadeneira 
DE ,  Steele SR. Springer ,  New York ,  2015 :  pp. 25 – 50        
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which point the vessel can be divided (Fig.  7.11a ). 
Once critical structures are well visualized and out 
of harm’s way, a high or central ligation is per-
formed. Surgeon’s preference dictates method of 
ligation and division, with options including endo-
scopic stapling devices, energy devices, or appli-
cation of clips with intermediary division. As 
noted previously, when using a vessel-sealing 
device, the authors suggest ready availability of 
endoloop or clips should bleeding ensue.

    PEARL :  When dissecting under the ileocolic 
pedicle, always beware of the duodenum com-
ing into surgical view (Fig.    7.11   b) .    

 Once ligation is completed, medial to lateral 
dissection continues by careful elevation of the 
mesentery followed by gentle, blunt sweeping of 
the retroperitoneum downward. A thin, white line 
of Toldt is visualized separating mesocolon from 
retroperitoneal structures (Fig.  7.12 ). A key point 
in performing this maneuver is to gently push or 
sweep the peritoneal refl ection line down rather 
than pull other structures up. In general, arm #3 is 
stationary and used to retract the mesocolon up, 
while arms #1 and #2 continue the dissection. 
If the surgeon maintains the correct plane, risk 
of bleeding, elevation of the right kidney, and 
damage to the duodenum should not occur. 

  Fig. 7.10    Grasping the 
cecum or its mesentery and 
lifting anterolateral to the 
abdominal wall will create 
a tenting or “bowstring” 
effect with a distinct crease 
coursing parallel to the 
vessel       

  Fig. 7.11    ( a ) Medial dissection is initiated by sweeping 
the retroperitoneum down and away; immediate identifi -
cation of the duodenum is critical in order to avoid injury. 

( b ) When dividing the ileocolic artery, the surgeon must 
always be mindful of the duodenum       
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Diffi culty visualizing this plane is often attribut-
able to incomplete maintenance of tension/
counter-tension.

   Upon reaching the lateral sidewall, dissection is 
carried superiorly toward the hepatic fl exure. 
Caution must again be taken as the right colic and 
the right branch of the middle colic artery may be 
encountered during this part of the operation. 
Identifi cation of the middle colic vessels usually 

occurs with ventral retraction of the transverse 
colon mesentery. It is often fi rst identifi ed inferior to 
the pancreas but with further exploration is found to 
overlie the pancreas with its main branch coming 
off the superior mesenteric vessel (Fig.  7.13 ). In 
both laparoscopic and robotic- assisted procedures, 
the surgeon must beware of inadvertently disrupting 
these vessels, especially the pancreaticoduodenal 
and gastroepiploic branches, which lie close to this 

  Fig. 7.12    Medial to lateral 
mobilization highlighting 
duodenum and white line of 
Toldt.  With permission from 
Landmann RG and Francone 
T. Surgical Anatomy. In : 
 Minimally Invasive 
Approaches to Colon and 
Rectal Disease :  Techniques 
and best practices. Ross HM , 
 Lee SW ,  Mutch MG , 
 Rivadeneira DE ,  Steele 
SR. Springer ,  New York , 
 2015 :  pp. 25 – 50        

  Fig. 7.13    Transverse 
colon anatomy and middle 
colic vessels.  With 
permission from Landmann 
RG and Francone 
T. Surgical Anatomy. In : 
 Minimally Invasive 
Approaches to Colon and 
Rectal Disease :  Techniques 
and best practices. Ross 
HM ,  Lee SW ,  Mutch MG , 
 Rivadeneira DE ,  Steele 
SR. Springer ,  New York , 
 2015 :  pp. 25 – 50        
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region and can result in troublesome bleeding that 
is diffi cult to control.

   The right branch of the middle colic is often 
divided during a right colectomy (Fig.  7.14 ). As 
mentioned previously, anterosuperior retraction 
of the transverse colon mesentery often demon-
strates the takeoff of the right and left branches 
from the main branch giving the classic “Y” pat-
tern of the middle colic vessels (Fig.  7.7b ). 
Similar to ligation of the ileocolic pedicle, the 
right branch of the middle colic is isolated then 
divided. In addition, the right colic vein may also 
be visualized in this area, lateral to the right 
branch of the middle colic and coursing from the 
pancreas toward the hepatic fl exure. If encoun-
tered, this vessel should be carefully ligated to 
prevent bleeding during completion of right 
colon mobilization. Once both pedicles are safely 
controlled, dissection of the mesentery may pro-
ceed, ensuring that the terminal ileum and cecal 
mesentery, as well as the transverse colon mesen-
tery, have been adequately mobilized.

   At this point, the right colon remains affi xed 
by lateral avascular attachments to the abdominal 
sidewall, hepatic fl exure attachments, and gastro-
colic attachments of the omentum to the trans-
verse colon. These can generally be easily divided 
by either a dissecting energy device (ultrasonic or 
bipolar type) or energized, monopolar cautery/
Metzenbaum scissors. It is the authors’ prefer-
ence to start the dissection at the pelvic brim. 

The cecum or terminal ileum is gently retracted 
anteromedially with arm #3, while arms #1 and 
#2 divide the lateral attachments. Dissection pro-
ceeds proximally toward the hepatic fl exure. 
Inferiorly along the terminal ileal mesentery, 
there is a refl ection noted at the attachment to the 
retroperitoneum (Fig.  7.15 ). This fold is medial 
to the ureter, overlies the right iliac vessels in the 

  Fig. 7.14    The right branch 
of the middle colic vessels is 
often divided during a right 
colectomy       

  Fig. 7.15    Inferiorly along the terminal ileal mesentery, 
there is a refl ection noted at the attachment to the retro-
peritoneum. This fold is medial to the ureter, overlies the 
right iliac vessels in the right pelvis, and is also superolat-
eral to the sacral promontory.  With permission from 
Landmann RG and Francone T. Surgical Anatomy. In : 
 Minimally Invasive Approaches to Colon and Rectal 
Disease :  Techniques and best practices. Ross HM ,  Lee 
SW ,  Mutch MG ,  Rivadeneira DE ,  Steele SR. Springer , 
 New York ,  2015 :  pp. 25 – 50        
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right pelvis, and is also superolateral to the sacral 
promontory. If performed appropriately with 
anterior retraction of the terminal ileum, the sur-
geon should enter into the previously dissected 
plane between the mesocolon and the retroperito-
neum. Retract the ileum anteriorly, and dissect 
along this fold to further mobilize the terminal 
ileal mesentery toward the duodenum and pan-
creas. Proper mobilization along this plane will 
ensure adequate small bowel mobilization to 
reach the transverse colon and perform a tension- 
free anastomosis.

   The hepatocolic and gastrocolic attachments 
are divided, rendering the right colon a midline 
structure. Specimen may then be extracted 
though a midline incision when performing an 
extraperitoneal anastomosis. For right colecto-
mies, the distal extent of dissection is generally 
around the falciform ligament or in line with the 
middle colic vessels. It is often best to start at this 
point and work retrograde toward the hepatic 
fl exure. With arm #3 retracting the omentum ven-
trally, arms #1 and #2 dissect into the lesser sac 
with visualization of the posterior wall of the 
stomach and colonic mesentery. The key to mobi-
lizing the transverse colon is careful dissection of 
the omental layers one at a time. At a certain 
point, the omentum will then be fully mobilized, 
and attention is directed toward the hepatocolic 
ligament. An avascular plane is developed 
between this and the proximal transverse colon 
mesentery. Caution must be taken when develop-
ing the plane as one can easily injure the duode-
nal sweep lying posteriorly or inadvertently tear 
the right colic vein. At the level of the gallblad-
der, the surgeon should expect to enter the previ-
ous medial to lateral dissection plane. Where 
previously dissected planes meet, the surgeon 
should encounter purple-hued tissue. The lateral 
attachments can be easily divided with excellent 
exposure of the surrounding structures. This cre-
ates a fully mobilized right colon that easily 
approaches the midline.

    PEARL :  Prior to undocking the robot, the sur-
geon must ensure proper mobility of the speci-

men, including terminal ileum. If mobility is 
required, there exists a fold medial to the right 
ureter and superolateral to the sacral promon-
tory, which signifi es an attachment of the ter-
minal ileal mesentery to the retroperitoneum .      

7.4     Transverse Colectomy 

 A segmental transverse colon resection is rarely 
required. More often, the transverse colon is 
resection in conjunction with either the left or 
right colon. In theory, a transverse colectomy 
would likely place the robot over the right or left 
shoulder with a half-moon port set up in the lower 
abdomen. The authors have not performed a spe-
cifi c robotic transverse colectomy but have used 
the system to resect part of the transverse colon 
during a right or left colectomy. As mentioned 
numerous times before, port placement becomes 
crucial for the success of this procedure (Figs.  7.2 , 
 7.3 ,  7.4 , and  7.5 ). 

 If a total colectomy is necessary, then the pro-
cedure is performed similar to a combined left 
and right colectomy with robot re-docking mid-
way through the case. When performing a total 
colectomy, it is our preference to approach the 
right colon fi rst with entry into the lesser sac 
(Fig.  7.16a, b ). The dissection is continued to the 
hepatic fl exure and as far as possible toward the 
splenic fl exure. Elevation of the transverse colon 
provides exposure of the middle colic vessels, 
with care being taken to not tear this pedicle 
(Fig.  7.17 ). The assistant ports are key in this 
maneuver. The surgeon may benefi t from a sec-
ond assistant port through the anticipated extrac-
tion site which is especially useful in the morbidly 
obese with limited exposure. It is best to individ-
ually isolate and ligate the left and right branches 
of the middle colic artery, when possible. Upon 
ligation of the vascular pedicle, when the surgeon 
is dissecting the transverse mesocolon from the 
pancreas, he/she will encounter the right gastro-
epiploic vein overlying the pancreas. This should 
be identifi ed and preserved prior to division of 
the middle colic vein.
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7.5         The Left Colon 

7.5.1     Brief Anatomy 

7.5.1.1     Inferior Mesenteric Artery 
 As the IMA supplies hindgut structures such as 
the distal transverse, descending, and sigmoid 
colon, understanding its branches assists robotic 
mesenteric dissection and colon resection 
(Figs.  7.18  and  7.19 ). The IMA gives off its fi rst 
branch near the L3 vertebrae just prior to bifurca-
tion of the aorta into the common iliac arteries. 
The fi rst branch of the IMA is the left colic artery, 
which occurs 2–3 cm distal to the IMA origin. 

The left colic divides further into two branches, 
the ascending and descending vessels, with the 
ascending vessel feeding the distal transverse and 
descending colon. The descending branch of the 
left colic supplies the distal descending and prox-
imal sigmoid colon. The sigmoid also receives 
blood supply from individual distal sigmoidal 
branches of the IMA, along with the superior rec-
tal artery. The IMA essentially terminates into 
the superior rectal artery which supplies the 
upper rectum in addition to the distal sigmoid 
colon. Just below the sacral promontory, its splits 
into a left and right branch, which courses down 
the lateral rectum within the endopelvic fascia. 
Of note, the splenic fl exure is vascularized 

  Fig. 7.16    ( a ) Accessing the lesser sac through the omentum (gastrocolic ligament). ( b ) Early entry into the lesser sac 
is key to facilitating mobilization of the transverse colon       

  Fig. 7.17    The classic “Y” 
pattern of the middle colic 
vessels is not always 
straightforward. Often, 
both the right and left 
branches course to the 
patient’s right. The right 
branch courses over the 
head of the pancreas and 
the duodenum; the left 
branch makes a sharp 
upward turn and then veers 
to the left, as depicted in 
the picture above       
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by branches of both the middle and left colic 
arteries. Vascular anatomy can be variable, but 
the most common anatomical arrangement occurs 
between the ascending and descending branches 
of the left colic and the middle colic via the 
 marginal vessels.

7.5.1.2         Ureter 
 The surgeon must identify the left ureter, which 
lies upon the psoas muscle under the peritoneum. 
If dissection is carried deep to the IMA pedicle 
and downward, the surgeon is likely to elevate 
the ureter and gonadal vessels off the psoas and 

  Fig. 7.18    The IMA courses over the left common iliac 
artery and vein and gives rise to its terminal branch, the 
superior rectal artery.  With permission from Landmann 
RG and Francone T. Surgical Anatomy. In :  Minimally 

Invasive Approaches to Colon and Rectal Disease : 
 Techniques and best practices. Ross HM ,  Lee SW ,  Mutch 
MG ,  Rivadeneira DE ,  Steele SR. Springer ,  New York , 
 2015 :  pp. 25 – 50        

 

K.R. Kasten and T.D. Francone



89

into the surgical fi eld. To maintain orientation, 
remember the right and left ureters track straight 
from the renal pelvis to the pelvic brim, crossing 
over the iliac vessels and maintaining a 5-cm lat-
eral distance from the IVC and aorta. Classic 

teaching suggests the right ureter courses over 
the right external iliac artery (Figs.  7.8  and  7.20 ), 
while the left ureter courses more medially over 
the common iliac artery (Fig.  7.20 ). As ureters 
enter the pelvis, they course inferiorly and poste-

  Fig. 7.19    Left colon anatomy.  LBMC  left branch of mid-
dle colic,  ABLC  ascending branch of left colic,  SF  splenic 
fl exure.  With permission from Landmann RG and 
Francone T. Surgical Anatomy. In :  Minimally Invasive 

Approaches to Colon and Rectal Disease :  Techniques and 
best practices. Ross HM ,  Lee SW ,  Mutch MG ,  Rivadeneira 
DE ,  Steele SR. Springer ,  New York ,  2015 :  pp. 25 – 50        

  Fig. 7.20    Course of the ureters.  With permission from 
Landmann RG and Francone T. Surgical Anatomy. In : 
 Minimally Invasive Approaches to Colon and Rectal 

Disease :  Techniques and best practices. Ross HM ,  Lee 
SW ,  Mutch MG ,  Rivadeneira DE ,  Steele SR. Springer , 
 New York ,  2015 :  pp. 25 – 50        
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riorly along the lateral pelvic sidewalls before 
entering the posterolateral surface of the bladder 
and extending to form the trigone (Fig.  7.21 ).

    When completing robotic dissection, the ure-
ters are usually encountered at the pelvic brim 

where they overlie the iliac vessels. If the ureter 
is visualized within the pelvis, dissection has 
been carried too far lateral of the vas deferens in 
males or the uterine artery in females. As with 
any technique, open, laparoscopic, or robotic, the 
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  Fig. 7.21    Entry into the ( a ) pelvis and ( b ) presacral 
space. Notice the course of the ureter and the nerves at this 
level.  With permission from Landmann RG and Francone 
T. Surgical Anatomy. In :  Minimally Invasive Approaches 

to Colon and Rectal Disease :  Techniques and best prac-
tices. Ross HM ,  Lee SW ,  Mutch MG ,  Rivadeneira DE , 
 Steele SR. Springer ,  New York ,  2015 :  pp. 25 – 50        
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surgeon must be comfortable with multiple 
approaches to surgical dissection (medial to lat-
eral, lateral to medial). If the surgeon is unable to 
identify the ureter with confi dence, an alternative 
approach must be utilized to clearly identify and 
prevent injury to the ureter. It is the authors’ pref-
erence to perform a medial to lateral approach 
followed by lateral to medial when the ureter is 
diffi cult to identify.  

7.5.1.3     Gonadal Vessels 
 When identifying the IMA and ureter, the gonadal 
arteries are also often identifi ed. They arise from 
the aorta below the renal artery and course 
obliquely toward the pelvis, crossing the ureter 
midway between renal pelvis and pelvic inlet. 
Testicular vessels enter the deep inguinal ring 
after crossing halfway between the inguinal liga-
ment and sacroiliac joint. In women, ovarian ves-
sels enter the broad ligament at the pelvic brim. 
Disruption of these vessels, while not always 
immediately noticeable, can cause signifi cant 
hemorrhage.    

7.6     Left Colectomy 

 As with right colectomy, left colectomy requires 
dissection in multiple quadrants. Even without 
mobilization of the splenic fl exure, port place-
ment must allow dissection in at least two differ-
ent quadrants: the left upper and lower quadrant. 
One cannot understate the importance of proper 
port placement in order to avoid unnecessary col-
lision of the arms and assure successful comple-
tion of the dissection. Figures  7.4  and  7.5  
demonstrate port placement for a left colectomy 
and sigmoidectomy, which also allows adequate 
dissection of the splenic fl exure. Unlike laparo-
scopic surgery, once the robot is docked, the table 
cannot be moved or adjusted. During diagnostic 
laparoscopy, the surgeon should make every 
attempt to expose the left upper and lower quad-
rants without requiring too much Trendelenburg 
positioning. Steep Trendelenburg results in small 
bowel within the left upper quadrant, preventing 
adequate exposure of the IMV pedicle and the 
splenic fl exure (Fig.  7.22 ). Right-sided tilt is 

acceptable, although too much angle can make 
your medial to lateral dissection diffi cult.

   Once the patient is adequately positioned in 
slight Trendelenburg with table tilted slightly right 
down, docking is completed from the pelvis or the 
patient’s left side. Familiarity with both approaches 
is suggested; however, the surgeon should choose 
one major approach to simplify setup for her team. 
As noted earlier, it is our preference to dock the 
robot over the left hip. Upon sitting at the console, 
evaluate the surrounding anatomy, taking note of 
the right ureter, iliac vessels, and other pelvic 
organs in relation to the sigmoid colon and sacral 
promontory. Due to lack of haptic feedback, visual 
cues will guide the dissection. Take care to remain 
oriented throughout all portions of the operation, 
and when in doubt, return to a global view of the 
pelvis, and regain your bearings. 

 As in a laparoscopic medial to lateral 
approach, begin by carefully elevating the sig-
moid mesocolon using arm #2 to outline the infe-
rior mesenteric artery (IMA) pedicle (Fig.  7.23a, 
b ). This pedicle courses over the sacral 
 promontory before it splits into right and left 
superior rectal arteries. Scoring parallel and infe-
rior to this pedicle allows for entry of carbon 
dioxide into the appropriate plane (Fig.  7.23c ), 
further illuminating the avascular plane between 
sigmoid mesocolon and posterior structures such 
as presacral fascia, autonomic nerves, and iliac 
vessels (Fig.  7.24 ).

  Fig. 7.22    Displacement of the small bowel into the right 
upper quadrant will allow for adequate exposure of the 
inferior mesenteric vein (IMV) and splenic fl exure       
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    Arms #1 and #3 are then free to perform the 
medial lateral dissection. After several proce-
dures, you quickly realize arm #2 is limited in the 
left lumbar and left upper region of the peritoneal 
cavity. As such, this arm is mainly utilized for 
retraction in an up-down or ventral-dorsal axis. 
Knowing the limitations of the port in the quad-
rant of dissection will also limit collisions. For 
example, arm #2 has limited use in mobilizing 

the splenic fl exure and is often undocked in order 
to provide arm #3 and arm #1 adequate space to 
perform the dissection. 

 While one robotic arm elevates the sigmoid 
mesentery, the remaining arms carefully dissect 
underneath the IMA pedicle toward the sidewall. 
Care is taken to identify and avoid the left ureter, 
left gonadal vessels, and the hypogastric nerve 
plexus (Fig.  7.25a, b ). If these structures are not 

  Fig. 7.23    ( a ) Mobilization 
of the left colon under the 
IMA ( green arrow  depicts 
elevation of the pedicle and 
 dashed arrow  depicts 
direction of dissection). 
Notice the relationship of 
the ureter to the gonadal 
vessels. ( b)  The outline of 
the inferior mesenteric 
artery (IMA) can be 
visualized by gentle ventral 
retraction of the pedicle as 
it courses over the sacral 
promontory (SP). The 
space between the IMA 
and the sacral promontory 
has been termed the critical 
angle and marks the 
avascular plane between 
the retroperitoneum and 
the colon mesentery. ( c ) 
Scoring parallel to the 
IMA allows for entry of 
CO 2  into the avascular 
areolar plane indicating the 
appropriate plane.  With 
permission from Yuko 
Tonohira. With permission 
from Landmann RG and 
Francone T. Surgical 
Anatomy. In :  Minimally 
Invasive Approaches to 
Colon and Rectal Disease : 
 Techniques and best 
practices. Ross HM ,  Lee 
SW ,  Mutch MG , 
 Rivadeneira DE ,  Steele 
SR. Springer ,  New York , 
 2015 :  pp. 25 – 50        
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  Fig. 7.24    Pelvic anatomy 
highlighting the ureter, 
gonadal vessels, sacral 
promontory, hypogastric 
nerves, and avascular 
alveolar space between the 
fascia propria and the 
presacral fascia       

  Fig. 7.25    Care is taken to 
identify and avoid the left 
ureter, left gonadal vessels, 
and the hypogastric nerve 
plexus. On the left, the 
ureter courses more medial 
and will cross over the left 
common iliac artery as it 
enters the pelvis       
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  Fig. 7.26    Continued 
medial to lateral mobiliza-
tion between the IMA and 
IMV will facilitate 
mobilization of the splenic 
fl exure       

  Fig. 7.27    Mobilization 
cephalad and caudal to the 
takeoff of the IMA will 
give a “T” appearance; this 
allows proper identifi cation 
of the left colic artery such 
that it may be preserved 
when necessary       

clearly identifi ed, the approach should be altered 
until these retroperitoneal structures have been 
properly visualized and kept out of harm’s way. 
Following identifi cation and protection of the 
ureter, the IMA pedicle may be divided. However, 
it is the author’s preference to continue the medial 
to lateral dissection between the base of the IMA 
and the base of the IMV (Fig.  7.26 ). Complete 
mobilization of the medial to lateral plane allows 
isolation and a clear understanding of the anat-
omy giving a “T” appearance to the IMA pedicle 
(Fig.  7.27 ). At this point, the surgeon may decide 
to divide the IMA proximal or distal to the take-
off of the left colic or divide the IMV if splenic 
fl exure mobilization is required. Early division of 

the IMV allows some leniency when mobilizing 
the splenic fl exure from a medial lateral approach 
as the IMV can be easily avulsed during dissec-
tion, resulting in uncontrollable and possibly 
lethal hemorrhage (Fig.  7.28 ). The IMV is identi-
fi ed at the inferior tail of the pancreas near the 
splenic fl exure. Care should be taken to identify 
the duodenum at the ligament of Treitz to prevent 
incidental traction or cautery injury. The focus 
then becomes completion of splenic fl exure 
mobilization. It is the author’s preference to uti-
lize the vessel sealer for division of both the IMA 
and IMV; however, other methods can be utilized 
and should be available in case of need such as a 
stapler, clips, or endoloop.
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      Once the IMA is divided, medial to lateral 
 dissection is completed. The more complete 
one’s medial to lateral dissection, the less dissec-
tion required when dividing the lateral attach-
ments (Fig.  7.29a ). Once the abdominal sidewall 
is reached, dissection is carried cephalad to the 
superior pole of the kidney (Fig.  7.29b ). 
Remember, depending upon port placement, this 
portion of the operation may become more diffi -
cult. The surgeon must assure appropriate arm 
positioning such that inadvertent damage to intra- 
abdominal structures does not occur. As one 
approaches the left upper quadrant, arm #2 
becomes less helpful and will cause unnecessary 
collisions or tearing of tissues if attempting to 
retract tissue outside its range of motion.

7.6.1       Splenic Flexure 

 A suffi cient medial to lateral mobilization, com-
pleted to the inferior border of the pancreas, 
leaves only the lateral splenocolic ligaments 
remaining. If splenic fl exure mobilization is 
unnecessary, then simple division of the lateral 
sidewall attachments with monopolar will free the 
descending and sigmoid colon to allow for resec-
tion and anastomosis (Fig.  7.29 ). If the splenic 
fl exure is to be mobilized, start at the left sidewall, 
and divide attachments toward the splenic fl exure. 
Here, arm #1 performs the dissection with either a 
monopolar or vessel-sealing device, while arm #3 

retracts the proximal colon to provide adequate 
tension/counter-tension. Remember to utilize 
your assistant port when mobilizing the splenic 
fl exure as this helps with adequate tension/coun-
ter-tension and exposure. The dissection is carried 
as far cephalad as possible. Once exposure 
becomes diffi cult, dissection may be redirected to 
the transverse colon and lesser sac. 

 There are usually two layers connecting 
omentum to transverse colon at the splenic fl ex-
ure. Taking each layer individually with cautery 
or other energy devices prevents inadvertent gas-
tric injury. Additionally, the surgeon is better able 
to distinguish colonic mesentery from congenital 
attachments of posterior omentum to the mesoco-
lon. With entry into the lesser sac (Fig.  7.16 ), 
division of splenocolic attachments is facilitated. 
Arm #3 is used for ventral retraction of the omen-
tum, while the assistant port provides caudal 
retraction. Arm #1 is then free to dissect along the 
correct plane. The dissection is continued medi-
ally until the splenic fl exure is rendered a midline 
structure and the designated colon reaches to the 
pelvis without tension. 

 Entry into the lesser sac to complete dissection 
of the fl exure may require more than one approach. 
If unable to enter the lesser sac from the lateral to 
medial approach or if dense adhesions prevent 
adhesion from an anterior approach, the use of a 
posterior approach may prevent injury to the 
 pancreas. Elevate the transverse colon to the ante-
rior abdominal wall, and enter the avascular plan 

  Fig. 7.28    The IMV is 
identifi ed at the inferior tail 
of the pancreas near the 
splenic fl exure.  With 
permission from Landmann 
RG and Francone 
T. Surgical Anatomy. In : 
 Minimally Invasive 
Approaches to Colon and 
Rectal Disease :  Techniques 
and best practices. Ross 
HM ,  Lee SW ,  Mutch MG , 
 Rivadeneira DE ,  Steele 
SR. Springer ,  New York , 
 2015 :  pp. 25 – 50        
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above the ligament of Treitz, found above the 
duodenum and near the transverse mesocolon. 
Entry through this space places you within the 
lesser sac and is also a good way to approach the 
left branch of the middle colic if performing a 
more extensive resection. If the descending colon 
is your conduit, take care not to injure this branch 
or the marginal artery of Drummond.   

7.7     The Pelvis 

7.7.1     Brief Anatomy 

 Without an intimate understanding of pelvic 
anatomy, it becomes easy to lose orientation dur-
ing robotic-assisted laparoscopic procedures. 

Disorientation greatly increases risk for inadver-
tent injury. As such, knowledge of pertinent anat-
omy prior to minimally invasive rectal dissection 
is exceedingly important. 

7.7.1.1     Pelvic Compartments 
 The four compartments (posterior, lateral, ante-
rior, and middle) contain vascular structures, ure-
ters, neurologic structures, and the rectum 
(Fig.  7.30 ). The posterior compartment contains 
the rectum, mesorectum, fascia propria, and pre-
sacral fascia. The presacral fascia covers auto-
nomic nerves, presacral veins, and the middle 
sacral artery, while the fascia propria overlies the 
rectum and mesorectum as a continuation of the 
endopelvic fascia. The anterior border of the pos-
terior compartment is marked by the rectogenital 

  Fig. 7.29    When dividing 
the lateral attachments, 
dissection is carried from 
the pelvis toward the 
splenic fl exure; often, arm 
#2 becomes limited in its 
use due to increased 
collisions       
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septum, defi ned by Denonvilliers fascia separat-
ing the vagina or prostate from the extraperitoneal 
rectum (Fig.  7.31 ). Care is required during dissec-
tion to prevent bladder injury and damage to 
hypogastric nerves required for sexual function. 

The bladder and paravisceral fat pad are within 
the anterior compartment, with the nerve- vessel 
plate interposed between these two structures. 
In women, the middle compartment includes 
endopelvic fascia overlying the vagina, uterus, 

  Fig. 7.30     Dashed green line  depicts the posterior rectum, 
while the  blue  and  orange  lines represent the middle and 
anterior compartments; the middle compartment is only 
present in females.  With permission from Landmann RG 

and Francone T. Surgical Anatomy. In :  Minimally Invasive 
Approaches to Colon and Rectal Disease :  Techniques and 
best practices. Ross HM ,  Lee SW ,  Mutch MG ,  Rivadeneira 
DE ,  Steele SR. Springer ,  New York ,  2015 :  pp. 25 – 50        

  Fig. 7.31    Anterior plane 
of dissection highlighting 
Denonvilliers fascia.  With 
permission from Landmann 
RG and Francone 
T. Surgical Anatomy. In : 
 Minimally Invasive 
Approaches to Colon and 
Rectal Disease :  Techniques 
and best practices. Ross 
HM ,  Lee SW ,  Mutch MG , 
 Rivadeneira DE ,  Steele 
SR. Springer ,  New York , 
 2015 :  pp. 25 – 50        
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and tuberosacral ligament. Lateral compartments 
include branches of the inferior mesentery artery, 
internal ilia, and distal ureters as they enter the 
bladder. These structures are best delineated 
intra-abdominally prior to entering the pelvis.

7.7.1.2         Innervation 
 While no less important than the ureters and vas-
cular supply in the pelvis, innervation tends to be 
overlooked by most surgeons. Robotic-assisted 
laparoscopic surgery allows for clear visualiza-
tion of parasympathetic and sympathetic nerve 
bundles that supply the left colon and rectum. 
Sympathetic nerves arise from L1–L3, with fi bers 
of the inferior mesenteric and inferior hypogas-
tric plexuses traveling along the IMA and supe-
rior rectal artery. Fusion of these two bundles into 
the hypogastric plexus at the sacral promon-
tory innervates the lower rectum (Fig.  7.32a, b ). 
From here, two larger bundles form and enter the 
pelvis along the lateral pelvic sidewall, terminat-
ing at the lateral stalks of the mesorectum. S2–S4 
supply nerve roots to the pelvic splanchnic 
nerves, commonly referred to as nervi erigentes, 
which provide parasympathetic innervation to 
the rectum and anal canal. The nervi erigentes 
travel with hypogastric nerves on the lateral side-
wall of the pelvis, eventually giving rise to the 
periprostatic plexus. In males, this plexus is 
responsible for the bulbourethral glands, ejacula-
tory ducts, urethra, prostate, seminal vesicles, 
and vas deferens (Fig.  7.33 ). While damage to 
these nerves in males carries signifi cant conse-
quences, interruption in females leads to vaginal 
dryness, dyspareunia, bladder dysfunction, and 
rectal dysfunction. With enhanced 3D visualiza-
tion and endowrist movement, surgeons utilizing 
robotics can safely identify and protect these 
important neurovascular bundles, potentially 
reducing patient complication rates.

7.7.2          Low Anterior Resection 

 This procedure combines the previously described 
left colectomy with pelvic dissection. As noted 
above, knowledge of pelvic anatomy is tanta-
mount to the prevention of complications from 
inadvertent injury. Advanced optics and endow-

rist movements provide a signifi cant advantage 
over laparoscopy for this procedure. Additionally, 
extension of pelvic dissection to the pelvic fl oor 
is required for robotic-assisted laparoscopic 
abdominoperineal resection. The advantages of 
robotic surgery allow for minimally invasive pro-
cedures to be performed in a hostile, narrow, or 
morbidly obese pelvis more easily than in open or 
standard laparoscopic procedures. 

 Several port placements have been suggested 
with the most commonly used arrangements 
detailed in Figs.  7.4  and  7.5 . For thinner patients, 
the port set up in Fig.  7.5  may be used for both 
splenic fl exure mobilization and pelvic dissec-
tion; however, most patients will require utiliza-
tion of the port system described in Fig.  7.4 . 
Here, arm #3 is docked in the RUQ for use in the 
medial to lateral and splenic fl exure mobilization. 
When the pelvic dissection is initiated, arm #3 is 
moved to the left lumber region. Of note, arm #3 
will often collide with the camera and may have 
diffi culty reaching into the deep pelvis. With 
arms #2 and #3 on the left, collisions are 
 minimized, if not eliminated, while working in 
the deep pelvis. 

 It is the preference of the authors to perform 
medial to lateral dissection and splenic fl exure 
mobilization prior to proceeding with the pelvic 
dissection. Developing the correct medial to lat-
eral plane with division of the IMA facilitates 
dissection into the pelvis. The critical maneuver 
at this juncture is the development of the space 
immediately posterior to the fascia propria of the 
rectum, which separates the mesorectum from 
presacral fascia (Fig.  7.23a ). Care is taken to stay 
out of the presacral fascia, which covers the pre-
sacral veins, middle sacral artery, nerve bundles, 
and the sacrum. Incision of the lateral peritoneum 
during anterior and upward traction on the rec-
tum will illuminate this plane when CO 2  enters 
the space, helping to prevent starting within the 
presacral fascia (Fig.  7.23c ). This is often 
described as the “cotton candy” layer due to its 
characteristic appearance of fl uffy, white areola 
tissue (Fig.  7.24 ). Dissection should be carefully 
continued within this plane toward the levator ani 
and puborectalis muscles, posteriorly and later-
ally. In most cases, this portion of the operation is 
bloodless due to an avascular plane.
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    PEARL :  It is often helpful to have the fi rst assis-
tant stationary with retraction of the rectum 
out of the pelvis. This may be facilitated by 
wrapping the rectum with a vaginal packing 
allowing the assistant to hold the rectum with-
out tearing the mesorectum causing bleeding 
and disruption of your oncologic margins. 
Arms #2 and #3 are then free to provide 

 adequate tension/counter-tension at the level 
of dissection. Arm #1 provides the energy source .    

 In open and laparoscopic cases, it is customary 
to extend the posterior dissection to the left and 
right lateral aspects of the mesorectum followed 
by mobilization of the anterior plane (Fig.  7.34 ). 
This is often accomplished by completing the 

  Fig. 7.32    ( a ) Entry into the presacral space. Notice the 
course of the ureter and the nerves at this level. ( b ) Pelvic 
anatomy highlighting the sacrum, hypogastric nerves, and 
avascular alveolar space between the fascia propria and 
presacral fascia.  With permission from Landmann RG and 

Francone T. Surgical Anatomy. In :  Minimally Invasive 
Approaches to Colon and Rectal Disease :  Techniques and 
best practices. Ross HM ,  Lee SW ,  Mutch MG ,  Rivadeneira 
DE ,  Steele SR. Springer ,  New York ,  2015 :  pp. 25 – 50        
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division of the right lateral peritoneal refl ection 
toward the pouch of Douglas and anterior perito-
neal refl ection. During this dissection, condensa-
tions of pelvic fascia known as the lateral stalks 
(or ligaments) are encountered. Although vessels 
may traverse these “stalks,” they are relatively 
small and are not considered to be representative 
of the middle rectal artery. Even so, care must be 
taken when performing this portion of the dissec-
tion and can often be accomplished with a mono-
polar energy source. Once the right side is fully 
mobilized, the left is performed in a similar 
fashion.

   After developing the posterior and lateral 
planes, the anterior dissection is then performed. 
Continuation of the lateral and posterior dissec-
tion can often lead the surgeon in the right plane. 
Commonly, there is an “open-C” type or “opening- 
zipper” confi guration of this fascia at this level 
that will demarcate the appropriate dissection 
plane (Fig.  7.35 ). In this instance, starting from a 
known to unknown dissection will help identify 
the appropriate dissection plane with loose alveo-
lar tissue as the defi nitive marker. The vagina or 
prostate and seminal vesicles will be visualized 
anteriorly as dissection proceeds caudally along 
Denonvilliers fascia (Figs.  7.31  and  7.36 ).

    An alternative approach to the pelvic dissec-
tion is worthwhile mentioning given the lateral 
dissection plane can often be ambiguous due to 
previous infl ammation, radiation, or simply a 
bulky mesorectum. As a result, the dissection can 
unintentionally be carried too far to the right and 
left resulting in injury of the nervi erigentes, pel-
vic sidewall vasculature, or even the ureter. When 
performing this dissection, one has to give care-
ful consideration to the width and contour of the 
pelvis and follow the plane accordingly. When 
needed, the anterior plane may be developed fol-
lowing mobilization of the posterior mesorectum. 
This is often helpful in clarifying the correct dis-
section plane along the lateral stalks with an 
exaggerated “C” type or open “zipper” confi gu-
ration. Arms #2 and #3 are often used for retrac-
tion on the prostate or vagina, while the assistant 
port is used to provide adequate cephalad tension 
on the rectum.

    PEARL :  The surgeon should make use of all 
three robotic arms during rectal dissection, 
especially the lateral and anterior portions. 
Proper tension/counter-tension is essential for 
the development of the avascular plane, espe-
cially deep within the pelvis .    

  Fig. 7.33    Schematic representation of the prostate, 
nerves, rectum, and pelvic structures.  With permission 
from Landmann RG and Francone T. Surgical Anatomy. 
In :  Minimally Invasive Approaches to Colon and Rectal 

Disease :  Techniques and best practices. Ross HM ,  Lee 
SW ,  Mutch MG ,  Rivadeneira DE ,  Steele SR. Springer , 
 New York ,  2015 :  pp. 25 – 50        
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 During distal-most dissection, robotic assis-
tance may allow for identifi cation of the distal 
mesorectal canal (Fig.  7.37 ). The surgeon will 
see a paucity of mesorectal fat at the pelvic fl oor 
and may continue distal dissection through the 
pelvic fl oor in an intersphincteric fashion 

(Fig.  7.38 ). While this extent of dissection is not 
necessary in most cases of low anterior resection, 
knowledge of surrounding anatomy allows 
the surgeon to clearly identify surgical planes 
and maximize the benefi ts of robotic colorectal 
surgery.

  Fig. 7.34    ( a ) Cross-sectional view of the pelvis at the 
sacral promontory.  With permission from Landmann RG 
and Francone T. Surgical Anatomy. In :  Minimally Invasive 
Approaches to Colon and Rectal Disease :  Techniques and 
best practices. Ross HM ,  Lee SW ,  Mutch MG ,  Rivadeneira 
DE ,  Steele SR. Springer ,  New York ,  2015 :  pp. 25 – 50 . ( b ) 

Posterior dissection. Note the fi bers of the puborectalis 
and levator ani posterior bilateral with the distal rectal 
canal retracted anteriorly. Note the peritoneal refl ection 
( white line ) along the medial border of the puborectalis 
leading to the intersphincteric space       
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7.7.3         Perineal Dissection 

 If an abdominoperineal resection is required, dis-
section must continue below the levator ani mus-
cles (Fig.  7.39 ). Following this, perineal 
dissection begins. The anal canal and lower rec-

tum are dissected and removed through the 
ischiorectal fossa and urogenital diaphragm. If 
the tumor is extensively invasive, removal of a 
female patient’s vagina, vulva, and urethra may 
be required. The entire specimen may then be 
removed via an abdominal or perineal incision.

  Fig. 7.37    ( a ) During a total mesorectal excision, the dis-
section may be extended to the level of the pelvic fl oor. 
 With permission from Landmann RG and Francone 
T. Surgical Anatomy. In :  Minimally Invasive Approaches 
to Colon and Rectal Disease :  Techniques and best prac-

tices. Ross HM ,  Lee SW ,  Mutch MG ,  Rivadeneira DE , 
 Steele SR. Springer ,  New York ,  2015 :  pp. 25 – 50 . ( b ) At 
this point the mesorectum is thinned and the typical “con-
ing” is seen          

  Fig. 7.35    Reverse “C-shaped” plane during distal antero-
lateral dissection along right pelvic sidewall.  With permis-
sion from Landmann RG and Francone T. Surgical 
Anatomy. In :  Minimally Invasive Approaches to Colon 
and Rectal Disease :  Techniques and best practices. Ross 
HM ,  Lee SW ,  Mutch MG ,  Rivadeneira DE ,  Steele 
SR. Springer ,  New York ,  2015 :  pp. 25 – 50        

  Fig. 7.36    Denonvilliers fascia can often be a diffi cult 
plane to identify; careful tension/counter-tension between 
the rectum and the genitourinary structure will help 
develop the appropriate plane.  With permission from 
Landmann RG and Francone T. Surgical Anatomy. In : 
 Minimally Invasive Approaches to Colon and Rectal 
Disease :  Techniques and best practices. Ross HM ,  Lee 
SW ,  Mutch MG ,  Rivadeneira DE ,  Steele SR. Springer , 
 New York ,  2015 :  pp. 25 – 50        
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7.7.4        Challenges 

7.7.4.1     Presacral Bleeding 

     PEARL :  As in any situation with excessive 
bleeding, direct pressure is the fi rst step in 
maintaining control of the bleeding and the 
operation. Consider contacting a partner for 
assistance when necessary .    

 Presacral bleeding may be diffi cult to control 
given retraction of the vessels into the sacral fora-
men and the high hydrostatic pressure of the pre-
sacral venous system. The presacral veins are 
avalvular and communicate with the basiverte-

bral veins. Control of presacral vein bleeding is 
quite diffi cult when performing both open and 
laparoscopic dissections. When performing a 
laparoscopic dissection, it would be prudent to 
consider conversion to either a hand-assist or 
open approach to ensure adequate exposure and 
overall safety of the patient if hemorrhage is 
uncontrolled. Before conversion, the hemorrhage 
should be controlled by tamponade of the pelvis 
with packing and direct pressure with a laparo-
scopic instrument. Defi nitive control is then 
attained with pressure, tacks, or muscle patch.  

7.7.4.2     Uterine Retraction 
 It may be diffi cult at times to gain appropriate 
exposure to the anterior rectum and Denonvilliers 
fascia in a woman with a large uterus and poor 
suspension from the broad ligaments (Fig.  7.40 ). 
In these cases, several options exist, with the 
authors generally preferring the last:

     1.    Endo-uterine manipulator—this is placed per 
vagina and held in place by an assistant or 
retractor.   

   2.    Dynamic manual retraction via a grasper or 
fan retractor—this generally is performed by 
the assistant who is also manipulating the 
camera. This does provide for some limited 
dynamic control/retraction if needed.   

   3.    Static retraction and suspension—these are 
performed by placing a transabdominal fi xa-
tion stitch (i.e., 2-0 Prolene on a Keith needle) 

  Fig. 7.38    Posterior dissection. Note the fi bers of the 
puborectalis and levator ani posterior bilateral with the 
distal rectal canal retracted anteriorly. Note the peritoneal 

refl ection ( white line ) along the medial border of the 
puborectalis leading to the intersphincteric space       

  Fig. 7.39    Anatomy of the pelvic fl oor demonstrating the 
perineal musculature       
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through the abdominal wall, then anterior to 
posterior through the broad ligament, around 
the fundus, and then again in a posterior-to- 
anterior fashion through the contralateral broad 
ligament and again out the abdominal wall. At 
this point, both ends of the suture are pulled 
taut and tied down while the uterus is being 
suspended ventrally. Rather than the broad 
ligament, some surgeons may prefer going 
directly through the uterine fundus, minimiz-
ing potential for uterine artery hemorrhage.    

  This last option provides signifi cantly more 
retraction and exposure. Additionally, it frees up 
the assistant to utilize a laparoscopic grasper for 
dynamic retraction.    

7.8     Key Points 

•     A thorough understanding of anatomy is 
imperative for proper exposure during mini-
mally invasive operations, especially robotic- 
assisted procedures. Every effort must be 
made to gain a clear understanding of the 
anatomy prior to proceeding with dissection.  

•   Excellent exposure, meticulous technique, 
and proper assistance cannot be overstated. 
They are essential components to providing 
appropriate care to the patient, improving out-
comes, and minimizing complications.  

•   Tension/counter-tension is an essential 
maneuver in developing and maintaining cor-
rect exposure of planes during any minimally 
invasive colon and rectal procedure. This 
maneuver is more challenging with current 
robotic minimally invasive techniques as hap-
tic perception is absent. Appropriate tension is 
gauged with visual cues such as a taut mesen-
tery or whitening of tissues representing con-
striction of blood fl ow.  

•   Retroperitoneal structures are always at 
risk during laparoscopic colectomy and must 
be identifi ed and avoided throughout the 
 dissection: right colectomy (duodenum), 
transverse colectomy (pancreas and mesen-
teric vessels), left colectomy (ureter/gonadal 
vessels, autonomic nerves), and pelvic dissec-
tion (ureter, hypogastric nerves).        

   References 

   1.   Excellence. NNIfHaC. NICE implementation and 
uptake report: laparoscopic surgery for colorectal can-
cer. March 2010.  

   2.    Robinson CN, Chen GJ, Balentine CJ, et al. Minimally 
invasive surgery is underutilized for colon cancer. Ann 
Surg Oncol. 2011;18(5):1412–8.  

    3.    Rea JD, Cone MM, Diggs BS, Deveney KE, Lu KC, 
Herzig DO. Utilization of laparoscopic colectomy in 
the United States before and after the clinical outcomes 
of surgical therapy study group trial. Ann Surg. 
2011;254(2):281–8.  

   4.    Ramamoorthy S, Obias V. Unique complications of 
robotic colorectal surgery. Surg Clin North Am. 
2013;93(1):273–86.  

   5.    Lasser MS, Patel CK, Elsamra SE, Renzulli 2nd JF, 
Haleblian GE, Pareek G. Dedicated robotics team 
reduces pre-surgical preparation time. Indian J Urol. 
2012;28(3):263–6.  

   6.    Einarsson JI, Hibner M, Advincula AP. Side docking: 
an alternative docking method for gynecologic robotic 
surgery. Rev Obstet Gynecol. 2011;4(3–4):123–5.      

  Fig. 7.40    Uterine anatomy highlighting pouch of 
Douglas.  SL  suspensory ligament of the ovary,  UL  utero-
sacral ligament,  UOL  utero-ovarian ligament,  FT  fallo-
pian tube,  OL  ovarian ligament       

 

K.R. Kasten and T.D. Francone



105

      Robotic Approaches       

     Vincent     Obias       and     Lee     J.     Milas    

    Abstract  

  Minimally invasive colorectal surgery has evolved from a laparoscopic 
procedure to various stages of purely laparoscopic, purely robotic, and 
hybrid techniques. This has been driven primarily by the location of the 
patient’s disease process, the advances in surgical skill, and the availability 
of enhanced technologically advanced equipment. The clinical goals have 
not changed. They include improved short-term outcomes, better quality 
of life, acceptable long-term oncologic outcomes, reduced operative times, 
and containing costs.  

  Keywords  

  Robotic surgery   •   Approaches   •   Minimally invasive surgery   •   Colorectal 
surgery   •   Enhanced technology   •   Full robotic approach   •   Sigmoid colectomy   
•   Right hemicolectomy   •   Robotic rectal surgery   •   Natural orifi ce robotic 
surgery  

        V.   Obias ,  M.D.      (*) 
  Division of Colon and Rectal Surgery ,  George 
Washington University Hospital ,   2150 Pennsylvania 
Ave NW ,  Washington ,  DC   20037 ,  USA   
 e-mail: vobias@gmail.com   

    L.  J.   Milas ,  M.D.    
  Department of General Surgery ,  The George 
Washington University School of Medicine , 
  Yardley ,  PA ,  USA    

 8

     Minimally invasive colorectal surgery has 
evolved from a laparoscopic procedure to various 
stages of purely laparoscopic, purely robotic, and 
hybrid techniques. This has been driven primarily 
by the location of the patient’s disease process, 
the advances in surgical skill, and the availability 

of enhanced technologically advanced equip-
ment. The clinical goals have not changed. They 
include improved short-term outcomes, better 
quality of life, acceptable  long- term oncologic 
outcomes, reduced operative times, and contain-
ing costs [ 1 – 8 ]. 

8.1     Robotic Colon and Rectal 
Surgery 

 Robotic colon surgery was developed to overcome 
some of the technical limitations of laparoscopic 
surgery. However, robotic systems have some 
disadvantages as well. Most notably, robotic 
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techniques have limited intracorporeal range of 
motion impacting procedures that require a larger 
operative fi eld such as colectomy. Since colec-
tomy requires access to multiple quadrants of the 
abdomen, a laparoscopically assisted hybrid 
technique or multiple dockings of the robotic cart 
are necessary. Other options include utilizing 
different ports and redocking of only 1 or 2 arms 
versus fully redocking the robotic bedside cart.  

8.2     Full Robotic Approach 

8.2.1     Right Hemicolectomy 

 The patient is placed in a supine position with 
both arms tucked at their side. Pneumoperitoneum 
is established via a needle through the umbilicus. 
The placement of the trocars for the robotic arms 
and the assist port vary based on the surgeon’s 
preference and are well described by Rawlings 
et al. [ 9 ] and Baik [ 10 ]. The position of the 
robotic cart is to the right of the patient, either at 
the upper right side of the patient (Rawlings, 
right upper oblique) or at the level of the endo-
scope (Baik, right vertical). The surgical table is 
maneuvered left side down to allow the small 
bowel to fall away from the surgical fi eld. Manual 
movement of the endoscope can be performed to 
carefully examine the abdominal and pelvic 
contents; otherwise, it can be done robotically 
after the robotic cart is docked. The surgical dis-
section and excision generally proceed in a 
medial to lateral direction and are described in 
detail in following chapters. Extracorporeal anas-
tomosis has been described by Baik et al. and is 
most commonly performed because it’s familiar 
to laparoscopic facile surgeons and it decreases 
operative time as well [ 10 ]. Rawlings et al. have 
reported robotic intracorporeal ileotransverse 
anastomosis for right hemicolectomy [ 9 ]. 

 My preferred trocar placement is to place the 
camera at the umbilicus, the number 3 arm 
subxiphoid, the number 1 arm in the left upper 
quadrant, and the number 2 arm in the suprapu-
bic position. With this setup, the surgeon can do 
basic mobilization with an extracorporeal 
anastomosis or an intracorporeal anastomosis 

with extraction of the colon through a suprapubic 
extraction site. For low-BMI patients (BMI < 30), 
I prefer a single-port setup through the umbilicus 
and use 2–8 mm instruments and an 8 mm 
camera.   

8.3     Sigmoid Colectomy 

 The patient is placed in a supine, modifi ed lithot-
omy position with adjustable stirrups. Bolsters 
are sometimes placed at both shoulders to pre-
vent sliding toward the head of the bed with 
movement of the operative table, and both arms 
are tucked to the patient sides. Pneumoperitoneum 
is established via a needle, and the camera port is 
placed periumbilically. Careful inspection of the 
abdominal and pelvic contents is performed as 
described above. The placement of the trocars for 
the robotic arms and the assist port vary based on 
the surgeon’s preference and are well described 
by Rawlings et al. [ 9 ] and Baik [ 10 ]. The position 
of the robotic cart is to the left of the patient, 
either at the lower left side of the patient 
(Rawlings, left lower oblique) or at the level of 
the camera (Baik, left vertical). The patient is 
placed right side down. Baik describes a tech-
nique placing the patient in Trendelenburg posi-
tion through the entire procedure, including 
mobilization of the splenic fl exure. The robotic 
cart remains docked throughout, and there is no 
movement of the location of the robotic arms. 
Rawlings describes a technique starting in right 
side down in reverse Trendelenburg position for 
mobilization of the splenic fl exure, and then the 
robotic arms are removed. The patient is then 
placed in the right side down Trendelenburg posi-
tion, and the robotic arm locations are altered to 
facilitate dissection of the inferior mesenteric 
artery and the upper rectum. The technique 
reported by Baik appears to have the advantage 
of limited manipulation of the robotic system, but 
mobilization of the splenic fl exure may be surgi-
cally more challenging in the Trendelenburg 
position. The operative time differential between 
these techniques has not been elucidated. The 
procedure details will be described in the following 
chapter. Some surgeons have advocated a hybrid 
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approach for the ease of left colon mobilization, 
which is described below. 

 My preferred port placement for a sigmoid 
colectomy is to place the camera at the umbili-
cus, the number 1 port/stapler port in the right 
lower quadrant, the number 3 arm in the right 
upper quadrant/midclavicular line just two fi n-
gerbreadths below the costal margin, and the 
number 2 arm in the left upper quadrant just a 
few cm above the level of the camera. Sometimes, 
if a large amount of pelvic dissection is needed, I 
will place another 8 mm port in the LLQ where 
the number 3 arm will be moved after mobiliza-
tion of the left colon/splenic fl exure is done. 
Extraction is via the umbilicus or left lower 
quadrant if a port is placed there.  

8.4     Robotic Rectal Surgery 

 In rectal cancer surgery, total meso-rectal excision 
(TME) is the standard, regardless of the surgical 
technique. Laparoscopic rectal surgery is limited 
due to the narrow anatomy of the pelvis or in the 
presence of locally advanced disease. High con-
version rates to an open surgical approach have 
been demonstrated from the laparoscopic 
approach [ 11 ,  12 ]. 

8.4.1     Robotic Low Anterior 
Resection 

 A low anterior robotic resection is a challenging 
procedure because it requires dissection in the 
upper left quadrant for mobilization of the splenic 
fl exure and ligation of the IMA, as well as left 
lower quadrant resection for TME. This would 
require undocking and movement of the heavy, 
cumbersome robotic cart and relocating the 
weighty robotic arms. The hybrid procedure was 
developed to overcome the limitations of the 
robotic system. Many surgeons prefer the full 
robotic approach and will be addressed as well. 
Technical development of the surgical robotic 
system, lighter and longer robotic arms with 
increase mobility, will help to overcome current 
system constraints [ 13 – 21 ].  

8.4.2     Hybrid Low Anterior 
Resection 

 The patient is placed supine in a modifi ed 
lithotomy position with their legs in modifi ed 
lithotomy. Bolsters are placed at both shoul-
ders to limit shifting toward the head of the 
bed, with both arms tucked at patient’s side. 
Pneumoperitoneum is established by a needle. 
The endoscope is placed supraumbilically. 
Careful inspection of the abdominal and pelvic 
contents is performed as previously described. 
The placement of the trocars for the robotic 
arms and the assist port vary based on the sur-
geon’s preference and are well described by 
Baik [ 10 ]. The patient is placed right side down 
and in Trendelenburg. A surgeon on the right 
side of the patient performs conventional lapa-
roscopic IMA ligation and mobilization of the 
splenic fl exure and the left colon down to the 
rectosigmoid junction. The robotic cart is 
brought in from the perineal area, between the 
patient’s legs. The robotic arms are placed as 
per surgeon preference. The dissection is 
described in details in the following chapters. 
A suprapubic robotic trocar site is extended 
4 cm for specimen extraction. Based on tumor 
anatomy, coloanal anastomosis and abdomino-
perineal resection can be performed.  

8.4.3     Full Robotic Rectal Surgery 

 Hellan et al. [ 22 ] and Luca et al. [ 23 ] have all 
documented their robotic rectal TME techniques. 
The robotic cart is docked to the lower left of the 
patient. The procedure follows in two distinct 
steps with the endoscope place supraumbilical. 
The fi rst step entails ligation of the IMA and 
IMV and mobilization of the splenic fl exure and 
the left colon down to the rectosigmoid junction 
(as with the hybrid procedure). The placement of 
the robotic arms is per surgeon preference. The 
second step concerns the rectal TME and requires 
disengaging the robotic arms with relocation to a 
new or shared port site. The patient is not moved, 
and this does not require undocking of the 
robotic cart. 
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 My preferred technique is to do a fully robotic 
technique. We start by fi nding the middle of the 
abdomen after insuffl ation and placing the camera 
2 cm to the right of midline. We place the number 
1 arm/stapler trocar in the RLQ. The number 3a 
arm is placed in the right upper quadrant in the 
midclavicular line, two fi ngerbreadths below the 
costal margin. The number 2 arm is placed in the 
left midclavicular line a few fi ngerbreadths above 
the level of the camera. The number 3b arm is 
placed in the LLQ. We begin by dissecting under 
the IMA, identifying the ureter, and taking the 
IMA high at its base with the robotic vessel 
sealer. We then do a medial to lateral dissection 
separating the descending colon from the retro-
peritoneum. The splenic fl exure can be fully 
mobilized when the number 3a arm is used. Once 
the left colon and splenic fl exure are fully mobi-
lized, the number 3a arm is now moved to the 
LLQ 3b port, and the number 3a port can be used 
as an assistant port. We then do an appropriate 
TME for the cancer associated with the level of 
the cancer. Stapler is used through RLQ port, and 
the colon is brought out through the LLQ wid-
ened port. After transection of the bowel, we next 
use Firefl y and ICG to make sure we have good 
perfusion of our anastomosis before we place our 
purse string. We then do an EEA anastomosis and 
leak test.   

8.5     Natural Orifi ce Robotic 
Surgery 

 Natural orifi ce surgery has become an increasingly 
attractive option in the advancement of mini-
mally invasive colorectal surgery. Whether the 
approach is robotic or laparoscopic, specimen 
extraction typically involves an abdominal inci-
sion of variable length (4–5 cm) either by extend-
ing a trocar incision or by adding a new incision 
into the abdominal wall. Clinical evidence indi-
cates that abdominal incisions are associated 
with increased somatic pain, are prone to infec-
tion, and have an increased risk of incisional her-
nia [ 24 – 27 ]. Natural orifi ce specimen extraction 
(NOSE) is an alternative approach, whereby the 
resected specimen is delivered through an ana-

tomic orifi ce, namely, the vagina or the rectum. 
The hypothesized benefi ts of this technique are 
less cutaneous trauma, less postoperative pain, 
faster recovery, and decreased length of 
hospital stay. 

 Robotic techniques have likewise been 
adapted to include natural orifi ce specimen 
extraction. Choi et al. documented their robotic- 
assisted NOSE in colorectal cancer [ 28 ]. Thirteen 
patients underwent the procedure, 11 low anterior 
resections and 2 anterior resections. The lower 
anterior resections were conducted with a hybrid 
technique, with the ligation of the IMA and IMV, 
mobilization of the splenic fl exure, and left colon 
completed laparoscopically, followed by robotic 
TME. All underwent complete intracorporeal 
resection and anastomosis of the colon or rectum. 
The specimen was collected in a plastic bag 
introduced through the anus for removal or in 
women with a tumor in the upper rectum or distal 
sigmoid colon, through a transverse colpotomy 
for removal. In the transvaginal cases, the col-
potomy was closed robotically via intracorporeal 
suturing after specimen retrieval. The investiga-
tors reported that in their group of seven females, 
two underwent transvaginal extraction, with all 
of the remaining patients underwent transrectal 
extraction. They documented three postoperative 
complications, in two patients. One had an anas-
tomotic bleed, and one had anastomotic leak, 
following an inferior mesenteric arterial bleed. 
All circumferential margins were negative, and 
one distal resection margin was positive. They 
did not fi nd an increased occurrence of rectovaginal 
fi stula, nor did they note intraoperative adjacent 
organ injury that was seen laparoscopically with 
transvaginal NOSE. This may be related to 
improved visualization and manipulation of the 
robotic hands in the narrow pelvis, thereby poten-
tially giving robotics a surgical advantage for 
transvaginal and possibly transrectal NOSE. 

 Natural orifi ce extraction has also been 
employed for excision of colorectal pathology 
not employing laparoscopy or robotic techniques. 
Hellan and Maker reported a case of a 5 cm GIST 
tumor 3 cm above the dentate line in a 70-year- old 
woman, who had refused an abdominoperitoneal 
resection with end colostomy [ 29 ]. She agreed to 
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and underwent a transvaginal approach. In lithotomy 
position, the posterior wall of the vagina was 
incised and then extended into the left perineum 
similar to an episiotomy. The tumor was dis-
placed anteriorly by pushing through the anal 
canal. The 5 × 5 × 8 cm mass was successfully 
delivered transvaginally. The muscular propria of 
the rectum was tumor-free, yet the tumor cells 
were within 0.1 mm. from the surgical margin. 
The authors noted that although local excision of 
anorectal tumors about 3 cm from the dentate line 
is generally approached transanally, it was felt 
that this tumor was too large and would risk not 
obtaining a tumor-free margin. Fu et al. previ-
ously reported successful transvaginal excision 
of rectal carcinoma about 4 cm from the dentate 
line in 18 women [ 30 ]. Only 1 of the 18 devel-
oped rectovaginal fi stula.  

8.6     Comments Regarding 
Patient Selection for Various 
Robotic Surgical Techniques 

 Preoperative patient selection involves assess-
ment of the patient and the surgical technique 
[ 31 – 35 ]. Key components of deciding which sur-
gical technique to employ are the size, location, 
and the colorectal disease process. This dictates 
which approach will best provide a surgical cure 
and subsequent long-term survival. Not every 
tumor- or disease-specifi c surgical approach is a 
suitable option for an individual patient. Patient 
comorbidities may limit surgical options. Morbid 
obesity presents signifi cant challenges, but is not 
an absolute contraindication to robotic surgery. A 
BMI of greater than 33 kg/m 2  has been used as an 
exclusion criteria in cited studies. A patient with 
severe osteoarthritis or advanced age may not be 
able to maneuver into the lithotomy position or 
accommodate the robotic cart between their legs. 
The presence of signifi cant cardiovascular or pul-
monary disease may limit the patient’s ability to 
tolerate Trendelenburg position or pneumoperito-
neum. Conversely, natural orifi ce specimen extrac-
tion may be benefi cial in the setting of signifi cant 
patient morbidities, thereby avoiding an abdomi-
nal incision and possible compromise of respiratory 

function in a patient with COPD. Therefore, each 
patient and disease process must be examined 
from a risk-benefi t standpoint in order to plan the 
safest surgical plan.     
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      The Role of a Bedside Assistant 
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    Abstract  

  Since the introduction of robotic-assisted techniques for colon and rectal 
surgery in 2002, the role of the fi rst assistant has evolved to include 
increased responsibility. Typically in conventional laparoscopic surgery, 
the fi rst assistant provides technical assistance (i.e., camera viewing, suc-
tioning, and retraction). During robotic surgery, the operating surgeon is 
emerged in the performance of surgery at the console, leaving the bedside 
assistant responsible for continued support with robotic and laparoscopic 
instrumentation and more importantly responsible for the patient’s safety. 
We aim to characterize the role of the bedside assistant and how to opti-
mize effi ciency during surgery.  
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9.1         Introduction 

 Since the introduction of robotic surgery in a 
colorectal arena in 2002, more surgeons are 
becoming interested in performing colorectal 
surgery using the machine [ 1 ]. The use of the 
robot offers many advantages over conventional 
laparoscopy but also requires more training not 
only for the operating surgeon, but for assistants, 
nurses, and scrub technicians. The role of the 
assistant is essential in every operation but 
becomes much more signifi cant in robotic 
 surgery because the assistant is the only human 
interface between the patient and the robot. The 
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surgeon’s assistant participates in preoperative 
setup, patient positioning, operative suite arrange-
ment, trocar placement, intraoperative retraction, 
and troubleshooting [ 2 – 5 ] as summarized in 
Table  9.1 . Depending on the setting one practices 
in, the assistant may be another attending sur-
geon, resident in training, a physician assistant, 
or an operating room nurse. The robotic assistant 
should know the steps of a particular operation 
and be able to aid and facilitate the surgeon in 
performing a safe and effi cient operation as noted 
in Table  9.2 . The role that the assistant takes 
depends on the kind of surgery performed as well 
as technical ability of the assistant.

    Intuitive has so far came out with three da Vinci 
robot prototypes, each more advanced than the 
previous model. With the introduction of robotic 
suction, energy device, and stapler, the role of the 
assistant has evolved as well. However, not every 
hospital has purchased the newer components, and 
essential parts of surgery can still be done with the 
older equipment operated by the assistant. 

 The goal of this chapter is to defi ne the role of 
the bedside surgeon and to aid surgeons who are 
starting out on the robot with how to use the bed-
side assistant more effi ciently, facilitating quicker 
and safer surgery, leading to fewer conversions, 
and preventing “wear and tear” on the primary 
surgeon and assistant.  

9.2     Preoperative Preparation 

 The bedside assistant should be involved in pre-
operative preparation of the patient and the oper-
ating suite. We usually check the patient’s BMI, 
other comorbidities, and pre-op status including 
any dermatologic or neurologic problems. When 
operating on the elderly or patients with severe 
arthritis, great care should be taken when posi-
tioning them in stir-ups, and more padding should 
be used for the bony prominences and around the 
joints. Prior to a patient coming to the operating 
room, the bedside assistant should check with the 
OR staff for any concerns with the equipment, 
draping of the robot, or calibration of the camera. 

9.2.1     Patient Positioning 

 Patient positioning is critical when performing 
colorectal surgery. A well-defi ned operative setup 
and plan can improve effi ciency and patient 
safety when performing robotic colon resection. 
With robotic surgery, the surgeon is faced with 
unique challenges. The patient’s position cannot 
be changed after the robot is docked. At times, 
patient stays in the same position putting pressure 
on the same places for a long time. Incorrect posi-
tioning can lead to pressure ulcers, nerve dam-
age, and other complications. Brachial plexus 
nerve injuries are discovered after approximately 
0.16 % of advanced laparoscopic procedures, and 
the risk is probably higher for robotic surgery [ 6 ]. 

 To minimize the risk of brachial plexus inju-
ries during robotic surgery, the arms should be 
tucked at the side of the patient whenever possi-
ble. Braces should be avoided. Either a moldable 
beanbag or nonskid mattress should be used. We 
use The Pink Pad-Pigazzi Positioning System 

   Table 9.1    Clinical application of the bedside assistant   

 The role of the bedside assistant 

 • Setup of the room and draping of the robot 

 • Patient positioning 

 • Robot docking 

 • Provide retraction, suction, and irrigation or apply a 
stapler, energy device, or clip 

 • Instrument exchange 

 • Maintain a clean camera and change the angle of 
the camera as needed 

 • Assist with adjustment of robot arms 

 • Perform emergency undocking maneuvers if 
needed 

   Table 9.2    Qualities to look for when choosing a bedside 
assistant   

 Qualities of a good bedside assistant 

 • Maintains constant communication with the console 
surgeon 

 • Knows the steps of the procedure 

 • Has knowledge of relevant anatomy 

 • Understands the instruments and has technical 
knowledge of the robot system 

 • Understands the limitations of the robot 
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(Xodus Medical Inc.) to prevent the patient from 
sliding during surgery and to act as a safeguard to 
prevent injury by conforming to the patient body 
and dispersing pressure (see Fig.  9.1 ). It is pri-
marily the responsibility of the assistant to ensure 
correct patient positioning, padding, and secur-
ing. Once positioned on the Pink Pad, it is very 
diffi cult to move the patient. Thus, the position 
of the mattress should be checked prior to 
patient’s laying down on it, and the patient’s 
 positioning should be adjusted when the patient 
is not anesthetized.

   During surgery, the bedside assistant is 
responsible for checking that the patient has not 
shifted, and the arms of the robot do not touch the 
patient to prevent injury. The primary surgeon is 
neither aware of the positioning of the arms in 
relation to the patient, since there are no tactile 
clues, nor has the visual awareness of what is 
occurring outside the console (see Fig.  9.2 ).

   Once the patient has been optimally posi-
tioned and the robot is docked, the bedside assis-
tant takes position by the patient. For a left colon 
or pelvic procedure, the bedside assistant typi-
cally stands on the patient’s right side. During a 
right hemicolectomy, the assistant stands on the 
patient’s left side. We provide the bedside assis-
tant with a sitting stool to maximize comfort and 
fi nd that the quality of laparoscopic assistance is 
unaffected (Fig.  9.3 ).

9.2.2        Port Placement 

 Port placement is essential to successful surgery. 
Each patient has a specifi c body habitus necessi-
tating port positioning to be individualized. Ports 
placed too close to each other will hamper move-
ment and cause clash of instruments, whereas 
ports placed too far from the site of surgery may 
not allow the instruments to reach the operative 
site. The bedside assistant is often the one placing 
the ports (Fig.  9.4 ).

  Fig. 9.1    Standard patient lithotomy positioning using 
The Pink Pad-Pigazzi Positioning System (Xodus Medical 
Inc.) for left colectomy or pelvic dissection         Fig. 9.2    The console surgeon is immersed in the opera-

tion, while the bedside surgeon must ensure the safe inter-
action between the robot and the patient       

  Fig. 9.3    The bedside assistant is sitting comfortably 
while providing laparoscopic assistance, which promotes 
endurance throughout the operation. Note the safe dis-
tance between the robot and the assistant       
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   The location of the robotic and assistant ports 
is specifi c to the kind of surgery it is. The goal is 
to allow the bedside assistant to laparoscopically 
access the area of interest during the surgery 
while avoiding injury to the patient and assistant 
and allowing full mobility of the robotic arms. 
We recommend placing the assistant port no less 
than 5 cm from the robotic or camera ports.   

9.3     Role in Specifi c Surgeries 

9.3.1     Right Hemicolectomy 

 When performing a robotic-assisted right hemi-
colectomy, an assistant port is placed in the left 
lower quadrant. It is used for retraction when get-
ting control of the ileocolic pedicle. If the robotic 
stapler or energy device is not available, the 
assistant can divide the pedicle using the energy 
device, clips, or stapler. When performing an 
intracorporeal anastomosis, sutures can be passed 
through the assistant port obviating the need to 
undock and thus saving time.  

9.3.2     Pelvic Dissection 

 Most colorectal surgeons fi nd the robot to be most 
useful when performing surgery in the pelvis. For 
a low anterior resection, abdominoperineal resec-
tion, or rectopexy, the assistant port is usually 
placed in the right upper quadrant. If another port 

becomes necessary, a suprapubic port can be 
placed approximately 2 cm above the pubic sym-
physis in the midline (Fig.  9.5 ). The key is to place 
the assistant port away from the camera and not in 
line with other ports. We usually place a 12-mm 
port approximately 1–2 cm lateral to the midcla-
vicular line and either superior or inferior to the 
camera port approximately 8 cm superior to the 
anterior superior iliac spine. This position allows 
us to use the port for retraction in the initial steps 
of the operation and for passing a stapler when 
dividing the rectum, as well as it is very effective 
in suctioning during the pelvic dissection. The 
port can be placed at the site of the future diverting 
ileostomy if it is necessary. However, when placed 
more medially, it becomes more diffi cult for the 
assistant to maneuver the instruments in between 
robotic arms and occasionally dangerous because 
of movement of robotic arms in relation to the 
assistant head or hands. For left hemicolectomy, 
we usually use three arms only and place an assis-
tant port in a similar location to a pelvic surgery. 
During surgery, it occasionally becomes necessary 
to place more ports. The bedside  assistant should 

  Fig. 9.4    The bedside assistant is often the surgeon who 
places the robotic and assistant ports       

  Fig. 9.5    Suprapubic assistant port access during pelvic 
surgery       
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be able to choose the site and place the ports to 
facilitate the progression of surgery.

9.4         Robot Installation 

 Once the patient is placed in position, all the tro-
cars are inserted, and the small bowel is retracted 
from the site of the surgery, the robot is docked. 
The camera arm is docked to the central port, 
while the lateral two or three arms are attached to 
the respective robotic trocars. The bedside assis-
tant should have knowledge of how to dock and 
undock the arms quickly and be able to safely 
place the instruments. If skill level allows, the 
bedside assistant can receive the robot, while the 
console surgeon can step back from the patient 
allowing an overall view of robot to patient align-
ment to optimize initial setup.  

9.5     Change of Robotic 
Instruments 

 The bedside assistant should have a thorough 
understanding of the various robotic instruments. 
After the robot has been docked, each instrument 
should be inserted into the robotic port, secured to 
the arm, and entered under direct visualization with 
the tip oriented toward the target anatomy. Bipolar 
or monopolar electrocautery cords should be 
attached either before or immediately after inser-
tion of the instrument. Throughout the case, the 
camera will need to be intermittently cleaned, and 
the angle of visualization may need to be adjusted. 
The assistant should be adept at manipulating the 
camera from the port. In order to ease insertion of 
the camera, we prefer to insert the tip of the camera 
into the port before securing the hub of the camera 
to the robotic arm. Additionally, when changing the 
angle of the camera to view up or down, we pre-
fer to minimize movement by freeing the camera 
from the robotic arm, rotating the lens, and secur-
ing while leaving the tip of the camera in the port 
(Fig.  9.6 ). During any operation, instruments need 
to be exchanged. The da Vinci Surgical System 
has a built-in instrument position memory to allow 
for easier instrument insertion throughout the case. 
It is imperative that the  bedside assistant does not 

rely on the position memory of the robotic arm. 
Caution must always be taken when inserting an 
instrument to avoid injury to abdominal structures. 
The bedside assistant has to know the steps of a 
particular operation and be able to quickly initiate 
instrument exchanges. Communication between 
the console surgeon and bedside assistant during 
instrument insertion or exchange is critical to the 
safety of the operation. Each movement by the 
bedside assistant, whether it is removing or insert-
ing an instrument or connecting an electrocautery 
source, should be clearly communicated to the 
console surgeon.

9.6        Troubleshooting 

9.6.1     Robot Arm Collisions 

 During the procedure, internal or external colli-
sions may occur necessitating adjustment of 
the robot arms. We recommend removing the 
instrument before manipulating the robotic arm 
to avoid inadvertent intra-abdominal trauma.  

  Fig. 9.6    The direction of the camera angle is changed 
without completely removing the camera from its holster       
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9.6.2     Managing Intraoperative 
Complications 

 The bedside assistant plays a critical role in 
maintaining the safety of the patient acting as the 
human intermediary between the robot and the 
patient. Complications may arise throughout the 
case including enterotomy, ureteral injury, and 
the most urgent of which is intraoperative hemor-
rhage. In most situations, this can be managed 
entirely by the console surgeon with the assistant 
providing proper exposure of the bleeding source 
by suctioning, providing retraction of tissues, or 
mobilizing surrounding structures. In other situa-
tions, the bedside assistant may obtain hemosta-
sis by application of an energy device, clip, or 
intracorporeal suture. 

 Occasionally, a complication requires rapid 
undocking of the robot in preparation to convert 
to a laparoscopic or open procedure. The bedside 
assistant must effectively control the bleeding 
while concomitantly removing the instruments 
and disconnecting the arms from the ports. For 
example, if intraoperative hemorrhage occurs 
uncontrolled by the robot, the bedside assistant 
can use a grasper to apply pressure or grasp the 
bleeding vessel. The console surgeon should 
release any tissue being held by the instruments. 
If there is a system fault and the master control-
ler cannot be used to release the tissue, the bed-
side assistant can use the grip release tool to 
manually open the grasper. The instruments and 
endoscope should be rapidly removed, and the 
arms should be disconnected from the cannulae. 
As an alternative, once the instruments are 
removed, the robotic arms can be pulled remov-
ing the ports at the same time allowing even 
faster access to the abdomen from the bedside. 
However, it is imperative to note that the robot 
cannot be moved away from the patient until all 
of the arms are removed from the cannulae 
unless it is placed in neutral mode. Once the 
robot is switched from drive to neutral mode, the 
robot can be pulled away from the bed (Fig.  9.7a, 
b ). The skills of the assistant may be the deter-
mining factor if the operation proceeds in the 
minimally invasive way.

9.6.3        Safety of the Bedside 
Assistant 

 A challenge unique to the bedside assistant in 
robotic surgery is to avoid physical trauma from 
contact with a moving robotic arms. The operat-
ing surgeon is typically immersed in the opera-
tive fi eld making    him/her unaware of the sudden 
movement observed of the robotic arms when 
working throughout the abdomen. The bedside 
surgeon must be aware of the spatial relation-
ships of the robotic arms to his face, arms, chest, 
and groin areas. When not engaged laparoscopi-
cally in the surgical procedure, the assistant 
should maintain a safe distance away from 
the patient. 

 One way to prevent trauma to the bedside 
assistant is to maintain constant communication 
between the bedside and console surgeons. In 
addition, a bedside assistant will prevent injury 
by anticipating the steps of the surgery and thus 
anticipating the movement of the robotic arms. 
Optimally, the console surgeon should notify the 
assistant every time the operative fi eld shifts. For 
instance, after the IMA pedicle is divided and 
medial to lateral dissection is completed, the sur-
geon should announce that the lateral attach-
ments are to be divided next. When shifting from 
the splenic fl exure takedown to the pelvic dissec-
tion, another warning should be made since the 
angle of the arms changes completely. In general, 
sudden movements should be avoided.   

9.7     Learning the Procedure 

 Since more teaching institutions are incorporating 
robotic surgery into their practice, training on the 
robot is becoming a part of surgical education. 
The importance of hands-on training is paramount 
in developing both laparoscopic and robotic 
skills. Patient-side assistance is the principal 
means of acquiring these skills. The bedside 
assistant is expected to be a safe and effi cient 
assistant but also to acquire necessary skills to 
graduate to the console surgeon’s position. As 
with laparoscopic surgery, the residents are 
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expected to participate in pre-, intra-, and postop-
erative care of the patient [ 7 ]. 

 Simulation labs are used in many hospitals to 
educate the residents and advance their skills. 
Computer modules and training modules on the 
actual machine should be used to train the resi-
dents in preparation for independent practice.  

9.8     Conclusion 

 In order to perform or to assist in robotic colorectal 
surgery, one should have the fundamental knowl-
edge of surgical techniques, have familiarity with 
steps of a particular operation, have detailed 
knowledge of robotic instruments, and be able to 
troubleshoot and react quickly. Some centers have 
presented their experience in having no bedside 
assistants, facilitating solo surgery [ 8 ]. In our opin-
ion, the assistant is a much needed entity in ensur-
ing the safety and effi ciency of robotic colorectal 
surgery, and his role is not going away just yet.     
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    Abstract  

  This chapter outlines our technique of robotic right hemicolectomy, which 
we have successfully used in over 100 patients. We generally prefer the 
three-port technique for extracorporeal right hemicolectomy and the four- 
port technique for planned intracorporeal anastomosis. There are numer-
ous approaches to dissection of the right colon, but we utilize the medial 
to lateral approach. This can be modifi ed, based upon surgeon preference. 
Robotic-assisted right hemicolectomy affords accurate dissection and 
enhanced visualization and can serve as an alternative platform for the 
minimally invasive approach.  
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 Electronic supplementary material:   This chapter con-
tains video segments that can be found on the following 
DOI:   10.1007/978-3-319-09120-4_10     

10.1        Instruments and Accessories 

•     Basic accessory kit and drapes  
•   Veress needle  
•   Laparoscopic 10-mm balloon port trocar 

(camera port)  
•   Robotic camera head  
•   Robotic 0° and 30° endoscopes  
•   5-mm laparoscopic camera (in cases where 

adhesions are anticipated)  
•   Camera warmer  
•   Robotic 8-mm trocars (one vented, one 

non-vented)  
•   Laparoscopic 5-mm trocar  
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•   Smoke evacuator  
•   5-mm suction/irrigation device  
•   Laparoscopic bowel graspers  
•   Monopolar curved scissors  
•   Fenestrated bipolar forceps  
•   Robotic vessel sealer  
•   Cadiere forceps  
•   Robotic needle driver (intracorporeal suture)  
•   Robotic stapler (intracorporeal suture)  
•   Small Alexis wound protector     

10.2     Patient Selection 
and Preparation 

10.2.1     Patient Selection 

 A number of prospective randomized trials have 
proven that laparoscopic colectomy reduces post-
operative pain, improves short-term outcomes, and 
provides similar oncologic outcomes compared to 
open colectomy. The benefi ts of robotic- assisted 
colectomy compared to the conventional laparo-
scopic approach are debatable. Retrospective 
reviews and a recent meta-analysis indicate that 
robotic and laparoscopic colectomies are associ-
ated with similar complication rates and short-term 
outcomes. The robotic approach shows trends for 
lower rates to open conversion and higher rates of 
intracorporeal anastomosis [ 1 – 4 ]. In the only ran-
domized clinical trial comparing laparoscopic to 
robotic- assisted right hemicolectomy, surgical and 
oncologic outcomes were similar [ 1 ]. However, 
time, operating room charges, and overall costs are 
higher for robotic colectomy. 

 A right hemicolectomy is an ideal procedure 
for surgeons beginning to perform robotic- 
assisted minimally invasive surgery. Patient 
selection criteria are similar to those of tradi-
tional laparoscopic surgery. Due to the enhanced 
visualization and increased dexterity provided by 
the robotic platform, this approach is particularly 
helpful in patients with bulky lymphadenopathy 
requiring dissection close to the superior mesen-
teric artery and vein. The robotic platform also 
facilitates the performance of a total mesocolic 
excision for tumors located in the vicinity of the 
hepatic fl exure that require dissection of the right 
gastroepiploic vessels. Contraindications for 

robotic right colectomy are similar to those for 
laparoscopic colectomy: patients with locally 
advanced tumors requiring resection of adjacent 
organs, patients with peritoneal carcinomatosis, 
patients with extensive peritoneal adhesions, or 
those not able to tolerate insuffl ation.  

10.2.2     Patient Preparation 

 Patients scheduled for robotic-assisted right 
hemicolectomy undergo oral mechanical bowel 
preparation with a clear liquid diet and a polyeth-
ylene glycol-based agent, in combination with 
oral antibiotics, on the day prior to surgery. 
Before induction of anesthesia, a prophylactic 
dose of low molecular weight heparin and antibi-
otics are administered. An intravenous dose of a 
broad-spectrum antibiotic covering gram- 
negative bacteria and anaerobes is delivered 
before making the surgical incision.  

10.2.3     Operating Room (or) 
Confi guration 

 The operating room should be spacious enough 
to allow suffi cient room for the surgeon, assis-
tant, scrub nurse, patient cart, robot console, 
camera tower, and CO 2  insuffl ation machine. 
The robot should be positioned on the patient’s 
right side prior to draping, and the robot arms 
positioned such that arm    1 is positioned toward 
the head of the patient, the camera arm is cen-
tered, and arms 2 and 3 are placed toward the 
patient’s feet. The bedside operating assistant 
stands on the patient’s left side, and the scrub 
technician and instrument table should be posi-
tioned on the left side near the patient’s feet. The 
anesthesia team retains its normal position at the 
head of the bed. The robot is docked obliquely 
over the right shoulder, at an almost 45° angle 
in relation to the axis of the operating table. 
The video monitors, intravenous fl uid poles, 
equipment booms, and the anesthesia cart 
should be positioned so as to avoid interference 
with the cart or robotic arms. Figure  10.1  shows 
an overhead view of the recommended OR 
confi guration.
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10.3         Positioning, Port Placement, 
and Docking 

10.3.1     Patient Positioning 

 After intubation and placement of a urinary cath-
eter, orogastric tube, and IV access, the patient is 
positioned supine with the iliac crest centered over 
the fl exion point joint (break) of the table. The 
patient’s arms are tucked alongside the body and 
padded to lessen the possibility of brachial plexus 
injury. This also allows for easier docking of the 
robot and provides extra space for the assistant at 
bedside. Pressure points and bony prominences 

are padded, and the body is secured to the operat-
ing table with straps around the legs and shoul-
ders. We also prefer to use antiskid foam cushion 
in order to avoid the patient sliding with changes 
in position. Finally, the patient is covered with an 
upper body warmer to prevent hypothermia. 
Sequential compression devices are applied to the 
legs for DVT prophylaxis. (If needed, the table 
can be fl exed 10–15° at the break to lower the 
patient’s legs, in order to prevent external colli-
sions with the robotic arms after docking.) Final 
table adjustments should be made prior to draping, 
and an initial safety check performed with the bed 
rotated in all necessary planes—most importantly 
in Trendelenburg and left-sided tilt position.  

  Fig. 10.1    Operating room setup.  With permission from 
Gossedge G ,  Jayne D. Robotic Technique for Right 
Colectomy. In :  Kim J ,  Garcia - Aguilar J ,  eds. Surgery for 

Cancers of the Gastrointestinal Tract :  A Step by Step 
Approach. Springer ,  New York 2015 ;  pp. 187 – 194        
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10.3.2     Port Placement 

 When performing robotic-assisted right hemico-
lectomy, thought must be given prior to port 
placement and decisions made based upon the 
patient’s size and body habitus, extent of the dis-
section of the transverse colon, and whether an 
intra- or extracorporeal anastomosis is planned. 
In general, we recommend a 4-trocar approach 
(camera, two robotic trocars, and an auxiliary 
laparoscopic trocar) when an extracorporeal 
anastomosis is planned. In this case, the speci-
men is extracted by extending the incision used 
for the camera trocar. The intracorporeal anasto-
mosis requires one additional robotic or laparo-
scopic large-bore trocar (12–15 mm) to introduce 
the stapler. Basic principles for port placement 
dictate that the camera port be 15–18 cm from the 
site of dissection, and the distance between ports, 
following insuffl ation, should be around 8 cm to 
prevent collisions. 

10.3.2.1     Camera Port, 12 mm 
 Pneumoperitoneum is established either with a 
Veress needle placed in Palmer’s point so as to 
achieve insuffl ation of 12–15 mmHg. A 10–12- 
mm balloon port for the camera is placed either 
supraumbilically or to the left of the umbilicus, 
2–3 cm medial to the midclavicular line (MCL), 
depending upon body habitus and site of the 
lesion. (The spino-umbilical line is drawn from 
the anterior superior iliac spine to the umbilicus.) 
Alternatively, the open Hasson technique can be 
used. The camera is then introduced, and inspec-
tion for metastatic disease is performed.  

10.3.2.2     Four-Port Robotic Right 
Hemicolectomy with Planned 
Extracorporeal Anastomosis 

 The position of the robotic and laparoscopic tro-
cars is only decided after pneumoperitoneum has 
been created:

•     Instrument Arm 1, Vented Robotic Port, 8 mm : 
Place the port approximately two fi nger-
breadths below the left costal margin along the 
left MCL. The distance to the camera port 
should be at least 8–10 cm. This port should 
be vented to connect the smoke evacuator.  

•    Instrument Arm 2, Robotic Port, 8 mm : This 
port is placed in the vicinity of the intersection 
of the left MCL with the SUL and always more 
than two fi ngerbreadths medial to left anterior 
superior iliac spine. However, it is important to 
take into consideration the fact that the instru-
ment introduced through this trocar should 
reach the hepatic fl exure and may need to be 
moved medially in large patients. The distance 
to other instrument ports and the camera port 
should be at least 8–10 cm.  

•    Assistant Port (5 mm) : Place a 5-mm laparo-
scopic port lateral to the left MCL, at least 
8–10 cm away from both instrument arms.  

•    Instrument Arm 3 : Some surgeons prefer to 
use the third robotic arm to obtain additional 
exposure during the dissection. An 8- or 
12-mm port is placed in the suprapubic area at 
least two fi ngerbreadths above the pubic bone.     

10.3.2.3     Five-Port Robotic Right 
Hemicolectomy with 
Intracorporeal Anastomosis 
(Fig.  10.1 ) 

•     When an intracorporeal anastomosis is 
planned, some surgeons prefer to place the 
camera port to the left of the umbilicus and at 
least 2–3 fi ngerbreadths from the MCL.  

•    Instrument Arm 1 and 2 ports and a laparo-
scopic auxiliary port  are placed for an extra-
corporeal anastomosis.  

•    For Instrument Arm 3 , a 12-mm trocar (either 
robotic or laparoscopic, depending on the sta-
pling device used) is placed in the suprapubic 
area, 2–3 fi ngerbreadths above the pubic bone 
and to the right of the midline. The incision 
for this trocar should be in transverse orienta-
tion, so that it can be enlarged to create a small 
Pfannenstiel incision in order to remove the 
specimen.     

10.3.2.4     Exposing the Area 
of Dissection 

 Prior to docking the robot, the bed is tilted left 
side down with slight Trendelenburg positioning. 
When an intracorporeal anastomosis is planned, 
the operating room table can be fl exed slightly at 
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the hips (kidney bend) to gain additional range of 
motion for instrument arm 3 and avoid collision 
with the patient’s legs. After inspecting the peri-
toneal cavity, the omentum and the transverse 
colon are pushed cephalad over the stomach 
using laparoscopic instruments. The small intes-
tine is gently moved to the left to expose the ileo-
colic pedicle and duodenum.   

10.3.3     Robotic Cart Docking 
and Instrument Placement 

 A clear path for the patient cart free of all cords 
and other equipment should be made prior to 
driving the draped patient cart. The cart should 
approach the OR table from the right, at a 45° 
degree angle over the right shoulder. 

 When docking the arms, it is important to 
ensure that the camera port, target anatomy, and 
robotic cart center column are aligned. Port and 
arm clutch maneuvers should be used to dock the 
remaining instrument arms. Once the cart is 
docked, the position of the bed cannot be changed 
without undocking. While docking, the camera 
arm should be in the “sweet spot” to maximize 
range of motion for the camera and instrument 
arms. The blue arrow should align with the blue 
marker on the second joint or create a 90° angle 
between the fi rst and third joint on the camera 
arm. When using all three instrument arms, it is 
useful to place the arm joints as lateral as possi-
ble away from the fi eld, to avoid collision. 

10.3.3.1     Loading the Robotic Arms 
with Instruments 

   Four-Port Robotic Right Hemicolectomy 
with Extracorporeal Anastomosis 
(Fig.  10.2 ) 

•        Camera Arm: After weight balancing, a warmed 
robotic 0° endoscope is inserted into the camera 
port. The entire procedure can usually be per-
formed with a 0° endoscope, but a 30° endo-
scope may be required for optimal exposure in 
obese patients with a deep hepatic fl exure.  

•   Instrument Arm 1 Port, 8 mm: Monopolar 
curved scissors and the robotic vessel sealer 
are used most often in this port.  

•   Instrument Arm 2 Port, 8 mm: A bipolar 
grasper or a Cadiere grasper is used to 
hold the bowel and provides exposure for 
dissection.  

•   Assistant Port (5 mm): The suction irrigator 
and laparoscopic bowel grasper are commonly 
used by the assistant during the procedure.     

   Five-Port Robotic Right Hemicolectomy 
with Intracorporeal Anastomosis 

•     Instrument Arm 3: A Cadiere grasper can be 
used for additional tissue exposure during the 
dissection. However, this instrument arm will 
be used mainly for the introduction of the 
 stapler and/or the robotic needle driver during 
the anastomosis.        

  Fig. 10.2    Robotic docking and instrument position       
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10.4     Procedure Steps 

10.4.1     Right Hemicolectomy 

10.4.1.1     Initial Exposure 
 We prefer to use a medial to lateral approach. 
However, the procedure can be performed with a 
lateral to medial approach. If not performed pre-
viously, the omentum is retraced cephalad, and 
the small bowel to the patient’s left, in order to 
expose the colonic mesentery. The assistant may 
have to continue to hold appropriate retraction, 
particularly in obese patients with sizeable omen-
tum (   see Video  10.1 ).  

10.4.1.2     Vascular Control 

   High Ligation of Ileocolic Vessels 
 The course of the ileocolic vessels is demon-
strated by grasping the mesentery at the ileocolic 
junction and pulling gently toward the left lower 

quadrant. Once identifi ed, the fenestrated bipolar 
grasper (arm 2) is used to hold up the ileocolic 
vessel about 5 cm from its takeoff from the SMA 
(Fig.  10.3 ). A robotic monopolar scissor (arm 1) 
is used to score the peritoneum on the medial side 
of the ileocolic vessels and enter the retroperito-
neum (Fig.  10.3 ). A small cave is created under-
neath the mesentery by posteriorly sweeping the 
retroperitoneal structures and the duodenum. The 
dissection is continued until the origin of the ileo-
colic vessels in the superior mesenteric vessels is 
reached.

   The peritoneum around the origin of the ileo-
colic vessels is scored to expose the origin of the 
superior mesenteric vessels and the duodenum. 
Once the anatomy is defi ned, the ileocolic ves-
sels are skeletonized near the origin leaving 
the mesenteric nodes in the specimen side 
(Fig.  10.3 ). The vessels are then divided either 
between Hem-o- lok  ®  clips or with the vessel 
sealer ®  (Fig.  10.3 ).   

  Fig. 10.3    Dissection and division of ileocolic pedicle       
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10.4.1.3    Medial to Lateral Dissection 
 The mesocolon is lifted from Toldt’s fascia and 
the retroperitoneal structures bluntly and sharply, 
with the monopolar scissors reintroduced through 
arm 1 (Fig.  10.4 ). The dissection continues later-
ally, using the bipolar forceps to provide counter- 
tension until the abdominal wall is reached. The 
dissection continues along this plane superiorly 
and medially over the duodenum and the head of 
the pancreas. This avascular plane should be eas-
ily identifi ed, as the pancreas has a different color 
and texture than the mesocolic fat (Fig.  10.4 ). The 
dissection is then continued at the root of the mes-
entery along the superior mesenteric vessels, until 
the origin of the right colic vessels is encountered. 
The vascular anatomy in this area is variable, and 
some patients do not have a right colic artery 
(Fig.  10.4 ). In these patients, the next vessels 
encountered are the middle colic vessels. Again, 
after carefully inspecting the anatomy, the vessel 
is dissected clearly down to the origin and divided 

with the vessel sealer. The right branch of the 
middle colic is also routinely divided (Fig.  10.4 ).

   For tumors located on the right side of the 
transverse colon, an extended right colectomy 
may be required. In those cases, the trunk of the 
middle colic vessels is divided close to the origin. 
In the presence of bulky lymphadenopathy at the 
origin of the middle colic vessels, this portion of 
the dissection can be particularly challenging, as 
the lymph nodes may adhere to both the pancreas 
and the root of the mesentery. For these tumors, 
we recommend removing the lymph nodes along 
with the right gastroepiploic vessels, which can 
be dissected and divided near the head of the pan-
creas from beneath the mesocolon (Fig.  10.5 ).

   Once the vascular pedicles have been divided 
and the right side of the transverse mesocolon 
separated from the pancreas and retroperitoneum, 
we then turn our attention to the greater omen-
tum and the gastroepiploic arcade. The colon 
and mesentery are pulled toward the pelvis. 

  Fig. 10.4    Medial to lateral dissection and division right colic artery       
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For a standard right colectomy, the omental 
 vessels are divided outside the gastroepiploic, 
using the vessel sealer. At this point, it is impor-
tant to enter the lesser sac, which is often par-
tially obliterated by adhesions. Once the lesser 
sac is exposed, the surgeon encounters the plane 
of dissection already developed from beneath the 
transverse mesocolon. The attachments of the 

omentum and the colon are sequentially divided 
from medial to lateral, around the hepatic fl exure, 
and toward the ascending colon. Finally, the 
cecum, appendix, and terminal ileum are mobi-
lized by dividing the peritoneal attachments in 
the right lower quadrant. Care should be taken to 
avoid injuring the gonadal vessels or the right 
ureter (Fig.  10.6 ).

  Fig. 10.5    Dissection of right colic with bulky lymphadenopathy, entrance into lesser sac, and division of right gastro-
epiploic pedicle       

  Fig. 10.6    Standard entrance into lesser sac with sparing of the right gastroepiploic pedicle with mobilization of lateral 
colon attachments       
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10.4.1.4        Division of the Mesentery 
and Omentum 

 Ample mobilization of the terminal ileum is rec-
ommended, particularly when an extracorporeal 
anastomosis is anticipated. The mesentery of the 
terminal ileum is divided with the vessel sealer 
approximately 5–6 cm away from the ileocolic 
vessels (Fig.  10.7 ).

   Attention is turned to the transverse mesoco-
lon held in place by the bipolar grasper (arm 2) 
and the laparoscopic assistant grasper. The mar-
ginal arteries are sealed with a vessel sealer, and 
the mesentery is divided parallel to the vasa recta 
all the way to the bowel wall. The omentum is 
then divided at the same level as the transverse 
mesocolon. The portions of the transverse colon 
and mesocolon distal to the point of transection 
should be mobile to allow a tension-free anasto-
mosis, particularly when an extracorporeal anas-
tomosis is anticipated.  

10.4.1.5     Anastomosis and Specimen 
Removal 

   Extracorporeal Anastomosis 
 Once the entire right colon is mobilized and 
hemostasis is confi rmed, the appendix is held 
with a laparoscopic bowel grasper through the 
assistant port. The robot is then undocked, releas-
ing the robotic arms but leaving the trocars in 
place. The robotic cart is carefully backed away 
from the patient. One must make certain to raise 
the level of the arms to avoid trauma to the 

patient. The camera port incision is extended up 
to 4 cm, and a wound protector is placed. The 
appendix is delivered into the incision site and 
the specimen delivered outside the body for 
extracorporeal anastomosis. We prefer to per-
form a stapled side-to-side functional end-to-end 
anastomosis, after carefully ensuring proper 
alignment of the mesentery. After the anastomo-
sis is performed, we do not close the mesenteric 
defect. The fascia from the specimen retrieval 
site is irrigated, and fi gure-of-8 sutures are used 
to close the fascia with reabsorbable monofi la-
ment sutures. We prefer to close the skin of the 
midline incision with vertical mattress nylon 
stitches and the port sites with subcuticular 
monofi lament reabsorbable sutures (Fig.  10.8 ).

      Intracorporeal Anastomosis 
 The terminal ileum and the transverse colon are 
divided with a laparoscopic or robotic stapler. We 
prefer a functional end-to-end anastomosis. The 
ends of the terminal ileum and the transverse 
colon are aligned side to side with interrupted 
stitches for at least 8 or 10 cm in length, ensuring 
contact with the antimesenteric borders. The 
sutures are kept long to facilitate orientation of 
the bowel while the stapler is fi red. The sutures 
holding the bowel together are placed by arms 1 
and 3. Arm 2 is used to create enterotomies with a 
monopolar scissor in the transverse colon, about 2 
cm proximal to the stapled ends. The openings 
should be large enough to accommodate the sta-
pler. The sutures are then held with arms 1 and 2, 

  Fig. 10.7    Mobilization of the terminal ileum with division of the mesentery       
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and a 45-mm robotic stapler with a blue load 
(3.5 mm staples) is now introduced through the 
15-mm port and directed toward the bowel open-
ing. The stapler is oriented so that the broader jaw 
is placed into the enterotomy in the transverse 
colon and the smaller jaw in the ileum. The stay 
sutures are used to advance the tissue onto the sta-
pler. The assistant can help align the bowel so that 
the stapler fi res along the antimesenteric borders. 
The common enterotomy is closed with inter-
rupted absorbable sutures. The staple lines are 
inspected for excessive bleeding, malformed sta-
ples, or tissue gaps, and the peritoneal cavity is 
inspected for any bleeding and to ensure proper 
orientation of the bowel. Once hemostasis is con-
fi rmed, the specimen is held with laparoscopic 

bowel grasper, while the robotic arms are 
undocked, and the robotic cart is moved away 
from the bed. The incision of the port for arm 3 is 
extended to deliver the specimen, and a wound 
protector is placed. Once the specimen is 
removed, this incision and the camera port are 
closed with PDS suture. The skin is then closed.     

10.5     Postoperative Care 

 Postoperative pain management is minimal, with 
patients requiring IV narcotics through the fi rst 
postoperative day. Diet can be advanced as toler-
ated. Most patients have return of bowel function 
by postoperative day 2–3. We have had patients 

  Fig. 10.8    Extracorporeal ileocolonic anastomosis       
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discharged as early as postoperative day 2, but 
the time of average discharge is day 3.  

10.6     Key Points 

•     To avoid intraoperative complications, create 
adequate exposure, and use proper traction 
and countertraction. As there is no tactile 
feedback, great attention must be given to the 
retracting hand. Injuries involving tearing of 
the mesentery are common when fi rst using 
this platform. Avoid, whenever possible, pro-
longed periods of holding the bowel directly, 
as tears or traction injury can occur.  

•   Develop the correct planes to avoid bleeding 
and inadvertent damage to neighboring 
viscera.  

•   Standardize the assistant’s role, and create a 
team with whom you will operate.  

•   Study any available preoperative imaging to 
ascertain variations of the vasculature or 
anatomy.  

•   Port position varies based on patient size. In 
obese patients, ports should be placed medi-
ally to the usually described position, as the 
instrument may not reach the hepatic fl exure. 
Use bariatric instruments when needed. In 
thin patients, ports should be placed laterally 
to described positions to prevent overcrowd-
ing of arms.    

 This chapter outlines our technique of robotic 
right hemicolectomy, which we have success-
fully used in over 100 patients. We generally pre-
fer the three-port technique for extracorporeal 
right hemicolectomy and the four-port technique 
for planned intracorporeal anastomosis. There 
are numerous approaches to dissection of the 
right colon, but we utilize the medial to lateral 
approach. This can be modifi ed, based upon sur-
geon preference. Robotic-assisted right hemico-
lectomy affords accurate dissection and enhanced 
visualization and can serve as an alternative plat-
form for the minimally invasive approach.      
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      Robotic Left Hemicolectomy 
and Sigmoidectomy 

           Carrie     Y.     Peterson     ,     Doaa     Alsaleh     ,     Sang     W.     Lee      , 
and     Govind     Nandakumar     

11.1         Introduction to Robotic 
Colectomy 

 The application of a robotic platform to colorectal 
surgery is an evolving area. Robotic colon resec-
tion, fi rst described in 2001, is beginning to grow 
in both acceptability and applicability [ 1 ]. The 
technologic advantages of the robotic platform—
three-dimensional, high-defi nition cameras, 
wristed instruments, motion stabilizing, and tire-
less retraction —may offer an advantage over lap-
aroscopic surgery. Yet, it is currently unclear what 
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    Abstract  

  A robotic approach to left hemicolectomy and sigmoidectomy is  becoming 
a more widely utilized minimally invasive technique. In early reports, 
there appeared to be no difference in short-term outcomes when compared 
to laparoscopy. Currently, the benefi t of robotic dissections remains 
unclear due to a lack of randomized controlled trials, yet anecdotal experi-
ence and several series suggest the benefi ts of robotic approaches else-
where translate to colorectal surgery. In this chapter, we will provide a 
step-by-step technique to perform robotic left hemicolectomy and sigmoid 
resection, including things to consider in patient selection, room arrange-
ment, and what to do in an emergency. We will also briefl y review the 
 literature on robotic left hemicolectomy and sigmoidectomy and evaluate 
the reported short-term and oncologic outcomes.  
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this advantage may be and at what  economic cost. 
Current hypotheses propose the largest benefi t 
from robotic colorectal surgery comes from the 
use of the robotic platform during pelvic opera-
tions, where the precise dissection resulting from 
the improved visualization and wristed instru-
ments may have an advantage over open and lapa-
roscopic techniques in the small, confi ned space of 
the pelvis. As such, the majority of the literature to 
date has examined the impact and outcomes of 
robotic techniques for proctectomy, as is discussed 
in detail in Chap.   13     [ 2 – 4 ]. The focus of this chap-
ter is to provide step-by-step procedural instruc-
tions for completing a left hemicolectomy or 
sigmoidectomy, as well as to discuss a variety of 
important topics to consider when planning your 
robotic segmental colectomy.  

11.2     Indications for Robotic 
Segmental Colectomy 

 The indications for use of the robotic platform for 
left colon and sigmoid resections are similar to 
the indications for laparoscopic left and sigmoid 
colectomy. First and foremost, the patient must 
have appropriate physiologic reserve to undergo 
general anesthesia and pneumoperitoneum. Early 
in the surgeon’s experience with robotic tech-
niques, many reports demonstrate signifi cantly 
longer operative times [ 5 ]. Patients should also 
have minimal adhesions or at least be amenable 
to laparoscopic adhesiolysis prior to the robotic 
portion of the procedure. The robotic arms are 
designed specifi cally for movement around a 
focal target and are not suited for large move-
ments into many quadrants of the abdomen. 
Because the robotic platform lacks tactile feed-
back, procedures that depend on distinguishing 
the correct operative plane by palpation, such as 
infl ammation from acute or chronic diverticulitis 
or locally invasive recurrent malignancies, are 
not ideal for robotic techniques (at least not 
 initially), as the danger of positive margins and 
inadvertent damage to surrounding organs 

 outweighs the potential benefi t. These caveats 
considered, robotic resection of left hemicolec-
tomy and sigmoidectomy has been described 
with excellent outcomes for both benign diseases 
and colonic malignancies [ 6 – 8 ].  

11.3     Procedure for Robotic Left 
Hemicolectomy 
or Sigmoidectomy 

11.3.1     Room Set-up 

•     A number of viable arrangements for room 
set-up are possible depending on your institu-
tion’s space and resource utilization.
 –    It is helpful to start with the patient-side cart 

on the patient’s left side to minimize the dis-
tance the cart must travel during docking.  

 –   Angling the patient bed can further reduce 
the distance traveled and give the assistant 
more room (see Fig.  11.1 ).

•         The bedside assistant is on the patient’s right 
side, next to the scrub table.     

11.3.2     Patient Positioning 

•     Modifi ed lithotomy position is ideal. Due to 
concerns of prolonged operative time and the 
risk of venous thromboembolic disease and 
extremity complications, a split-leg table 
might also be used.  

•   Secure the patient to the table, as incidents of 
sliding off the operating table during steep 
Trendelenburg have been reported [ 9 ].
 –    Our preferred technique is to use curved 

pink pads on each shoulder with elastic 
tape wrapped circumferentially around the 
upper torso and across the shoulders secur-
ing the patient to the bed (see Fig.  11.2 ).

 –      Perform a “tilt test” prior to prepping and 
draping the patient with maximal 
 Trendelenburg and right side down tilt to 
ensure minimal movement on the table.        
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11.3.3     Port Placement 

•     Begin by inserting a 12 mm balloon port in the 
supraumbilical position via an open technique 
for use as the camera port. A balloon port is 
ideal as it is long enough for the camera to fi t 
through and allows for the least amount of 
“extra” trocar to be in the abdomen.
 –    The robotic camera is held by the assistant 

and inserted into the abdomen.     
•   For lesions in the distal descending and sig-

moid colon that require splenic fl exure 

mobilization, use a set-up similar to that of 
a low anterior resection with the ports 
arrayed around a vector pointing at the tar-
get lesion in the left lower quadrant (LLQ) 
(see Fig.  11.3a ).

 –     Draw a line on the skin from the ASIS to 
the camera port—placing ports below this 
line can cause crowding during any pelvic 
dissection and can limit the reach to the 
splenic fl exure.  

 –   An 8 mm robotic port is placed in the right 
upper quadrant (RUQ) on the mid-clavicu-
lar line.  

 –   An 8 mm robotic port is also placed in the 
right lower quadrant (RLQ) port 8 cm from 
the camera port and usually 1–2 cm above 
the marked line. Alternatively, a 10–12 mm 
laparoscopic port with an 8 mm robotic 
port placed through it can be placed here to 
allow for intracorporeal stapling.  

 –   Another 8 mm robotic port in the LLQ is 
placed on the opposite side.  

 –   For procedures where retraction in the pel-
vis is important, we will also place a fourth 
8 mm robotic port laterally in the left fl ank, 
8 cm lateral to the LLQ port and 1–2 cm 
superior to allow for third-arm retraction 
during pelvic dissection.  

  Fig. 11.1       Diagram of possible operating room layout and positioning of equipment and personnel       

  Fig. 11.2    Photograph of patient undergoing robotic sig-
moid colectomy demonstrating our technique for securing 
the patient to the bed using foam pads and circumferential 
tape across the shoulders and upper torso       
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 –   A 5 mm laparoscopic port is placed in the 
right mid-abdomen between the RUQ and 
RLQ ports for use by the bedside 
assistant.     

•   For target lesions proximal to the mid- 
descending colon, use an amphitheater 
approach to port placement surrounding a vec-
tor directed at the target lesion in the left upper 
quadrant (LUQ) (see Fig.  11.3b ).
 –    An 8 mm robotic port in the right upper 

quadrant (RUQ) and another in the right 
lower quadrant (RLQ) are placed along the 
midclavicular line.  

 –   A third 8 mm robotic port is placed in the 
left lower quadrant (LLQ) for the third 
arm, but may not be necessary for a left 
colectomy and can interfere with other 
working arms causing collisions. This can 
be minimized if the RLQ and LLQ ports 
are not in the same sagittal plane.  

 –   Each port should be at least 8 cm away to 
avoid arm collisions. In addition, ports 
should not be placed directly in front or 
behind the camera port, as visualization 
will be limited.  

 –   A 5 mm laparoscopic port placed in the 
right mid-abdomen is very useful and 
allows your bedside assistant to help with 
retraction and suction as needed.        

11.3.4     Docking the Patient-Side Cart 

11.3.4.1     Exposing the Left Colon 

•     Use laparoscopic graspers in the RUQ and 
RLQ ports and the robotic camera held by the 
assistant.
 –    Tilt the patient to approximately 30° 

Trendelenburg and 15° left side-up.  
 –   Refl ect the transverse colon & omentum 

superiorly above the liver and arrange the 
small bowel into the right side of the abdo-
men, exposing the Ligament of Treitz, 
Inferior Mesenteric Vein (IMV) and the 
vascular pedicle of the sigmoid.     

•   Take note of the specifi c location of the target 
lesion and any anatomical variances, such as 
redundancy.     

11.3.4.2     Angled Docking 

•     This confi guration is ideal for most distal left 
colectomies and sigmoid resections as it gives 
reach to the splenic fl exure, yet allows for pel-
vic dissection without re-docking.  

•   Position the patient-side cart at a 45° angle to 
the pedestal of the operating bed on the lower 
left side, resulting in the patient-side cart 
approaching over the left hip (see Fig.  11.4 ).

  Fig. 11.3    Port placement for ( a ) distal descending and sigmoid colon lesions and ( b ) distal transverse and proximal 
descending colon target lesions       
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•      The third arm of the patient-side cart may 
change ports during the procedure.
 –    During pedicle dissection, ligation and 

splenic fl exure mobilization, Arm 3 is over 
the patients’ LUQ and inserted into the 
RUQ port. Arm 1 is placed in the RLQ port 
(see Fig.  11.5a ). Arm 2 is usually not used, 
but can be placed in the LLQ port for some 
limited retraction if needed. The hinge of 
Arm 3 closest to the patient-side cart should 
be locked during this part of the operation 
to maximize the reach.

 –      For pelvic dissection, Arm 3 is unlocked 
and moved to the left lateral port. Arm 2 is 
placed in the LLQ port while Arm 1 
remains in the RLQ port (see Fig.  11.5b ).        

11.3.4.3     Side Docking 

•     This position is ideal for target lesions in the 
proximal descending, splenic fl exure or distal 
transverse.  

•   The patient-side cart is positioned perpendicu-
lar to the pedestal of the operating bed over 
the patient’s left fl ank (see Fig.  11.6 ).
 –     Arm 2 is placed in the RUQ port and Arm 

1 in the RLQ port.  
 –   Arm 3 is left unlocked and placed extend-

ing over the patient’s left hip into the LLQ 
port with a grasping instrument.        

11.3.4.4     Instrument Selection 

•     The monopolar scissors or the vessel sealer 
should be used in the surgeon’s right hand, 
Arm 1.  

•   The surgeon’s left hand (Arm 2 or 3) should 
have a bipolar grasper, either the Chaudière or 
the Prograsp.  

•   The retracting arm not in active use by the sur-
geon should have another grasper, such as the 
double fenestrated grasper.      

  Fig. 11.4    Diagram of angle docking used for left hemi-
colectomy and sigmoidectomy. The patient-side cart 
straddles the pedestal of the operating table at approxi-
mately a 45° angle       

  Fig. 11.5    Diagram of the arm arrangement for angle 
docking. ( a ) This arrangement is best suited for the splenic 
fl exure portion. Arm 3 must be locked at the base of the 
patient-side cart to maximize its reach. ( b ) For the sig-
moid or pelvic portions, move Arm 3 to the lateral left 
port and unlock it from its base       

  Fig. 11.6    Diagram of side docking for proximal left 
colon lesions. The patient-side cart approaches the left 
side of the patient and table perpendicularly       
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11.3.5     Vascular Dissection 

•     Using the retracting third arm or the bedside 
assistant, the sigmoid mesentery is placed on 
slight tension to identify the vascular pedicle 
of the Inferior Mesenteric Artery (IMA).  

•   Divide the peritoneum just to the right of the 
base of the pedicle at the level of the sacral 
promontory; using soft sweeping motions 
expose the IMA and dissect posterior to the 
vessel (see Fig.  11.7 ).

 –     The correct plane is avascular and gener-
ally bloodless.  

 –   Protect the hypogastric nerves in this area 
as dissection proceeds toward the origin of 
the IMA.  

 –   Continue the dissection superiorly around 
the base of the IMA and identify the bifurca-
tion of the Left Colic Artery (see Fig.  11.8 ).

 –      Creating a wide window behind the IMA 
facilitates identifi cation of the retroperito-
neal strictures.  

 –   Division of the vascular pedicle can be per-
formed at this time if the left ureter can be 
identifi ed and protected.     

•   For maximal splenic fl exure mobilization, 
extend the peritoneal incision superiorly to the 
IMV, dividing any adhesions to the Ligament 
of Trietz (see Fig.  11.9a ).
 –     The mesentery of the left colon is gently 

lifted up near the IMV and the peritoneum 
is incised. The IMV is dissected from sur-
rounding structures, including the retro-
peritoneum and can be divided at this time 
to prevent avulsion (see Fig.  11.9b ).        

11.3.6     Medial-to-Lateral Mesocolic 
Dissection and Mobilization 

•     The plane developed when dissecting poste-
rior to the IMV or the superior hemorrhoidal 
artery is extended laterally and will guide you 
into the proper plane for dissecting the meso-
colon from the retroperitoneum.
 –    Gently place one operating arm under the 

mesocolon and lift up, opening the plane 
and showing the tension. Gentle blunt dis-
section will separate the mesocolon from 
the retroperitoneum (see Fig.  11.10a ).

 –      Using a blunt bipolar grasper in the left 
hand and another blunt instrument, such as 
the vessel sealer, in the right hand is 

  Fig. 11.7    Intraoperative photograph of the appearance of 
the vascular pedicle when placed on tension during 
robotic dissection. During this exposure, the surgeon’s left 
hand lifts up on the sigmoid mesentery ( white arrow ) 
exposing the Inferior Mesenteric Artery (IMA) pedicle. 
The assistant can help by retracting the sigmoid colon to 
the left pelvis. The vessel sealer or monopolar scissors are 
used to incise the peritoneum and begin the dissection 
along the  dashed line  indicated       

  Fig. 11.8    Dissect posterior to the Inferior Mesenteric 
Artery by lifting up on the artery ( white arrow ) with the 
surgeon’s left hand to visualize the tension and defi ne the 
correct plane for dissection laterally. Blunt dissection of 
the avascular plane laterally can be performed with the 
right hand       
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 preferred. Pointed instruments such as 
Maryland  graspers or scissors can make this 
dissection diffi cult and more traumatic.  

 –   Again, the correct plane is avascular and 
nearly bloodless.  

 –   Often you will notice a “white line” of thin 
fi lmy fascia—this is the retroperitoneal fas-
cia and should be dissected down to stay on 
the retroperitoneum (see Fig.  11.10b ).     

•   Continue laterally and inferiorly to develop 
the dissection extending from the transverse 
colon to the sigmoid.  

•   Once the plane lateral to the IMA pedicle is 
dissected and the Left Colic Artery is located, 
it is time to identify the left ureter, which is 

usually located in the retroperitoneum just to 
the left of the IMA pedicle (Fig.  11.11 ).
 –     Using the left grasper or the assistant, come 

under the IMA, tenting this up and expos-
ing the view to the retroperitoneum.  

 –   Using the right hand and possibly the third 
arm, gently dissect the retroperitoneum to 
expose the left ureter, looking for the char-
acteristic vascular pattern and vermicula-
tion to identify the structure.  

 –   Ureteral stents are of little help in these cases 
as there is no tactile feedback to help locate 
the ureter. Because of the improved visual-
ization of the robotic camera, we have sel-
dom had diffi culty in identifying the ureter.  

  Fig. 11.9    Taking the Inferior Mesentery Vein (IMV) 
proximally allows for greater mobilization of the left 
colon. In addition, it is easy to identify as can be seen 
here. ( a ) The left hand lifts up on the mesentery just lateral 

to the IMV, which can be seen clearly in the retroperito-
neum. ( b ) After incising the peritoneum and dissecting 
posterior to the IMV, the vessel can be divided using the 
vessel sealer       

  Fig. 11.10    The proper plane for medial-to-lateral dissec-
tion can be entered in several locations, including poste-
rior to the IMA and the IMV. ( a ) Demonstrates the 

dissection posterior to the IMV. ( b ) As the dissection is 
carried laterally, a  white line  is identifi ed that is the retro-
peritoneal fascia, which should be preserved       
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 –   If the mesocolic dissection is too deep or 
the ureter is not found quickly, look for the 
 structure on the posterior surface of the 
mesocolon, which is now tented up.     

•   After identifi cation of the left ureter, it is safe 
to divide the vascular pedicle (see Fig.  11.12a ).
 –     The robotic vessel sealer can be used for 

pedicle ligation. If it is not yet available in 
your area, the RLQ robotic arm can be 
removed and another bipolar sealing and 
cutting device can be inserted through the 
same port and operated by the assistant 
(see Fig.  11.12b ).  

 –   In cases of severe atherosclerosis, chang-
ing the RLQ port to an 11–12 mm port and 
using a laparoscopic stapling device to 
divide the pedicle is recommended. 
Alternatively, an ENDOLOOP™ (Ethicon, 
Cincinnati, OH) may be used after division 
of the pedicle with an energy device. 
Following this, the 8 mm robotic port can 
be placed through the larger laparoscopic 
port (a “port-in-port” technique) to return 
to using the robotic arm.     

•   The avascular plane between the mesocolon 
and the retroperitoneal fascia can now be dis-
sected further in the lateral, superior and infe-
rior directions (see Fig.  11.13 ).
 –     The lateral boundary of the mesocolic dis-

section is the abdominal wall, which will 
be noted as the dissection plane takes a 
sharp turn anteriorly.  

 –   During the dissection superiorly, the sur-
geon must be wary around the pancreas; the 
proper plane is anterior. It is easy to dissect 
posterior to the pancreas and cause moder-
ate bleeding that may be diffi cult to control.  

 –   Once the superior edge of the pancreas is 
identifi ed, the dissection has extended 
suffi ciently.  

 –   Extending this dissection laterally, being 
conscious of the close proximity of the 
spleen, can make the splenic fl exure mobi-
lization much easier, particularly when it is 
very high.        

  Fig. 11.11    Identifi cation of the left ureter ( white arrows ) 
is a key step in the procedure, performed before vascular 
pedicle ligation. Is this photograph, the surgeon is retract-
ing the IMA superiorly out of view using the right hand. 
The assistant is helping to clear the view using suction to 
expose the ureter       

  Fig. 11.12    Vascular pedicle division. ( a ) Extending the 
dissection lateral and superior to the IMA allows the sur-
geon to connect the superior plane (from IMV dissection) 
to the pedicle dissection, as seen here. Note the vessel 
sealer, which is wrapped around the IMA and the tip can 

be seen superior in the left of the screen. The Left Colic 
Artery is identifi ed by the  white arrow  and the IMA by the 
 white arrowhead . ( b ) The IMA (as seen here) or the Left 
Colic Artery can be divided using the EndoWrist ®  One™ 
Vessel Sealer (Intuitive Surgical Inc., Sunnyvale, CA)       
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11.3.7     Splenic Flexure Mobilization 

•     The assistant provides retraction and counter- 
tension using an atraumatic laparoscopic 
grasper inserted through the 5 mm port in the 
right lateral abdomen.  

•   Beginning at the mid-transverse colon, iden-
tify the plane and dissect the transverse colon 
from the omentum in the standard fashion (see 
Fig.  11.14 ).
 –     Carry the dissection in the direction of the 

splenic fl exure as far as possible.        

11.3.8     Lateral Mobilization 

•     Because of the extensive medial-to-lateral 
mesocolic dissection that has already been 
performed, the plane is easy to identify.
 –    The assistant grasps the sigmoid and 

descending colon retracting medially and 
the peritoneum at the White Line of Toldt is 
incised (see Fig.  11.15 ).

 –      Begin with the lateral attachments of the 
sigmoid colon inferiorly and continue to 
the splenic fl exure.  

 –   Monopolar scissors or the robotic vessel 
sealer can be used for this portion of the 
dissection.     

•   Stay anterior and adjacent to the bowel wall 
when dissecting near the left kidney as dis-
secting posteriorly can send you into the 
retroperitoneum.
 –    We use a technique of “rolling the colon 

over” toward the midline by grasping the 
descending colon on the lateral edge and 
rolling it medially to expose the posterior 
mesocolon (see Fig.  11.16a ).

 –      If you were able to dissect to the splenic 
fl exure from the transverse colon previ-
ously, your dissection planes will connect, 
allowing excellent exposure from both 
directions to divide the splenocolic liga-
ments (see Fig.  11.16b ).     

  Fig. 11.13    After pedicle ligation, the mesocolic dissec-
tion is extended laterally and superiorly in a similar fash-
ion, by lifting with the left hand and gently, bluntly 
dissecting with the right hand       

  Fig. 11.14    Divide the omental attachments to the trans-
verse colon in the usual fashion. The assistant can be par-
ticularly helpful here to retract the transverse colon 
inferiorly       

  Fig. 11.15    Incise the lateral attachments of the descend-
ing and sigmoid colon. The plane from the mesocolic dis-
section should be clear and easy to identify if taken far 
enough laterally. Is this photograph, the right hand has 
just entered the plane created during the medial-to-lateral 
dissection       
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•   Rotate the transverse and descending colon 
toward the midline and even to the right side 
and expose the extent of the dissection to ensure 
appropriate mobilization has been completed.     

11.3.9     Pelvic Dissection 

•     This setup can be used when further pelvic 
and upper rectal dissection is needed.
 –    With the patient-side cart in an angled 

docking position, Arm 1 remains in the 
RLQ port with a monopolar scissors.  

 –   Arm 2 is moved to the LLQ port with a 
bipolar grasper, and Arm 3 is moved to the 
left lateral port with another grasper.     

•   Using Arm 3, lift up the sigmoid colon slightly 
toward to the left side, sometimes by perform-
ing a “hooking” maneuver under the mesoco-
lon with the third arm.
 –    This maneuver exposes the plane for a total 

mesorectal excision and dissection of the 
upper rectum in this avascular plane can be 
performed to the extent needed (see 
Fig.  11.17 ).

 –      When rectal mobilization is complete, the 
mesorectum can be divided to the bowel 
wall using either the robotic vessel sealer 
or another bipolar sealing device.        

11.3.10     Resection, Extraction 
and Anastomosis 

•     For most distal descending and sigmoid 
lesions, intracorporeal distal resection and an 
end-to-end anastomosis using a circular sta-
pler is preferred.
 –    Begin by performing the distal resection 

fi rst. This can be done using either the 

  Fig. 11.16    Splenic fl exure mobilization. ( a ) Demonstration 
of the “rolling over” of the descending colon. Here, the sur-
geon’s left hand is hooking and retracting the descending 
colon medially and the right hand vessel sealer is ligating a 
band tethering it. Other bands identifying the proper plane 
of dissection are noted at the  white arrow . The  white arrow-

heads  identify the incorrect plane when the dissection is 
taken to far laterally into the retroperitoneum. ( b ) When the 
transverse and lateral descending colon mobilization is 
thorough, the planes of dissection will meet at the splenic 
fl exure as demonstrated here ( white arrowheads  outline the 
retracted splenic fl exure of the colon)       

  Fig. 11.17    Retract the sigmoid colon anteriorly to expose 
the correct plane for pelvic dissection. The left hand can 
lift up on the posterior aspect of the distal sigmoid/upper 
rectum to expose the mesorectal plane, which can be 
divided using monopolar scissors, as in this photograph. 
Note the bilateral hypogastric plexi ( white arrows ), which 
are easily identifi ed and protected       
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robotic stapling device or a laparoscopic 
stapler using a port-in-port technique, as 
described above.  

 –   Once this is completed, remove the robotic 
arms and undock the patient-side cart.  

 –   Identify the extraction incision site, either 
periumbilical or Pfannenstiel depending on 
the location of the tumor and patient body 
habitus (see Fig.  11.18 ).

 –      Eviscerate the colon and perform the proxi-
mal resection using a laparoscopic stapler. If 
you have the capability of robotic stapling, 
the proximal resection can be completed 
prior to creating the extraction incision.  

 –   The end-to-end circular stapling is per-
formed in the usual fashion with insertion 
of the anvil and closure of the proximal 
bowel prior to reintroducing it into the 
abdomen.  

 –   The periumbilical extraction incision is 
closed by twisting the wound protecting 
device around the camera port (for perium-
bilical incisions), covering with abdominal 
pads to protect the plastic, and using two 
large clamps to secure the air-tight seal. 
Alternatively, fascial sutures can be placed 
and tightened with Rummel tourniquets to 
close the fascia around the balloon port.  

 –   The abdomen is reinsuffl ated and the 
robotic camera is held in place by the assis-
tant and reinserted as in the beginning of 
the procedure. The circular anastomosis is 
completed, after which an air-leak test is 
performed. If there are no bubbles and no 
diverting ostomy is necessary, the abdomen 
is desuffl ated, the ports removed, and in the 
incisions closed in the standard fashion.     

•   For those patients with very redundant colons 
and more proximal lesions, extracorporeal 
resections and anastomoses may be optimal.
 –    Perform the extraction incision after com-

pleting the mobilization. Most often, this is 
in the periumbilical location, but could also 
be a transverse left incision if needed, as 
shown in Fig.  11.18 .  

 –   After inserting a wound protector and evis-
cerating the colon, the resection and anas-
tomosis is performed in the standard 
fashion.  

 –   The anastomosis is inspected, tested if pos-
sible, and replaced in the abdomen and the 
incision closed.         

11.4     Planning Your Robotic 
Operative Approach 

 The pre-operative planning for robotic colonic 
resections is important to consider closely. 
Because the da Vinci system (Intuitive Surgical ®  
Inc., Sunnyvale, CA) is less mobile and maneu-
verable compared to laparoscopy, it is imperative 
to have considered a number of options before 
the start of the procedure. We will address a num-
ber of considerations specifi c to operations on the 
left and sigmoid colon and for more information, 
please see Chaps.   4     and   5     for a detailed analysis 
of other pre-operative considerations. 

11.4.1     Disease Location Matters 

 The arms and camera of the da Vinci ®  Surgical 
System are designed to function best in a focused 
area surrounding a central point or target. For left 
colon resections, this focal point could range 
from a splenic fl exure mass to diverticulitis in the 

  Fig. 11.18    Possible locations of incision for extracting 
the specimen include periumbilical, Pfannenstiel or left 
transverse       
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distal sigmoid colon and cover a relatively large 
area. Understanding the precise location of the 
target anatomy is crucial to making several 
important decisions early in the operative proce-
dure. It is highly recommended to review imag-
ing and procedure reports closely to precisely 
determine disease location and the target area of 
anatomy. 

 If the target lesion is located proximal to the 
mid-descending colon, an amphitheater approach 
with a focal point in the left upper quadrant, simi-
lar to that used for left colectomy as described by 
Spignolio et al. [ 10 ], works very well. These 
tumors are also often ideal for docking the 
patient-side cart perpendicular to the patient on 
the left side. If the diseased area is located in the 
sigmoid colon, port placement is slightly altered 
allowing for changing of the arms to reach splenic 
fl exure mobilization and sigmoid dissection, 
which is facilitated by angled-docking of the 
robotic cart similar to the procedure described by 
Luca et al. [ 11 ] Our practice and preference for 
port placement and robotic cart docking is 
described below in more detail, but a general 
guideline is to use side docking for proximal 
descending colon or higher tumors and angled- 
docking for those in the distal descending and 
lower.  

11.4.2     Patient Characteristics 
to Consider 

 Unlike in robotic rectal resections, where obese 
patients and those with ultra-low tumors were 
shown to have low rates of conversion to open 
operations, there is currently no data indicating 
favorable or challenging patient characteristics 
for robotic left colectomies [ 12 ,  13 ]. It is the 
authors’ experience that the extremes of weight 
are most challenging. Those patients who are 
underweight and very thin have very thin colonic 
mesenteries, and the dissection can be quite chal-
lenging, especially when tactile feedback is lim-
ited. Conversely, obese patients with a heavy, 
thick omentum and mesentery can be equally 

challenging. In these cases, the robotic graspers 
may tear the tissue because of the weight, and 
prolonged retraction by holding up omentum or 
mesentery can lead to increased bleeding. 
Positioning and exposure can also be diffi cult and 
may require undocking and repositioning to get 
an optimal view. 

 The patient’s height is another aspect of their 
habitus to consider when planning your port 
placement and docking site. For those patients 
with a long torso who will need splenic fl exure 
mobilization, placement of the working ports 
along a line drawn from the umbilicus to the 
Anterior Superior Iliac Spine (ASIS) can make 
reaching the splenic fl exure and transverse colon 
challenging. Our practice is to keep the ports at 
least 1 cm above this line or even higher in a 
patient with a very long torso. Anticipating this in 
advance can help avoid re-docking or even con-
version to laparoscopy. 

 Lastly, understanding the patient’s individual 
colonic anatomy can help you plan your opera-
tion. Reviewing any cross-sectional imaging for 
redundancy in the transverse or sigmoid colon as 
well as the colonic vasculature may allow you to 
limit your splenic fl exure mobilization and pedi-
cle dissection.  

11.4.3     Hybrid vs. Totally Robotic 
Approach 

 The hybrid technique, where part of the operation 
is completed with laparoscopic cameras and 
instruments, can be useful during sigmoidectomy 
and can also help reduce the operating time for 
surgeons new to robotics. Some surgeons advo-
cate the hybrid approach as a way to increase 
resident and fellow involvement in the cases as 
well. If you choose to incorporate this into your 
practice, we recommend placing your ports in an 
optimal location for completion of the robotic 
portion of the case and take advantage of the fl ex-
ibility of laparoscopy. For more detail informa-
tion regarding hybrid techniques, we refer the 
reader to Chap.   8    .  
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11.4.4     Robotic Accessories 

 The da Vinci ®  Surgical System  Si -model, the 
most advanced on the market today, has a number 
of optional accessories and tools that are useful 
for left colectomies. The EndoWrist ®  One™ 
Vessel Sealer (Intuitive Surgical Inc., Sunnyvale, 
CA) is a useful device that performs independent 
bipolar sealing and cutting for vessels up to 7 mm 
in diameter, as well as grasping and blunt dissec-
tion. Our experience with this device has been 
quite favorable and we have found reduced oper-
ating times resulting from fewer instrument 
changes. The EndoWrist ®  One Stapler 45, newly 
FDA-approved and currently available only in 
select areas, is a wristed endoscopic stapling 
device that deploys a 45 mm double-row of 1.5 or 
2.0 mm (closed height) staples with cutting capa-
bilities. Having the stapler in the control of the 
operating surgeon during transection of the bowel 
is a much-needed advancement in the technol-
ogy. Additionally, Firefl y™ (Intuitive Surgical 
Inc., Sunnyvale, CA) is a near-infrared fl uores-
cence imaging technique using injectable indo-
cyanine green to highlight vascular structures and 
perfusion in real time. Its use has been reported in 
case series with good results and may help in 
identifying vascular pedicles and bowel perfu-
sion [ 14 ,  15 ]. Lastly, the EndoWrist ®  One 
Suction/Irrigator is a 45° wristed device with 
dual control capabilities, either the surgeon con-
sole or the bedside assistant, and may be helpful 
in the third arm for maintaining a clear surgical 
fi eld. If you are considering increasing your 
robotic practice, it may be warranted to consider 
adding some of these accessories to facilitate 
your operations.  

11.4.5     Other Tips and Tricks 
for Success 

 As is true for many things, having a committed 
team of surgical technicians, nurses, assistants 
and anesthesiologists that assist you can make the 
operations much more effi cient and pleasurable. 
Establishing a “Robotic Team” that will work 
with you frequently on the same cases every 

time, helps your assistants to learn your prefer-
ences, understand the fl ow of the procedure and 
anticipate your needs. 

 We generally perform our procedures in the 
same sequence and using the same equipment, 
changing only if signifi cant outstanding needs 
exist. Many variations for robotic procedures 
exist and no “Standard Technique” has been 
defi ned, which can be confusing. In addition, 
having a clear plan of each step of the operation 
(i.e., port placement, docking position, extraction 
technique, resection strategy, etc.), and commu-
nicating these with your team early in the case 
will also help to improve the fl ow of the opera-
tion and the ease in which the case progresses. 
All of the above will ultimately result in decreased 
operative times, which will reduce cost by 
improving operative effi ciency.  

11.4.6     In an Emergency… 

 Although rare, emergency situations can and do 
arise during robotic procedures. Whether as a 
result of the operation or not, a procedure to 
address the emergent needs of the patient must be 
in place. We suggest adding a special “Time Out” 
or having an algorithm on view in the operating 
room where several key steps for emergent 
undocking are reviewed (Table  11.1 ). This may 
help to reduce confusion and improve response 
times when critical situations emerge. Another way 
to reduce response times for assembling supplies 
and tools is to have a “Robotic Conversion Tray” 
with necessary basic tools used during  conversion. 

   Table 11.1    Key points to review prior to a robotic emer-
gency and examples of personnel who can be responsible 
for various tasks   

 Task  Person responsible 

 Tamponade bleeding vessels  Patient-side Assistant/
surgeon 

 Remove robotic arms  Surgical technician 

 Undock robot from patient  Circulating RN 

 Open emergency surgical tray  Circulating RN 

 Call for anesthesia assistance, 
call for blood 

 Anesthesia MD/CRNA 

 Call for surgical assistance  Surgeon 
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This way, opening large laparotomy trays can be 
avoided, but needed basic equipment is rapidly 
available. Also, reviewing with operating staff 
where the key for a hard reset of the robot is 
located is useful; this can often derail an other-
wise smooth operation. In short, robotic proce-
dures are complex and any way in which the 
procedure can be simplifi ed and each person’s 
roles clarifi ed will go a long way to improving 
operative effi ciency.

11.5         The Evidence for Robotic 
Left Hemicolectomy 
and Sigmoidectomy 

 Because of the early interest in the application of 
robotics for pelvic surgery, an abundance of lit-
erature is available exploring outcomes for 
robotic low anterior resection. When considering 
colon resections, either right, left or sigmoidec-
tomy, the data is much more sparse and often het-
erogeneous. Indeed, early in the experience all 
colectomies and rectal resections were reported 
together in larger case series and differentiating 
the outcomes for each type of operation is diffi -
cult. Delaney et al. [ 8 ] reported in their initial 
experience, which included three robotic sigmoid 
resections, an average operating time of 300 min 
compared to 140 min for matched laparoscopic 
cases. This is supported by Rawlings et al. [ 16 ] in 
a series of 13 robotic sigmoid colectomies and 12 
laparoscopic resections performed in the same 
time period; the average case time was nearly 
26 min longer in the robotic group (225.2 vs. 
199.4 min), though this was not statistically sig-
nifi cant. In a review of the literature specifi cally 
addressing robotic colectomy, Antoniou et al. 
[ 17 ] reported that the average operative time for 
robotic left and sigmoid colectomies was 
185 min, a time much improved from the earlier 
series [ 8 ,  11 ,  16 ]. 

 These operative times are diffi cult to general-
ize to a larger population for a number of reasons. 
As has been reported in the robotic proctectomy 
literature, the impact of a learning curve on oper-
ative time is not insignifi cant; and improvements 
in docking time, console time and overall opera-

tive time are seen in the fi rst 15–35 cases until 
mastery is achieved [ 18 – 20 ]. The surgeons per-
forming these fi rst cases and who currently com-
prise the majority of actively publishing robotic 
surgeons, are those with extensive training in 
laparoscopy and other minimally invasive tech-
niques. Furthermore, the time reported for lapa-
roscopic cases in many series does not refl ect the 
surgeon’s initial experience with laparoscopy and 
the comparisons may not be equivalent. If we 
extrapolate from what we know about robotic 
rectal resections, we can expect signifi cant 
improvements in operative time after the learning 
curve has been reached and more surgeons gain 
experience. 

 Antoniou et al. [ 17 ] also evaluated the rate of 
conversions in robotic left colectomy and sig-
moidectomy and noted there were signifi cantly 
fewer conversions to either laparoscopic or open 
operations (7.6 % on average) compared to the 
early laparoscopic colectomy experience (rang-
ing from 14 to 41 %). A variety of reasons were 
reported for conversion from robotic, ranging 
from technical problems to ischemia [ 17 ]. 
Interestingly, the inability to reach and mobilize 
the splenic fl exure was only reported in one case 
out of 105 and does not seem to be a frequent 
occurrence, despite the perceived inherent limita-
tions in multi-quadrant mobility. The previous 
experience with rectal resections, where we have 
learned a number of techniques to achieve the 
needed reach, has most likely infl uenced the 
experience in colectomy [ 11 ,  17 ,  21 ]. 

 Initial reports indicate that the operative and 
short-term outcomes may not be signifi cantly dif-
ferent in robotic surgery when compared to lapa-
roscopy. This is somewhat diffi cult to interpret as 
series of robotic colectomies are often reported 
together and include such disparate operations as 
right, left and transverse colectomies; however, 
several studies report no differences in estimated 
blood loss, return of bowel function, hospital stay 
and complication rates [ 8 ,  10 ,  22 ]. Two    series 
report the outcomes specifi cally for robotic left 
and sigmoid resections separate and found no dif-
ference in blood loss, return of bowel function or 
hospital stay when compared to laparoscopic 
cases [ 16 ,  23 ]. In one nonrandomized series of 
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180 consecutive patients who underwent robotic 
or laparoscopic sigmoid resections, there were no 
mortalities in either group and no differences in 
the number of complications or readmissions. Of 
note, the authors did report a statistically signifi -
cant shorter return of bowel function and hospital 
stay in the robotic group, both by less than 1 day, 
though the clinical signifi cance of this is likely 
small [ 6 ]. 

 In patients with malignancy, robotic tech-
niques may offer an oncologic improvement over 
laparoscopy. In reviewing the literature on robotic 
colectomy, Fung and Aly [ 24 ] found that the 
median lymph node harvest for robotic colecto-
mies was 22.2, a yield signifi cantly higher than 
14.8 reported in reviews of multiport laparo-
scopic colectomy. The authors opine that this is 
related to the increased visualization and 
enhanced mobility of the wristed instruments, 
which allow more complete and extensive lymph-
adenectomy. Whether this results in improve-
ments in survival or leads to stage-shifting has 
yet to be determined. To date, only one study has 
reported on longer-term follow-up with 3-year 
overall and disease-free survival and found no 
difference between robotic and laparoscopic sig-
moidectomy for colon cancer [ 6 ]. Clearly, the 
literature addressing robotic colonic resections is 
limited and our understanding of the results is 
likewise incomplete. Future randomized com-
parative studies will need to be performed to 
clearly understand these risks and the potential 
benefi t robotic techniques offer.  

11.6     Summary 

 In our chapter we discussed a stepwise approach 
to performing robotic left hemicolectomy and 
sigmoid resections, including such consider-
ations as port placement, docking technique, and 
splenic fl exure mobilization, along with review-
ing various options for intracorporeal versus 
extracorporeal resection and anastomoses. 
Patient body habitus and target lesion location is 
important to note preoperatively, as it may impact 
both the setup as well as the procedure. Lastly, 
we reviewed the limited evidence for robotic 

left hemicolectomy and sigmoidectomy, which 
 demonstrates patient benefi t may be due to the 
minimally invasive nature of the operation by 
having faster return of bowel function and shorter 
recovery times; but has yet to demonstrate a clear 
benefi t of robotic techniques over laparoscopy. In 
it, our hope that by providing you with further 
information about performing robotic surgery, 
more surgeons will become facile with the tech-
nology and the benefi cial outcomes of robotic 
colorectal surgery will become clear.  

11.7     Key Points 

•     The steps of the operation and technique for 
left/sigmoid colectomy using a robotic 
approach are similar to laparoscopy—just dif-
ferent equipment, setup, and learning curve.  

•   Port placement and robotic positioning are 
keys to being effi cient and avoiding collisions 
with the robotic arms.  

•   Your bedside assistant is much more valuable 
than you may think. Ensure they have a thor-
ough understanding of the procedure.  

•   Both the hybrid and multi-docking approach 
may be required for successful completion of a 
multiple quadrant surgery such as a left/sigmoid 
colectomy and splenic fl exure mobilization.  

•   Have a plan for what you are going to do in 
case of an emergency.        

      References 

    1.    Weber PA, Merola S, Wasielewski A, Ballantyne 
GH. Telerobotic-assisted laparoscopic right and sig-
moid colectomies for benign disease. Dis Colon 
Rectum. 2002;45(12):1689–94; discussion 95–6.  

    2.    Peterson CY, Weiser MR. Robotic colorectal surgery. 
J Gastrointest Surg. 2014;18(2):398–403.  

   3.    Baek SK, Carmichael JC, Pigazzi A. Robotic surgery: 
colon and rectum. Cancer J. 2013;19(2):140–6.  

    4.    Yang Y, Wang F, Zhang P, Shi C, Zou Y, Qin H, et al. 
Robot-assisted versus conventional laparoscopic sur-
gery for colorectal disease, focusing on rectal cancer: 
a meta-analysis. Ann Surg Oncol. 2012;19(12):
3727–36.  

    5.   Parra-Davila E, Ramamoorthy S. Lap colectomy and 
robotics for colon cancer. Surg Oncol Clin N Am. 
2013;22(1):143–51, vii.  

11 Robotic Left Hemicolectomy and Sigmoidectomy



148

      6.    Lim DR, Min BS, Kim MS, Alasari S, Kim G, Hur H, 
et al. Robotic versus laparoscopic anterior resection of 
sigmoid colon cancer: comparative study of long-term 
oncologic outcomes. Surg Endosc. 2013;27(4):1379–85.  

   7.    Neme RM, Schraibman V, Okazaki S, Maccapani G, 
Chen WJ, Domit CD, et al. Deep infi ltrating colorec-
tal endometriosis treated with robotic-assisted recto-
sigmoidectomy. JSLS. 2013;17(2):227–34.  

       8.    Delaney CP, Lynch AC, Senagore AJ, Fazio 
VW. Comparison of robotically performed and 
 traditional laparoscopic colorectal surgery. Dis Colon 
Rectum. 2003;46(12):1633–9.  

    9.    Huettner F, Pacheco PE, Doubet JL, Ryan MJ, Dynda 
DI, Crawford DL. One hundred and two consecutive 
robotic-assisted minimally invasive colectomies—an 
outcome and technical update. J Gastrointest Surg. 
2011;15(7):1195–204.  

     10.    Spinoglio G, Summa M, Priora F, Quarati R, Testa 
S. Robotic colorectal surgery: fi rst 50 cases experi-
ence. Dis Colon Rectum. 2008;51(11):1627–32.  

      11.    Luca F, Cenciarelli S, Valvo M, Pozzi S, Faso FL, 
Ravizza D, et al. Full robotic left colon and rectal can-
cer resection: technique and early outcome. Ann Surg 
Oncol. 2009;16(5):1274–8.  

    12.    deSouza AL, Prasad LM, Marecik SJ, Blumetti J, 
Park JJ, Zimmern A, et al. Total mesorectal excision 
for rectal cancer: the potential advantage of robotic 
assistance. Dis Colon Rectum. 2010;53(12):1611–7.  

    13.    Scarpinata R, Aly EH. Does robotic rectal cancer sur-
gery offer improved early postoperative outcomes? 
Dis Colon Rectum. 2013;56(2):253–62.  

    14.    Bae SU, Baek SJ, Hur H, Kim NK, Min 
BS. Intraoperative near infrared fl uorescence imaging 
in robotic low anterior resection: Three case reports. 
Yonsei Med J. 2013;54(4):1066–9.  

    15.    Jafari MD, Lee KH, Halabi WJ, Mills SD, Carmichael 
JC, Stamos MJ, et al. The use of indocyanine green 

fl uorescence to assess anastomotic perfusion during 
robotic assisted laparoscopic rectal surgery. Surg 
Endosc. 2013;27(8):3003–8.  

      16.    Rawlings AL, Woodland JH, Vegunta RK, Crawford 
DL. Robotic versus laparoscopic colectomy. Surg 
Endosc. 2007;21(10):1701–8.  

       17.    Antoniou SA, Antoniou GA, Koch OO, Pointner R, 
Granderath FA. Robot-assisted laparoscopic sur-
gery of the colon and rectum. Surg Endosc. 2012;
26(1):1–11.  

    18.    Bokhari MB, Patel CB, Ramos-Valadez DI, Ragupathi 
M, Haas EM. Learning curve for robotic-assisted 
laparoscopic colorectal surgery. Surg Endosc. 2011;
25(3):855–60.  

   19.    Sng KK, Hara M, Shin JW, Yoo BE, Yang KS, Kim 
SH. The multiphasic learning curve for robot-assisted 
rectal surgery. Surg Endosc. 2013;27(9):3297–307.  

    20.    Jimenez-Rodriguez RM, Diaz-Pavon JM, de la 
Portilla de Juan F, Prendes-Sillero E, Dussort HC, 
Padillo J. Learning curve for robotic-assisted laparo-
scopic rectal cancer surgery. Int J Colorectal Dis. 
2013;28(6):815–21.  

    21.    Obias V, Sanchez C, Nam A, Montenegro G, Makhoul 
R. Totally robotic single-position ‘fl ip’ arm technique 
for splenic fl exure mobilizations and low anterior 
resections. Int J Med Robot. 2011;7(2):123–6.  

    22.    D’Annibale A, Morpurgo E, Fiscon V, Trevisan P, 
Sovernigo G, Orsini C, et al. Robotic and laparo-
scopic surgery for treatment of colorectal diseases. 
Dis Colon Rectum. 2004;47(12):2162–8.  

    23.    Deutsch GB, Sathyanarayana SA, Gunabushanam V, 
Mishra N, Rubach E, Zemon H, et al. Robotic vs lapa-
roscopic colorectal surgery: an institutional experi-
ence. Surg Endosc. 2012;26(4):956–63.  

    24.    Fung AK, Aly EH. Robotic colonic surgery: is it 
advisable to commence a new learning curve? Dis 
Colon Rectum. 2013;56(6):786–96.      

C.Y. Peterson et al.



149

      Robotic-Assisted Total Abdominal 
Colectomy 

           Cristina     R.     Harnsberger     ,     Luis     Carlos     
Cajas- Monson          ,     Seung     Yeop     Oh     , 
and     Sonia     Ramamoorthy     

    Abstract  

  Robotic-assisted total abdominal colectomy (TAC) has been demonstrated 
to be safe and effective in patients suitable for minimally invasive surgery. 
Most surgical techniques described to date report a multi-dock approach. 
However, a single-dock approach utilizing three robotic arms, a robotic 
camera, and one assistant port is technically feasible without the need for 
a change in patient positioning. We have found that the single-dock tech-
nique improves effi ciency while performing a robotic-assisted TAC.  
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 Electronic supplementary material:   This chapter con-
tains video segments that can be found on the following 
DOI:   10.1007/978-3-319-09120-4_12     

12.1        Introduction 

 Minimally invasive approaches to colorectal sur-
gery have become increasingly popular. The 
reported advantages compared to open surgery 
have been well described and include decreased 
postoperative pain, shorter hospital stay, reduced 
intra-abdominal adhesions, etc. Outcomes have 
been shown to be similar to those of open tech-
nique in terms of estimated blood loss, extent of 
resection, leak rates, and number of lymph nodes 
removed [ 1 – 8 ]. Despite the advantages, wide-
spread adoption of this technique remains lim-
ited. National databases report that 30–40 % of 
colectomies are performed laparoscopically. 
Technical limitations with laparoscopic surgery 
have been cited as one of the most common 
causes for limited adoption. These include 
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 two- dimensional imaging with loss of depth per-
ception, long instruments that often invert the 
surgeon’s movement and do not allow for the 
same degrees of freedom as a surgeon usually has 
during open procedures, lack of advanced camera 
movements, multiquadrant inaccessibility, and 
limitations in tight spaces such as the pelvis. 

 Robotic approaches for colorectal disease were 
fi rst described in 2001. The reported advantages 
of robotic surgery over traditional approaches is 
the ability of robotics to overcome many of the 
technical limitations of laparoscopic surgery. 
Those include three- dimensional imaging, third 
arm for fi xed retraction, fi ne motion scaling, and 
articulated instruments, which provide superior 
dexterity and degrees of freedom of movement, 
master control over the camera and robotic arms, 
single incision, energy, and stapling capability 
within a single platform [ 9 ,  10 ]. The degrees of 
freedom provided by the robot are in/out move-
ment, pitch (up/down), yaw (left/right), rotation, 
grasp, internal pitch, and internal yaw of instru-
ment tip [ 11 ]. 

 Since the fi rst robotic operation, multiple stud-
ies have been performed to evaluate its perfor-
mance against laparoscopic surgery [ 10 ]. Despite 
the reported advantages, multiple studies have not 
found a signifi cant difference in outcomes over 
conventional laparoscopic surgery. Several stud-
ies have shown a statistically signifi cant differ-
ence in cost and length of surgery when comparing 
robotic surgery and laparoscopic surgery [ 1 – 8 ]. 

 One study found statistically signifi cant dif-
ferences in postoperative ileus and length of hos-
pital stay between robotic surgery and 
laparoscopic surgery. The results were favorable 
toward robotic surgery [ 9 ]. It is possible that with 
more experience, operating times and outcomes 
in robotic surgery will improve and that current 
studies are refl ective of the learning curve [ 6 ]. 
Additionally, the costs of robotic surgery may 
decrease over time, as is the typical pattern fol-
lowing release of a new technology. 

 In this chapter, we will describe a total abdom-
inal colectomy (TAC) using robotic surgery. One 
of the approaches involves changing the robot’s 
position in order to complete dissection in multi-
ple quadrants of the abdomen, termed a multi- 

dock technique. The second approach, which we 
use at our institution, is a single-dock technique 
in which the robot does not need to be undocked 
and repositioned.  

12.2     Indications for Robotic- 
Assisted Total Abdominal 
Colectomy 

 The indications for TAC can be broadly catego-
rized into two groups: those conditions resulting 
from a primary lesion and those due to secondary 
lesions [ 12 ]. Diffuse adenomatosis of the colon 
falls into the former category and is most com-
monly seen in the form of the inherited syndrome, 
familial adenomatous polyposis (FAP), which is 
managed by TAC as the lifetime risk of carci-
noma development is nearly 100 %. Additionally, 
hereditary nonpolyposis colorectal cancer 
(HNPCC), or Lynch syndrome, is a primary 
lesion that can also be managed with total colec-
tomy, as the risk of metachronous colon cancer is 
high if segmental colectomy is performed [ 13 ]. 

 Secondary lesions that may warrant total col-
ectomy include infl ammatory bowel disease 
(IBD), pseudomembranous colitis, and motility 
disorders. Ulcerative colitis with bloody stool 
that is refractory to medical management and 
chronic ulcerative colitis with complications or 
dysplasia are indications for total colectomy. 
Additionally, Crohn’s disease that has failed 
medical management and has multi-segment 
colonic involvement or short skip lesions can be 
managed with total colectomy, although the indi-
cations for colonic preservation are not clearly 
defi ned [ 14 ,  15 ]. Pseudomembranous colitis 
resulting from Clostridium diffi cile 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 managed with TAC as well [ 16 ]. 

 In the case of any of the above indications for 
TAC, the patient should be a suitable candidate for 
minimally invasive surgery. Cases in which sur-
gery is emergent secondary to colonic perforation 
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and gross contamination are not appropriate for 
minimally invasive surgery. Obesity, however, is 
not a contraindication to minimally invasive sur-
gery, though conversion rates are higher than in 
the nonobese [ 17 ].  

12.3     Multi-Dock Technique 

12.3.1     Background 

 One of the early limitations of robotic surgery 
was the time it took to dock the robot. With expe-
rience, many robotic teams have reduced “dock-
ing time,” but in cases of dedocking and redocking 
for repositioning, prolonged operative times are a 
consideration. If surgical dissection must be 
accomplished in different sectors of the abdo-
men, the task of undocking and redocking the 
robot can seem daunting. In order to successfully 
complete a TAC, it is necessary to work in all 
quadrants of the abdomen and pelvis. The fol-
lowing summarizes a multi-dock technique, 
which takes advantage of each position of the 
patient and robot in order to minimize the num-
ber of times the robot must be redocked.  

12.3.2     Patient Preparation and Initial 
Positioning 

 Patients undergo standard colectomy preparation 
including consultation with ostomy nurses if ile-
ostomy is planned. Patients are prepped in the 
usual fashion as if a laparoscopic colectomy was 
to be performed. The patient can be in a modifi ed 
lithotomy position with the thighs at the level of 
the abdomen or in a split-leg position in order to 
minimize interference with the arms of the robot. 
Initially, the patient is positioned in slight 
Trendelenburg with the right side up.  

12.3.3     Port Placement 

 A 12 mm port is placed at the umbilicus and a 
laparoscope is inserted to confi rm that there 
are no contraindications to proceeding with a 

robotic- assisted TAC. Subsequently, four addi-
tional 8–12 mm trocars are placed for the robotic 
arms, which will be rotated throughout the case. 
Additionally, if extra assistance is required, 5 mm 
ports can be placed at the level of the umbilicus 
in the left or right fl ank or in the suprapubic 
region. Initially, the robot is docked over the right 
upper quadrant of the patient, the camera is 
inserted at the umbilicus, and robotic arms 1 and 
2 are placed in right lower quadrant (RLQ) and 
left upper quadrant (LUQ) ports.  

12.3.4     Surgical Technique 

 Dissection is started with the ascending colon. 
The LLQ port is utilized by the assistant for 
retraction of the terminal ileum, thereby extend-
ing the ileocolic vascular pedicle. Once isolated, 
the ileocolic vascular pedicle is divided with a 
laparoscopic linear stapler where it crosses the 
duodenum. The transected pedicle can be used to 
retract the colon as the other two instruments 
bluntly dissect Gerota’s fascia from the mesoco-
lon. At this stage, care must be taken to identify 
the right ureter and gonadal vessels and preserve 
them. This dissection is continued in a medial to 
lateral (MtL) manner caudally until the cecum 
and terminal ileum are mobilized. The terminal 
ileum is then divided with a linear stapler. Next, 
the dissection proceeds cranially, through the 
hepatic fl exure. At this point, the lateral attach-
ments of the ascending colon are left in place to 
keep the colon from falling into the fi eld of 
vision. The omentum can be taken off the proxi-
mal portion of transverse colon using the robotic 
vessel sealer or an energy device through the 
assistant port. The lateral fascia of Toldt is then 
divided to fi nish the right-sided portion of the 
procedure. At this point, the robot is undocked. 

 The patient is now positioned for the left-sided 
dissection. Slight Trendelenburg position is 
maintained, but the bed is tilted with the left side 
up. The robot is redocked to the left side of the 
patient to the cart over the left hip at a 30–40° 
angle to the bed. The camera is inserted through 
the umbilical port, and now the fi rst robotic arm 
is placed through the RLQ port, and the second 
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and third arms through the LUQ and RUQ ports. 
The curved monopolar scissors and Maryland 
bipolar grasping forceps are placed in the fi rst 
arm of the robot and a Cadiere grasper in the sec-
ond and third arms. The inferior mesenteric artery 
(IMA) pedicle is identifi ed and retracted anteri-
orly using the Cadiere grasper, allowing develop-
ment of the plane between the IMA and the aorta. 
The IMA is divided with the robotic vessel sealer 
or an energy device through the assistant port. 
Next, the inferior mesenteric vein (IMV) is iden-
tifi ed and divided near the inferior border of the 
pancreas. A (MtL) dissection is performed in a 
similar fashion to the right- sided portion of the 
TAC, from the sigmoid colon proceeding crani-
ally, lifting the mesocolon off of Gerota’s fascia 
taking care not to injure the ureter or gonadal 
vessels. Next, dissection continues through the 
splenic fl exure and to the midportion of the trans-
verse colon using the robotic vessel sealer or an 
energy device through the assistant port to divide 
the gastrocolic ligament. At this point, the colon 
should be mobilized with the exception of the 
rectum. 

 The fi nal change in robot positioning involves 
moving the robotic arms only, while leaving the 
patient-side cart in place. The fi rst robotic arm is 
maintained in the RLQ port, and the second and 
third robotic arms are moved to the LLQ and 
LUQ ports, allowing better retraction and dissec-
tion of the rectum. The dissection will proceed 
with standard total mesorectal excision princi-
ples. Start the dissection inferiorly, then laterally, 
and fi nally anteriorly. Once the appropriate level 
of dissection has been reached, the rectum is 
transected using a robotic stapler.   

12.4     Single-Dock Technique 

12.4.1     Background 

 Literature on technique for robotic TAC is lim-
ited. All current reports describe a multi-dock 
approach, as was summarized above. Due to the 
utility of different patient positions, different 
ideal camera angles, and different robotic arm 
confi gurations for the various aspects of a TAC, a 

single-dock approach may seem like a technical 
impossibility. However, below we describe a 
robotic-assisted TAC via a single-dock technique 
with an accompanying video (Video  12.1 ).  

12.4.2     Patient Preparation 
and Positioning 

 All patients undergo a mechanical bowel prepa-
ration prior to surgery and have an ileostomy site 
marked. The patient is positioned supine in slight 
Trendelenburg and in a split-leg confi guration 
with both arms tucked. The suction, electrocau-
tery, energy devices, and all lines are connected 
toward the head of the patient.  

12.4.3     Port Placement and Robot 
Docking 

 Pneumoperitoneum is obtained via Veress needle 
insuffl ation in the right upper quadrant. Port 
placement is illustrated below (Fig.  12.1 ). 
Initially, an 8 mm incision is made in the left sub-
costal position in the mid-clavicular line, and a 
Visiport ®  optical trocar is placed (this is later 
replaced with an 8 mm robotic trocar used for the 
surgeon’s second robotic arm). Under laparo-
scopic visualization, another 8 mm robotic port is 
placed in a left lateral position, approximately 
parallel or just inferior to the umbilicus (this port 
will later be used for the surgeon’s third robotic 
arm). The falciform ligament is then taken down 
laparoscopically to facilitate placement of the 
robotic camera port in the subxiphoid position, as 
superiorly as possible.

   Following placement of the robotic camera 
port, the remaining 8 mm port is placed in the 
right subcostal position, lateral to the mid- 
clavicular line, and will initially be used for the 
surgeon’s fi rst robotic arm. Finally, the 12 mm 
assistant port is placed in the RLQ, as lateral as 
possible and just inferior to the anterior superior 
iliac spine. Typically, the assistant port is unable 
to be placed at the previously marked ileostomy 
site, which is usually more medial and superior to 
an optimally placed assistant port. 
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 The da Vinci ®  robot is then docked from 
between the patient’s legs, in-line with the bed. The 
arm for the robotic camera is docked in the subxi-

phoid position; the fi rst, second, and third robotic 
arms are docked in the right subcostal, left subcos-
tal, and left lateral ports, respectively (Fig.  12.2 ).

Camera

Robotic Arm #1

12

8

12

8

8

Robotic Arm #2

Robotic Arm #3
Ileostomy Site

Assistant Port

  Fig. 12.1       Single-dock port placement       

  Fig. 12.2    Robotic docking in single-dock technique       
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12.4.4        Surgical Technique 

 The robotic vessel sealer and hook cautery are 
alternated in the surgeon’s fi rst robotic arm, the 
Cadiere forceps in the second robotic arm, and a 
fenestrated grasper in the third robotic arm. In a 
female patient, the uterus can be retracted and 
fi xed anteriorly using temporarily placed transab-
dominal sutures. The sigmoid colon is mobilized 
until the rectosigmoid junction is identifi ed. At 
this point, the rectosigmoid junction is dissected 
and divided using a laparoscopic linear stapler 
via the assistant port. 

 The left colon is then mobilized, and left colic 
artery (or IMA) is divided with the robotic vessel 
sealer, or alternatively, by an energy device intro-
duced through the assistant port. Dissection pro-
ceeds toward the splenic fl exure, and the assistant 
retracts the left colon inferomedially. Once the 
splenic fl exure is mobilized, the dissection con-
tinues up to the mid-transverse colon. Often this 
is accomplished by retracting the fl exure and 
transverse colon inferiorly toward the pelvis and 
taking the mesentery of the colon from the side 
closest to the stomach within lesser sac. 

 Following mobilization of the splenic fl exure, 
the dissection can continue along the transverse 
colon mesentery if visualization is optimal and or 
turn toward the terminal ileum. The ileocolic 
artery is identifi ed and divided with the robotic 
vessel sealer or energy device via the assistant 
port. The assistant retracts the right colon medi-
ally and cephalad as the terminal ileum and 
ascending colon mobilized. The terminal ileum is 
then divided with a linear stapler through the 
assistant port. 

 The last part of the dissection is the mobiliza-
tion of the hepatic fl exure and completion of dis-
section of the transverse colon. This can be 
challenging as the camera is often placed off- 
center toward the right, so having the TI mobi-
lized and the transverse colon mobilized allows 
the inferior retraction of the colon leftward and 
toward the pelvis to better visualize the fl exure. 
The middle colic artery is identifi ed and divided 
with the robotic vessel sealer or energy device 
through the assistant port. Additionally, the IMV 
or branches thereof are divided. 

12.4.4.1     Anastomosis and Specimen 
Extraction 

 If an end-to-end ileorectal anastomosis is 
planned, the proximal end of the divided terminal 
ileum is grasped and brought out through the 
12 mm assistant trocar site. The anvil is intro-
duced, and a standard purse-string suture is used 
to secure the anvil in place prior to replacing the 
ileal stump into the abdomen. This can also be 
performed intracorporeally. 

 The specimen can be extracted via a 
Pfannenstiel incision, through an enlarged inci-
sion at an ileostomy site, or transrectally. In the 
former, an extracorporeal anastomosis can be 
performed. If an ileostomy is performed, an inci-
sion can be made at that site large enough for the 
specimen to be extracted. Alternatively, the spec-
imen can be removed in a transrectal fashion. Our 
technique for transrectal extraction is to irrigate 
the rectal stump prior to proctotomy. A proctot-
omy is made along the staple line with robotic 
scissors through which a fl exible endoscope is 
introduced into the peritoneal cavity. A looped 
snare is used to grasp the distal end of the speci-
men (usually the stapled TI), which is then 
extracted through the proctotomy under robotic 
visualization, taking care to minimize tension on 
the specimen and rectal stump during extraction. 
The robotic arms are used to hold the rectum 
open to facilitate extraction. The proctotomy is 
closed with a linear stapler, and an end-to-end 
ileorectal anastomosis is performed in the stan-
dard fashion using an EEA stapler. 

 The anastomosis is then evaluated endoscopi-
cally and a leak test is performed. The fi nal step 
of the procedure is creation of a diverting loop 
ileostomy, if indicated. A pelvic drain can be 
placed through the left lateral port site.    

12.5     Conclusion 

 Robotic-assisted TAC has been demonstrated to 
be safe and effective in patients suitable for mini-
mally invasive surgery. Most surgical techniques 
described to date report a multi-dock approach. 
However, a single-dock approach utilizing three 
robotic arms, a robotic camera, and one assistant 
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port is technically feasible without need for 
change in patient positioning. We have found that 
the single-dock technique improves effi ciency 
while performing a robotic-assisted TAC.      
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      Low Anterior Resection/
Proctectomy 
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    Abstract  

  Robotic use in rectal resection is increasing in utility and popularity. 
Reported benefi ts of the robotics over traditional laparoscopy are varied. 
Robotic pelvic dissection is a technically demanding operation. A surgeon 
who is competent with pelvic laparoscopy may be at an advantage to ben-
efi t from the opportunities robotics may offer. 
 In general the robot improves operative ergonomics and three-dimensional 
high- defi nition visualization of the pelvis, which may translate into tech-
nical and functional benefi ts. This chapter reviews the technical aspects of 
both a hybrid and totally robotic approach to proctectomy (low anterior, 
coloanal, and abdominoperineal resection).  
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 Electronic supplementary material:   This chapter con-
tains video segments that can be found on the following 
DOI:   10.1007/978-3-319-09120-4_13    . 

13.1        Introduction 

 The benefi ts of robotic surgery are many and fol-
low the national trend of increasing minimally 
invasive surgery for complex operations. Patient 
selection is a key component to assuring out-
standing outcomes when undertaking robotic sur-
gery. This is particularly important for the novice 
robotic surgeon. The learning curve is both steep 
and long for complex pelvic surgery and one may 
shorten this curve if they are facile with more tra-
ditional laparoscopic techniques prior to 
 attempting their fi rst robotic resection [ 1 ]. 
Robotic techniques may have lower rates of con-
version to open in cancer when compared with 
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laparoscopy without a difference in margin posi-
tivity [ 2 ]. However, recent studies have demon-
strated no clinical or oncologic benefi t to robotics 
over laparoscopy [ 3 ]. 

 The robotic platform may be used to treat both 
benign and malignant pelvic diseases. The over-
all process that we use in our practice combines 
this minimally invasive approach with best prac-
tice processes by incorporating enhanced recov-
ery pathway (ERP) principles with robotic 
surgery. As is consistent with ERP, the use of oral 
mechanical bowel preparation is avoided due to 
the limited data to support their use [ 4 ]. Enhanced 
recovery pathways include multimodal pre-, 
intra-, and postoperative elements in an attempt 
to operate in a physiologically normal state, opti-
mize postoperative pain control, manage postop-
erative nausea, limit fl uids, and allow for 
institution of a general diet [ 5 – 7 ].  

13.2     Operative Technique 
(Video  13.1 ) 

13.2.1     Patient and Robot Positioning 

 The ultimate docking position of the robot is 
dependent upon the surgical approach being 
undertaken. For a patient undergoing rectal resec-
tion, a modifi ed lithotomy position is chosen to 
provide access to the perineum. Furthermore, the 
robot model itself may determine the fl exibility, 
or lack thereof, in such positioning. The new da 
Vinci Xi is more forgiving than the older S and Si 
platforms, allowing for the ability to operate in 
all quadrants without repositioning (Fig.  13.1a, b ).

   The technical approaches may include either a 
fully robotic or a hybrid operation. In the hybrid 
technique, the colorectal vasculature is ligated 
and the colon mobilized prior to docking the 
robot. In a completely robotic approach, ligation 
of vasculature, colonic, and rectal mobilization is 
completed entirely with the robot. 

 In the hybrid technique, the patient position 
may be easily changed to aid the dissection prior 
to robot docking. Once the laparoscopic mobili-
zation is completed, the patient is placed in steep 
Trendelenburg and leveled in the horizontal plane 
or a slight right-side-down tilt. The robot can be 

docked either between the patient legs for the 
pelvic dissection in a non-reconstructive opera-
tion or over the left hip for a reconstructive opera-
tion in which access to the perineum is required. 
When performing a totally robotic dissection, the 
robot is docked over the patient’s left hip after the 
patient is placed in Trendelenburg with the right 
side tilted downward. It is helpful to have ade-
quate exposure of the colon, splenic fl exure, and 
pelvis simultaneously as the patient bed may not 
be repositioned with the robot docked. Too steep 
Trendelenburg will make visualizing the splenic 
fl exure and transverse colon diffi cult and too 
steep right-side tilt may inhibit visualization of 
the pelvis. In such situations, the robotic arms 
may be disengaged, the bed appropriately 
adjusted, and the arms re-engaged.  

13.2.2     Trocar Placement 

 Abdominal access can be obtained by a variety of 
methods. We prefer the use of a modifi ed open tech-
nique, utilizing an OPTIVIEW    ®  trocar (Ethicon 
Endo-Surgery, Inc.) placed under direct visual-
ization in the midline just superior to the umbi-
licus. The OPTIVIEW ®  trocar has particular 
benefi t in an obese patient in which a traditional 
open technique is diffi cult secondary to poor 
visualization. Ideally, the 30-degree camera is 
positioned roughly 15 cm from the target anat-
omy and is positioned at a 30-degree down angle. 
It is critical with older S and Si models that the 
working arms are positioned outside this camera 
cone area, which is the visual fi eld of the camera 
based on the target anatomy. Additional trocars 
are placed once insuffl ation is achieved to ensure 
the appropriate 8–10 cm distances between ports 
for S and Si system and 6–8 cm for the Xi system 
to avoid external or internal collisions. 

 In the hybrid technique we generally place 4 
additional trocars (Fig.  13.2a ). Robotic trocars 
are placed in the right and left lower quadrants 
(arms 1 and 2, respectively), approximately at the 
midclavicular lines. Another robotic trocar (arm 
3) is placed in the left lateral abdomen, cranial to 
both the anterior superior iliac spine and arm 2. 
An additional 5-mm trocar (assistant port) is 
placed in right upper quadrant.
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   Port placement differs slightly in the com-
pletely robotic technique. Abdominal access is 
obtained in the same position and manner as 
 previously described. Robotic instrument ports 

(arms 1 and 2) are placed in similar positions. 
A robotic trocar (arm 3) is placed in the left lat-
eral abdomen, just superior to anterior iliac spine. 
A similar trocar is placed for the third arm in the 

  Fig. 13.1    The newer da Vinci Xi (a) and previous gen-
eration (b), systems are seen here. The Xi offers greater 
fl exibility with overhead instrument arm location and the 

ability to operate in all abdominal quadrants without repo-
sitioning the robot.  With permission from Intuitive 
Surgical, Sunnyvale, CA        

  Fig. 13.2    ( a ) Trocar positions for a hybrid robotic approach and ( b ) trocar positions for a completely robotic approach. 
 With permission from Intuitive Surgical, Sunnyvale, CA        
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right upper quadrant just to the right of midline—
this position is used for the splenic fl exure. The 
robot should be positioned over the left hip such 
that a straight line drawn from the midpoint of 
the camera arm attachment crosses the anterior 
superior iliac spine. The most distal aspect of the 
camera arm and port should be in line with the 
patient’s spine. It is critical that the alignment of 
arm 1 and the camera is not in the identical vector 
toward the left colon and splenic fl exure, as this 
position would impede mobilization and dissec-
tion (Fig.  13.2b ). 

 Issues that are critical to consider include the 
distance to the target anatomy and the potential 
for the boney aspects of the pelvic sidewall and 
sacral promontory to impede surgical dissection. 
For example, the monopolar scissors is 57 cm in 
length with a working length of 27 cm from the 
remote center to tip. Trocars placed too far cepha-
lad in a patient with a long torso will make the 
presacral dissection toward the pelvic fl oor diffi -
cult secondary to reach. Likewise, the sacral 
promontory acting as a fulcrum can lead to a poor 
angle of dissection into the presacral space. 
Finally, trocars placed too far laterally (particu-
larly in a male patient) will make the low pelvic 
dissection diffi cult secondary to collisions with 
the lateral pelvic sidewall.  

13.2.3     Operative Technique 

13.2.3.1     Step 1: Initial Exposure 
 The greater omentum should be refl ected over the 
transverse colon toward the liver and the small 
bowel retracted out of the pelvis into the right 
upper quadrant. In a female patient, it may be 
necessary to suspend the uterus to obtain an 
unobstructed view into the deep pelvis. We place 
a suture transabdominally around the round liga-
ments to suspend the uterus anteriorly or directly 
through the fundus of the uterus. Alternatively, a 
uterine manipulator may be placed transvaginally 
to suspend the uterus and vagina away from the 
rectum to allow easier dissection in the rectovagi-
nal septum.  

13.2.3.2     Step 2: Control of the 
Inferior Mesenteric Artery 
and Inferior Mesenteric Vein 

 Depending on the length of colon needed, vessel 
ligation may include any combination of inferior 
mesenteric artery (IMA), proximal or distal to the 
left colic artery, as well as inferior mesenteric 
vein (IMV) ligation. Whether this particular por-
tion of the operation is done with traditional lapa-
roscopic techniques or robotic techniques, the 
principles remain the same. If being completed 
laparoscopically, the patient is placed in steep 
Trendelenburg; the assistant grasps the rectosig-
moid junction and retracts the rectum superiorly 
out of the pelvis. Robotically, a monopolar- 
curved scissors is initially used in arm 1 (right 
lower quadrant) and a fenestrated bipolar forceps 
used in arm 2 (left lower quadrant); a double- 
fenestrated atraumatic bowel grasper is placed in 
arm 3 (left lateral abdomen). Using arm 3, the 
rectosigmoid junction is grasped and the rectum 
is placed on tension proximally, pulling it out of 
the pelvis. Alternatively, an assistant may grasp 
this area, allowing arm 3 to grasp more distally 
on the rectum to provide additional traction, plac-
ing the rectosigmoid mesocolon and mesorectum 
on tension. It is critical that the upper rectum be 
elevated in such a way as to stretch the perito-
neum overlying the right pelvic gutter, as well as 
the superior rectal artery to help separate the ves-
sels from the sacral promontory. Electrocautery 
is then utilized to incise the peritoneum along the 
right side of the rectum, caudal to the sacral 
promontory. This exposes and opens the presa-
cral space (Fig.  13.3a, b ).

   Dissection is carried cephalad along the poste-
rior aspect of the mesorectum toward the IMA 
(Fig.  13.4a ), taking care not to breach the fascia 
propria of the rectum and avoiding injury to the 
superior hypogastric nerves. Injury to the ner-
vous structures around the IMA may result in ret-
rograde ejaculation and/or bladder dysfunction. 
As one dissects directly below the superior rectal 
artery and above the retroperitoneal fascial 
planes, the left ureter and gonadal vessels 
should be identifi ed just above the pelvic brim. 
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As this dissection continues in this plane, the ves-
sel is elevated from the retroperitoneum and the 
ureter and gonadal vessels can be easily swept 
bluntly posteriorly to maintain their position 
within the retroperitoneum, posterior and lateral 
to the IMA (Fig.  13.4b ).

   While there is no oncologic benefi t to high ver-
sus low ligation of the IMA, we prefer to ligate 
this vessel at its origin to obtain maximal length 
for a potential low pelvic anastomosis and to min-
imize tension [ 8 ]. Once the IMA is isolated at its 
origin, we ligate this using either a 5-mm blunt tip 
LigaSure ( Covidien Surgical Solutions, Mansfi eld, 
MA ) vessel sealer or the da Vinci ®  EndoWrist ®  

One™ vessel sealer ( Intuitive Surgical Inc., 
Sunnyvale, CA ) (Fig.  13.5 ). Other methods of vas-
cular control include the use of endoscopic sta-
plers, clips, or sutures. The colonic mesentery can 
now be elevated off the retroperitoneum proxi-
mally and laterally. If in the correct plane, much 
of this dissection can be carried out bluntly. The 
extent of dissection is superior to the inferior bor-
der of the pancreas and laterally overlying the 
Gerota’s fascia. The cut edge of the colonic mes-
entery can continue to be transected superiorly, 
lateral to the duodenum to include the IMV. If the 
IMV cannot be reached in this manner, it may be 
transected prior to releasing the splenic fl exure.

  Fig. 13.3    ( a ,  b ) An unobstructed view of the pelvis is 
obtained. The rectum is retracted cephalad and to the left 
using arm 3. The rectum must be elevated to stretch the 
peritoneum and raise the superior rectal artery anteriorly 

to separate the vessels from the sacral promontory. 
Electrocautery is then used to incise the peritoneum along 
the right side of the rectum, caudal to the sacral 
promontory       

  Fig. 13.4    ( a ,  b ) Identifying and isolating the inferior 
mesenteric artery—dissection is carried cephalad along 
the posterior aspect of the mesorectum toward the 
IMA. Arm 2 (LLQ) is placed posterior to the vascular 
bundle and mesorectum and retracted anteriorly. The 
assistant may place countertraction using either a laparo-

scopic grasper or suction device to aid the dissection. The 
vessel is elevated from the retroperitoneum, and the 
gonadal vessels and ureter (white arrow) should be identi-
fi ed within the retroperitoneum, just above the pelvic 
brim, posterior and lateral to the IMA       
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   An alternative method to IMV ligation with 
the hybrid technique involves placing the patient 
into reverse Trendelenburg position, with the left 
side elevated. The greater omentum is refl ected 
superiorly and the transverse colon is retracted 
anteriorly and superiorly. The ligament of Treitz 
is identifi ed, and the IMV can usually be seen 
coursing within the colonic mesentery just lateral 
to the fourth portion of the duodenum. To enter 
the lesser sac through the transverse mesocolon, 
the peritoneum of the transverse mesocolon, just 
superior to the IMV and lateral to the duodenum, 
is incised. Dissection is carried through the meso-
colon and into the lesser sac. The pancreas should 
be identifi ed posteriorly. To achieve enough 
length for any coloanal anastomosis, the IMV 
generally needs to be divided at the inferior 
boarder of the pancreas. This medial approach to 
the vein fl ows into the lesser sac dissection and 
facilitates complete mobilization of the splenic 
fl exure. Any remaining colonic mesentery 
between the region of dissection of the IMA and 
IMV is then also transected with the vessel sealer. 

 Our typical approach at this point includes 
taking the colonic mesentery from the primary 
feeding vessel of the rectum to the edge of the 
sigmoid or descending colon. This allows for 
complete vascular isolation of the target anatomy 

and provides an estimate as to the proximal area 
for anastomosis. Near-infrared perfusion angiog-
raphy (PINPOINT    System,  Novadaq, Canada ) and 
fl uorescence angiographic imaging (FIREFLY, 
 Novadaq,  Canada) to evaluate the blood supply 
of the bowel to be used for the anastomosis may 
be evaluated either at this time or after construc-
tion of the anastomosis (Fig.  13.6 ) [ 9 – 11 ]. In 
general, we prefer to use the more compliant 
descending colon for any low anterior resection. 
Once the mesentery has been divided, we do not 
divide the bowel as it provides a fantastic oppor-
tunity for retraction during the pelvic dissection.

13.2.3.3        Step 3: Medial-to- Lateral 
and Splenic Flexure 
Mobilization 

 The mesentery and lateral attachments of the 
descending and sigmoid colon are all that remain to 
be divided. From the medial side, the appropriate 
avascular plane can be quickly and easily separated 
in a blunt manner. It is imperative to ensure that the 
Toldt’s fascia is preserved and the retroperitoneum 
is not violated—doing so places the retroperitoneal 
structures (kidney, ureter, and gonadal vessels) at 
risk of injury. This dissection is complete when all 
that remains of the colonic attachments are the lat-
eral peritoneal attachments and fi lmy attachments 
to the splenic fl exure. Without changing position 
these attachments can be cut with electrocautery. 
Alternatively, one may prepare the robot for the 
pelvic portion of the dissection and place the 
patient in Trendelenburg position and the left side 
slightly elevated. Prior to engaging the pelvis, one 
can quickly detach the lateral peritoneal  attachments 

  Fig. 13.5    Ligation of the IMA is shown. One must take 
care to not inadvertently include the retroperitoneum in 
the vessel sealer. Prior to ligation, this retroperitoneal 
plane should be developed such that the empty space 
between the IMA and left colic artery in the colonic mes-
entery is visualized. Arm 3 continues to retract the rectum 
out of the pelvis and places the IMA on a near-vertical 
orientation. Arm 2 can be used to grasp the peritoneum 
overlying the vessel (as shown) or the vessel itself, distal 
to the transection point. Care must be taken to not put the 
vessel on excess tension while ligating it       

  Fig. 13.6    Fluorescence angiographic imaging evaluates 
the blood supply of the bowel prior to performing an 
anastomosis       
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to the left colon and sigmoid by starting at the pel-
vic brim and continued proximally toward the 
splenic fl exure. This is then taken down completely 
with a combination of a medial-to-lateral and 
lateral-to- medial dissection. 

 When releasing the splenic fl exure robotically, 
the right and left lower quadrant robotic ports (arms 
1 and 2) and the right upper quadrant port (arm 3) 
are utilized. A double-fenestrated atraumatic bowel 
grasper can be placed in arm 1, and the monopolar-
curved scissors and a bipolar fenestrated grasper 
can be exchanged between arms 2 and 3 to help 
facilitate the splenic fl exure dissection in a medial-
to-lateral or lateral-to- medial approach. 

 If an abdominoperineal resection (APR) is to be 
performed, it is not necessary to ligate the IMV 
highly and the splenic fl exure is not mobilized. The 
colonic mesentery is instead transected with the 
vessel sealer to the border of the sigmoid colon and 
the colon is divided with an endoscopic stapler.  

13.2.3.4    Step 4: Rectal Dissection 
 In the hybrid approach, the robot is docked 
between the legs for a non-reconstructive opera-
tion. If reconstruction is considered, the robot 
may be docked over the left hip. Arm 3 (left lat-
eral abdomen—graptor) or an instrument through 
the accessory port directed by the fi rst assistant is 
used to grasp the rectum and retract it out of the 
pelvis anteriorly. Arms 1 (monopolar-curved 
scissors) and 2 (fenestrated bipolar forceps) then 
begin the dissection in the avascular mesorectal 
plane. We typically start this dissection along the 

posterior, right side and proceed caudally—in 
this case, arm 2 retracts the rectum toward the 
patient’s left side and arm 1 is used to perform the 
dissection. This dissection is carried as far to the 
left pelvic sidewall as possible to decrease the 
amount of dissection necessary from the patient’s 
left side (Fig.  13.7 ). The instrumentation in arms 
1 and 2 may always be exchanged in order to 
complete the dissection along the left side of the 
rectum. The posterior dissection is continued dis-
tally, including the lateral stalks, which are taken 
with monopolar cautery. If a middle rectal vessel 
is present within the lateral stalks and not con-
trolled with cautery, this may be controlled with 
either the bipolar or the robotic vessel sealer. 
Dissection that is too lateral in the region of the 
lateral stalks places the nervi erigentes at risk for 
injury, which can lead to erectile dysfunction.

   The anterior dissection is then undertaken. Arm 
3 is used to pull down and out of the pelvis to pro-
vide proper tension on the anterior structures. The 
assistant aids the dissection by placing a suction 
device or grasper anterior at the level of the semi-
nal vesicle or posterior vagina and lifting anteri-
orly. This countertraction anterior to the rectum 
allows the dissection to progress to the level of the 
pelvic fl oor (Fig.  13.8 ). In patients with an anterior 
tumor, our dissection plane is always anterior to 
the Denonvilliers’ fascia. With posterior-based 
tumors, our dissection plane is just posterior. The 
periprostatic nerve plexus carries mixed sympa-
thetic and parasympathetic fi bers and may be 
injured during this phase of the dissection.

  Fig. 13.7    ( a ,  b ) We typically start the presacral dissec-
tion along the posterior, right side and proceed caudally—
arm 3 maintains traction on the rectum in a cephalad 
direction, out of the pelvis, arm 2 retracts the mesorectum 

toward the patient’s left side, and arm 1 is used to perform 
the dissection. This dissection is carried as far to the left 
pelvic sidewall as possible to decrease the amount of dis-
section necessary from the patient’s left side       
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   In the completely robotic approach, the tech-
nique for rectal dissection is similar, as is the 
instrumentation. This position is still instru-
mented with an atraumatic bowel grasper for 
retraction of the rectum out of the pelvis. 

 A total mesorectal excision is completed cir-
cumferentially to the pelvic fl oor for patients 
undergoing coloanal anastomosis. For more proxi-
mal tumors, the dissection proceeds to a level that 
includes a 5-cm distal mesorectal margin. In this 
case, the mesorectum at the distal transection point 
is ligated using either a handheld vessel sealer or 
the robotic vessel sealer in order to isolate the rec-
tum and prepare it for transection in a proper 
tumor-specifi c mesorectal excision.  

13.2.3.5     Step 6: Anastomotic 
Technique 

 In patients undergoing APR, the rectal dissection 
proceeds robotically to the pelvic fl oor in a cylin-
drical manner. The bare area of the rectum distal 
to the mesorectum must not be unroofed. In this 
scenario, the pelvic fl oor musculature can even be 
incised from the pelvis and the ischioanal space 
entered, exposing the ischioanal fat. The perineal 
portion of the resection is then conducted in the 
usual open fashion and the rectum is extracted 
through the perineum. Finally, the abdomen is 
insuffl ated after closure of the perineal incision 

and the end colostomy is identifi ed and matured 
usually in the left lower quadrant. 

 For those patients with a low rectal tumor and 
undergoing a coloanal anastomosis, a mucosec-
tomy is completed just proximal to the dentate 
line. Placement of a Lone Star retractor ( Cooper 
Surgical, Trumbull, CT ) generally provides ade-
quate visualization. The mucosectomy is carried 
proximally to just above the anorectal ring. The 
pelvis is then entered from the perineal side just 
anterior to the coccyx. A fi nger placed into the 
pelvis, transanally, is then utilized to identify the 
correct plane of dissection to free the rectum cir-
cumferentially with electrocautery. When per-
forming this dissection anteriorly, one must take 
care not to injure the urethra in males or the 
vagina in females. Once completely mobilized, 
the rectum may be extracted transanally and 
divided at the previously identifi ed proximal 
transection point on the descending colon. 
A single- layer hand-sewn coloanal anastomosis 
is then fashioned with interrupted absorbable 
sutures placed circumferentially. 

 Patients undergoing low anterior resection can 
have the rectum transected, once the mesorectum 
has been cleared with the vessel sealer, either 
intracorporeally using the robotic stapling device 
(Fig.  13.9 ) or transabdominally, through a small 
Pfannenstiel incision. An end-to-end stapled 
anastomosis is then fashioned. An alternative to a 
straight colorectostomy, a colonic J-pouch, or a 
transverse coloplasty may be fashioned to increase 
the reservoir capacity of the colon [ 12 ,  13 ].

   A diverting loop ileostomy is routinely used in 
patients with low (below the anterior peritoneal 
refl ection) anastomoses or those patients who 
received preoperative radiation therapy. 
Consideration for ileostomy reversal occurs 3 
months after the index operation or once any 
potential adjuvant therapy is completed.    

13.3     Summary 

 Robotic rectal resection is both safe and feasible. 
With appropriate surgeon experience and patient 
selection, either a hybrid laparoscopic-robotic or 

  Fig. 13.8    The anterior dissection, either anterior or pos-
terior to the Denonvilliers’ fascia (dependent upon tumor 
location), is performed by placing the rectum on tension 
in a posterior and cephalad direction (arm 3). Arm 1 
retracts anteriorly and arm 2 is performing the direction 
(these may be interchanged). Additional countertraction 
can be obtained by having the assistant either retract pos-
teriorly (as shown) or anteriorly       
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completely robotic approach may be used. As 
newer robotic technologies become available 
(da Vinci Xi system), additional complex pathol-
ogy and or multi-quadrant operations may be 
amenable to such minimal techniques.  

13.4     Key Points 

•     Robotic rectal resection is complex and has a 
steep learning curve.  

•   To optimize success, the operating surgeon 
should initially be facile with laparoscopic 
techniques.  

•   Hybrid or totally robotic approaches may be 
used. For proctectomy, a single docking posi-
tion is all that is generally necessary.  

•   Appropriate trocar placement is vital to ensure 
adequate visualization, limitation of external 
and internal collisions, and effective and effi -
cient dissection.  

•   The robot provides improved three- dimensional 
and high-defi nition visualization of the pelvis.         
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    Abstract  

  Robotic utilization in rectal cancer has several distinct advantages. The 
clear benefi ts of the magnifi cation and visualization, combined with the 
improved dexterity in confi ned places such the true pelvis, make robotic- 
assisted surgery optimal for distal rectal cancers. Current literature shows 
short-term outcomes comparable with laparoscopic approach. Large pro-
spective international studies are underway to provide an answer about the 
short-and long-term oncologic and functional outcomes with this tech-
nique. In this chapter, we provide the reader with detailed description of 
how to perform robotic APR. Attention to patient selection, the impor-
tance of preoperative stoma marking, positioning, room arrangement, and 
troubleshooting in an emergency situation are illustrated. Literature review 
and outcomes are described with the most up-to-date short-term and onco-
logic outcomes.  
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14.1         Introduction to Robotic 
Proctectomy 

 Robotic technology is currently undergoing a sig-
nifi cant expansion in the fi eld of colorectal sur-
gery. Although it was originally seen as more 
appropriate to be used in a single quadrant area, 
the introduction of the new platform da Vinci    
Xi™ (Intuitive Surgical Inc., Sunnyvale, CA) 
will potentially improve the multiquadrant appli-
cations of the robotic equipment facilitating the 
splenic fl exure takedown. Whichever current 
market platform is used, the enhancement of the 
three-dimensional vision, degrees of freedom, 
and rotation in the robotic wristed arms and the 
high-defi nition resolution and vision in confi ned 
spaces help expedite robotic-assisted procedures. 

 The goal of this chapter is to provide detailed 
steps to perform an abdominoperineal resection 
(APR) including surgical pearls and tips acquired 
through our clinical experience in robotic 
technology.  

14.2     Indications for APR 

 Robotic-assisted APR have the same indications 
as any mid or distal rectal/anal or pelvic cancer 
where sphincter-sparing techniques will preclude 
complete oncologic resection or expected quality 
of life with poor functional outcome would 
potentially cripple the patient to a fully functional 
recovery. 

 The most important contraindication to 
robotic APR is the physiologic inability of the 
patient to tolerate the stress of a major intestinal 
resection. Patient selection in the early learning 
curve may facilitate the operator to familiarize 
with the steps and the procedure. As the experi-
ence increases, relative contraindications such 
as prior abdominal or pelvic operations may no 
longer suppose a halt in the decision making to 
provide the patient with a minimally invasive 
technique to their rectal disease. Intestinal adhe-
siolysis may be performed laparoscopically upon 
entry or with the docked robotic arms as per sur-
geon and team’s preference. The robotic technol-
ogy is specially suited for surgery in a localized 

quadrant (urology, gynecology) although the 
introduction of the new robotic system da Vinci 
Xi™ (Intuitive Surgical Inc., Sunnyvale, CA) 
will potentially allow the exchange of the camera 
for working ports without undocking the robot 
with a new thinner profi le and better ergonomic 
equipment. 

 Indications for surgery are mainly invasive 
adenocarcinoma to the sphincter complex and 
recurrence of squamous cell carcinoma; also the 
performance of a completion proctectomy in 
patients with infl ammatory bowel disease when 
sphincter sparing and pelvic reconstruction are 
prohibitive is also enhanced using the robotic 
system. Other unusual indications would be pre-
sacral tumors with invasion to the distal rectum. 

 In our personal experience, unless the patient 
is unfi t to tolerate general anesthesia, all patients 
with distal rectal/pelvic disease that are precluded 
from preservation of sphincter are  routinely 
selected for robotic surgery. If a pelvic exentera-
tion is required, a consideration should be made 
with an expert robotic-trained urologist.  

14.3     Preoperative Stoma Site 
Marking 

 The placement of a permanent stoma is a signifi -
cant change in personal perception as well as 
social withdrawal. In order for an enterostomate 
to fulfi ll an active lifestyle, it is imperative to be 
educated preoperatively. In 1953, Turnbull iden-
tifi ed the importance of assessing the abdomen 
preoperatively in order to avoid postoperative 
complications from poor stoma location [ 1 ]. 
Current guidelines recommend for all patients a 
preoperative visit allowing for stoma siting and 
for education of the patient and, if desired, the 
appropriate family members [ 2 ]. 

 Evaluation of the preoperative patient’s abdo-
men is done in multiple positions for optimal 
stoma site selection: lying, standing, and sitting 
(Figs.  14.1 ,  14.2 ,  14.3 ,  14.4 ,  14.5 , and  14.6 ).

        These maneuvers help reduce postoperative 
complications such as pouch leakage, peristomal 
skin irritation, pain, odor, and patient/family 
frustration and they are currently supported with 
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current literature. It can enhance patient indepen-
dence and return to optimal functioning [ 3 – 7 ]. 

 It is important in the marking process to place 
the stoma within the rectus muscle and in the 
patient’s visual fi eld, outside of any creases, 
scars, wrinkles, and bony prominences and con-
sidering [ 8 ]. The guide developed by    ASCRS and 
WOCN is noted in Table  14.1 .

      The usual site for an APR would be the left 
lower quadrant, but there are specifi c patient con-
siderations (i.e., in wheelchair-bound or obese 
patients the optimal stoma site should be in the 
left upper quadrant; in patients whose profession 
requires them to wear specifi c tool belt or har-
ness, they should bring that belt with them to be 
marked). 

 Indelible marking is the recommended method 
and most common since it does not leave perma-
nent marking (tattooing) or break skin barrier 
(scratching) [ 8 ]. When marking for an anticipated 
robotic APR, since there is no midline incision, 
one of the trocar sites may serve as a potential 
stoma site; therefore, it is imperative that the 

  Fig. 14.1    Standard placement supine. Courtesy of Jane 
Carmel, MSN, RN, CWOCN       

  Fig. 14.2    Placement bending over. Courtesy of Jane 
Carmel, MSN, RN, CWOCN       

  Fig. 14.3    Placement on standing position. Courtesy of 
Jane Carmel, MSN, RN, CWOCN       

  Fig. 14.4    Obese abdomen placement supine       
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 surgeon and the WOC nurse have a direct com-
munication. It is recommended to “bud” all sto-
mas. This allows the effl uent to readily fl ow into 
the pouching system increasing the wearing time 
even in situations with diarrhea stool secondary 
to radiation enteritis, medication side effects, 
clostridium diffi cile colitis, or other pathology.  

14.4     Procedure for Robotic APR 

14.4.1     Room Setup 

•     Appropriate preplanning and arrangements in 
the room will facilitate the fl ow of the opera-
tion, operating room space, and resource 
usage (Table  14.2 )   .

 –     Routine placement of the patient-side cart 
on the patient’s left side will decrease the 
docking time considering side docking in 
the left hip (Fig.  14.7 ).

 –      The patient bed may be angled toward the 
right side about 10–15°.     

•   The bedside assistant is on the patient’s right 
side as the port is usually located over the 
right upper quadrant of the abdomen. 
Routinely, the instruments are passed from the 
surgical technician or placed in the pocket of 
the surgical draping.     

14.4.2     Patient Positioning 

•     Routine combined approach is performed in 
these cases where the main operating surgeon 
will perform the abdominal part and a second 
surgeon will proceed through the perineal por-
tion of the procedure when the intra- abdominal 

  Fig. 14.5    Obese abdomen placement on sitting position       

  Fig. 14.6    Obese abdomen on standing position       

   Table 14.1    Stoma marking key points   

 Key points to consider 

 • Positioning issues: contractures, posture, mobility, 
e.g., wheelchair confi nement, use of walker, etc. 

 • Physical considerations: large/protruding/pendulous 
abdomen, abdominal folds, wrinkles, scars/suture 
lines, other stomas, rectus muscle, waistline, iliac 
crest, braces, pendulous breasts, vision, dexterity, 
presence of hernia 

 • Patient considerations: diagnosis, history of 
radiation, age, occupation 

 • Other: surgeon preferences, patient preferences, 
type of ostomy or diversion, anticipated stool 
consistency 

 • Multiple stoma sites: mark fecal and urinary stomas 
on different horizontal planes/lines 
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dissection has been completed. For that rea-
son, all our patients will be placed in a modi-
fi ed lithotomy position. The patient is secured 
to the table using the Allen ®  Hug-U-Vac ®  
steep trend positioner (Allen Medical Systems, 
Inc. Acton, MA). The advantages with this 
system include a patient weight capacity up to 
500 lb (227 kg), enabling secure positioning 
in robotic surgery, the design allows easy 
access to the forearm and the IV lines, and the 
bag system securely straps to the table with no 

sliding noted in over 300 robotic colorectal 
surgeries performed at our institution; how-
ever, there are incidents reported in the litera-
ture that the patient has fully slid off the 
operating table [ 9 ].  

•   In morbidly obese patients we place elastic 
tape wrapped around the chest and across the 
shoulders.  

•   The anesthesia team routinely performs a “tilt” 
test prior to the draping of the patient to ensure 
proper ventilation and evaluate cardiovascular 
effects of the Trendelenburg positioning.      

14.5     Port Placement 

•     As part of our standardization protocol for the 
robotic team, the port placement is the same in 
every deep pelvic operation, rarely adding any 
ports, most of the time for additional laparo-
scopic lysis of adhesions in patients with prior 
major abdominal surgeries. In virgin abdo-
mens, a supraumbilical port is placed using 
the standard 12 mm port under direct vision 

   Table 14.2    Procedure of stoma marking   

 Gather items needed for the procedure: 

 1. Marking pen, surgical marker, transparent fi lm 
dressing, fl at skin barrier (according to surgeon’s 
preference and facility policy) 

 2. Explain stoma marking procedure to patient, and 
encourage patient participation and input 

 3. Carefully examine patient’s abdominal surface. 
Begin with patient fully clothed in sitting position 
with feet on the fl oor. Observe the presence of 
belts, braces, and any other ostomy appliances 

 4. Examine patient’s exposed abdomen in various 
positions (standing, lying, sitting, and bending 
forward) to observe for creases, valleys, scars, 
folds, skin turgor and contour 

 5. Draw an imaginary line where the surgical 
incision is going to be. Choose a point 
approximately 2 in. from the surgical incision 
where 2–3 in. of fl at adhesive barrier can be placed 

 6. With the patient lying on back, identify the rectus 
muscle. This can be done by having the patient do a 
modifi ed sit-up (raise the head up off the bed). 
Placement within the rectus muscle can help to 
prevent peristomal hernia formation and/or prolapse 

 7. Choose an area that is visible to the patient and if 
possible below the belt line to conceal the pouch 

 8. If the abdomen is large, choose the apex of the 
mound or if the patient is extremely obese, place 
in the upper abdominal quadrants 

 9. It may be desirable to mark sites on the right and 
left sides of the abdomen to prepare for a change 
in the surgical outcome (you may want to number 
your fi rst choice as 1) 

 10. Clean the desired site with alcohol and allow to dry. 
Then proceed with marking the selected site with a 
surgical marker/pen. You may cover with transparent 
fi lm dressing if desired to preserve the mark 

 11. Once marked, have the patient assume sitting, 
bending, and lying position to assess and confi rm 
the best choice. It is important to have the patient 
confi rm they can see the site 

  Fig. 14.7    Robotic left-hip docking       
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through the port using the 8 mm straight 
robotic camera. Once appropriate pneumo-
peritoneum is established, it is easier to place 
the remaining ports. Alternatively, a right or 
left upper quadrant port may be placed prior to 
the midline to evaluate for possible adhesions 
(Fig.  14.8 ).

•                     Evaluation of the abdominal cavity for possi-
ble metastatic disease is performed prior to the 
port placement.  

•   The port #1 could be 8 mm or the 13 mm 
robotic stapler port. It is placed at least 10 cm 
lateral to the umbilical port to avoid collisions, 
the most common place is in the right lower 
quadrant at the intersection of the right mid-
clavicular line (MCL) and a line between the 
superior iliac crest (SIC) and the umbilicus. 
Port #2 (8 mm robotic port) is placed over the 
mirror image in the left MCL. However, for 
the most part, we use the outside outline of the 
stoma site marking by our enterostomal thera-
pist, which will be used at the end of the oper-
ation to perform the permanent colostomy. 

Port #3 is also an 8 mm port and will be placed 
over an area at or lateral to the left anterior 
axillary line and a horizontal line from the 
umbilicus.  

•   An assistant port is routinely placed in the 
right upper quadrant, normally a 12 mm. The 
clinical reasoning is twofold: if robotic sta-
pling is not available to use one of the current 
market endoscopic staplers to transect the 
proximal specimen or in case of robotic instru-
ment failure, we have for emergent situations 
a 10 mm diathermy sealing device for control 
of the vessels. If a robotic stapler port is placed 
in port #1, then a 5 mm port is used for the fi rst 
assistant.  

•   Routine use of 10 mm camera 0° angle is done 
for all pelvic cases.  

•   Instruments used:
 –    Port #1: cautery hook or scissors  
 –   Port #2: Cadiere grasper or fenestrated 

bipolar grasper  
 –   Port #3: intestinal graptor       

14.5.1     Docking the Patient-Side Cart 

 The robot is docked though an imaginary line 
from the left SIC to the right shoulder after the 
patient has been placed in surgery-ready position 
and tilted. We routinely place the patient on 
20–30° of Trendelenburg and 15° to the right. It 
is important to lower the table to the minimum 
height to facilitate the robotic arm docking. In 
effi cient robotic teams, this maneuver can be 
accomplished in less than 2 min. 

14.5.1.1     Exposure of the Pedicle 
and Pelvic Inlet (Video 14.1)  

•     The graptor retractor is used to cranially tent 
the rectosigmoid junction, and the assistant 
may use a laparoscopic bowel grasper to 
expose the groove underneath the vessels for 
further triangulation (Fig.  14.9 ). This maneu-
ver when well performed will facilitate the 
entire pelvic and structure identifi cation.
 –    Use the Cadiere grasper to triangulate the 

tissues underneath the pedicle for blunt and 
sharp dissection. Using the hook with or   Fig. 14.8    Port placement and positioning       
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without cautery blunt and sharp dissection 
is performed.  

 –   Identifi cation of the hypogastric nerves and 
separation from the IMA pedicle.  

 –   Continuation of the medial to lateral 
approach with identifi cation of the ureter at 
the junction with the left iliac. A common 
mistake is to try to fi nd it deeper in the left 
retroperitoneal area caudal to the internal 
and external iliac bifurcation. A second 
window sometimes is performed lateral to 
the pedicle, this window many times will 
expose the ureter right underneath it 
(Figs.  14.10  and  14.11 ).  

 –   Once the ureter has been identifi ed, proxi-
mal dissection of the retroperitoneal space 
is done with care to avoid injury to the ure-
ter and gonadal pedicle. For the most part 

this part is truly areolar (Fig.  14.12 ) and 
blunt dissection may be performed in many 
cases to nearly reach the splenic fl exure 
without the need of rotating the robotic 
system.  

 –   Takedown of the pedicle (Fig.  14.13 ) with 
diathermy device can be done using:
   Arm #1 with the sealing device.  
  Assistant Port using laparoscopic dia-

thermy device from the right upper 
quadrant.  

  After this maneuver, the paracolic gutter is 
further mobilized above the Gerota’s 
fascia (Fig.  14.14 ).     

 –   Exposure of the pelvis is done with the arm 
#3 retractor. This step is essential for full 
exposure of the pelvis for the posterior dis-
section. Our preference is to pass the 

  Fig. 14.9    Exposure IMA with triangulation       

  Fig. 14.10    Second window for ureter exposure lateral to 
IMA       

  Fig. 14.11    Second window for ureter exposure lateral to 
IMA fully exposed       

  Fig. 14.12    Paracolic mobilization medial to lateral       
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retractor from the lateral side through the 
window of the already taken vascular pedi-
cle. Using the blades of the retractor and 
the arm, cranial retraction of the rectosig-
moid junction is done with excellent visu-
alization of the areolar tissue of the pelvic 
inlet in the mesorectal plane. It is important 
to identify the hypogastric nerves and 
 preserve them posterior to our dissection 
plane (Fig.  14.15 ).        

14.5.1.2     Posterior Lateral 
and Anterior Dissection 
in Minor Pelvis Plane 

•     This area is entered using the hook or scissors 
on cautery posteriorly through the areolar plane 
until the levator plate is entered (Fig.  14.16 ). 
We prefer to use the straight camera although 

for deep curved pelvis, the last remnants of the 
anococcygeal ligament may be easier and visu-
alized with the 30° angled camera. This step is 
operator dependent, and for the most part, the 
surgeon tends to use the type of camera angula-
tion used during their laparoscopic experience. 
Also for deeper planes, it may be necessary at 
times to advance the arm #3 using the blades 
for anterior retraction and exposure of the pos-
terior mesorectal plane.  

•   Once that is completed, the dissection is 
extended laterally on the right side of the pelvic 
inlet. Some surgeons prefer to use the sealing 
device and they may fi nd the so-called lateral 
stalks and avoid bleeding. Others prefer the dia-
thermy device in higher coagulation settings.  

•   Attention is turned to the left lateral rectal 
aspect, which is exposed with the aid of arm 

  Fig. 14.13    Takedown of inferior mesenteric artery       

  Fig. 14.14    Paracolic mobilization medial to lateral after 
IMA is taken       

  Fig. 14.15    Right pelvic inlet and distal lateral stalk 
mobilization       

  Fig. 14.16    Posterior dissection TME pelvic inlet       
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#3 pushing the midrectum to the left of the 
pelvis. Cautery is used to the level of the anal 
canal (Fig.  14.17 ).  

•   After the posterior and lateral areas are mobi-
lized, the anterior part of the peritoneum is 
incised, and using the separated blades of the 
third arm, exposure of the Denonvilliers’ fascia 
in the male or the rectovaginal septum is done 
(Fig.  14.18 ). Cautery is used to separate this 
areolar plane.    Posterior vaginectomy can be per-
formed in case of anterior invasion of the tumor 
(Fig.  14.19 ), guidance of the dissection with an 
assistant in the pelvis using digital examination.  

•   The dissection in many instances can be con-
tinued until the skin of the perineum is open 
through the abdomen. To avoid losing pneu-
moperitoneum, an abdominal pad can be used.  

•   Transection of the sigmoid colon can be done 
intracorporeally after the pedicle has been 
taken down (Fig.  14.20 ). Prior to that maneu-
ver, we routinely perform fl uorescent evalua-
tion of the colon with 10 mg of indocyanine 
green after the pedicle has been taken to the 
colon chosen for transection (Fig.  14.21 ). If 
vascular fl ow is noted over the area, transec-
tion is then performed (Fig.  14.22 ).     

14.5.1.3     Extracorporeal Portion 
of the Procedure 

•     In order to expedite the procedure, we rou-
tinely use a two-surgeon team. The robotic 
platform is decoupled from the patient, and 
perineal extraction and permanent colostomy 
are done at the same time.  

  Fig. 14.17    Left pelvic inlet entrance triangulation grap-
tor retractor       

  Fig. 14.18    Rectovaginal septum exposure and 
triangulation       

  Fig. 14.19    Posterior vaginectomy on APR       

  Fig. 14.20    Mesenteric takedown for proximal transec-
tion sigmoid       
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•   The skin marked for the permanent stoma is 
incised and dissection is done using the Army- 
Navy retractors until the anterior rectus fascia is 
found. The fascia is opened vertically and using 
the clamp the muscle is split and retracted with 
the long blade of the retractors exposing the 
posterior rectus sheath. We routinely preserve 
the pneumoperitoneum and use the camera to 
guide the assistant to grab the distal end of the 
colon to mature. After the distal stapled colon is 
extracted through the stoma (Fig.  14.23 ), defl a-
tion of the abdomen has already occurred and 
the stoma is matured removing the stapled line 
and absorbable sutures.  

•      The perineal portion is done using the 
Beckman retractors after the skin is incised at 
the hair-bearing areas and the cautery until the 

area is connected to the pelvic dissection, fi rst 
posteriorly and then laterally and anteriorly.    In 
our experience, we have been able to dissect as 
low as the skin transabdominally so minimal 
dissection is required for extracorporealization 
of the rectum.  

•   The planes are closed in layers using absorb-
able sutures. If the defect is large, consider-
ation should be given for a consultation to a 
plastic surgery team for rectus abdominis fl ap. 
Smaller defects may be primarily closed and 
we prefer to use subcuticular sutures of 4/0 
PDS and dermabond    for the skin sealing.  

•   The specimen is always sent and evaluated by 
the pathologist intraoperatively for clear mac-
roscopic margins and the presence of the 
tumor in the specimen.      

14.5.2     Patient Characteristics 
and Selection 

 The use of robotic technology has been shown to 
have lower rate of conversion in obese and 
ultralow cancers when compared to other tech-
niques [ 10 ,  11 ]. 

 Our current experience in all types of colorec-
tal resections indicates the feasibility of the use 
of robotic technology, especially in obese patients 
as they may benefi t more of the minimally inva-
sive approach and    the lower conversion to open. 

  Fig. 14.21    Proximal immunofl uorescence marking       

  Fig. 14.22    Transection proximal colon       

  Fig. 14.23    Extraction proximal colon using wound pro-
tector retractor       
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   Moreover, our current data indicate the same 
oncologic in 103 consecutive colectomies in rec-
tal cancer when comparing BMI > 30 or less with 
statistically same nodal sampling, radial, and dis-
tal margins. 

 The patient’s height implies a deeper pelvis to 
dissect. We routinely place the ports lower allowing 
the instruments to reach deeper. In the event that 
reach is needed once the platform has been docked, 
all ports may be pushed in using the port clutch 
system. Routinely, we do not need to take the 
splenic fl exure on our APR, and also splenic fl exure 
takedown is explained elsewhere in the textbook.  

14.5.3     Robotic Accessories 

 The latest da Vinci ®  Surgical System Xi model 
(Intuitive Surgical Inc., Sunnyvale, CA) has been 
recently introduced in April 2014. The arms are 
interchangeable as well as the camera. We do not 
have this system to our avail but other experi-
enced robotic surgeons seem to fi nd this system 
more similar to laparoscopic technique. Also, the 
ability to perform multiquadrant surgery and 
rotate the upper part of the boom of the arm may 
make this new advanced model more suitable to 
colorectal surgery. 

 We routinely use the EndoWrist ®  One™ 
Vessel Sealer (Intuitive Surgical Inc., Sunnyvale, 
CA) for all of the vascular pedicle takedown pro-
cedures. This device allows the safely takedown 
of vessels up to 7 mm in diameter, as well as 
grasping and blunt dissection. 

 At the time of transecting the colon, this 
maneuver can be performed using current laparo-
scopic staplers or the EndoWrist ®  One Stapler 45 
available at our institution. Our preference at the 
pelvis is to use the double row of 1.5 mm closed 
height of the staple. 

 Much debate currently exists about the use of 
Firefl y™ (Intuitive Surgical Inc., Sunnyvale, 
CA) to delineate the vascular fl ow of the colon. 
      Our data was published although the study was 
not designed to evaluate difference in leak rate; a 
transection margin more proximal than the 
marked in white light consistently showed in 

nearly 50 % of the rectal resections. Our depart-
ment has adopted its use in all left-sided and rec-
tal resections [ 12 – 16 ].  

14.5.4     Other Tips and Tricks 
for Success 

 The commitment of the institution and the surgi-
cal team is a must for a successful development of 
a robotic program. In the beginning of the pro-
gram, it is important to rehearse every step with 
the team as they become familiar with the instru-
mentation. Also, routine avoidance of opening all 
available instruments is mandatory in this cost- 
containment environment. The use of all instru-
ments, the design of the surgery carts, and the cost 
analysis of the devices in comparison to current 
laparoscopic equivalents may help in the decision 
to use stapler, sealing, and suction devices.  

14.5.5     In an Emergency… 

    A regular laparotomy tray is routinely available 
in the room for emergency situations. Also, lapa-
roscopic sealing devices are in the room and are 
available in case the current robotic technology 
does not control the bleeding.    It is important to 
have a dedicated assistant; in our institution our 
purely dedicated physician assistants or certifi ed 
fi rst assistant provide consistency, and each of 
them has experience in at least over 400 proce-
dures done, and they are able to anticipate all 
the surgeon’s needs and the next steps in each 
procedure.   

14.6     The Evidence 
for Robotic APR 

 Minimally invasive rectal cancer surgery is com-
plex with a long learning curve secondary to the 
bony pelvis constraints and the size of the tumor. 
Robotic surgery itself also has a learning curve 
that in recent publications has been described in 
15 and 35 cases.    The speed is dependent on the 
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team’s ability of docking time, surgeon’s console 
time, and overall operating room time [ 12 – 15 ]. 
The institution’s total number of procedures is 
also dependent on outcomes as Delaney et al. 
showed [ 16 ]: higher-volume surgeons and hospi-
tals have a signifi cant lower length of hospital 
stay, cost, and complications. Hence, the dedica-
tion of the institution to the technology and sup-
port of the surgeon are important. 

 Total mesorectal excision as described by 
Heald is the standard surgical technique that has 
shown signifi cant decreased local recurrence 
[ 17 – 19 ]. The performance of this technique dis-
tally as the mesorectum thins out may increase 
the risk of rectal perforation to 22.8 %, which 
signifi cantly increases the risk of local recurrence 
[ 20 – 22 ]. Several authors have recommended the 
performance of an extralevator dissection, and 
Marecik et al. described a robotic technique in 
fi ve patients with intact mesorectal envelope and 
negative circumferential margins [ 23 ]. In high- 
risk patients, where there is concern of radial 
margin invasion or patients with malignant fi stu-
las to vagina, we have successfully used this 
technique obtaining clear radial margins as well. 

 The most current study reporting short-term 
oncologic outcomes has been recently reported 
by Kim et al. in 200 cases [ 24 ]. Their mean dis-
tance to the anal verge was 6 cm. Twenty-seven 
percent received preoperative chemoradiation as 
per protocol. In their series, sphincter sparing 
was used in 186 patients (93 %) with only 6.5 % 
APR performed. In experienced hands, the total 
robotic time averaged 140 min (range 59–367) 
with a console time average of 135 min. The 
authors described an extremely low circumferen-
tial margin rate of 2.5 % and positive distal mar-
gins in 1.5 % with no conversions. The mean 
number of lymph nodes retrieved was 17 (range 
3–83). The oncologic surveillance’s mean was 
29.8 months, with an overall recurrence rate of 
13.7 % (18 patients) metastatic and seven local 
recurrences (4.5 %). The overall survival rate at 5 
years was 92.0 % with a disease-free survival and 
the local pelvic control rates at 5 years of 81.7 % 
and 95.0 %, respectively. 

 Upon reviewing earlier laparoscopic and 
robotic data, the original report of the COLOR I 

trial had 10 % of positive circumferential margin 
[ 25 ]. Meta-analysis has shown similar circumfer-
ential margin rate between the robotic or laparo-
scopic techniques that ranges 0–7.5 % [ 11 ,  26 – 29 ]. 
It is clear that the current data is early and institu-
tional/surgeon dependent although there is a trend 
to improved local control. Further studies are 
under way to further evaluate oncologic and func-
tional outcomes. 

 After having selected the type of resection to be 
done or the supralevator, the question is how to per-
form the closure of the APR. Musters et al. reviewed 
in a meta-analysis routine APR versus extralevator. 
Complication rates are 15.3 % and 14.8 %, respec-
tively, when no radiation is used preoperatively; 
however if used, the complication rate doubles.    The 
use of biologic material to close signifi cantly 
decreases the complications to 7.3 % [ 30 ].  

14.7     Summary 

    This chapter describes a systematic approach to 
performing an APR, stressing the importance of 
the ergonomics in port placement and docking 
technique. The performance of extralevator tech-
nique robotically provides a “bird’s-eye view    to 
the levators” and potentially improves the local 
recurrence and decreases a circumferential mar-
gin. Current literature is still very institutional 
dependent and heavily linked to the surgeon’s 
experience and learning curve.  

14.8     Key Points 

•        The steps of the operation and technique of 
APR are similar to laparoscopic or robotic 
technique with a separate equipment needed 
for the perineal portion of the procedure.  

•   Ergonomic placement of the ports and the 
docking of the robot are crucial for effi ciency 
and avoidance of intraoperative arm colli-
sions. Planning for proper distal reach of the 
dissection must be taken into consideration.  

•   Appropriate training, simulation, and rehearsal 
of the case with the bedside assistant and the 
robotic team will expedite the procedure.  
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•   A contingency plan for emergent conversion 
must be always in place including laparo-
scopic instrumentation in the room and a 
minor laparotomy tray.        
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      Robotic Rectopexy 

           James     W.     Fleshman      ,     Sarah     Boostrom     , 
and     Gentry     Caton    

    Abstract  

  Robotic rectopexy is an advancing surgical technique for the treatment of 
rectal prolapse. The learning curve is shorter for robotic rectopexy com-
pared to laparoscopic rectopexy. The technical advantages provided by the 
robot improve visualization in the pelvis and also contribute to lower con-
version rates. Operative time approaches that of the laparoscopic approach 
with increased experience and use of the D’Hoore’s procedure. Blood loss 
is not signifi cantly different. Length of hospital stay from 2 to 6 days and 
recurrence of 0–15 % for robotic rectopexy are equivocal to the laparo-
scopic technique.  

  Keywords  

  Rectal prolapse   •   Robotic rectopexy   •   Rectal procidentia   •   D’Hoore’s pro-
cedure   •   Well’s procedure   •   Laparoscopic rectopexy   •   Pelvic fl oor  

15.1         Introduction 

 Rectal prolapse (rectal procidentia) occurs when 
the wall of the rectum descends out of its normal 
anatomic place and circumferentially or partially 
protrudes through the anus until it can be grossly 
visualized. It is associated with pelvic fl oor dys-
function and may present with several different 
symptoms. 

 Depending on degree of prolapse, the patient 
may experience fecal incontinence, constipation, 

mucus discharge, tenesmus, rectal bleeding, and 
obstructive defecation. These symptoms are 
rarely life threatening; however, they may con-
tribute to extensive debility and social anxiety for 
the patient [ 1 ]. 

 Rectal prolapse can occur in both men and 
women; however, it is predominately an affl iction 
of elderly women. As such, surgical correction 
must be individually tailored to fi t the patients 
overall medical condition, any other pelvic dys-
function which may require a multidisciplinary 
approach, history of constipation, as well as the 
patient’s fecal continence. Additionally, other 
related diagnoses such as prolapsing hemorrhoids 
must be distinguished from rectal  prolapse 
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through physical exam, history, and proper diag-
nostic testing [ 2 ].  

15.2     Workup 

 Various diagnostic tests may be utilized in the 
workup of a patient with rectal prolapse. However, 
diagnostic testing should be tailored to the patient’s 
individual physical exam fi ndings, symptoms, and 
risk factors. Physical exam is of greatest value for 
distinguishing prolapsed hemorrhoids (with radial 
folds of mucosa) from full rectal prolapse (circum-
ferential mucosal folds). This can be easily accom-
plished by having the patient perform a Valsalva 
maneuver on a toilet in the clinic and observation 
of the protruding tissue. The length of the pro-
lapsed tissue is important to distinguish distal 
mucosal prolapse (2–3 cm), from full rectal pro-
lapse (5–15 cm). Further differentiation may also 
be evident as prolapsing hemorrhoidal tissue is usu-
ally located at the 3, 7, and 11 o’clock positions [ 2 ]. 
Colonoscopy should be always performed in order 
to rule out a lead point for the intussusception, such 
as a polyp or carcinoma. Videodefecography is use-
ful when prolapse cannot be replicated or internal 
rectal intussusception is suspected. Colonic transit 
studies may be necessary in a patient with com-
plaints of constipation because those with colonic 
inertia may benefi t from partial colectomy [ 1 ]. 
Anorectal manometry may be helpful in patients 
with a history of fecal incontinence to determine 
baseline external sphincter function and predict 
whether anterior–posterior levatorplasty combined 
with prolapse repair would be benefi cial.  

15.3     Treatment 

 The treatment for symptomatic rectal prolapse is 
surgical and is the only option for cure; however, 
conservative treatment in those patients deemed 
unfi t for any surgical option may be utilized. 
Conservative management includes dietary adjust-
ments, with increased fi ber as well as bulking agents 
and stool softeners to reduce straining during evac-
uation. Biofeedback to retrain the pelvic fl oor, 
which exhibits non-relaxation of the puborectalis 
muscle, may also help patients to defecate without 

straining [ 3 ]. The presence of pelvic fl oor outlet 
obstruction may doom even the most radical opera-
tive treatment of rectal prolapse to failure. 

15.3.1     Surgical Treatment 

 There have been over 100 different surgical tech-
niques utilized for the treatment of rectal pro-
lapse [ 4 ]. Operations for rectal prolapse can be 
divided into two main categories, transabdominal 
procedures and perineal procedures. The deci-
sion of which surgery to perform must be indi-
vidualized to the patient. In general, the perineal 
rectosigmoidectomy (Altemeier), the mucosal 
sleeve resection (Delorme), or the anal encircle-
ment (Thiersch) are best utilized in high-risk 
patients that are not good candidates for a trans-
abdominal procedure [ 2 ]. The largest attempted 
prospective randomized study on rectopexy tech-
nique, PROSPER, was plagued with low patient 
accrual and was unable to demonstrate signifi -
cant differences in transabdominal vs. perineal 
techniques [ 5 ]. Other nonrandomized studies 
show that there is a higher rate of recurrence in 
prolapse (0–44 %) compared with transabdomi-
nal techniques (0–12 %) [ 6 ]. The transabdominal 
approaches include those that repair the pelvic 
fl oor, those that suspend the colon or rectum to 
the pelvic structures, and those that involve resec-
tion of the sigmoid colon. Additionally, aspects 
of these operations can be combined to tailor 
them for the individual patient or clinical 
 scenario. The introduction of laparoscopic 
approaches has changed the thought process in 
the selection of patients for abdominal proce-
dures. The minimally invasive approach may 
remove some of the factors, which would other-
wise support a perineal or transanal approach, 
such as a large incision that impairs breathing or 
the risk-inducing adhesions, which may impair 
fertility. In fact, many surgeons feel there is only 
a very small subset of patients who are so severely 
debilitated and at exceedingly high medical risk 
for an operation that perineal approaches are no 
longer a major alternative for rectal prolapse. 

 The most common of surgical approaches, as 
well as the one producing the lowest recurrence 
rate, for rectal prolapse is rectopexy with or with-
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out sigmoid resection. A 2005 multicentric study 
reported recurrence rates to be 1 %, 6.6 %, and 
28.9 % at 1, 5, and 10 years, respectively [ 7 ]. 
Frykman’s fi rst description of this technique was 
in 1955; it involved mobilization and elevation of 
the rectum cephalad with fi xation of the rectum to 
the presacral fascia, obliteration of the cul-de- sac, 
and sigmoid colectomy with primary anastomo-
sis. Despite years of advancement in surgical tech-
nology, this procedure continues to be the gold 
standard surgical procedure for rectal prolapse 
[ 8 ]. Variations of this technique include non-
resection of the sigmoid colon, utilization of mesh 
for fi xation of the rectum, and limitations of the 
dissection to either the anterior plane, posterior 
plane, or both. Roblick et al. published their expe-
rience ( n  = 53) of laparoscopic rectopexy with sig-
moid resection for patients with preoperative 
constipation. They had 89 % improvement in or 
elimination of constipation at their 5-year follow-
up [ 9 ]. 

 Laparoscopic technique for surgical treatment 
of rectal prolapsed was fi rst published in 1992 by 
Berman et al. and has been employed for various 
approaches including rectopexy, resection, and 
mesh repair [ 10 ]. The laparoscopic rectopexy for 
rectal prolapse offers short-term advantages com-
pared to traditional open approaches: less pain, 
faster return to normal daily function, shorter 
hospitalization, and smaller scars [ 11 ,  12 ]. 

 Robotic-assisted surgery is a developing 
technique. In 2001, Weber et al. performed the 
fi rst robotic-assisted laparoscopic colectomy 
for benign disease [ 13 ]. Since then, robotic 
approaches have been employed in multiple 
other procedures, including abdominoperineal 
resection, low anterior resection, and recto-
pexy [ 14 ]. 

 There are several advantages to robotic- assisted 
colorectal surgery. Bokhari et al. published a ret-
rospective paper using the cumulative sum method 
to determine the learning curve of robotic colorec-
tal surgery. They surmised that the learning phase 
was achieved after 15–25 cases [ 14 ]. This can be 
compared to the learning curve numbers of lapa-
roscopic colorectal procedures which necessitate 
a learning curve of 55 and 62 cases for right and 
left laparoscopic colectomy, respectively [ 15 ]. 
Similarly, a recent 2012 multicenter database 

 analyzing conventional laparoscopic surgery pub-
lished a learning curve of 88–152 cases [ 16 ]. 

 Robotic-assisted rectopexy has been shown to 
meet safety standards of laparoscopic rectopexy 
and is considered a feasible procedure for rectal 
prolapse [ 17 ,  18 ]. Makela-Kaikkonen et al. com-
pared robotic-assisted and laparoscopic ventral 
rectopexy in a matched-pair study in 2013. They 
found no difference in operating time, blood loss, 
complication rate (5 %), and length of hospital 
stay or in patient’s subjective benefi t rate [ 19 ]. 

 The complexity of rectopexy requires careful 
dissection in a narrow fi eld of view, intracorpo-
real suturing, and identifi cation of at-risk pelvic 
anatomy. Many of the visual and retraction chal-
lenges in the human pelvis can be alleviated with 
use of robotic technology. The technical advan-
tages of robotic surgery include 3D visualization, 
reduction of human tremor, and improved dexter-
ity with 7° of articulation of surgical instruments 
[ 17 ]. It also allows the surgeon to retract with an 
assistant third arm that he/she controls. These 
advantages may positively infl uence the rela-
tively high 30 % conversion rates reported in 
laparoscopic rectal procedures [ 20 ]. 

 As outcomes continue to be examined in 
robotic vs. laparoscopic surgery, the increased 
cost of robotic-assisted rectopexy is a factor that 
will need to be addressed in order for this tech-
nique to remain a viable approach. Heemskerk 
et al. published their fi rst 14 cases in 2010, in 
which they reported a $745.09 increase in cost 
for robotic rectopexy compared to traditional 
laparoscopic technique [ 21 ].  

15.3.2     Technique 

 Patients receive an enema the morning of sur-
gery. A single dose of appropriate prophylactic 
antibiotic is given. A urinary catheter is placed 
after induction of anesthesia and is subsequently 
removed prior to reversal at the end of the case.  

15.3.3     Docking and Port Placement 

 The patient is positioned in modifi ed lithotomy 
position. The support column, with robotic arms 
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suspended at 45-degree angles from each other 
on either side of the vertical camera arm, is 
placed between the legs of the patient. Five ports 
are placed using standard laparoscopic technique. 
First, a 12-mm port is placed just above the umbi-
licus in the midline for the camera robot arm #1. 
An 8-mm port is placed in the right lower quad-
rant 8 cm below the umbilical port at the lateral 
edge of the rectus for the right robotic arm #2 and 
an 8-mm port is placed opposite in the left lower 
quadrant for the left robotic arm #3. Two 5-mm 
laparoscopic assistant ports are placed in the 
right anterioaxillary line under the ribs and above 
the anterior superior iliac spine. The #4 robotic 
arm is placed through an 8-mm port in the ante-
rior axillary line on the left at the level of the 
umbilicus. An additional 5-mm laparoscopic 
suprapubic port can be placed for retraction. With 
the ports in place, the patient is positioned into 
steep Trendelenburg and the robotic arms con-
nected. The location and size of the ports may 
vary with surgical preference, additional proce-
dures being performed, and the use of different 
surgical tools, such as a stapler. 

15.3.3.1     Alternative Docking 
and Port Placement 

    The robot can also be placed on the patient’s left 
side. A paraumbilical 12-mm port is placed to the 
right of the umbilicus for the camera in robotic 
arm #1. The #2 robotic arm is placed in the right 
iliac fossa, the #3 robotic arm is placed to the left 
of the umbilicus, and the #4 robotic arm is placed 
in the left iliac fossa, all 8-mm ports. An addi-
tional 12-mm laparoscopic assistant port is 
placed in the right midclavicular line and a 5-mm 
port is placed in the suprapubic region [ 19 ].  

15.3.3.2     Surgical Technique 
 D’Hoore’s ventral rectopexy can be performed 
anterior to Denonvilliers’ fascia in males or in the 
rectovaginal space in females. The rectosigmoid 
is retracted to the left and a peritoneal incision is 
made on the right of the sacral promontory and 
extended in a J-form along the rectum. No lateral 
dissection should be performed in order to 
decrease damage to the nerve complex of the 
 rectum. Damage to lateral nerves has been 
shown to cause increased constipation as well as 

neurogenic impairment of the urinary bladder and 
genital organs [ 20 – 23 ]. The rectovaginal or recto-
prostatic septum is then incised to the pelvic fl oor, 
approximately 2–3 cm above the dentate line [ 9 , 
 17 ,  24 – 26 ]. The distance from the dentate line can 
be approximated by digital rectal exam. A 3-cm 
by 17-cm hockey stick-shaped nonabsorbable 
mesh is fi xed at the straight end of the mesh to 
the sacral promontory by an endofascial stapler 
device or nonabsorbable suture. The curved por-
tion of the mesh is then sutured to the ventral 
aspect of distal rectum. The posterior vaginal for-
nix is elevated and sutured to the anterior aspect 
of the mesh, closing the rectovaginal septum. 
The peritoneum is closed over the mesh [ 21 ]. 

 Modifi ed Wells’ posterior rectopexy can also 
be performed robotically. The posterior perito-
neum is opened on the right side at the level of the 
sacral promontory. A retrorectal dissection is per-
formed behind the mesorectal fascia with mono-
polar scissors or harmonic scalpel to release the 
rectum from the curve of the sacrum to the level 
of the coccyx. The rectum is stretched from the 
pelvis and then fi xed to the promontory by a #0 
Ethibond stitch, which approximates the poste-
rior mesorectum to the presacral fascia. Running 
Vicryl suture is used to close the peritoneum [ 16 ]. 
A suction drain is often placed to obliterate any 
space behind the rectum. Heemskerk et al. aban-
doned the Well’s procedure in favor of the 
D’Hoore’s, quoting the latter being less complex 
and time consuming [ 21 ]. 

 Either posterior or anterior rectopexy can be 
combined with sigmoid colon resection in 
patients with a history of constipation. Length of 
proximal colon resection has not been thoroughly 
reported; however, Roblick et al. recommended 
against splenic mobilization as an intact splenic 
fl exure suspends the colon and may contribute to 
improved constipation [ 9 ]. Additional procedures 
to suspend additional unsupported pelvic organs 
can also be repaired/suspended in consultation 
with urogynecology colleagues. 

 The principles of preservation of the lateral 
rectal ligaments and the hypogastric nerves have 
been linked to preventing postoperative constipa-
tion (Scaglia, Mollen, Speakman). Several of 
the studies reviewed in Table  15.1  reported using 
a combined anterior (ventral) and posterior 
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 technique or posterior alone [ 18 ,  24 ,  27 – 29 ], while 
others adopted an anterior approach only in an 
effort to decrease nerve damage [ 17 ,  19 ,  27 ,  29 ].

   Kneist et al. described intraoperative pelvic 
nerve monitoring in 2013 for laparoscopic recto-
pexy that may be developed in the future to pre-
vent nerve damage during resection with 
rectopexy and posterior dissection. Further inves-
tigations to verify their ten patient prospective 
case series will be necessary before broader 
application is warranted [ 23 ].    

15.4     Outcomes 

 Overall morbidity from robotic rectopexy in the 
published literature is 5–25 % with very low mor-
tality [ 19 ,  24 – 28 ]. Morbidity may be attributed to 
rectal injuries, urinary infection, urinary reten-
tion, bowel obstruction, incisional hernia, hemor-
rhage, or wound infection.  

15.5     Length of Operation 

 Length of operation is a factor, which is often scru-
tinized when evaluating new surgical techniques. 
For robotic surgery this time is often divided into 
total operative time and the time at the robotic con-
sole. Like all other approaches, the robot has a 
learning curve. This may be shorter for surgeons 
already familiar with laparoscopic approaches. 
Faucheron et al. reported on their laparoscopic 
ventral technique in 175 cases with a mean opera-
tive time of 112 min, which was a signifi cant 
decrease from a median of 240 min for their fi rst 
ten patients [ 25 ]. De Hoog et al. published com-
parative results for open ( n  = 47) vs. lap ( n  = 15) vs. 
robotic ( n  = 20) rectopexy in 2009. Their operative 
times were 77, 119, and 154 min, respectively 
[ 29 ]. In a comparison of robotic vs. laparoscopic 
ventral rectopexy, Makela-Kaikkonen et al. 
reported a mean operative time of 159 min, mean 
preparation time of 26 min, mean console time of 
115 min, and total time in OR 231 min for robotic 
cases. The matched-pair laparoscopic cases had a 
mean operative time of 153 and 234 min of total 
time in the OR [ 19 ]. 

 The operative technique seems to effect the 
operation duration as well. Heemskerk et al. 
reported longer operative time with robotics vs. 
laparoscopic approach at 152 min vs. 113 min. 
However, they noted shorter times after they 
changed from Well’s posterior technique to 
D’Hoore’s ventral technique from 162 to 122 min 
in favor of D’Hoore’s [ 21 ]. Wong et al. published 
their early robotic experience with 40 laparo-
scopic ventral rectopexies vs. 23 robotic ventral 
rectopexies. Their robotic operative time was 
221 min (setup time was 17 min) compared to 
162 min in the laparoscopic cases. The robotic 
cases had a larger BMI (27 vs. 24) and also 
required double-mesh implantation more often 
than the laparoscopic cases, which they cite as an 
explanation for the longer operative time [ 17 ]. 
Mantoo et al. compared 44 patients treated with 
robotic ventral rectopexy and 74 patients treated 
by laparoscopic approach. Operative times were 
191 and 163 min, respectively. Simultaneous 
levatorpexies were performed in many of these 
cases [ 26 ]. Perrenot et al. reported on a group of 
77 consecutive patients treated with robotic ven-
tral rectopexy. Average operating time was 
223 min. The last 15 of their cases had an opera-
tive time of 175 min and the learning curve 
was estimated to be 18 cases where the times 
shortened [ 28 ]. 

 Operative time for robotic rectopexy can 
approach that of laparoscopic rectopexy as the 
surgeon and surgical time become more familiar 
with the overall process. Reported time should be 
designated as setup, console, and overall opera-
tive time to allow the surgical team to identify 
aspects that can decrease overall OR time. 

15.5.1     Blood Loss/Conversion 

 Blood loss is similar for laparoscopic and robotic 
rectopexy. Mean blood loss during laparoscopic 
rectopexy has been reported as 37–45 mL and 
during robotic rectopexy varies from 5 to 25 mL 
and in many cases was too small to quantify [ 17 , 
 19 ,  24 ,  26 ]. Generally, the blood loss has been 
reported to be lower with the robotic technique, 
but the clinical signifi cance is likely negligible. 
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 Conversion rates for robotic surgery have gen-
erally been quoted as lower than laparoscopy. 
Conversion rates as low as 6.5 % were reported 
(5/77) in 2013 [ 28 ]. Mantoo reported 3 out of 74 
(4 %) laparoscopic procedures converted to open 
rectopexy due to adhesions, inability to tolerate 
pneumoperitoneum, and a missing needle, and 
1/44 (2.2 %) robotic cases converted due to poor 
visualization ( p  = 0.085) [ 26 ]. Wong et al. 
reported 4/40 (10 %) conversions during laparo-
scopic cases and 1/23 (4 %) in the robotic patients 
[ 17 ]. Heemskerk et al. reported a 1/19 (5 %) con-
version rate in robotic cases and none in their 14 
laparoscopic cases [ 21 ]   . Faucheron reported a 
1.6 % conversion rate for laparoscopic rectopexy 
[ 25 ]. None of these studies were randomized.  

15.5.2     Length of Stay/Cost 

 Length of hospital stay after rectopexy contrib-
utes to a signifi cant portion of hospital cost. 
Typical criteria for dismissal following rectopexy 
include passing fl atus or having a fi rst bowel 
movement, ambulating, pain control with pills, 
and tolerating oral intake. 

 Faucheron et al. reported 175 laparoscopic 
ventral rectopexies with a median hospital stay of 
2.2 days (range, 1–12) [ 25 ]. De Hoog et al. com-
pared open, laparoscopic, and robotic length of 
stay and reported 5.7 (2–30) days, 3.5 (1–14) 
days, and 2.6 (1–6) days, respectively, with 
 p  < 0.001 [ 29 ]. Buchs et al. reported a mean hos-
pital stay for robotic cases of 3.6 days (range, 
2–7) [ 24 ]. Wong reported similar length of stay 
of 5 days for laparoscopic and robotic rectopexy 
[ 17 ]. Mantoo et al. also reported a shorter stay for 
robotic cases compared to laparoscopic 5 vs. 4 
days although not statistically signifi cant [ 26 ]. 
Munz and Perrenot report similar length of stay 
of 6 and 6.5 days for their robotic rectopexy cases 
[ 18 ,  28 ]. 

 In a comparative study, Makela-Kaikkonen 
et al. published a mean length of stay at 3.1 and 
3.3 days for robotic and laparoscopic rectopexy, 
respectively [ 19 ]. Similarly, Heemskerk et al. 
reported a length of hospital stay of 3.5 and 4.3 
days for robotic and laparoscopic rectopexy, 
respectively. They further analyzed the cost of 

the procedures and found that the total cost to the 
hospital was $745.09 (16 %) more for robotic 
surgery. However, the decreased length of stay of 
the robotic cases did not offset the higher cost of 
the operating room costs in terms of the robot and 
personnel salary. This difference may decrease 
with improvement in the robotic learning curve 
as well as economics of the equipment [ 21 ]. 

 The length of stay difference between laparo-
scopic and robotic rectopexy is minimal with 
some studies favoring laparoscopic and others 
robotic. As experience increases, the differences 
in stay are likely to equilibrate.  

15.5.3     Recurrence/Resolution 
of Symptoms 

 In order for robotic rectopexy to be a viable 
option for rectal prolapse, recurrence rates must 
be comparable to laparoscopic surgery. 
Additionally, the resolution of the patients’ pre-
operative complaints ought to also be followed. 

 Samaranayake et al. reported recurrence of 
3.4 % (range 0–15 %) from pooled data in a 
 systematic review for open or laparoscopic ven-
tral rectopexy [ 30 ]. In a series of 175 consecutive 
laparoscopic cases, Faucheron et al. reported 3 % 
recurrence at 24 months, with no patients lost to 
follow-up [ 25 ]. 

 Conversely, De Hoog et al. reported a case–
control study of open vs. laparoscopic vs. robotic 
rectopexy in 2009 [ 29 ]. In that study they had 
90 % follow-up and 2 %, 27 %, and 20 % recur-
rence, respectively. They found that recurrences 
were statistically more likely to occur in males 
and women of childbearing age. Their higher rate 
of recurrence in laparoscopic and robotic cases 
may be related to the use of the EMS stapler to fi x 
mesh to the promontory. In their functional anal-
ysis, they reported equivalent decrease for all 
techniques in both Wexner score and IDL score 
(impact on daily life). Makela-Kaikkonen et al. 
reported short-term follow-up of 40 patients, half 
undergoing robotic and half undergoing laparo-
scopic rectopexy, in a matched paired study, 
recurrence of 5 % in each group at 3 months. In 
those same patients 80 % felt that their preopera-
tive symptoms had resolved [ 19 ]. 
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 In a comparative nonrandomized study of 33 
patients undergoing robotic or laparoscopic rec-
topexy, no difference was seen in postoperative 
incontinence based on Parks–Browning classifi -
cation. Interestingly, they also reported no differ-
ence in postoperative constipation between 
Wells’ and D’Hoore’s procedure [ 21 ]. 

 Wong et al. published a prospective compari-
son of short-term outcomes for laparoscopic vs. 
robotic rectopexy. They reported no recurrence of 
prolapse at 6 months in 40 laparoscopic and 23 
robotic cases. Furthermore, the two groups had 
similar new onset postoperative urinary inconti-
nence, which had resolved in follow-up [ 17 ]. 
Mantoo et al. reported on their results with 
6-month follow-up and 6.8 % recurrence in the 
robotic group and 4 % recurrence in the laparo-
scopic group, without signifi cant difference. The 
obstructed defecation syndrome score (ODS) 
improved in both groups with a statistically sig-
nifi cant difference in the robotic group vs. the 
laparoscopic group. They gave no explanation for 
this fi nding. Additionally, they found that of their 
patients that were sexually active, most had 
improvement in dyspareunia regardless of tech-
nique. None of the patients had new onset sexual 
dysfunction [ 26 ]. 

 Perrenot et al. published long-term follow-up 
of robotic rectopexy with 77 cases and mean fol-
low- up of 52.5 months. They reported 9/77 
(12.8 %) recurrences, none of which occurred 
when a sigmoidectomy was also performed. Fecal 
incontinence in their group improved from a 
Wexner score of 10.5 to 5 out of 20, with no wors-
ening of fecal incontinence in any patient [ 28 ]. 

 In most studies, robotic rectopexy compares 
well with laparoscopic rectopexy in recurrence 
and resolution of symptoms. These outcomes are 
likely infl uenced by method of fi xation and 
length of follow-up.   

15.6     Conclusion 

 Robotic rectopexy has been shown to be a safe 
and equivalent treatment for rectal prolapse com-
pared to laparoscopic and superior to open proce-
dures. As with any disease process, the choice of 

treatment should be tailored to the needs of the 
individual patient, based on    concomitant urogy-
necological organ prolapse, continence, previous 
surgeries, and comorbidities. Lateral dissection is 
to be avoided; however, emerging technology 
may improve visualization and detection of pel-
vic nerves. As a surgical team’s experience 
grows, the operative time will continue to 
approach that of laparoscopic operations. Costs 
will need to be further evaluated as technology 
improves, competition in the robotics market 
increases, and overall cost of hospital admissions 
is scrutinized.     
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16.1        Introduction 

 The feasibility of robotic transanal surgery has 
been fi ve decades in the making beginning in the 
1960s when Sir Alan Parks fi rst described 
the surgical technique of per anal excision for the 
removal of rectal neoplasms [ 1 ]. A decade later 
Gerhard Buess developed and performed trans-
anal endoscopic microsurgery (TEM) [ 2 ]. Des-
pite its limitations, TEM has clearly demonstrated 
to be superior than traditional transanal surgery 
with improved reach, visualization, and the abil-
ity to perform nonfragmented precise tumor 
resections [ 3 – 8 ]. 
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 In 2009, transanal minimally invasive surgery 
(TAMIS) was developed utilizing concepts from 
the past decades’ enthusiasm for NOTES cou-
pled with the desire for improvements in multi-
port surgery leading to the development of 
single- incision laparoscopic platforms [ 9 ]. Using 
soft fl exible access channels combined with tra-
ditional laparoscopic insuffl ators, the benefi ts 
and novelties of high visualization endoluminal 
surgery using traditional laparoscopic instru-
ments within a stable distended rectum became 
immediately apparent [ 10 – 14 ]. Moreover, these 
new affordable transanal access platforms expe-
dited the realization of transanal access to per-
form retrograde total mesorectal excision 
(taTME), initially conceptualized in 2006 using 
the prior rigid rectoscopes [ 15 ]. Currently, trans-
anal TME has consumed rectal cancer surgeons 
around the world, pushing the boundaries of 
sphincter preservation, along with techniques to 
improve the minimally invasive approach to dis-
section of the lower third of the rectum while 
minimizing circumferential resection margin 
(crm) positivity [ 16 – 18 ]. 

 Simultaneously, robotic enthusiasts noting the 
benefi ts of rectal dissection in the confi ned space 
of the pelvis became intrigued with the possibili-
ties of transferring these advantages to endolumi-
nal surgery within the rectum. Robotic-assisted 
transanal endoscopic surgery and robotic trans-
anal total mesorectal excision have both been 
accomplished; however, many of the potential 
gains are offset by the diffi cult robotic docking 
and instrument collision. Newer robots with sig-
nifi cant functional improvements will overcome 
these obstacles and most likely play a signifi cant 
role in the evolution of endoluminal rectal cancer 
surgery in the next decade.  

16.2     Indications 

 The use of local excision for the treatment of rec-
tal neoplasms has expanded over the last decade. 
The    National Comprehensive Cancer Network 
(NCCN) guidelines and the American Society of 
Colon and Rectal Surgeons (ASCRS) recent 

practice parameters for the treatment of rectal 
cancer both state that local excision is an accept-
able treatment modality for early favorable can-
cers without high-risk features [ 19 ]. The most 
defi ning feature of an early rectal cancer suitable 
for local excision is the absence of lymph node 
disease; however, currently radiologic assess-
ment is still challenging and often inconclusive. 
Depth of tumor invasion is a potent predictor of 
lymph node metastasis as T1 cancers with inva-
sion restri cted to the submucosa are less likely to 
metastasize [ 20 – 22 ]. Additionally small cancers, 
less than 3 cm in diameter, are less likely to have 
nodal disease, and the absence of poor differentia-
tion, tumor budding, and vascular or lymphatic 
invasion is also associated with reduced incidence 
of nodal disease (Table  16.1 ). This guidance has 
been bolstered by a recent analysis of Surveillance, 
Epidemiology, and End Results (SEER) data 
 demonstrating that the local excision of T1 rectal 
cancer does not affect cancer- specifi c survival 
when compared to radical surgery [ 23 ]. The indi-
cations for local excision may also be broadened 

   Table 16.1    Histopathologic features of low- and high- 
risk early rectal cancer   

 Low-risk 
ERC 

 High-risk 
ERC 

  Absolute factors  

 Morphology  – Polypoid  – Ulcerated 

 – Sessile  – Flat raised 

 Tumor grade  G1–G2  G3–G4/signet 
ring 

 Depth of invasion  Haggitt 1–3  Haggitt 4 

 T1sm1  T1sm2–3 

 Lympho-vascular 
invasion 

 No  Yes 

 Resection margin  R0  Rx or R1 

  Relative factors  

 Tumor budding  −  + 

 Mucinous histology  −  + 

 Position in distal 
1/3 rectum 

 −  + 

 Tumor size  <3–4 cm  >3–4 cm 

 Cribriform-type 
structural atypia 

 −  + 

   ERC  early rectal cancer  
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to include cT0 lesions in patients with locally 
advanced rectal cancer after neoadjuvant therapy 
for the purpose of confi rming mural pathologic 
response (cPR/ypT0) [ 24 – 26 ].

   All patients who are surgical candidates for 
per anal excision, TEM, or TAMIS are similarly 
suitable for robotic transanal excision. Neoplasms 
in the upper, mid, and lower rectum can all be 
removed utilizing a robotic transanal approach; 
however, this approach is optimal for tumors in the 
range of 6–10 cm from the anal verge. Although 
very low-lying lesions, whose distal margin sits 
below the edge of the access channel, may be ame-
nable to robotic excision, one would have to 
strongly consider the benefi ts or advantages of this. 

 Perhaps the most valuable indication for 
robotic transanal surgery would be in the treat-
ment of complex benign disorders such as recto-
urethral fi stula or rectal anastomotic revisions 
that would benefi t from the magnifi ed three- 
dimensional image and tremor-free intuitive 
instrument movement to perform accurate hemo-
static dissection with improved suturing capabi-
lities (Video  16.1 ). However, while robotic 
transanal surgery (RTS) is in its development, it 
is more appropriate that less intricate cases are 
chosen at the start of a surgeons’ learning curve, 
i.e., benign mid-rectal polyps or excision of 
a scar following the endoscopic removal of a 
malignant polyp (Video  16.2 ).  

16.3     Robotic Approach 
for Resection of Rectal 
Neoplasms 

 All patients who have been selected to undergo 
RTS resection must have also undergone colo-
noscopy to assess for synchronous lesions and to 
obtain a biopsy of the rectal lesion. 

 A pragmatic approach suitable for most prac-
tices is to assess the primary tumor clinically and 
then radiologically with rectal ultrasound and 
increasingly now MRI to identify those with 
unexpected advanced T-stage and more impor-
tantly evidence of nodal involvement. On this 
basis an early rectal cancer most suitable for local 
excision should be <3 cm in diameter, freely 

mobile, ultrasound stage T1, and well or moder-
ately differentiated on biopsy, lack lympho- 
vascular invasion and mucinous architecture, and 
be free from nodal disease on MRI. A signifi cant 
proportion of rectal lesions treated by local exci-
sion are only confi rmed as malignant on the fi nal 
postoperative pathology. This can make staging 
of the mesorectum later diffi cult as a result of 
regional postsurgical changes both in the wall 
and potentially lymph nodes. Avoidance of this 
situation is critical; the threshold for preoperative 
imaging by MRI or ultrasound even in benign- 
appearing lesions should be low, especially when 
high-grade dysplasia is present by biopsy [ 27 ]. 
Carcinoembryonic antigen level (CEA) and CT 
body imaging is also performed to assess for 
tumor metastasis. Patients with stage IV disease 
or locally advanced lesions are not candidates for 
robotic transanal surgery unless the objective is 
palliation. 

 Preoperative preparation is according to insti-
tutional guidelines; broadly speaking patients 
receive bowel preparation the day before the 
planned surgery to ensure minimal contamina-
tion of the operative fi eld, in particular if perito-
neal entry is anticipated. Preoperative antibiotics 
are administered prior to the initiation of surgery 
and standard deep venous thrombosis prophy-
laxis is undertaken. 

 All procedures are performed under general 
anesthesia; a peripheral nerve block around the 
anus consisting of 20-mL 0.5 % bupivacaine can 
be administered to aid in relaxation of the sphinc-
ters and improve postoperative analgesia. 

 Patient positioning is not dictated by tumor 
location with various setups having been reported 
irrespective of this. For obvious reasons the prone 
position avoids any confl ict of the robotic arms 
with the patients’ lower extremities. While lithot-
omy and the lateral approach are less cumber-
some and provide better access to the airway 
for the anesthesiologist, there is the potential 
for confl ict of the robotic arms, particularly in 
obese patients. In lithotomy position particularly, 
 docking requires strategically moving the legs 
and stirrups around the robotic arms. 

 While the robotic setup might seem cumber-
some and time-consuming, the docking time 

16 Robotic Transanal Surgery (RTS)



194

 signifi cantly reduces with experience [ 28 – 30 ]. 
In the cohort recently reported by Hompes et al., 
the mean docking time for the last fi ve cases was 
less than half of the fi rst fi ve cases (22 min vs. 
52 min, respectively), and it is the authors’ opin-
ion that the setup will not be a major impediment 
to the use of the robot for transanal procedures 
(Fig.  16.1 ) [ 31 ].

   To date all robotic intraluminal cases have 
been performed through a GelPOINT    path 
(Applied Medical Inc., Rancho Santa Margarita, 
CA, USA) or transanal glove port. The GelPOINT 
path consists of a 4-cm long access channel with 
a 4 cm diameter, combined with a gel cap seal 
and 3–4 working 12-mm ports. The transanal 
glove port is a novel less-expensive creation uti-
lized for transanal access where an airtight chan-
nel is created using an Alexis retractor (Applied 
Medical), plastic anoscope, and sterile surgical 
glove with trocars fabricated through the digits. 
The setup of the glove port is demonstrated in 
Video  16.3 . Interestingly, the glove port may 
facilitate the robotic setup, enabling fl exibility by 
permitting docking of the cannulas away from 
the limited perianal workspace. Furthermore, the 
glove port allows for a wide axis of movement 
for instruments inside the rectum enabling them 
to be used more widely apart or easily rotated 
and/or crossed. It is this latter feature which is of 
particular interest for the robotic approach. The 
crossed setup for the cannulas with switched 

robotic arm control allows for additional 
 intraluminal reach while still maintaining com-
pletely intuitive control. Also, inherent to this 
setup is the maximal separation of the robotic 
arms externally reducing collision between the 
robotic arms and/or camera. We have found that 
external confl ict was more common in proximal 
lesions and with the use of the 5-mm robotic 
instruments, since they lack the robotic Endo-
Wrist ®  technology, and the crossed setup proved 
particularly helpful to eliminate this. The benefi t 
of the 5-mm instruments is their narrower profi le, 
which allows for easy transition from a crossed 
setup to a parallel setup without any help from 
the bedside assistant (Video  16.4 ). Furthermore, 
the elbows of the joints can help to stent the rectal 
lumen in case of an unstable pneumorectum or to 
get access to a lesion proximal to a rectal valve of 
Houston. 

 After introduction of the transanal platform, 
the robot (da Vinci ®  Si Surgical System, Intuitive 
Surgery, Sunnyvale, CA, USA) is side-docked 
with the forks of the robotic cart parallel with 
and lining up with the caudal base of the table 
(Fig.  16.2 , Video  16.3 ). A pneumorectum of 
10–15 mmHg is established using a standard lap-
aroscopic carbon dioxide insuffl ator. The robotic 
instruments are introduced into the rectum under 
direct vision (Video  16.1 ); the robotic cannulas 
can be positioned in parallel or crossed (with 
reversed arm control assignments) depending on 

  Fig. 16.1    Demonstration of the learning curve for the 
docking procedure.  With permission from Hompes R , 
 Rauh SM ,  Ris F ,  Tuynman JB ,  Mortensen NJ. Robotic 

Transanal Minimally Invasive Surgery for local excisions 
of rectal neoplasms. Br J Surg 2012;101:578–81. © 
Blackwell Science in 2012  [ 28 ]       
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the height and location of the lesion within the 
rectum. Standard setup entails the use of an 8.5- 
mm robotic 30° camera in various positions; 
however, the 30° upward camera positions in our 
experience circumvent collisions of the robotic 
arms, in particular with the parallel setup. With 
the 30° upward camera positions, insertion of the 
camera through the thumb of the surgical glove 
(“thumbs-up” position of the camera) avoids 
excessive strain on the glove material and avoids 
tearing of the glove (Fig.  16.3a ,  b ). A variety of 

8-mm EndoWrist ®  instrumentation or 5-mm 
instrumentation can be used, including monopo-
lar permanent cautery hook, Maryland bipolar 
forceps, DeBakey forceps, and a small or large 
needle driver. A bedside surgeon provides endo-
luminal assistance with a laparoscopic grasper, 
disposable suction-irrigation device, or scissors.

    The technique of robotic transanal resection 
is identical to resection performed with other 
advance platforms. A robotic 5-mm hook cautery 
and Maryland grasper initially are placed in the 

  Fig. 16.2    Room setup and docking position for the robot and patient for RTS performed in the lithotomy position       

  Fig. 16.3    ( a ) 12-mm camera port is inserted through the 
thumb of the glove (“thumbs-up position”), and after 
establishing a pneumorectum, the access to the rectum is 

assessed. ( b ) After docking of the camera, two 8-mm 
ports are inserted into the tips of two fi ngers       
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two operating trocars. The console surgeon then 
performs a full-thickness local excision, fi rst by 
demarcating the perimeter of the lesion with gen-
erally a 1-cm margin using monopolar energy. 
For evacuation of smoke, a bedside assistant 
uses a 5-mm laparoscopic suction-irrigator 
device passed directly through the GelPOINT 
cap without the need for a trocar or through the 
fourth fi nger of the glove. Simple short bursts of 
suction maintain image clarity without collapsing 
the rectal lumen. The specimen may be tented 
gently using a robotic Maryland grasper, while 
hook cautery allows for full-thickness excision. 
Impor tantly, the CO 2  insuffl ation provides a natu-
ral “pneumo- dissection,” thereby augmenting the 
ease and clarity of local excision using robotic 
transanal surgery. To retrieve the resected speci-
men, the robot must be dismounted from the 
GelPOINT path interface. The lesion can be 
retrieved with a 5-mm grasper, the lid to the port 
simply removed allowing for specimen extrac-
tion. When the glove port is used, the specimen 
can be stored in the pouch of the glove and 
retrieved at the end of the procedure. 

 Closure of the full-thickness rectal wall defect, 
which is generally recommended, is then per-
formed. The hook cautery and Maryland grasper 
are exchanged with one or two robotic needle 
drivers. Robotic intraluminal suturing is then car-
ried out using a V-Loc 180 absorbable wound 
closure device (Covidien, Mansfi eld, MA). This 
allowed for suturing without the need for intralu-
minal knot tying, since the unidirectional barbs 
on the suture self-lock as they pass through the 
rectal wall. The defect can be closed with a single 
running V-Loc stitch, thereby completing the 
operation (Videos  16.1  and  16.2 ). 

 As with any new technique, it is imperative 
that the quality of the resection is not compro-
mised and safety of the patient is ensured. In the 
authors’ experience, the patients had comparable 
outcomes compared to the benchmarks set with 
transanal endoscopic surgery, and procedures 
were effectively and safely undertaken. While the 
postoperative follow-up is short, to date no local 
or distant recurrences were found. 

 Clearly there is still room for improvement 
of both the robotic instruments and transanal 

platform. Future optimization of this technique 
including the ideal setup (crossed vs. parallel) 
and type of instrumentation (8 mm vs. 5 mm) for 
the various lesion locations within the rectum 
and new developments in robotic platforms will 
increase its application for patients with advanced 
rectal lesions, offering rectal preserving therapy. 
Again while we describe here the use of the 
transanal robotic platform for local excision of 
rectal tumors, the stability and intraluminal ver-
satility of this platform will lend itself perfectly 
to more advanced transanal procedures, transanal 
total mesorectal excision (taTME) perhaps being 
one of them.  

16.4     Surgical Approach 
for Robotic Transanal TME 

 taTME is a newer technique used to facilitate 
 dissection of the middle and lower third of the 
rectum. Although it is still in its infancy, with no 
long-term data, the approach seems to have many 
advantages over both open and laparoscopic rec-
tal resection. Early data has consistently shown 
high negative circumferential margin (CRM) 
rates in addition to high-quality complete 
 meso rectal specimens [ 16 – 18 ]. Robotic-assisted 
transanal surgery for total mesorectal excision 
(RATS-TME) is performed with a hybrid approach, 
 relying on laparoscopic assistance for colon, 
upper rectum, and splenic fl exure mobilization 
in addition to pedicle ligation. The abdominal 
approach can be performed prior to the initiation 
of the transanal approach; however, many choose 
to start the operation from below. The legs are 
elevated in Allen stirrups to the high- dorsal 
lithotomy position and the perineum is then 
prepped and draped appropriately. For low- lying 
lesions, the approach begins under direct vision 
and an intersphincteric resection is performed 
prior to robotic docking. The distal rectum is then 
closed with a running continuous suture of 2–0 
Prolene. Alternatively, standard total mesorectal 
excision can be initiated with the access channel 
secured into the rectum from the outset and a 
Prolene purse string suture placed just above 
the anorectal ring. The gel cap is secured to the 
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access channel and CO 2  insuffl ation is turned on. 
Generally, transanal TME can be performed with 
the insuffl ator set at 8–10 mm of pressure, as the 
volume is smaller to fi ll as compared to the 
robotic transanal excision as described above. 
For    robotic-assisted transanal TME, patients are 
positioned in moderate Trendelenburg, and the 
lower extremities are then returned to the low, 
modifi ed lithotomy position to allow the robotic 
cart to be docked without encroachment. The 
robotic approach and cart docking is identical 
to that previously described. A 30° 8-mm HD 
robotic camera lens and 2 working arms—
a 5-mm hook-monopolar cautery and a 5-mm 
Maryland grasper—are used for the dissection 
and these instruments are docked through the 
GelPOINT transanally. A bedside assistant again 
can utilize a laparoscopic suction-irrigator device 
mainly aiding smoke removal. 

 Working in a retrograde fashion from the 
 distal rectum proximally, the mesorectum is dis-
sected circumferentially maintaining the surgical 
tenants of total mesorectal excision.    During the 
dissection of the distal 5 cm of rectum, the work-
ing space is limited and movement of the robotic 
arms fairly constrained. As the dissection pro-
gresses, however, there is usually an increase in 
the working space within the pelvis, and with the 
aid of pneumo-dissection, robotic taTME is sig-
nifi cantly easier particularly in the mid-rectum. 
The upper rectum is more challenging to dissect 
using RATS-TME, as working angles necessary 
to complete the dissection are diffi cult to obtain, 
especially posterior. 

 As with the approach from above, the poste-
rior and then lateral planes along the pelvis are 
established fi rst, saving the anterior dissection 
for last. If the anterior dissection is carried out 
fi rst, the rectum will be drawn posteriorly by 
gravity, making the posterior dissection extremely 
diffi cult. 

 Specimen extraction and anastomosis can all 
be performed transanally or for bulkier speci-
mens through a Pfannenstiel incision or potential 
ostomy site if one is planned for temporary fecal 
diversion.  

16.5     The Evidence for Robotic 
Transanal Surgery: Local 
Excision and taTME 

 The use of the robot endoluminally through a 
transanal approach only became feasible in 2009 
with the development of TAMIS and the fi rst 
approved fl exible platforms designed specifi cally 
for transanal access (GelPOINT path, Applied 
Medical). Clinical data therefore remains limited. 
Further hindering the numbers lies in the inherent 
diffi culty and limitations of the current robotic 
setup, which may offset the perceived benefi ts of 
increased endoluminal dexterity. 

 Atallah was the fi rst to pursue robotic trans-
anal surgery in 2010, fi rst in a dry-lab setup and 
shortly thereafter in cadavers using variable 
approaches to docking ultimately settling on a 
parallel-docking approach with the patient 
in lithotomy position [ 29 ,  30 ]. Hompes and 
Mortensen in 2012 described an effective, cheap, 
and potentially improved technique through the 
adaptation of a transanal “glove port” for robotic 
access and subsequently published the largest 
series of robotic transanal surgery with 16 cases 
in May 2014 [ 31 ]. Various other case reports 
from the USA and Europe similarly have 
shown feasibility in a small number of patients 
(Table  16.2 ) [ 29 ,  30 ,  32 – 41 ]. No short- or long- 
term data exists regarding patient outcomes, 
recurrence rates, quality of resection, or sur-
vival. However, one would hope that outcomes 
equivalent to other advanced transanal platforms 
could be demonstrated, as this belies the princi-
ples of its intended purpose: to improve the ease, 
visualization, and quality of resection through 
the use of robotic micro instrumentation. 
Ultimately superior outcomes will be required 
to justify the increased cost of this technique, 
amounting to 1000 € (US$1700) per case in 
Hompes’ paper.

   Robotic taTME is even more in its infancy 
with three references in the literature but with 
increasing discussion and enthusiasm, perhaps in 
anticipation of new robotic platforms [ 35 – 37 , 
 40 – 42 ]. 
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 Despite the few reports on robotic transanal 
surgery to date, the procedure is feasible, is safe, 
and can be used as a tool to perform endoluminal 
excision as with TEM and TAMIS. The availabil-
ity of the next-generation robot, da Vinci    Xi and 
da Vinci SP (Intuitive Surgical), will immediately 
improve upon the setup limitations incurred with 
prior systems potentially increasing its use.  

16.6     Conclusions 

 RTS illustrates a novel approach to the resection of 
well-selected and appropriately staged rectal neo-
plasia. En bloc resection of the rectum, with the 
technique of robotic-assisted taTME, represents a 
newer direction for RTS. A potential key advan-
tage of RTS over TAMIS or TEM is the ability of 
the console surgeon to perform intricate surgery 
more easily within the narrow, cylindrical lumen. 
The EndoWrist movement allows for greater intra-
luminal dexterity. This, together with magnifi ed 
3D optics, enhances the surgeon’s ability to per-
form transanal local excision with improved pre-
cision in addition to more complex tasks such as 
intraluminal suturing. RTS is a new approach to 
transanal access. Its ability to accomplish intricate 
tasks with ease makes this technique attractive for 
more complex cases (transanal repair of fi stula), 
where traditional platforms remain challenging. 

 Robotic transanal surgery is a technique still in 
its infancy, and its application for rectal surgery 
has not yet been fully defi ned. New single- port 
robotic platforms and improved instru mentation 
will greatly facilitate docking and ease of use in 
the next year, while the rationale and techniques 
for rectum-preserving strategies in rectal cancer 
become better defi ned. Safety, effectiveness, and 
fi nancial aspects of robotic transanal surgery have 
to be further evaluated and confi rmed before 
widespread application.  

16.7     Key Points 

•     The local excision of rectal neoplasms utiliz-
ing advanced transanal platforms beginning 
with TEM in 1983, and TAMIS in 2009, has 

consistently shown improved outcomes with 
lower recurrence rates than traditional per anal 
technique.  

•   Differences in local recurrence outcomes are 
largely due to enhanced access to the lesion, 
restored visualization, stable pneumorectum, 
and improved instrumentation permitting an 
improved resection as compared to traditional 
transanal excision (TAE).  

•   The utilization of a surgical robot to improve 
upon current surgical techniques could poten-
tially expound upon the discrepancy in local 
recurrence rates and outcomes.  

•   Surgical technique, and specifi cally robotic 
setup, is somewhat more challenging and less 
standardized than the previous chapters given 
the youthfulness of the procedure.  

•   Robotic transanal surgery is enabled through 
use of the current da Vinci SI robotic platform 
(Intuitive Surgical, Sunnyvale, CA), concur-
rently with a fl exible transanal access port 
(GelPOINT path, Applied Medical, Rancho 
Santa Margarita, CA) or glove port.  

•   Transanal total mesorectal excision (taTME) 
was fi rst conceptualized on rigid platforms 
in cadavers in 2006 and since evolved 
into clinical practice for the treatment of 
benign and malignant neoplasms of the rec-
tum with equivalent outcomes in short-term 
follow-up.  

•   Robotic transanal TME has been performed in 
humans yet remains experimental and diffi cult 
with the current robotic platforms.  

•   Robotic transanal excision and robotic trans-
anal TME are cutting-edge applications 
exploiting the robot in the evolving treatment 
of rectal cancer; however, these surgical 
 procedures expose all of the limitations of 
 current robotic platforms: mainly the issues 
with robotic docking and working within a 
more confi ned space without arm crossing and 
robotic arm collision.  

•   Newer robotic platforms (da Vinci Xi, Intuitive 
Surgical), available commercially in late 2014, 
employ years of technological design advance-
ments to overcome the current limitations of 
robotic transanal surgery and will potentially 
transform endoluminal colon surgery in the 
next decade.         

16 Robotic Transanal Surgery (RTS)
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      Single-Docking Totally Robotic 
Low-Anterior Resection 
or Pull- Through Intersphincteric 
Resection 

           Hsin-Hung     Yeh      ,     Nak     Song     Sung      , 
and     Seon     Hahn     Kim     

    Abstract  

  Laparoscopic total mesorectal excision (TME) for rectal cancer is still 
technically demanding procedure with high conversion rates because of 
the narrow and confi ned pelvic space. Its pitfall of laparoscopy to rectal 
surgery can be overcome with application of the da Vinci robotic platform 
which has several advantages including three-dimensional magnifi ed 
vision, stable camera platform, tremor elimination, stable traction, and 
articulating EndoWrist. Recent several studies for robotic rectal surgery 
have demonstrated a lower conversion rate and comparable short-term 
operative and oncologic outcomes comparing with laparoscopy. It is no 
doubt that well-organized randomized trials are still needed; however, it is 
certain that the robotic system is very effective for rectal cancer surgery.  

  Keywords  

  TME   •   Rectal cancer   •   da Vinci   •   Laparoscopic   •   Robotic  

 17

17.1        Introduction 

 Total mesorectal excision (TME) is an essential 
technique to gain proper oncologic outcomes for 
treatment of rectal cancer [ 1 ], A recent meta- 
analysis demonstrated a comparable oncologic 
adequacy of laparoscopic surgery for rectal can-
cer compared to open surgery, but it still showed 
a wide range of conversion rate (0–32.4 %) [ 2 ]. It 
implies underlying technical diffi culty of laparo-
scopic surgery in the treatment of rectal cancer 
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because of confi ned and complex pelvic space. 
Robotic system offers several advantages includ-
ing the 3D eye magnifi ed vision, enhanced 
 dexterity, and stable operating platform so that it 
enables the surgeon to dissect the “holy plane” 
during TME more precisely. Several robotic 
approaches for rectal cancer such as hybrid, dou-
ble docking, and single docking are currently uti-
lized [ 3 – 5 ]. Since we introduced the da Vinci 
robotic system at our institution in 2007, we have 
developed a single-docking totally robotic tech-
nique that does not require movement of the 
patient cart during the entire dissection of low- 
anterior resection (LAR) or intersphincteric 
resection (Videos  17.1  and  17.2 ) (ISR) [ 3 ]. We 
have standardized and simplifi ed our robotic 
technique to make it a safe and feasible operation 
for rectal cancer through our consecutive experi-
ences of more than 300 operations. In this chap-
ter, we describe our stepwise surgical technique 
and tips of totally robotic LAR or ISR currently 
used at our institution.  

17.2     Procedure Overview 

17.2.1     Equipment 

•     Camera—0° camera is used (30° down or up 
camera when needed).  

•   Three robotic arms. 
 –     Arm 1: hot shears (monopolar curved 

scissors)  

 –   Arm 2: Maryland bipolar forceps  
 –   Arm 3: Cadiere forceps 

  The reason why Cadiere forceps is pre-
ferred over other graspers is due to its size. 
Its smaller size makes it easier to maneuver 
in a tight pelvis. It also has lower grasping 
pressure compared to other graspers, such 
as the ProGrasp forceps. It decreases the 
risk of inadvertent tissue injury.     

•   Hem-o-lok clips (Weck Closure System, 
Research Triangle Park, NC, USA)  

•   Laparoscopic stapling device via assistant  
•   Optional instruments 

 –     Harmonic curved shears  
 –   Robotic stapling device  
 –   Robotic vessel-sealing device        

17.2.2     Patient Positioning and Room 
Setup for Totally Robotic LAR 
or ISR 

 The patient is placed in a modifi ed lithotomy 
position using stirrups. The legs are lowered so 
the thigh is at the same level as the torso. The 
Trendelenburg position with the patient tilted left 
side up allows the omentum and the small bowel 
loops to fall away from operative fi eld due to 
gravity. Often, 15–20° head down and 15–20° 
right-side down are required. The right side of the 
greater omentum should also be positioned over 
the liver (Fig.  17.1a ).

  Fig. 17.1    ( a ) Patient positioning for single-docking totally robotic LAR or ISR. ( b ) The robotic setup for single- 
docking totally robotic LAR or ISR       
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   As the patient will remain in this position for a 
signifi cant amount of time, care should be taken 
to ensure the patient would not slide on the oper-
ating table during the case. In our institution, we 
use a surgical beanbag mattress to keep the 
patient in place. 

 The patient cart is positioned and docked 
obliquely at left side of the patient. Also note the 
robotic arms are well fanned out to minimize 
external collision (Fig.  17.1b ). 

 During the operation, both the assistant and 
the scrub nurse should stand on the patient’s right 
side. This allows them access to the robotic 
instruments. The video cart is placed toward the 
right foot of the patient to allow visualization of 
the video screen.  

17.2.3     Trocar Placement 

 Pneumoperitoneum can be established via either 
Veress needle, direct optical entry, or direct cut-
down. Our preferred method is direct cutdown. 

 Our standard robotic setup includes fi ve 
instrument ports in addition to the camera port 
(Figs.  17.2  and  17.3 ). RLQ port is usually placed 
at McBurney’s point. It is important to avoid 
bony structures such as the iliac crest to allow 
maximum range of motion for the robotic arm. 
Another consideration is also given if covering 
ileostomy is required as this port site will be used 
for ileostomy.

    RUQ port is placed 2 cm from the costal mar-
gin and just medial to the midclavicular line. 
Left-side ports are placed along left midclavicu-
lar line. The LUQ port is placed at a lower level 
to the RUQ port to avoid clashing during colonic 
dissection. 

 The assistant port is placed in right-fl ank posi-
tion between the RUQ and camera port. 

 Trocar placement is of importance to prevent 
problems during the operation. Distance between 
camera/instrument and target anatomy and the 
distance between the instrument ports are also 
important. The camera port should be at least 
15 cm from target anatomy. The distance between 
the instrument ports on the same side of the 
patient should be at least 8 cm apart. The angle 
between the two right-side instrument ports 
should be as wide as possible (Fig.  17.4 ). Correct 
trocar placement will prevent clashing of the 
instrument arms during surgery.

17.2.4        Initial Laparoscopy 

•     Full initial diagnostic laparoscopy is per-
formed looking for evidence of peritoneal or 
metastatic disease.  

•   Divide any adhesions that may limit mobiliza-
tion and exposure.  

•   The aim is to expose the left colon, base of the 
mesentery, and inferior mesenteric artery 
(IMA) and vein (IMV).  

  Fig. 17.2    Port placement for abdominal phase         Fig. 17.3    Port placement for pelvic phase       
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•   The omentum is retracted above the stomach 
and the liver along with the transverse colon. 
The weight of the omentum, along with 
Trendelenburg position, helps keep the trans-
verse colon way from operative fi eld.  

•   Retract small bowel loops medially and 
toward RUQ.  

•   Assess the left colon and sigmoid. Sometimes 
the mobilization of the splenic fl exure may not 
be necessary if there is redundant sigmoid 
colon.  

•   One or two pieces of small gauze may be 
placed intraperitoneally to help retract the 
small bowel.  

•   In female patients, the uterus is best retracted 
away using sutures.     

17.2.5     Docking: Single vs. Double 

 Various robotic techniques have been described 
in literature, including hybrid, double docking, 
and single docking. The authors have developed 
the single-docking technique over many years 
involving signifi cant patient numbers and believe 

this method provide excellent exposure. This is 
the method we shall describe in detail. 

17.2.5.1     Hybrid Approach 
 The splenic fl exure and left colon is mobilized 
laparoscopically. The patient cart is then docked 
either at an angle on the patient’s left side or 
between the legs for pelvic dissection.  

17.2.5.2     Double Docking 
 Two separate dockings include the initial docking 
for mobilization of splenic fl exure and the second 
docking for sigmoid and pelvic dissection. An 
alternate technique recently described is to 
undock the patient cart, but rather than move the 
patient cart, the patient bed is moved instead into 
the new position.  

17.2.5.3     Single Docking 
 The patient cart is obliquely placed on the 
patient’s left. The central column of the patient 
cart should line up along an imaginary line 
between the camera port and the left anterior 
superior iliac spine. 

 Moving the robotic    arms into different ports 
allows both dissection of the left colon/splenic 

  Fig. 17.4    Diagram showing the angle between the robotic ports in RUQ and RLQ should be as wide and long as 
possible       
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fl exure and pelvic dissection. Docking on the 
patient’s left also allows access to the patient’s 
perineum, enabling the surgeon to check his/her 
dissection by digital examination without 
undocking the patient cart.    

17.3     Abdominal Dissection 

17.3.1     Port Placement (Fig.  17.2 ) 

•     Instrument arm 1: monopolar curved scissors 
through the RLQ port.  

•   Instrument arm 2: Maryland bipolar forceps 
through the LUQ port.  

•   Instrument arm 3: Cadiere forceps through the 
RUQ port.  

•   The assistant utilizes a grasper and a sucker 
through the assistant port on the right fl ank.     

17.3.2     Medial-to-Lateral Approach 

 This is the standard practice of this department. 
 The sigmoid colon mesentery is lifted up 

using arm 2 to reveal the base of the mesentery 

and IMA (Fig.  17.5 ). The assistant uses a non- 
toothed grasper to retract the small bowel away 
from operative fi eld. Mesentery above sacral 
promontory is incised and dissected using arms 1 
and 3. The IMA is identifi ed and skeletonized. 
The aorta is used as a landmark for dissection of 
the IMA. Keep the aorta horizontal while visual-
izing the IMA. A D3 dissection is performed by 
dissecting a cuff of the mesentery at least 1 cm 
around the origin of the IMA and included in the 
specimen, while the periaortic sympathetic nerve 
plexus is preserved (Fig.  17.6 ). Once skeleton-
ized, the IMA is ligated at its origin with Hem-o- 
lok clips. This can be performed either by the 
assistant or via the robotic arm. Using the robotic 
arm does require exchanging the instrument arm 
but does have the advantage of better rotation and 
angulations provided by the robotic wrist. It is 
best if the IMA is not ligated fl ush against the 
aorta. A short cuff is recommended in case of 
bleeding.

    We have also developed a technique for 
patients with cardiovascular diseases whereby 
the IMA is ligated at a low level while preserving 
the left colic vessels but oncological resection is 
not compromised by including the same mesen-
teric tissue in the fi nal specimen. This is done by 
carefully skeletonizing the IMA, dissecting 

  Fig. 17.5    Exposure of the IMA. Arm 2 retracts the sigmoid mesentery toward anterior abdominal wall, leaving both 
arms 1 and 3 for dissection       
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mesenteric tissue from the IMA, until the left 
colic artery is identifi ed. Mesenteric tissue is dis-
sected off the left colic pedicle to allow the IMA 
to be ligated above the left colic branch. 

 It is of importance to identify the nerves and 
preserve them. The 3-dimensional view is very 
helpful in identifying the nerves. By skeletoniz-
ing the IMA, the nerves are better identifi ed and 
preserved. The assistant may assist with retrac-
tion with a sucker or grasper. 

 The IMA is then lifted toward the anterior 
abdominal wall and the descending colon and 
sigmoid mesentery is dissected from the retro-
peritoneum. Dissection is performed by using a 
sharp dissection. The plane between the mesen-
tery and the Gerota’s fascia can be identifi ed 
using both traction and countertraction of both 
arms 2 and 3. Sometimes the plane can be better 
identifi ed by gentle pushing using the instrument 
arms. It is important to constantly reposition arm 
2 to help with retraction. Arm 2 should be retract-
ing the mesentery upward toward anterior the 
abdominal wall. This allows arm 3 to be used for 
countertraction. Any bleeding can be controlled 
using bipolar in the left robotic arm (arm 3) or the 
monopolar scissors in the right arm (arm 1). 

 Dissection of the colonic mesentery off the 
retroperitoneum is continued proximally toward 

the splenic fl exure. The IMV is identifi ed on the 
lateral side of the duodenum and dissected. 

 Before ligation of the IMV, the arc of Riolan 
(otherwise known as the meandering artery) 
should be sorted. The arc of Riolan, when pres-
ent, may be signifi cant in affecting the blood sup-
ply provided by the marginal artery. If required, 
the IMV should be ligated to ensure the arc of 
Riolan remains intact (Fig.  17.7 ). Ligation of the 
IMV does not affect oncological outcome but 
provides mobilization of the left colon to reach 
the pelvis during anastomosis.

   The boundaries of medial dissection are the 
inferior border of the pancreas proximally and the 
aorta medially. Laterally, dissection is carried out 
as far laterally as possible until the visualization of 
the psoas muscle. The left ureter should be visual-
ized crossing the left iliac vessels and preserved. 

 If the splenic fl exure is mobilized, proximal 
dissection is extended above the pancreas and 
lesser sac entered inferiorly during medial dis-
section. This is done by incising the peritoneum 
overlying the transverse colon mesentery at the 
level of the pancreas. Dissection of the mesentery 
off the superior aspect of the pancreas will lead 
you into the lesser sac. Once lesser sac is entered, 
the transverse colon mesentery can be dissected 
off its attachment to the anterior aspect of the 

  Fig. 17.6    The IMA is 
skeletonized and the 
periaortic sympathetic 
nerves are preserved       
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pancreas (Fig.  17.8 ). The assistant places the 
grasper into the lesser sac and lifts the transverse 
colon mesentery upward. This dissection is car-
ried laterally toward the splenic fl exure. This is 
identifi ed by the omentum that attaches to the tail 
of the pancreas.

   Once medial dissection is complete, lateral dis-
section can be performed. The sigmoid colon is 

separated from its peritoneal attachments com-
mencing at the sigmoid notch by dissecting along 
the line of Toldt.    The colon is retracted medially and 
inferiorly (i.e., toward the RLQ) by the assistant and 
left for the surgeon’s left robotic arm to be used for 
countertraction (Fig.  17.9 ). If the medial dissection 
is adequate, lateral dissection should quickly join 
the dissection as previously done medially.

  Fig. 17.7    Preservation 
of arc of Riolan. 
 P  pancreas       

  Fig. 17.8    Medial dissection above the pancreas to enter the lesser sac and dissection of the transverse colon mesentery 
off the pancreas. The  black-colored  instrument is the assistant’s grasper       
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17.3.3        “Hand-On-Hand” Technique 

 During repositioning of instruments, communi-
cation between the surgeon and assistant is 
important. We use a “hand-on-hand” technique. 
The surgeon retracts the colon/mesentery into the 
desired position, and then the assistant comes in 
with his/her instrument to replace of the sur-
geon’s robotic arms. It is important that only one 
person moves at a time to avoid losing the estab-
lished retraction, i.e., surgeon moves, then assis-
tant moves. This also reduces unnecessary 
movement and the risk of inadvertent injury.  

17.3.4     Splenic Flexure Mobilization 

 The splenic fl exure is mobilized by fi rst continuing 
the lateral dissection of the left colon toward the 
spleen. It is important to constantly reposition the 
assistant so adequate traction on the left colon is 
maintained during dissection. One will then 
encounter the attachment of the greater omentum 
onto the proximal left colon. By using robotic 
arm 2 to lift the greater omentum toward the ante-
rior abdominal wall, the greater omentum is dis-
sected off the splenic fl exure using robotic arms 1 

and 3. Once the omentum is dissected off the 
colon, the lateral attachments of the splenic fl exure 
may be divided to fully mobilize the splenic fl ex-
ure. The greater omentum is then further  dissected 
off the transverse colon toward the midline. This 
is best performed by lifting the omentum using 
robotic arm 2 and countertraction provided by the 
assistant. 

 Most of the dissection of the greater omentum 
off the transverse colon requires only two robotic 
arms. There may be excessive clashing especially 
toward the middle of the transverse colon. If 
there is excessive clashing between robotic arms 
2 and 3, arm 2 may be removed. Dissection using 
only arms 1 and 3 usually is adequate.   

17.4     Pelvic Dissection 

17.4.1     Port Placement (Fig.  17.3 ) 

•     Instrument arm 1: monopolar curved scissors 
through the RLQ port.  

•   Instrument arm 2: Maryland bipolar forceps 
through the LLQ port.  

•   Instrument arm 3: Cadiere forceps through the 
LUQ port.  

  Fig. 17.9    The descending colon is retracted medially and inferiorly by the assistant ( arrows ) and surgeon’s left robotic 
arm is used for countertraction ( yellow ellipse ) during lateral dissection       
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•   The assistant utilizes a grasper and a sucker 
through the RUQ and the assistant port on the 
right fl ank.    

 Once colonic dissection is complete, one turns 
its attention to the pelvis. 

 Robotic arms are swapped to its new position 
by repositioning the arms without completely 
undocking the patient cart (Figs.  17.3  and  17.10 ).

   The rectum is lifted out of the pelvis by 
upward retracting the sigmoid colon by the assis-
tant toward the spleen. This can be done with a 
grasper or by using nylon tape to wrap around the 
rectosigmoid junction (Fig.  17.11 ). This frees the 
surgeon to use both arms 2 and 3 for retraction, 
with one retracting and the other providing coun-
tertraction. The assistant has access to two instru-
ment ports to provide retraction of the colon, 
retraction of the small bowel if necessary, and 
suction of any fl uid or smoke from the diathermy. 
Usually, the assistant would have a grasper in the 
left hand and a sucker in the right hand. The 
assistant uses his/her left hand to retract the colon, 
while the right hand is used to retract the small 
bowel or provide countertraction.

   The TME plane is identifi ed, and with adequate 
traction, there should be a relatively bloodless 
plane. Dissection posteriorly fi rst along the sacrum 
is followed by lateral dissection with division of 
the lateral peritoneal folds. Anterior dissection is 
left last as it is usually most diffi cult. 

 Arm 2 is used to retract the rectum upward 
toward the anterior abdominal wall. The left- 
hand arm (arm 3) can be used to provide further 
retraction or countertraction. Note that retrac-
tion can be done by either opening the instru-
ment or using the wrist of the instrument to push 
the tissue away. A layer of alveolar tissue can be 
seen to demonstrate the avascular plane of TME 
when adequate retraction is achieved. It is 
important to keep the dissection close to the 
mesorectal fascia. 

 The hypogastric nerves are identifi ed during 
posterior dissection and preserved. 

 The key is adequate retraction and sticking 
close to the TME plane on the rectal side. 

 During lateral dissection, robotic arm 2 is 
usually used to provide lateral traction on the pel-
vic sidewall, while the assistant uses the sucker 
to retract the rectum medially (Fig.  17.12 ). 

  Fig. 17.10    An overview from the patient’s head side 
after repositioning the robotic arms for the pelvic dissec-
tion. Note the two trocars available for the assistant on 

the right side of the patient ( yellow ellipse ). Also note 
the robotic arms are well fanned out to minimize 
external collision       
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Adequate traction is vital to provide good expo-
sure as this is the key to identifying the correct 
TME plane laterally.

   To assist with exposure anteriorly, peritoneum 
overlying the bladder near the peritoneal refl ec-
tion can be hitched up toward the anterior abdom-

inal wall using a straight needle. Robotic arm 2 
can assist with further retraction of the  peritoneum 
overlying the bladder, while arm 3 pushes down 
on the rectum to provide countertraction. 

 Seminal vesicles are identifi ed and dissection 
continued along the Denonvilliers’ fascia. Unless 

  Fig. 17.12    Lateral pelvic 
dissection demonstrating 
positions of each robotic 
arms       

  Fig. 17.11    A nylon tape around the rectosigmoid colon 
to assist with retraction of the rectum out of the pelvis 
using the RUQ port. Also note the stitch in the anterior 

peritoneal refl ection to assist with exposure in the narrow 
male pelvis       
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the fascia needs to be resected en bloc for onco-
logical reasons (i.e., anterior rectal cancer), dissec-
tion should leave the Denonvilliers’ fascia behind 
to preserve the neurovascular bundle that lies 
immediately anterior to the fascia (Fig.  17.13a ).

   It is also important to note that there is usually 
a vessel that crosses the fascia anteriorly from the 
prostate toward the mesorectum. This is often the 
source of bleeding if not adequately controlled. 
When tumor involves the anterior rectum, the 
dissection plane should be anterior to the 
Denonvilliers’ fascia to achieve a negative cir-
cumferential margin (Fig.  17.13b ). 

 Instruments in arms 2 and 3 can be swapped at 
any time to provide better retraction. As the da 
Vinci eliminates any physiological tremor, 

 dissection with the left hand can be utilized. Hot 
shear can be swapped to arm 3 for dissection, 
especially on the left side. 

 Dissection is continued until the identifi cation of 
the pelvic fl oor. This can be easily identifi ed as the 
muscle fi bers of the pelvic fl oor will contract when 
touched with diathermy. The extent of the dissec-
tion can be confi rmed on digital examination. 

 For intersphincteric dissection, two anatomi-
cal landmarks—the anococcygeal ligament 
 posteriorly (Fig.  17.14a ) and the puborectalis 
slings bilaterally—are identifi ed (Fig.  17.14b ). 
The anococcygeal ligament has to be divided to 
enter the intersphincteric plane. Dissection is 
continued as low as possible and then completed 
from below.

  Fig. 17.13    ( a ) The dissection plane is behind the 
Denonvilliers’ fascia ( yellow line ) to preserve the neuro-
vascular bundle that lies immediately anterior to the fascia. 

( b ) The dissection plane is anterior to the Denonvilliers’ 
fascia ( yellow line ) to achieve a negative circumferential 
margin, when tumor involves the anterior rectum       

  Fig. 17.14    Two principles of trocar placement. ( a ) Anococcygeal ligament should be divided for intersphincteric 
resection. ( b ) Puborectalis sling is identifi ed and dissected off       
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   During pelvic dissection, it can be very easy to 
develop “tunnel vision” in the narrow pelvis. It is 
easy to become disorientated as the camera can 
rotate, especially early in the learning curve. It is 
advisable to frequently bring the camera back for 
an overview of the pelvis and reorientate. Another 
tip is to look for the camera icon in the surgeon 
console, located in the middle of the top part of 
the screen. It shows the level and orientation of 
the camera.   

17.5     Rectum Transection 
for Low- Anterior Resection 

 Once pelvic dissection is completed, the patient 
cart is at this stage undocked and moved away 
from the patient. The rectum is resected by a con-
ventional laparoscopic manner. The da Vinci has 
recently added a stapling device to its robotic arm 
but it is unavailable in our institute at the time of 
writing this chapter. The RLQ port is swapped to 
a 12 mm port and a laparoscopic stapler is used 
for resection of the distal rectum. In diffi cult nar-
row pelvis, the patient cart can be partially 
undocked. The camera is left in situ to provide 
stable view of the distal rectum. Arm 2 is left in 
situ to provide anterior retraction of the pelvis. 
Arms 1 and 3 are undocked. The RLQ port is 
again swapped to a 12 mm port and resection per-
formed as above    (Fig.  17.15a, b ).

17.5.1       Extraction of Specimen 

 Wound extraction may be performed either 
through the left iliac fossa or the umbilical inci-
sion. Usually, the left lower quadrant port site is 
preferred due to lower rate of incisional hernia in 
the published literature. Wound protector (such as 
Alexis) is used and the specimen is externalized. 
Decision is made regarding the length of resec-
tion. Usually this is determined by the location of 
the IMA with the resection performed in line with 
the IMA. The mesenteric vessels are ligated. The 
marginal artery is identifi ed and cut to check for 
adequate blood fl ow before ligation. Proximal 
colonic resection is then performed using a hard 
bowel clamp and a knife in a usual fashion.  

17.5.2     Anastomosis 

 Standard double-stapling technique is used. A purse 
string is placed using nonabsorbable sutures to the 
proximal colon. The anvil of the circular stapling 
device is placed in the proximal colon and secured 
with the purse string. The colon is placed back into 
the peritoneal cavity and pneumoperitoneum is 
reestablished. This can be done by placing a glove 
over the Alexis wound protector or by twisting the 
wound protector and then closed with soft bowel 
clamp. If the umbilical wound was used for speci-
men extraction, the tip of a fi ner of the glove is cut 

  Fig. 17.15    ( a ) Outside view during the rectal transection. ( b ) Inside view during the rectal transection       
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and camera port placed into the fi nger. This is usu-
ally secured with a suture to ensure it is airtight. 

 The bowel is retracted from the pelvis so good 
view of the staple line is obtained. The stapler is 
introduced into the rectum via the anus by the 
assistant under direct vision and direction of the 
surgeon. Once in a good position, the stapler is 
opened to enable the spike of the stapler to come 
through the rectal stump. The anvil is placed over 
the spike and a click should be audible. One 
should also feel the anvil click into place. The 
spike is then retracted into the stapler closed until 
the green zone is reach on the indicator. Before 
fi ring, it is important to check the orientation of 
the colon and to ensure the mesentery is not 
twisted. This is done easily by making sure the 
tinea of the colon is facing up. It is our practice to 
hold that position for at least 15 s before the 
safety is removed and the stapler fi red. The sta-
pler is then opened slightly before being removed 
from the patient. Often the stapler needs to be 
rotated slightly clockwise and anticlockwise to 
disengage the bowel from the stapler before with-
drawal. The donuts are then checked for com-
pleteness. A leak test is then performed. This is 
done by fi lling the pelvis with saline, compress-
ing the proximal colon with a grasper, while the 
assistant blows air into the rectum with an empty 

syringe. Leakage of air detected by bubbles 
would be indicative of a positive test and sug-
gests some compromise of the anastomosis.   

17.6     Intersphincteric Resection 

 When performing an intersphincteric resection, a 
“pull-through” approach of specimen extraction 
and a hand-sewn coloanal anastomosis can be 
used. In this method, resection of the colon or 
rectum is not performed during robotic dissection 
but the left colic artery should be divided roboti-
cally to reach the specimen out through the anus. 
In a high lithotomy position, the anus is exposed 
with interrupted everting sutures (Fig.  17.16 ).

   Once intersphincteric dissection is completed 
from the perineal side, the rectum and proximal 
colon is delivered via the anus. Proximal resection 
of the colon is then made after ligation of the mes-
enteric vessels. This is done by a linear stapling 
device. A side-to-end anastomosis is  preferred so 
the staple line is secured with interrupted absorb-
able sutures. An enterotomy is made on the 
antimesenteric border of the colon 3 cm away 
from the distal end, and full thickness of the colon 
is anastomosed to the sphincter muscles and anal 
mucosa using 3-0 absorbable sutures. 

  Fig. 17.16    Preparation of the anus with interrupted sutures for perineal approach       
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17.6.1     Covering Ileostomy 

 Covering ileostomy is not routinely used in ante-
rior resection at our institution.

•    Indication for covering ileostomy includes:
 –    Neoadjuvant radiotherapy  
 –   Intersphincteric resection and hand-sewn 

coloanal anastomosis  
 –   Ultralow-anterior resection (double- stapled 

anastomosis within 1 cm from the dentate 
line)  

 –   Technical diffi culty during the case including 
incomplete donuts or positive air leak test       

 If required, the right lower quadrant port site 
is used for ileostomy. Trephine is incised over the 
port site and dissected down to the fascia. The 
fascia is incised vertically and muscle blunted 
split transversely. The peritoneum is incised and 
loop of terminal ileum brought out through the 
trephine. Orientation of terminal ileum is con-
fi rmed on laparoscopy. Loop ileostomy is 
matured after the closure of all abdominal 
wounds and dressing applied.  

17.6.2     Wound Closure 

 Wound is closed in a usual manner. For the speci-
men extraction site, we prefer layered closure 
using interrupted absorbable sutures. Fascia is 
closed over the 12 mm trocar site.   

17.7     Technical Tips 

•     Standardize the operation; do the same opera-
tion every time.  

•   Good exposure leads to better visualization 
which equates to successful surgery.  

•   Maximum use of patient position prior to 
docking; ensure maximum head down and tilt 
to help move the small bowel out of operative 
fi eld.  

•   Communication with the assistant is vital; this 
applies to the way retraction is performed as 
well as change of instruments.  

•   The two most common problems faced during 
the initial learning curve are external collision 
and internal exposure.  

•   Correct positioning of trocar is vital to mini-
mize external collision and provide better ergo-
nomics of the robotic arms during surgery.  

•   The elbows and shoulders of the robotic arms 
should be spread out like a fan to minimize 
external collision. Most of the external colli-
sion can be fi xed by repositioning the elbows 
of the robotic arms.  

•   Understand the concept of remote center; ade-
quate distance between target organ and 
instrument port means smaller range of motion 
outside the patient’s body, avoiding external 
collision of instruments.  

•   Utilize the master clutch to avoid clashing of 
the surgeon’s controls. Experienced surgeons 
utilize the master clutch more to ensure ade-
quate space is maintained between the work-
spaces of his/her two hands.  

•   Undock a robotic arm if excessive clashing 
occurs and all other maneuvers to resolve the 
clashing fail.  

•   Poor internal exposure is mainly due to the 
small bowel in operative fi eld or due to inad-
equate traction/countertraction.  

•   Don’t be afraid of using sponges or gauze in 
the operative fi eld to assist with retraction; it is 
quite a useful tool to keep the small bowel 
away from the operative fi eld.  

•   Use the assistant effectively to improve expo-
sure. The assistant should be either retracting 
the small bowel away from operative fi eld or 
assist with retraction.  

•   Remember, robotic pelvic surgery is a “six- 
hand” operation: four surgeon hands (includ-
ing camera arm) and two assistant hands.     

17.8     Summary 

 In general, there are three approach methods in 
robotic rectal surgery including hybrid, double 
docking, and single docking, as we mentioned 
in this chapter. Since we started to apply the 
robotic system for rectal cancer surgery at our 
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institution in July 2007, we have developed and 
tried to standardize our single-docking totally 
robotic surgery. 

 Several systemic review articles reported cur-
rently have demonstrated that the robotic surgery 
was a safe and feasible method in terms of clini-
cal and short-term oncologic outcomes, even 
though they had some limitations with heteroge-
neity of collected data and mostly nonrandom-
ized controlled trials [ 6 – 8 ]. We reported our 200 
consecutive data about robotic surgery from 
patients with rectal cancer in which median dis-
tance from the anal verge was 6 cm recently. It 
also showed an acceptable morbidity (7.5 %), a 
low rate of positive circumferential resection 
margin (CRM) (2.5 %), and excellent survival 
data in stage III (5-year overall survival, 88.6 %) 
[ 9 ]. We still need well-constructed randomized 
controlled trial to prove its certain role with evi-
dence, but in view of the results achieved so far, 
the robotic system may have defi nite advantages 
including better local control in mid-low rectal 
cancer    or narrow confi ned pelvic space. 

 Another concern for robotic system applica-
tion in rectal cancer surgery is whether we can 
get better functional outcomes such as sexual and 
voiding function with avoidance of autonomic 
nerve injury. Laparoscopic itself is not a predis-
posing factor to nerve injury, but Jayne et al. 
demonstrated that laparoscopic rectal resection 
did not adversely affect bladder function, but 
there was a trend toward worse male sexual func-
tion which may be explained by the higher rate of 
TME comparing to open surgery in the MRC 
CLASICC trial [ 10 ]. They have also found that 
conversion to open surgery was independent pre-
dictors of postoperative male sexual dysfunction 
[ 10 ]. There has not been much available data 
about functional outcomes in robotic rectal sur-
gery, but several studies have reported low con-
version rates of robotic surgery for rectal cancer 
[ 4 ,  5 ,  8 ,  11 ]. We can expect better functional out-
comes from these results. 

 Although current studies have shown quite 
promising results with robotic rectal surgery, 
well-constructed studies are still required to prove 

its safety, effi cacy, and long-term functional and 
oncologic benefi t. In addition, we have to make 
effort to develop adequate training programs and 
solve the high-cost issues.      
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      Complications Unique to Robotic 
Surgery 

           Robert     K.     Cleary     

    Abstract  

  The robotic platform offers the colon and rectal surgeon an opportunity to 
perform colorectal procedures with better vision, with instruments that 
articulate and are more precise, and in a comfortable sitting position. These 
advantages overcome some of the technical disadvantages of laparoscopy 
and may ultimately allow more patients the opportunity for minimally inva-
sive surgery, especially those requiring total mesorectal excision for low- 
and mid-rectal cancers. There are nuances with this unique platform that 
colorectal surgeons and other robotic operating room personnel should be 
familiar with to ensure thorough preparation, allow proactive intervention, 
and thereby maximize patient safety and best outcomes. This chapter iden-
tifi es and recommends management options for some of the nuances and 
unique complications related to robotic colon and rectal surgery.  
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18.1         Introduction 

 The spectrum of perioperative robotic compli-
cations is generally the same as those encoun-
tered for open and laparoscopic procedures. 

Like  laparoscopy, robotic surgery is character-
ized by small abdominal wall incisions for port 
access, carbon dioxide (CO 2 ) insuffl ation for 
 pneumoperitoneum, resection of a segment or 
all of the colon and rectum, and extraction of the 
specimen. Though comparisons show that robotic 
and laparoscopic complication rates are simi-
lar, the literature is not consistent in this regard. 
Halabi et al. showed in a retrospective review 
of the 2009–2010 National Inpatient Sample 
database that morbidity, anastomotic leaks, and 
ileus were similar when comparing robotic and 
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laparoscopic colorectal procedures [ 1 ]. In 
contrast, analysis of the 2008–2009 National 
Inpatient Sample database revealed lower com-
plication rates and mortality for robotic colorec-
tal surgery when compared to laparoscopic and 
open colorectal surgery [ 2 ]. Analysis of this same 
2008–2009 database by other authors demon-
strated that postoperative infections, fi stulas, and 
thromboembolic complications were more com-
mon, while anastomotic leaks, ileus, and pneu-
monia were less common with robotic colorectal 
surgery when compared to laparoscopic colorec-
tal surgery [ 3 ]. 

 Only 45 % of elective colon surgery and 
10 % of elective rectal surgery is done by the 
laparoscopic approach [ 1 ]. The learning curve 
for laparoscopic surgery has been estimated to 
be 50–70 cases, while the learning curve for 
robotic surgery has been estimated to be 20–32 
cases, even for those who lack laparoscopic 
experience. Articulating instruments that allow 
more precise movements at more advantageous 
angles, without the need for an experienced 
assistant to provide a stable image and steady 
retraction, contribute to this shorter robotic 
learning curve [ 4 – 7 ]. 

 Many of the available studies evaluating 
learning curves use operative time and conver-
sion rates as the measured parameters. These 
data points may not be the best learning curve 
measures because with experience, surgeons 
may schedule more complicated cases that do 
not result in decreased operative times and con-
versions. A study comparing a novice robotic 
surgeon with little laparoscopic experience (<30 
cases) and a novice robotic surgeon with signifi -
cant laparoscopic experience (>300 cases) 
showed that robotic perioperative and oncologic 
outcomes were not different based on laparo-
scopic experience, suggesting that surgeons 
practicing open surgery may transition to the 
robot without fi rst demonstrating laparoscopic 
profi ciency [ 7 ]. Another study demonstrated 
that higher robotic surgeon volumes were 
associated with fewer complications, shorter 

hospital length of stay, and lower costs [ 8 ]. 
A systematic review of the laparoscopic and 
robotic learning curves revealed that studies to 
date portray a multifaceted and ill-defi ned learn-
ing curve. The authors of this review concluded 
that a multidimensional assessment of surgical 
skills that may predict satisfactory outcomes, 
such as the cumulative sum analysis methodol-
ogy (CUSUM), should be used in future studies 
to evaluate learning curves in the clinical setting 
[ 9 ,  10 ]. 

 Current robotic systems are characterized by 
the master-slave platform with the surgeon sitting 
at a console. The disadvantage of this system is 
the loss of haptic feedback and the inability of the 
surgeon to sit at the patient operating table. The 
surgeon must rely on visual cues to limit the risk 
of visceral traction and crush injuries [ 4 ]. It is 
important to keep all instruments within the 
visual fi eld thereby limiting the risk of injury to 
bowel, blood vessels, and other structures [ 11 , 
 12 ]. These injuries may be particularly prone to 
occur early in the learning curve if instruments 
are allowed to stray outside the fi eld of vision [ 5 ]. 
A stray instrument must be looked for with the 
camera rather than trying to bring the stray instru-
ment into the fi eld of view. When all instruments 
are within the visual fi eld, this loss of haptic feed-
back is offset to a certain extent by the robotic 
high-defi nition view of pressure applied during 
dissection. 

 Visual compensation for this loss of haptic 
feedback during robotic surgery has been studied 
using visual cues and is based on research involv-
ing sensory integration. Authors have suggested 
that the sense of vision can affect the sense of 
touch and compensate for the lack of tactile 
information [ 13 ]. Techniques for simulating hap-
tic sensations such as friction, stiffness, and tex-
ture on virtual objects are based on human 
perceptions, have been tested, and are referred to 
as pseudo-haptic feedback [ 14 ]. The visual cues 
obtained as robotic instruments touch 
 intra- abdominal structures have been referred to 
as surgical synesthesia [ 5 ,  13 ,  14 ].  
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18.2     Trocar Injuries and Hernias 

 Trocar injuries can occur with laparoscopic and 
robotic surgery, and trocar placement is similar 
with both platforms. In a study comparing direct 
trocar, Veress needle, and open approaches, there 
were fewer trocar injuries to bowel and blood 
vessels using the open approach (open 0 %, direct 
trocar 2.9 %, Veress 0.6 %) [ 15 ]. Placement of 
the fi rst trocar is most likely to cause organ injury 
as the remaining trocars are placed under laparo-
scopic vision. Much of the trocar injury literature 
is from the gynecologic and urologic laparo-
scopic arena [ 16 ,  17 ]. In a review of 40 litigated 
cases of laparoscopic bowel injury, it was found 
that the initial trocar was the most common cause 
of bowel injury. The Hasson open technique did 
not eliminate this complication. Delayed recog-
nition of the injury was the major consideration 
with regard to liability [ 16 ]. 

 Some modify trocar placement in obese indi-
viduals. Schwartz recommended initial place-
ment of the Veress needle in the left upper 
quadrant in morbidly obese patients to decrease 
the risk for trocar injury to viscera [ 18 ]. Others 
have recommended optical-tip trocars [ 19 ]. An 
approach to trocar placement that eliminates the 
risk of enterotomy and other visceral injuries has 
not yet evolved. 

 Trocars sites are at risk for herniation. The 
incidence varies from 0.65 to 5.4 % and reports 
on the clinical impact of this complication vary 
throughout the literature [ 19 ,  20 ]. The incidence 
of trocar-site hernias may be underestimated 
because many are asymptomatic hernias and may 
remain undetected. Reported risk factors for 
trocar- site hernia include chronic obstructive pul-
monary disease, smoking, obesity, large trocar 
size, midline trocar sites, incomplete fascial clo-
sure, lengthy operations, and bladed trocars. 
However, none of these risk factors have been 
conclusively demonstrated to cause trocar-site 
hernias on multivariate analysis. Eighty-six per-
cent of hernias occur at trocar sites ≥10 mm, 
while only 2.7 % occur at sites ≤8 mm. Patients 
presenting with symptomatic trocar-site hernias 
may have incarcerated or strangulated small 

bowel and operative repair may require small 
bowel resection with the attendant risks [ 19 ]. 

 In a review of 624 obese patients who under-
went laparoscopic bariatric surgery without clo-
sure of any trocar-site fascia, 1.6 % developed 
trocar-site hernias at a mean of 15 months. None 
had intestinal obstruction or other complications 
related to the hernias [ 20 ]. A retrospective review 
of 647 laparoscopic colorectal procedures over 
3 years revealed that 1.23 % of patients devel-
oped trocar-site hernias, all of which were symp-
tomatic and all of which required operative repair. 
These authors recommended primary closure of 
trocar-site defects ≥10 mm [ 19 ]. A Medline 
search of 11,699 laparoscopic procedures that 
included 477 colorectal operations demonstrated 
that 1.47 % developed trocar-site hernias at a 
mean follow-up of 71.5 months. These authors 
also recommended primary closure of fascial 
defects ≥10 mm [ 21 ]. 

 Others have reported higher rates of trocar- 
site hernias when following patients with imag-
ing studies. In a study of 102 laparoscopic and 48 
robotic Roux-en-Y gastric bypasses for morbid 
obesity, 39.3 % of laparoscopic and 47.9 % of 
robotic procedures developed trocar-site hernias, 
most of which were identifi ed by ultrasonic rather 
than by physical examination or clinical presen-
tation. Only two patients with hernias required 
operative intervention, both in the laparoscopic 
group [ 22 ]. In a review of 498 robotic prostatec-
tomies, two port-site hernias were identifi ed, 
both of which were located at the 12 mm supra-
umbilical trocar site. In this study, routine port 
placement included two 12 mm, three 8 mm, and 
one 5 mm port. Only the midline 12 mm supra-
umbilical trocar-site fascia was closed. 

 The risk for incisional hernias in midline 
wounds, especially at the umbilicus, is reported 
to be up to 10–15 %. These midline-wound her-
nia rates are higher than other locations such as 
the Pfannenstiel incision and other wounds off 
the midline, where the risk is less than 5 %. As a 
result of these data, some authors do not close 
12 mm trocar-site fascial defects off the midline 
[ 23 ,  24 ]. There are confl icting reports, though, 
with respect to hernia size and location as 
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refl ected by case reports of hernias at 8 mm 
robotic trocar sites [ 25 ]. Though the literature 
varies with regard to conclusions about the inci-
dence and prevention of trocar-site hernias, most 
surgeons close trocar-site fascial incisions greater 
than 8 mm at every location. And it is important 
to keep in mind that hernias may occur even after 
trocar-site fascial closure [ 23 ].  

18.3     Intraoperative Enterotomy 

 Injuries to the intestinal tract during robotic sur-
gery not caused by trocar placement are uncom-
mon. Existing series are largely in the urologic 
and gynecologic literature [ 26 ]. The incidence of 
rectal injuries during prostatectomy is 0.17 % 
and compares favorably with open and laparo-
scopic prostatectomy [ 27 ]. Colon and rectal sur-
geons should be familiar with this complication 
as they may be consulted for repair. If recognized 
intraoperatively, simple suture closure of small 
bowel and colon injuries is usually safe and 
effective. In patients with ulcerative colitis under-
going robotic proctectomy, an unintentional 
proctotomy in a diseased rectum deep in the pel-
vis may be best visualized and suture repaired 
with the robot, rather than converting to a laparo-
scopic or an open procedure.  

18.4     Converting to an Open 
Procedure 

 Conversions to open surgery occur less fre-
quently after robotic than after laparoscopic 
colorectal resection [ 1 ,  28 – 35 ]. The COLOR II 
randomized controlled trial comparing laparo-
scopic and open surgery for rectal cancer was 
composed of surgeons with considerable laparo-
scopic expertise. Even so, the conversion rate for 
laparoscopy was 17 % in this study [ 36 ]. In a 
large national database analysis, the robot was 
associated with a 59 % reduction in conversion 
in the abdomen and 90 % reduction in conver-
sion in the pelvis, when compared to laparos-
copy [ 1 ]. In a study comparing robotic and 
laparoscopic rectal resection for cancer, Patriti 

reported a 19 % conversion rate for laparoscopy 
compared to no conversions with the robot. This 
difference was remarkable in that the robot 
group was composed of a majority of patients 
with previous abdominal surgery and low rectal 
neoplasms requiring preoperative chemoradia-
tion and total mesorectal excision [ 28 ]. 

 A meta-analysis of four randomized controlled 
trials comparing robotic and laparoscopic colorec-
tal surgery demonstrated that conversion for 
robotic colorectal procedures was 1.8 % compared 
to 9.5 % for laparoscopic colorectal operations 
[ 33 ]. In an analysis of a large regional protocol-
driven externally audited database characterized 
by defi nitions for data entry, Tam et. al. found that 
conversion in the pelvis for robotic procedures was 
7.8 % versus 21.2 % for laparoscopy (p < 0.001), 
and 9.0 % for the robot in the abdomen com-
pared to 16.9 % for laparoscopy (p = 0.06) [ 34 ]. 
Conversions early in an operation, done to avoid 
complications, are associated with fewer compli-
cations than conversions done in response to intra-
operative bleeding or enterotomies [ 37 ,  38 ]. 

 There are rare occasions when conversion is 
required because of urgent intraoperative compli-
cations related to bleeding or enterotomies. 
Bleeding may occur when dissecting the inferior 
mesenteric artery during the course of a sigmoid 
resection or low-anterior resection. This is the 
time when the art of surgery demands poise and 
thoughtfulness, deciding between calm and con-
trol of bleeding with instruments, versus urgent 
de-docking and laparotomy. Often the bleeding 
vessel can be clamped with a fenestrated bipolar 
grasper or Maryland forceps and a locking clip or 
vessel sealer applied. If blood loss has not been 
signifi cant and hemostasis has been obtained, 
then the procedure may proceed as planned. If 
bleeding has been temporarily controlled, but 
defi nitive hemostasis with clips or energy has not 
been obtained, a laparoscopic instrument through 
the assistant port may substitute for the robotic 
instrument, allowing de-docking and laparotomy 
in a controlled fashion with hemostasis. 
Alternatively, the robotic instrument may be left 
clamped on the vessel, while the other robotic 
instruments are removed and the respective 
robotic arms detached from the trocars. Though 
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the robot arm providing hemostasis remains at 
the operating table in this case, these maneuvers 
typically leave enough room for laparotomy and 
open control of the bleeding. A hex wrench 
attached to the robot is used to release the instru-
ment from the vessel at the appropriate time 
(D.C. Coffey, M.D., personal communication). 

 It is critically important that the bleeding ves-
sel is dissected out and visualized well enough to 
ensure no other structures, like the ureter, are 
injured while gaining hemostasis. It is also impor-
tant not to dissect structures not easily visualized 
because of bleeding, and this may be the critical 
factor that convinces the operating surgeon to 
convert to open. Though it is important not to per-
sist to the point of signifi cant blood loss, often 
blood loss appears more than it is because of the 
magnifi ed image. If there is any doubt, however, 
de-docking the robot and laparotomy to control 
hemorrhage is the prudent choice. It is important 
to have open instruments readily available for any 
minimally invasive procedure to address urgent 
complications like bleeding. 

 Another important bleeding scenario is presa-
cral hemorrhage during a robotic total mesorectal 
excision for rectal neoplasia. Though bleeding can 
sometimes be controlled with energy sources, it is 
best at times not to persist in this effort and instead 
place a small sponge and/or hemostatic agent on 
the bleeding vessel. A robotic instrument or suc-
tion device allows pressure to be maintained. It 
may be worth waiting 5–10 min once the bleeding 
is controlled before releasing pressure and then 
assessing for persistent bleeding. If the bleeding 
vessel, usually a torn vein, is controlled with the 
sponge, it is sometimes possible to continue with 
other parts of the procedure and reassess later. 
Often the bleeding will resolve spontaneously 
with patience. If the bleeding is not well controlled 
or persists despite the above maneuvers, conver-
sion may be the prudent option. 

 Converting to an open procedure requires 
removing the robotic instruments under direct 
vision, detaching the robotic arms from the tro-
cars, removing the robot from the patient bed-
side, providing open instruments, and proceeding 
with laparotomy. This can be a time-consuming 
process and if the conversion is for bleeding can 

lead to considerable blood loss and hemody-
namic compromise. Though it may not be practi-
cal for every institution to do so, procuring a 
circulating nurse, scrub nurse or technician, and 
anesthesia nursing team dedicated to robotics and 
familiar with preparation, malfunctions, and 
operative approaches may decrease the risk for 
morbidity during these urgent and emergent sce-
narios. A refl ective role-playing exercise to 
include all relevant operating room caregivers 
and to simulate the emergent need to convert may 
help prevent morbidity in this situation [ 5 ].  

18.5     Inadequate 
Pneumoperitoneum 

 Inadequate distention of the abdomen with car-
bon dioxide (CO 2 ) gas results in a poorly visual-
ized operative fi eld and can result in organ injury. 
Several possible explanations for inadequate 
pneumoperitoneum should be considered includ-
ing an open port allowing the loss of CO 2  gas, a 
disconnected gas line, a port that has retracted 
into the subcutaneous tissue or out of the abdomi-
nal wall altogether, an empty gas tank, and rarely, 
inadequate muscle relaxation. The operation 
should be temporarily paused when visualization 
is obscured and inadequate pneumoperitoneum 
should be considered as the cause. A stepwise 
progression of consideration of the above etiolo-
gies should be performed with expectation that 
the cause for inadequate pneumoperitoneum will 
be identifi ed and the operation then safely 
resumed [ 5 ]. In the obese patient, a second gas 
insuffl ator utilizing a robotic gas port may resolve 
the problem. Rarely, a procedure may need to be 
converted to open because of inadequate visual-
ization of the operative fi eld.  

18.6     Inability to Deliver Small 
Bowel from the Pelvis 

 Early in the course of high- and low-anterior 
resections, and after thorough exploration of the 
abdomen, it is important to displace the small 
bowel to the right upper quadrant, allowing 
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visualization of relevant anatomy and allowing 
the planned operative techniques to proceed. This 
is usually accomplished by strategic use of the 
Trendelenburg position and left-to-right rotation 
of the operating table. Natural fusion planes 
between the terminal ileum, terminal ileal mesen-
tery, pelvic structures, and pelvic sidewalls, as 
well as adhesions from previous pelvic surgery or 
appendectomy, may make this maneuver diffi -
cult. Inadequate muscle relaxation may also 
make this challenging. If the Trendelenburg posi-
tion and anesthetic muscle relaxation does not 
keep the small bowel in the right upper quadrant, 
taking time to divide offending adhesions using 
laparoscopic techniques will often be the remedy. 
Alternatively, these adhesions can be divided 
after docking the robot and using robotic tech-
niques. However, the operating surgeon should 
be confi dent that the assistant will be able to 
deliver the small bowel out of the pelvis without 
the attached robotic arms impeding progress. 
Pausing to detach a robotic arm to assist in this 
maneuver is also an option. 

 A fatty omentum may make it diffi cult to 
retract the small bowel from the pelvis to the 
right upper quadrant during high- and low- 
anterior resections, thereby obscuring relevant 
anatomy. Displacing the omentum cephalad to 
the transverse colon is ideal but often not possi-
ble. Dividing omental attachments to the lateral 
sidewall and descending colon, the strategic use 
of the Trendelenburg position, and the strategic 
use of the bedside assistant with a laparoscopic 
instrument through the assistant trocar, may 
allow more effective omental displacement 
(D.C. Coffey, MD, personal communication).  

18.7     Diffi culty Delivering/
Retracting an Obese 
or Noncompliant Rectum 

 Total mesorectal excision is the critical part of the 
oncologic operative technique for low- and mid- 
rectal cancers, the quality of which affects cir-
cumferential margins and local recurrence. It is 
important to dissect in a plane between the fascia 
propria of the rectum and presacral fascia to 
ensure complete en bloc removal of the entire 

lymph node-containing mesorectum to affi rm the 
best oncologic outcomes. This can be quite a 
challenge in an individual with an obese or non-
compliant irradiated rectum. 

 Operative visualization is optimized by third- 
arm fi xed retraction with a robotic grasper. It is 
also commonly necessary for the bedside assis-
tant to provide cephalad and lateral retraction 
through an assistant port. This maneuver can be 
made more effective by routing an umbilical tape 
or similar structure around the rectosigmoid 
junction, which can be grasped by the assistant 
and retracted cephalad. The assistant port is typi-
cally in the right upper quadrant and is 5 or 
12 mm depending on which port is used for the 
stapling device. For technically challenging pel-
vic operations, a skilled assistant using two assis-
tant ports can help signifi cantly and sometimes 
preclude the need for conversion. If the surgeon 
employs a technique that includes rotation of a 
robotic arm from the subcostal 8 mm trocar to a 
left lower quadrant 8 mm trocar for the pelvic 
dissection, this maneuver then leaves the subcos-
tal 8 mm trocar as a second assistant port. If a 
second 8 mm trocar is not available for the assis-
tant, simply adding an addition 5 mm trocar for 
this purpose is a reasonable option.  

18.8     Trendelenburg 
Complications 

 The steep Trendelenburg position and CO 2  
pneumoperitoneum for prolonged periods of time 
can result in alterations in cerebrovascular, respi-
ratory, and hemodynamic parameters. Some of 
the associated potential complications include 
 subcutaneous emphysema, facial and laryngeal 
edema, venous gas embolism, brachial plexus 
injuries, peripheral neuropathy, and ocular distur-
bances [ 39 ,  40 ]. 

18.8.1     Elevated CO 2  

 Carbon dioxide (CO 2 ) insuffl ation provides 
pneumoperitoneum, allowing visualization of the 
abdominal cavity structures necessary for min-
imally invasive abdominal surgery. The pressure 
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exerted by CO 2  pneumoperitoneum elevates the 
diaphragm and can decrease functional residual 
volume, tidal volume, and pulmonary compli-
ance. The steep Trendelenburg position required 
during sigmoid resection and low-anterior resec-
tion, along with obesity and preexisting cardio-
pulmonary comorbidities—especially chronic 
obstructive pulmonary disease—accentuates 
these pulmonary-function abnormalities. CO 2  
is rapidly absorbed into the bloodstream across 
peritoneal surfaces and is ultimately exhaled by 
the lungs. Hypercarbia may have deleterious 
effects on cardiac and pulmonary function. The 
compensatory mechanisms that allow the patient 
to hyperventilate and exhale CO 2  are not present 
during general anesthesia and hypercarbia may 
therefore persist without appropriate intervention. 

 Hypercarbia from CO 2  insuffl ation may result 
in acidosis. The anesthesia care team should be 
prepared to increase the respiratory rate and/or 
tidal volume based on end-tidal CO 2  levels and 
correlate with arterial blood gases when indi-
cated, with the understanding that end-tidal CO 2  
levels may be lower than arterial CO 2  levels. 
Preoperative arterial blood gases and pulmonary- 
function tests may be necessary in those with pul-
monary dysfunction for comparison with 
intraoperative values. Intraoperative communica-
tion between the anesthesiologist and surgeon is 
essential. If increasing minute ventilation does 
not suffi ce, decreasing CO 2  insuffl ation pressures 
to 10–12 mmHg may decrease pulmonary dys-
function. Pausing during the procedure to detach 
instruments and trocars, release the pneumoperi-
toneum, and place the patient in the reverse 
Trendelenburg position for 5–15 min may allow 
the end-tidal CO 2  to recover and permit the pro-
cedure to proceed. If these interventions do not 
ameliorate the elevated CO 2 , conversion to open 
may be necessary [ 41 ].  

18.8.2     Subcutaneous Emphysema 

 Subcutaneous emphysema is a complication of 
CO 2  insuffl ation and may be more common in 
older patients who have prolonged operations 
greater than 200 min and in those with end-tidal 
CO 2  ≥50 mmHg. This complication of laparo-

scopic and robotic surgery is usually not life 
threatening and typically resolves with the con-
clusion of CO 2  insuffl ation. Subcutaneous 
emphysema can prolong hypercarbia and so 
mechanical ventilation should continue until 
hypercarbia resolves, to decrease the work of 
spontaneous breathing in the recovery room. 
Rarely, subcutaneous emphysema may lead to 
pneumothorax, pneumomediastinum, and pneu-
mopericardium [ 39 ].  

18.8.3     Venous Gas Embolism 

 This complication should be suspected with any 
unexplained deterioration in hemodynamic sta-
tus. There is typically an abrupt change in the 
end-tidal CO 2  tracing. If gas embolism is recog-
nized as a possibility, the patient should be placed 
in the left lateral decubitus and head-down posi-
tion. This position ameliorates air obstruction to 
right ventricular blood fl ow by placing the right 
ventricular outfl ow tract inferior to the right ven-
tricular cavity, allowing the air to migrate superi-
orly out of the way of the outfl ow tract. There are 
case reports of venous gas embolism in the 
robotic prostatectomy literature. It is likely rare 
in the setting of robotic colorectal surgery, but 
surgeons should be aware of this complication 
because it is life threatening [ 39 ,  42 ].  

18.8.4     Ischemic Optic Neuropathy 

 Another serious complication to consider is optic 
neuropathy from increased intraocular pressures 
and ischemia to the optic nerve. This complica-
tion can result in blindness. A systematic review 
of 142 patients revealed that visual loss from 
ischemic neuropathy has been reported after 
lengthy robotic operations and is typically bilat-
eral. Three cases of visual loss after laparoscopic 
colorectal operations in prolonged steep 
Trendelenburg position have been described. All 
of these cases were colorectal procedures that 
lasted longer than 6 h [ 43 ]. The most likely etio-
logic factor is a combination of hypotension, 
increased central venous pressure, increased sys-
temic vascular resistance, and resultant increased 
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ocular pressure from the steep Trendelenburg 
position. Along with intra-abdominal carbon 
dioxide insuffl ation, this may cause decreased 
ocular perfusion pressure and decreased oxygen 
delivery to the optic nerve. Those with glaucoma 
may be at increased risk [ 40 ]. 

 In addition to ischemic ocular neuropathy, 
these changes may lead to conjunctival edema 
thereby preventing effective eyelid closure and 
resulting in corneal exposure and traumatic abra-
sions, the incidence of which is thought to be 
0.3–13.5 % of robotic prostate operations [ 39 , 
 40 ]. Some authors recommend preoperative oph-
thalmologic assessment, intraoperative fl uid 
restriction, and periodic breaks from the steep 
Trendelenburg position as preventative measures 
[ 43 ,  44 ]. The increased use of robotic procedures 
in the steep Trendelenburg position with carbon 
dioxide pneumoperitoneum may increase the 
incidence of ocular complications, and therefore, 
robotic colorectal surgeons should be aware of 
this possibility.  

18.8.5     Peripheral Neuropathy 

 Patients undergoing prolonged abdominopelvic 
operative procedures are at risk for lower extrem-
ity neuropathy, the incidence of which ranges from 
0.3 to 3.0 %. Prolonged pelvic operations in steep 
Trendelenburg tilt may cause lower extremity 
compartment syndrome and upper extremity neu-
ropathies. These injuries may take several months 
to resolve or be permanent, may leave residual 
impairment, may require intensive physical ther-
apy, and may signifi cantly impair quality of life. 
The lithotomy position, the Pfannenstiel incision, 
minimally invasive surgery, prolonged operative 
times, and obesity may be risk factors for neuropa-
thy. Velchura et al., in a retrospective review of a 
prospective database, revealed that the only inde-
pendent risk factor for peripheral neuropathy in 
those undergoing minimally invasive surgery was 
obesity. This complication occurred in 3.6 % of 
patients undergoing robotic rectal dissection in 
this series, perhaps because this group had longer 
operative times than the laparoscopic and open 
groups. Most patients recover from neuropathy in 

the immediate postoperative period, though one 
patient in this series had persistent symptoms for 
1 year [ 45 ]. 

 Measures to prevent peripheral neuropathy 
include padding extremities, periodically changing 
the patient position to neutral, and avoiding steep 
prolonged operating table tilts.   

18.9     Robot Malfunction 

 Because robotic systems are more complex than 
laparoscopic instrument counterparts, they may 
be more susceptible to malfunction during the 
course of an operation [ 46 ,  47 ]. These system 
failures may be related to the robotic instruments, 
robotic arms, optical system, power errors, and 
robotic console. Buchs et al. prospectively 
reviewed 526 abdominal robotic procedures and 
found the incidence of system failures to be 3.4 %, 
with a cited range in the literature of 0.4–4.5 %. 
Half of the failures were related to instruments, 
all of which were related to the harmonic scalpel 
tip. There was one conversion to laparoscopic 
due to light-source failure. The system shut down 
in one case and was successfully resolved by 
turning the system off and rebooting and without 
consequence to the operation. Excluding the 
instrument failures, the malfunction rate was 
1.7 %. There was no morbidity or mortality 
related to system failure. The conversion rate 
because of system failure was 0.2 %. There were 
more malfunctions before the year 2011 (4.2 %) 
than after 2011 (2.4 %). The authors concluded 
that robotic malfunction rates are low and are 
decreasing in incidence with the evolution of 
advanced systems [ 46 ]. 

 The robotic operating team should be familiar 
with maneuvers utilized to respond to robotic 
system issues. These maneuvers include pushing 
the stop button if the system fails to obey a com-
mand or releasing the robotic instruments from 
the arms. Thorough stepwise inspection and test-
ing of the system should be performed prior to 
each operation, analogous to a pilot checking 
cockpit instruments. 

 When the robotic arms collide outside of the 
patient, the instruments may lose degrees of freedom. 
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This is typically resolved by having the bedside 
assistant remove and reinsert the instrument, 
thereby reseating the instrument. If this issue per-
sists after reseating the instrument, it may be 
defective and should be replaced. If the operating 
surgeon has the impression of not being in control 
of the camera and instruments, it is likely because 
the camera control button is activated. The blink-
ing light on the instrument indicates this. Pressing 
this button will inactivate the clutch and return 
control of the camera and instruments to the oper-
ating surgeon. The inability to control a particular 
instrument usually means the clutch button on 
that particular instrument is activated and blink-
ing. Pressing the button to deactivate the clutch 
will return control of that particular instrument to 
the operating surgeon. 

 If an instrument grasping tissue needs to be 
removed and the console surgeon is unable to 
release the instrument grasp of the tissue, a hex 
wrench is available to manually open the jaws of 
the instrument. This is done by inserting the 
wrench into the appropriate receptacle on the 
instrument that accommodates the wrench, located 
in the relevant instrument at the patient bedside. 

 System issues that are not immediately or 
readily apparent are often resolved by restarting 
the system. The manufacturer provides trouble-
shooting fl owcharts that assist with vision and 
connection issues. 

 It is likely that the incidence of system mal-
function will continue to decrease with the contin-
ued advancement of robotic surgical systems and 
with more experienced operating room personnel 
devoted to preparation, setup, and proper instru-
ment handling. Literature to date suggests that the 
incidence of robotic malfunction is low, that the 
incidence has decreased with each succeeding 
generation of robot technology, and that occur-
rences can typically be handled safely [ 46 ,  47 ].  

18.10     Conclusion 

 There is a need for a minimally invasive approach 
that provides good outcomes with a shorter learn-
ing curve and that is more ergonomically appealing 

to the operating surgeon. The penetration of 
robotics into colon and rectal surgery is rising 
rapidly. The continued development of advanced 
optic systems, precision instruments, and ergo-
nomic platforms has several advantages for the 
patient and allows the surgeon to operate in a 
comfortable position. As robotics are more 
widely adopted into the practice of colon and rec-
tal surgery, it is important that surgeons are famil-
iar with potential complications unique to this 
platform to ensure the advancement of quality 
and patient safety.  

18.11     Key Points 

•     Robotic complications that are similar to lap-
aroscopic complications include those that 
are a result of minimally invasive trocar 
 placement and the establishment of 
pneumoperitoneum.  

•   The robotic system is more complex than lap-
aroscopy and there are complications and 
nuances unique to this complex system.  

•   Familiarity with these unique robotic nuances 
and complications will proactively contribute 
to patient safety and good outcomes.        
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    Abstract  

  Obesity is a rapidly increasing epidemic throughout the developed world, 
and the obese form a signifi cant proportion of patients presenting for 
colorectal surgery. The laparoscopic approach in these patients, especially 
those with malignancy, is diffi cult and has higher morbidity rates, signifi -
cant propensity for conversion and poorer oncologic outcomes in some 
studies. The robotic platform provides attractive benefi ts including supe-
rior vision, stable retraction and unmatched instrument dexterity, all of 
which facilitate minimally invasive surgery in the obese though it contin-
ues to remain diffi cult. The greatest benefi t of the robotic technique is seen 
in the performance of total mesorectal excision in the obese individual 
with a distal rectal cancer.  
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19.1         Introduction 

 Obesity is the most common chronic preventable 
disease in the western world and is a rapidly 
growing epidemic in the United States.  Obesity is 
a risk factor for diverticular disease and cancer 
and thus is a major concern for surgeons dealing 
with colorectal diseases, being grossly overrep-
resented and in fact representing the ‘normal’ 
patient presenting to these physicians . 

 Laparoscopic surgery for colorectal diseases 
including cancer, diverticular disease and infl am-
matory bowel disease is now well established as 
safe, feasible and, in cancers, with oncologic out-
comes comparable to open surgery [ 1 ,  2 ]. 
Improved perioperative outcomes including ear-
lier return of gastrointestinal function, better pul-
monary function, decreased postoperative pain, 
lower incidence of wound infection and shorter 
length of stay have all been proven in large ran-
domised trials, systematic reviews and meta- 
analyses [ 3 – 5 ]. Obesity does have an adverse 
effect in conventional colorectal surgery on cer-
tain measures including operative time, blood 
loss, wound infections, fascial dehiscence, inci-
sional hernias and anastomotic leaks in rectal 
anastomoses [ 6 ]. This negative impact is also 
seen in the laparoscopic approach to colorectal 
operations for benign and malignant disease with 
increased conversion rates and postoperative 
morbidity in the obese [ 7 ,  8 ]. 

 Robotic surgery in the obese patient faces 
challenges, some common with laparoscopy and 
others unique to the robotic platform. Since most 
robotic colorectal operations begin as laparo-
scopic operations and a signifi cant number are 
hybrid laparoscopic-robotic operations, problems 
with positioning, access and exposure are com-
mon and are well known [ 9 ]. 

  Once the operative fi eld is set up and the 
abdominal domain is created however, the unique 
aspects of the robotic platform including magni-
fi ed optics, stable and very powerful retraction, 
reduced dependence on the assistant and extreme 
degrees of freedom level the playing fi eld, making 
the obese individual the ideal candidate for the 
robotic approach especially the male patient with 
rectal cancer . 

 This chapter deals with the universal problems 
faced by the surgical team when dealing with the 
obese patient, the modifi cation of surgical 
approaches, tips and tricks and the challenges 
faced when robotically handling the colon and 
rectum. Specifi c approaches and pearls for suc-
cessful performance of right colectomy, left col-
ectomy and total mesorectal excision (TME) as 
part of anterior and abdominoperineal resection 
for rectal cancer are dealt with in detail. Since the 
operative strategy varies only minimally between 
benign and malignant colorectal disease, no 
attempt is made to separate the two, and the 
reader is referred to specifi c chapters for informa-
tion on disease-based approaches.  

19.2     Defi nition of Obesity 

 Obesity is defi ned by the World Health 
Organization as a body mass index [BMI] ≥ 30 kg/
m 2 . By this measure, an estimated 35.7 % of the 
American population are obese. The age-adjusted 
prevalence of obesity was 35.5 % (95 % CI, 
31.9–39.2 %) among adult men and 35.8 % 
(95 % CI, 34.0–37.7 %) among adult women in 
the 2009–2010 National Health and Nutrition 
Examination Survey (NHANES) [ 10 ]. This 
method has limitations as BMI assesses the entire 
body mass without differentiating between its 
components, namely, muscle, visceral fat, subcu-
taneous fat, bone and fl uid. It does not differenti-
ate those men with thick abdominal walls from 
those with excess omental/visceral fat. Waist-to- 
hip ratio (WHR) and waist circumference (WC) 
are other simple measurements to determine obe-
sity. These measures, especially WHR, correlate 
better with an increase in visceral fat and a rela-
tive lack of gluteal muscle [ 11 ].  

19.3     Preoperative Preparation 

19.3.1     Medical Optimisation 

 Obese patients, especially the often elderly 
patients with colorectal cancer and diverticular 
disease, have multiple comorbid conditions 
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including coronary artery disease, hypertension 
and type 2 diabetes, besides an increased risk of 
perioperative and postoperative deep vein throm-
boembolism [DVT] and death [ 12 ]. 

 Extensive preoperative workup and optimisa-
tion are recommended. A simple but effective 
intervention is to operate patients scheduled for 
benign elective surgery only after they have lost a 
predefi ned amount of weight, which reduces 
perioperative morbidity and makes for easier 
surgery.  

19.3.2     Bowel Preparation 

 Obesity is an independent predictor of inadequate 
bowel preparation and further reduces the work-
ing space in the peritoneal cavity due to increased 
visceral fat [ 13 ]. Adequate intensive bowel prep-
aration, which produces fl accid collapsed bow-
els, increases the working space and facilitates 
layering of the bowel besides making it easier to 
use gravity-assisted exposure of the operative 
fi eld. The standard bowel preparation regime 
consisting of a liquid diet for 24 h prior to surgery 
and use of bowel preparation with polyethylene 
glycol the evening prior may not adequately 
empty the bowels in the obese. The use of a low- 
residue diet for 8 days and polyethylene glycol 
preparation starting 2 days before operation has 
been used to great effect and should be utilised 
whenever possible [ 14 ].  

19.3.3     Preventing Venous 
Thromboembolism 

 All patients with colorectal disease especially 
cancer are at increased risk of deep venous 
thromboembolism, especially when operated by 
the minimally invasive/robotic approach. The 
risk is exaggerated in the obese [ 15 ]. While pre-
operative prophylaxis with unfractionated intra-
venous or subcutaneous low-molecular-weight 
heparin is recommended, it is our policy to start 
prophylaxis the morning after surgery. The sur-
geons frequently rely on sequential compression 
boots, which are applied before anesthesia is 

induced and continue till patient discharge. The 
combination of mechanical compression and 
pharmacologic prophylaxis is more effective than 
either alone. Consideration is given to an inferior 
vena cava fi lter in patients at high risk for DVT 
[prior DVT, prior pulmonary embolism, 
BMI > 60 kg/m 2 , hypercoagulable states].  

19.3.4     Thoracic Epidural Analgesia 

 We routinely use epidural catheters for postoper-
ative analgesia. Epidural analgesia leads to 
increased circulation in the lower extremities, 
reduced tendency for coagulation more effi cient 
fi brinolysis and decreases blood loss due to per-
missive hypotension, thereby reducing transfu-
sion requirements [ 16 ]. All these may explain the 
decrease in thromboembolic phenomena. Only 
patients undergoing robotic right colectomies do 
not have epidural catheters; we have not found 
added benefi t over a combination of local anaes-
thetic infi ltration and patient-controlled analgesia 
[PCA] in this group, and epidural analgesia does 
not lead to earlier return of bowel function in this 
group.   

19.4     Surgical Considerations 

19.4.1     Patient Positioning 
and Operating Room Setup 

 Standard operating tables accommodate patients 
with weights up to 450 lb; for heavier patients 
bariatric tables that can accommodate up to 
1000 lb are recommended [MAQUET, Surgical 
Tables Inc., Steris, Magnatek   ]. The key to a suc-
cessful robotic procedure is unfettered access for 
laparoscopic and robotic instruments, and the 
importance of positioning cannot be overempha-
sised. The patient needs to be rigidly immobil-
ised to prevent sliding during position changes. 
The patient is positioned on a gel pad, which in 
turn is placed on a beanbag (Vac-Pac ® , Olympic 
Medical Corporation, Seattle, WA, USA). The 
beanbag is a polyvinyl sleeve fi lled with polysty-
rene beads and uses a vacuum to force the beads 
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together, with atmospheric pressure keeping the 
beads in place, moulded to the patient’s torso 
once the vacuum is connected. The right-sized 
beanbag covers the entire length of the patients’ 
torso with adequate overlap on either side to sup-
port the arms and suffi cient length to wrap over 
and immobilise the shoulders. Gel pads are fur-
ther used to isolate the arms from the beanbag, 
cushion the wrists and protect all superfi cial 
nerves and bony prominences from damage. 
Foam packing is placed over the shoulders pro-
viding a tighter seal for the beanbag. ‘C’-shaped 
padded orthopaedic shoulder supports prevent 
the patient form sliding upwards during steep 
Trendelenburg and do not increase the risk of 
brachial plexus injury. The use of rigid shoulder 
braces in the past led to brachial plexus injuries 
due to compression of the nerve between the 
clavicle and the ribs at the level of the scalene 
muscles [ 17 ]. Additional strapping across the 
chest is used to stabilise the patient during side-
ways tilt (Fig.  19.1 ).

   For right colectomy, the patient is supine 
with arms tucked by the side. For left colon 
and rectal surgery, the modifi ed lithotomy 
position of Lloyd-Davies is used, placing the 
buttocks at the edge of the table, with the legs 

in padded Allen stirrups and the hips minimally 
fl exed to allow unrestricted movement of the 
robotic arms.  

19.4.2     Positioning and Peripheral 
Neuropathy 

 Obesity increases the risk of postoperative 
peripheral neuropathy after minimally invasive 
colon and rectal surgery and is an independent 
risk factor despite adequate precautions; how-
ever, most neuropathy is temporary and self- 
limited, and the incidence is minimised with our 
approach as described above [ 18 ]. The overall 
incidence quoted in our paper is 2 % of all mini-
mally invasive colorectal operations and 3.6 % in 
robotic operations (all were rectal operations per-
formed in lithotomy). An analysis of our data 
showed that the side towards which the patient is 
tilted in the transverse plane suffers neurologic 
damage more frequently, specifi cally the left- 
sided nerve axis during right colectomy and the 
right-sided nerves during left colon operations. 
 The incidence theoretically should be minimised 
further by differential padding favouring the side 
towards which the patient is tilted .  

  Fig. 19.1    Patient position 
and immobilisation for 
robotic rectal surgery 
(Lloyd-Davies position)       
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19.4.3     Access to the Peritoneal 
Cavity and Establishment 
of Pneumoperitoneum 

 Access to the peritoneal cavity is most rapid and 
effective in the obese and morbidly obese subjects 
with the Veress needle. Extra long needles 
(150 mm) as against the standard 120 mm are 
occasionally needed in the morbidly obese patient. 
We insert the Veress through a 2 mm stab incision 
through or just above the umbilicus after tenting 
up the tissues with two towel clips. The Palmer’s 
point represents another site for Veress needle 
insertion in the morbidly obese as this location has 
less fat than the periumbilical area in these indi-
viduals. Optical trocar systems can also be used; 
Visiport (Covidien, Norwalk, CT) and Optiview 
(Ethicon Endo-surgery, Cincinnati, OH) are two 
FDA-approved commercially available devices 
which allow safe insertion under vision [ 19 ]. In 
patients who have prior surgeries especially mid-
line incisions, we use the Palmer’s point in the left 
subcostal region or place the fi rst trocar by the 
optical method far out in the lateral quadrants. 
Once entry is established, we use a high-fl ow ther-
mosuffl ator (Insufl ow, Lexion Medical, St. Paul, 
MN, USA), which delivers CO 2  gas heated to 
95 °F and 95 % relative humidity to rapidly estab-
lish pneumoperitoneum to 14–15 mmHg. The use 
of heated and humidifi ed gas prevents hypother-
mia and tissue desiccation, which translates into 
less abdominal and shoulder pain [ 20 ]. The optical 
trocar is then placed either by enlarging the initial 
stab or in the location of choice through a separate 
incision. The use of two insuffl ation ports is 
 recommended by bariatric surgeons in morbidly 

obese patients to maintain pneumoperitoneum, but 
we have never needed to use this method in our 
practice. The open Hasson technique is frequently 
diffi cult to perform in the morbidly obese, and it is 
even more diffi cult to achieve a tight fascial seal 
around the trocar and is the least preferred entry 
method in this group in our practice.  

19.4.4     Trocar Positioning 
and Manipulation: 
Modifi cation of Standard 
Trocar Position 

 Obesity alters the normal dimensions of the torso 
and alters spatial orientation of normal land-
marks. Specifi cally, changes of torso length by 
10–11 cm and torso girth by 12–13 cm are 
reported between underweight and obese patients 
[ 21 ]. Contrary to popular belief, the position of 
the umbilicus relative to the torso is not fi xed. In 
normal-weight individuals, the umbilicus is 
located roughly halfway between the xiphoid and 
the pubic symphysis. With increasing BMI, the 
umbilicus shifts caudad (Fig.  19.2 ) [ 22 ]. Port 
positions based on the umbilical location may 
therefore be erroneous. A good rule of thumb is 
to use a 5 mm trocar to perform the abdominal 
survey and then place the additional robotic and 
assistant trocars under vision at the appropriate 
distance from the target anatomy rather than 
through defi ned premarked sites. When placing 
lateral ports for right and left colectomy, the ports 
should be placed at a defi ned distance usually 
10–12 cm lateral to the optical trocar and not far 
lateral based on patient girth, so as to allow 

  Fig. 19.2    Caudal shift of the umbilicus with increasing obesity       
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access to the colon on the opposite side. This is 
because the size of the actual muscular torso does 
not change much in most obese individuals, and 
placing the ports too far lateral leads to a tangen-
tial entry into the abdomen rather than the per-
pendicular entry which is desirable (Fig.  19.3a–c ).

    In low anterior resections, the entire trocar setup 
moves down closer to the pelvis to allow access to 
the low pelvis and the pelvic fl oor (Fig.  19.4a, b ).

   Length of the pelvis is also an important consid-
eration and should be assessed in every patient by 

review of the CT scans. Tall obese males particu-
larly may have a very long pelvis and we have 
encountered diffi culties in reaching the pelvic fl oor 
with the robotic instruments with trocars in standard 
locations. In situations where the instruments don’t 
reach the lower extremes of the pelvis, the robot is 
undocked, a fresh set of ports is placed closer to the 
target anatomy, redocking is performed and the pro-
cedure is continued. As experience grows, the tro-
cars should be placed lower in the abdomen, thereby 
moving closer to the target anatomy.  

  Fig. 19.3    ( a ) Correct [ purple line ] and incorrect [ green 
line ] port positions relative to the umbilicus for right col-
ectomy. ( b ) Representative patient after robotic low APR 
showing clustering of ports in the middle of the torso 

 representing the right location. ( c ) CT scan of the same 
patient showing small [normal torso] size despite morbid 
obesity with huge pannus       
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19.4.5     Robotic Docking 

 Docking the robot presents some unique chal-
lenges in the morbidly obese patient. A steep 
Trendelenburg position is often used in all colon 
and rectal operations (except during fl exure 
mobilisation) to use gravity-aided exposure. The 
increase in abdominal wall fat leads to a massive 
increase in anteroposterior girth, and the robotic 
arms may not have suffi cient space to clear the 
wall despite the table being dropped down to the 
lowest position (Fig.  19.5 ). A compromise with a 
slight decrease in head-down tilt with the assis-
tant actively retracting the small bowel out of the 
fi eld is often needed to physically allow the robot 
to reach the fi eld.  The use of bariatric tables is 
useful because they allow a much steeper 
Trendelenburg tilt than with normal tables and 
their lowest height setting is as low as 25 in. as 
against the 32 in. standard. 

19.4.6        Creation of the Operative 
Field and Optimal Exposure 

 Gravity is the most important aid in exposure in 
robotic colorectal surgery especially in the obese. 
The use of steep Trendelenburg and right-down 

tilt (low anterior resection and left colectomy) or 
left-down tilt (right colectomy) is indispensable. 
To allow the small bowel to fall away from the 
operative area, release of all adhesions is manda-
tory. The ligament of Treitz is always released for 
left-sided resections, to allow the small bowel to 
be packed into the right paracolic and supracolic 
compartments. Release of the omentum is often 
needed to allow space for the bowel to be thus 
placed. The use of radiopaque gauze as a sling 
over the small bowel to which it adheres is also a 
useful technique to keep the bowel in place. The 

  Fig. 19.4    Port positions in a normal ( a ) and obese individual ( b ) for robotic low anterior resection [note that ports are 
closer to the pelvis but are not related to umbilical position which moves caudally in the obese]       

  Fig. 19.5    Massive anteroposterior girth in the morbidly 
obese patient       
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fat-laden mesentery is prone to tearing, and it is 
often prudent to handle the bowel directly or with 
sweeping motions to deliver it out of the pelvis 
into the upper abdomen. The use of endoscopic 
paddles is recommended by some surgeons to 
retract the small bowel, but we have never found 
it necessary to do so.  

19.4.7     Specimen Extraction 
and Anastomosis 

 Obese patients have an increased incidence of 
wound infections and fascial dehiscence leading 
to hernias. Careful consideration should be given 
to specimen extraction site and site for anastomo-
sis when performed extracorporeally. The speci-
men tends to be bulky due to fat-laden mesocolon, 
giant epiploica and abundant fatty omentum in 
right colon specimens. 

19.4.7.1     Right Colon 
 The preferred site for extraction and extracorpo-
real anastomosis is a supraumbilical incision 
incorporating the umbilical optical trocar with 
upward extension for 4–5 cm (adjusted to the 
specimen bulk). While intracorporeal anastomo-
sis enables an unlimited choice of extraction 
sites, the benefi ts of this approach should be 
weighed against the dangers of manipulating the 
ileum with a thick friable and fat-laden mesen-
tery with potential for devascularisation and 
bleeding. We strongly prefer extracorporeal anas-
tomosis, as this is a safer approach given the 
increased risk of anastomotic leaks in obese 
patients. Even when extracorporeal anastomosis 
is planned, intracorporeal vessel ligation is 
 preferable in obese patients; extracorporeal liga-
tion can be remarkably diffi cult as the thickness 
of the abdominal pannus makes exteriorisation of 
the specimen diffi cult [ 23 ]. Obese patients often 
carry foreshortened mesentery and mesocolon, 
which are at increased risk of tearing at the time 
of bowel extraction. The bulky omentum needs to 
be detached completely before specimen extrac-
tion and extracted separately if resected for can-
cer. The supraumbilical region often has relatively 
less fat compared to the lower abdomen and is 

therefore the preferred site for extraction. In a 
very select group of patients with low visceral 
obesity, with increasing surgeon experience, the 
intracorporeal method of reconstruction may be 
attempted. The Pfannenstiel incision is then the 
site of extraction.  

19.4.7.2     Left Colon and Anterior 
Resection 

 For resections in the left colon and downwards, 
a suprapubic Pfannenstiel incision of 5 cm, 
placed 2–3 fi ngerbreadths above the upper bor-
der of the pubic symphysis, is our preferred 
method. The sheath is opened transversely, the 
muscles split in the midline and the peritoneum 
opened vertically. A commercially available 
wound protector (Alexis wound protector, 
Applied Medical, Rancho Santa Margarita, CA, 
USA) is placed to allow safe extraction without 
contaminating the abdominal wound. Our expe-
rience shows that the incidence of incisional 
hernia is nil after a Pfannenstiel incision com-
pared to a 16 % rate for a vertical lower midline 
extraction site [ 24 ].    

19.5     Specifi c Operative 
Procedures 

19.5.1     Robotic Right Hemicolectomy 

 Conventionally, the robotic technique is ideally 
suited for medial-to-lateral dissection because its 
precise nature and dexterity enable the ileocolic 
pedicle to be skeletonised and dissected right 
down to the superior mesenteric vessels. In obese 
patients however the bulky mesocolon and large 
amount of fat around the pedicle make this 
approach diffi cult. 

 A modifi ed approach: a caudal-to-cranial 
(inferior-to-superior) approach is safer and more 
effective. This involves incising the base of the 
ileocecal fold and allowing pneumodissection. 
Dissection then proceeds upwards towards the 
duodenum and laterally along the line of Toldt. In 
essence the direction of dissection is from infero-
lateral to superomedial (Fig.  19.6 ). Once the duo-
denum and head of the pancreas are separated 
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from the ascending mesocolon, the medial-to- 
lateral approach can be continued. The ileocecal 
junction is held upwards by the assistant and the 
peritoneum on either side of the pedicle is incised 
and the fat and nodes are swept laterally allowing 
a secure ligation and division of the ileocolic 
pedicle at its origin.

   It should be noted that the ascending colon in 
the obese tends to be heavy and is diffi cult to 
retract and unfold using only the two robotic work-
ing arms. Rather than holding the peritoneal edge 
for retraction, the entire shaft of the fenestrated 
grasper should be placed parallel to the mesocolon 
so that it rests on it, thus enabling retraction of the 
entire colon and straightening it out (Fig.  19.7 ).

   The supracolic dissection is best accomplished 
with the use of two robotic graspers, a bipolar 
fenestrated instrument in the left hypochondrial 
port and a Cadiere forceps in the left iliac fossa 
port for pulling the transverse colon downwards 
and the bulky greater omentum upwards. The 
assistant through the left fl ank port separates 
these structures, enters the lesser sac and takes 
down the hepatic fl exure using an energy-sealing 
device. Our preference is for the Enseal device 
with straight jaws which functions as an atrau-
matic grasper, dissector and vessel sealer. 

 Specimen extraction is facilitated by dividing 
the terminal ileum intracorporeally using the lapa-
roscopic stapler through the left lower quadrant 
port. This manoeuvre allows the single limb of 
bowel to be exteriorised easily through a small 
supraumbilical incision. Prior to extraction the ter-
minal ileum to be anastomosed should be held 
with the assistant’s grasper so that it may be easily 
brought into the wound for anastomosis. 
Anastomosis is performed in the standard side-to- 
side functional end-to-end manner. In patients 
whose mesentery is short and thick, exteriorisation 

  Fig. 19.6    Direction of 
dissection in right hemicolec-
tomy; step 1: inferior to 
superior, step 2: medial to 
lateral       

  Fig. 19.7    Effective use of instrument shaft for colon 
retraction in robotic right hemicolectomy       
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is diffi cult if not impossible. In this situation, the 
intracorporeal method using a laparoscopic stapler 
through one of the robotic ports as has been previ-
ously described is extremely useful [ 25 ].  

19.5.2     Robotic Left Colectomy 
and Sigmoid Colectomy 

 Totally robotic approaches to the left colon and 
sigmoid are commonly performed for malig-
nancy. These are diffi cult operations to perform 
due to the need for multiple cart positions, typi-
cally by the left shoulder and the left hip and the 
need for redocking even if a fi xed left hip posi-
tion is used [ 26 ,  27 ]. The one-cart (fi t-it-all) posi-
tion technique is rarely possible due to technical 
diffi culties. The obese patient presents several 
unique anatomical features that make dissection 
diffi cult including:

    1.    Bulky, heavy and fat-laden omentum   
   2.    Adhesions between the sigmoid mesocolon 

and the small bowel mesentery   
   3.    Tortuous and heavy sigmoid and descending 

colon   
   4.    Obscured origin of the inferior mesenteric 

artery (IMA) due to visceral fat   
   5.    Higher chance of damage to the marginal 

artery due to lack of visualisation consequent 
to visceral adiposity   

   6.    Friable peritoneum making it diffi cult to get a 
purchase on the specimen    

  In addition, the current generation of robotic 
graspers is not well suited to providing a secure 
but atraumatic hold on a bulky fat-laden mesen-
tery or colon. 

 All of these make this operation diffi cult. 
  One trick is to use an umbilical tape or radi-

opaque gauze tied tightly around the colon after 
creating a mesocolic window as a handle, which 
can be grasped with the robotic graspers and 
used to manipulate the colon . 

 The standard approach involving an artery- fi rst 
approach is modifi ed to a vein-fi rst approach. The 
inferior mesenteric vein (IMV) is usually not cov-
ered by fat, located as it is in the bare area between 

the middle colic and left colic territories. It is 
therefore easily visualised even in the most obese 
individual. Dissection and division of this vein 
allows access to the proper embryologic interface 
between Toldt’s fascia and the mesocolon. The 
left colic artery is then skeletonised and divided 
[left colectomy] or preserved and used to develop 
the plane lateral to the superior rectal artery prior 
to its division [sigmoid colectomy]. Access to 
both sides of the inferior mesenteric artery (IMA)/
superior rectal artery axis also allows visualisa-
tion of the autonomic nerves prior to division. 

 While the presence of large amounts of fat 
makes the dissection between Toldt’s fascia and 
the mesocolon relatively easy compared to the 
patient with a low BMI, there may be consider-
able diffi culty in entering the right plane. A com-
bination of lateral-to-medial and medial-to-lateral 
approaches is often needed to complete the pro-
cedure. The plane is most easily entered cephalad 
underneath the IMV, and this is an additional 
advantage of the vein-fi rst approach. 

 Bowel division and anastomosis are also more 
safely performed extracorporeally using a small 
midline or left upper quadrant incision for left 
colectomy and a Pfannenstiel incision for sig-
moid resections.  

19.5.3     Hybrid Laparoscopic-Robotic 
Low Anterior and Ultralow 
Anterior Resection 

 The hybrid approach uses laparoscopic dissection 
for vascular pedicle isolation and division, lymph-
adenectomy, left colon and sigmoid mobilisation 
and splenic fl exure takedown. The robot is docked 
at the completion of these steps and is used only 
for TME. It is our preferred approach and 
increases the effi ciency of the procedure besides 
reducing operative time as the robot is used only 
for the most critical and diffi cult part of the opera-
tion (Fig.  19.8 ) [ 28 ]. The total time is further 
reduced by a single docking of the robot [between 
the legs or by the left hip]. This approach is par-
ticularly benefi cial in the obese as the left colon 
and sigmoid are bulky and fat laden, making 
manipulation with the robot time consuming and 
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tedious. In the morbidly obese, a hand-assisted 
approach in addition through a 7 cm suprapubic 
incision provides additional control and expedites 
this portion of the  operation. The same incision is 
used for specimen extraction and anastomosis.

   The totally robotic approach provides no addi-
tional benefi t over the hybrid approach, and in fact 
in a comparison of the two approaches, Baik and 
colleagues found no difference in lymph nodes 
retrieved, distal or radial margin positivity between 
the two groups [ 29 ]. They did fi nd that the length 
of stay for the hybrid robotic procedure was lower 
than the totally robotic operation (8.4 ± 4.3 days 
hybrid, 10.8 ± 7.3 days totally robotic procedure; 
 P  < 0.001). In addition the complication rate was 
also lower in the hybrid group as compared to the 
totally robotic arm [16 % hybrid vs. 27.2 % robotic 
group]. Although this study was based on patients 
whose BMI was relatively low, it is expected that 
in the obese population the differences should be 
more pronounced.  

19.5.4     Totally Robotic Low 
and Ultralow Anterior 
Resection 

 The left colon is mobilised in the standard fash-
ion as for left colon and sigmoid resections. 
Mobilisation of the bowel is carried proximally 

up to the middle colic vessels; the entire bowel 
from the left of the middle colic vessels to just 
above the sacral promontory is freed from the ret-
roperitoneum. The IMA is divided at its root 
1 cm distal to the origin; this is accomplished 
safely with an endoscopic stapler or the energy 
device. The artery is often large, thick and athero-
sclerotic in these patients and the endoscopic sta-
pler provides the most secure seal for these types 
of vessels. The mesocolon is divided up to the 
planned site of bowel transection either by the 
assistant using a laparoscopic vessel-sealing 
energy device or the robotic energy sealer. 

 The port positions for the pelvic component are 
as shown in Fig.  19.9 . Arms 1 and 2 house a robotic 
monopolar hook and a bipolar fenestrated grasper, 
respectively. Arm 3 houses a prograsp forceps, 
which has a larger and longer jaw for better grip on 
the bowel/peritoneum for retraction. The assistant 
uses the right hypochondrial port for additional 
traction/countertraction with an atraumatic grasper 
and the suprapubic port for a suction-irrigation 
device. The sigmoid is divided as distally as possi-
ble in obese patients, which makes the stump easier 
to handle. In patients with a very bulky sigmoid-
rectosigmoid component, additional traction is 
obtained as described before by tying the rectosig-
moid and lymph node packet with an umbilical 
tape which can be used as a handle for retraction by 
the third robotic arm (Fig.  19.10 ).

  Fig. 19.8    Setup for hybrid 
robotic low anterior resection, 
single docking       
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    The procedure commences by holding the 
bowel anteriorly and cranially under traction with 
arm 3. The avascular plane between the Toldt’s 
fascia and the sigmoid mesocolon is entered just 
above the promontory, and dissection continues 
into the pelvis in the interval between the visceral 
and parietal fascia of the rectum.  It is critical to 
note that the Toldt’s fascia slopes anteriorly and 
forms a collar around the posterior half of the 
rectosigmoid and incision of this collar  
(Fig.  19.11 )  is essential to enter the ‘holy plane’ 
described by Heald  [ 30 ]. In the obese patient, a 
large amount of presacral fat is encountered, and 

the distinction between the presacral and meso-
rectal fat and entry into the right plane may be 
tedious and time consuming. Once the ‘holy 
plane’ is entered, dissection continues caudally as 
far down as possible. The lateral peritoneal cuts 
are then taken and lateral dissection between the 
mesorectum and the endopelvic fascia carried out 
in standard fashion. Of note, a large amount of fat 
is encountered on the lateral pelvic wall in obese 
individuals again making the dissection diffi cult; 
the tendency is to go too far lateral in these 
patients (Fig.  19.12 ) . One tip is to start the ante-
rior dissection at this point and connect the ante-
rior and posterior planes at the mesorectal 

  Fig. 19.10    Rectosigmoid suspension using an umbilical 
tape for traction       

  Fig. 19.11    Fascial collar around the upper rectum appre-
ciated during commencement of robotic TME       

  Fig. 19.9    Robotic port positions for rectal dissection       
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corners.  The mesorectum tends to be very fragile 
in the obese and very gentle traction is essential to 
avoid violation of and bleeding from the mesorec-
tum. Our practice is to only grasp the peritoneal 
folds for traction and use the shaft of the instru-
ment and the entire tip like a St. Mark’s retractor 
for retraction allowing the  rectum to rest on the 
instrument (Fig.  19.13a, b ). The assistant is 
invaluable at this point, to provide a smoke-free 
fi eld and lateral traction on the pelvic sidewall 
facilitating rapid and meticulous dissection.

     During anterior dissection, the uterus in 
women and the bladder in men, which tend to be 
heavy and fatty, can be suspended out of the fi eld 
by a 2-0 nylon stitch on a Keith needle passed 
through the anterior abdominal wall. The rectum 
tends to be bulky making anterior dissection 
challenging; switching to a 30° down scope and 

straightening and fl attening the rectum by the 
assistant providing cranial and posterior traction 
(as one would with the fi ngers in open dissection) 
enable completion of this part of the procedure. 
We favour the hook cautery for pelvic dissection 
because it is more versatile than the monopolar 
shears, it can be used for precise dissection with 
the tip, for more rapid dissection using the large 
curved outer surface of the hook, and it is invalu-
able for preparing the rectal tube for anastomosis 
as the mesorectum can be hooked up and safely 
divided circumferentially. 

 Preparation of the rectal stump, division and 
anastomosis are as described elsewhere in the spe-
cifi c chapters. The only specifi c point is specimen 
extraction and anastomosis. These are best accom-
plished through a small Pfannenstiel incision, 
which allows a secure restoration of gastrointesti-
nal continuity and prevents mishaps in this group 
of patients who are prone to complications. Natural 
orifi ce extraction (transrectal or transvaginal) is 
almost never possible due to large specimen size.  

19.5.5     Totally Robotic 
Abdominoperineal Resection 
for Cancer 

 The pelvic fl oor is reached as described above for 
the sphincter-saving approach. The accepted 
standard of care now is to perform extralevator 
APR [ELAPR] to avoid circumferential resection 
margin positivity, mesorectal violation and iatro-  Fig. 19.12    Excessive endopelvic fat in the obese pelvis       

  Fig. 19.13    ( a ) Use of bipolar forceps as a St. Mark’s retractor for posterior dissection. ( b ) Use of fenestrated grasper/
Cadiere forceps as an effective retractor for lateral dissection       
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genic perforation. Our technique of controlled 
robotic cylindrical levator transection accom-
plished abdominally produces a wide cuff of tis-
sue around the specimen and completes the 
essential oncologic steps transabdominally [ 31 ]. 
Entry into the ischiorectal fossa fat is performed 
by sequentially dividing portion of the puborec-
talis muscle and the iliococcygeus and coccygeus 
muscles, including the midline raphe at the level 
of coccygeal tip. The pelvic fl oor anatomy is as 
shown (Fig.  19.14 ). Anteriorly dissection in 
males is carried out as low as possible.

   Stoma creation and omental pedicle fl ap har-
vest are accomplished laparoscopically after 
undocking the robot. The patient is then fl ipped 
to the prone position. 

  The importance of the prone jackknife position 
for perineal dissection in the obese patient can-
not be overemphasised . It provides excellent 
exposure in the obese patient and converts the 
procedure into a 2-man operation unlike the 
lithotomy approach, which essentially is a 1-man 
operation due to space constraints (Fig.  19.15 ).

   The fi nal stages of anterior dissection and 
division of ischioanal fat are all that remain after 
a robotic cylindrical APR technique. Blind divi-
sion of the levators as occurs in the open and 
laparoscopic approaches is avoided. Following 
specimen extraction, skin closure is never a prob-
lem in the obese due to lax and abundant perineal 
skin. The pelvic soft tissue defect however can be 
massive, and the use of an omental pedicle fat 

based on the left gastroepiploic vessels fi lls the 
dead space snugly and reduces perineal wound 
complications.   

19.6     Postoperative 
Considerations 

 Care of the obese patient after colorectal surgery 
is as in standard laparoscopic operations. Specifi c 
points include:

    1.    Early ambulation   
   2.    Aggressive chest physiotherapy   
   3.    DVT prophylaxis with unfractionated heparin 

when an epidural is used and with LMWH in 
right colectomies where there is no role for 
epidural analgesia      

19.7     Oncologic Outcomes 
in Obese Patients 

 The literature is remarkable for the absence of 
data comparing outcomes between obese and 
nonobese patients undergoing robotic colorectal 
operations for malignancy. We have accrued con-
siderable experience in TME for rectal cancer in 
obese individuals, and our data (Prasad LM, 
Marecik SJ, Park JJ 2013, unpublished data) 
reveal equivalent perioperative and short-term  
and long-term oncologic outcomes between the 

  Fig. 19.15    Prone jackknife position for perineal dissec-
tion during APR       

  Fig. 19.14    Operative photograph of pelvic fl oor anatomy 
with the rectum removed       
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two cohorts (Table  19.1 ). Operative times are 
expectedly higher and blood loss more in the 
obese subgroup, but all other parameters are simi-
lar. Conversion rates are also negligible  compared 
to the 44 % quoted by some authors, when 
 laparoscopic TME is performed in the obese. The 
mean BMI at which conversion occurs is also 
higher in robotic rectal surgery (41.5–44) com-
pared to that in laparoscopy [ 7 ]. Comparison of a 
cohort of obese patients with respect to outcomes 
between males and females also revealed no dif-
ference; this is surprising given the fact that the 
female pelvis is wider and much easier to operate 
in, especially robotically (Table  19.2 ). The impli-
cation is that the robot levels the playing fi eld in 
the patient with rectal cancer irrespective of loca-
tion, BMI, sex and prior chemoradiation. In 
essence this technology abrogates the negative 
infl uence and connotations of obesity in the mini-
mally invasive approach to rectal cancers.

19.8         Conclusions 

 Robotic surgery is technically feasible and safe 
in the obese patient and can be used for the 
entire spectrum of pathologies and at all sites. 
Problems with patient optimisation, positioning, 
access and creation of the abdominal domain 
are the norm, and the use of standard protocols 
developed for laparoscopic surgery is to be 
incorporated. The use of laparoscopy either in 
its pure form or as a hand-assisted approach is 
encouraged in the  morbidly obese patient to 
expedite the operation as part of the hybrid 
approach especially in the operation for rectal 
cancers. Considerable experience must be 
accrued in robotic surgery before venturing into 
the obese patient robotically. The greatest ben-
efi t of this technology is in the management of 
low rectal cancers in the obese male pelvis. In 
these situations the robot neutralises the differ-
ence between the obese and the nonobese 
patients and levels the playing fi eld.     

   Table 19.1    Perioperative and short-term oncologic out-
comes in an obese versus nonobese population undergo-
ing robotic total mesorectal excision for rectal cancer   

 Obese 
( n  = 30) 

 Nonobese 
( n  = 72) 

  P  
value 

 EBL [mL]  265.5 ± 211.3  188.14 ± 131.6  0.075 a  

 TME time 
[min] 

 110 ± 35.4  92.94 ± 37.8  0.03 a  

 OR time 
[min] 

 369.62 ± 73.2  327.4 ± 85.2  0.02 a  

 Hospital stay 
[days] 

 6.6 ± 2.6  6.8 ± 4.9  0.8 a  

 Conversions, 
 n  

 3 (10)  2 (2.8)  0.15 b  

 CRM 
positivity,  n  

 1 (3.3)  1 (1.39)  1.0 b  

 Lymph node 
harvest 

 12 ± 6.2  14.6 ± 7.8  0.08 

 Anastomotic 
leak,  n  

 1 (3.3)  6 (8.3)  0.614 c  

  Prasad LM, Marecik SJ, Park JJ 2013, unpublished data 
 All values expressed as mean ± SD except where indicated 
  EBL  estimated blood loss,  TME  total mesorectal excision, 
 OR  operating room,  CRM  circumferential resection margin 
  a Student  t  test 
  b Fisher’s exact test 
  c Pearson  Χ  2   

   Table 19.2    Comparison of perioperative and clinico-
pathologic outcomes between obese males and females 
undergoing robotic-assisted total mesorectal excision for 
rectal cancers   

 Variable  Male ( n  = 18) 
 Female 
( n  = 15) 

  P  
value 

 BMI (kg/m 2 )  34.1 ± 3.3  33.3 ± 3.5  0.495 

 EBL (mL)  227.8 ± 148.7  210 ± 163.9  0.746 

 TME time 
(min) 

 110.2 ± 30.6  109.3 ± 40.5  0.947 

 LOS (days)  6.1 ± 2.4  6.7 ± 2.5  0.471 

 Conversions, 
 n  (%) 

 1 (5.6)     0  1.000 

 CRM 
positivity, 
 n  (%) 

 3 (16.7)  0  0.233 

 Node yield  14.4 ± 4.9  17.9 ± 9.1  0.233 

  Prasad LM, Marecik SJ, Park JJ 2013, unpublished data 
 All values expressed as mean ± SD except where indicated 
  BMI  body mass index,  EBL  estimated blood loss,  TME  
total mesorectal excision,  LOS  length of stay,  CRM  cir-
cumferential resection margin  
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      Robotic Use in Infl ammatory 
Bowel Disease 

           Konstantin     Umanskiy     

    Abstract  

  Robotic surgical approach for patients with infl ammatory bowel disease 
(IBD) provides several potential advantages, particularly to the surgeons 
who are early in their robotic learning curve. Unlike the operations for 
malignant tumors with strict requirements for precise oncologic resection 
such as high ligation of the mesenteric vessels or total mesorectal excision, 
the operations for IBD allow some leeway for the surgeon who is just 
embarking on adaptation of the robotic technique. On the other hand, 
operations for IBD could be complex and technically challenging due to 
infl ammation in the operative fi eld resulting in oozing or bleeding; the tis-
sues may be more friable due to preoperative use of steroids or biologics, 
and the dissection planes can be more diffi cult to defi ne. Nevertheless, 
robotic surgery for IBD has several advantages to the patients, particularly 
those requiring low pelvic dissection for an ileal pouch-anal anastomosis 
(IPAA) procedure or patients with Crohn’s disease requiring proctectomy. 
This chapter will focus primarily on technique of low pelvic dissection 
where robotic advantages are the most pronounced.  

  Keywords  

  Robotic surgery   •   Infl ammatory bowel disease   •   Crohn’s disease   
•   Ulcerative Colitis   •   Proctectomy   •   J-pouch  

20.1        Introduction 

 The application of a robotic platform to mini-
mally invasive surgery in infl ammatory bowel 
disease (IBD) continues to evolve. The most 
well-established minimally invasive surgical 
operations in colonic and terminal ileal IBD such 
as segmental colectomy and total abdominal col-
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ectomy have also been adapted for the robotic 
approach [ 1 ,  2 ] and are covered elsewhere in this 
book. In contrast, the technique of laparoscopic 
proctectomy for J-pouch or completion proctec-
tomy for Crohn’s disease has been slow to gain 
acceptance largely due to technical diffi culties 
from exposure and handling of the rectum within 
the confi nes of a deep and often narrow pelvis. 
Robotic surgery provides unique advantages to 
overcome these limitations and, therefore, serves 
as a valid alternative to the laparoscopic tech-
nique in approaching the patients requiring proc-
tectomy in IBD. While adherence to principles of 
total mesorectal excision (TME) is not required 
in benign disease, this technique is preferred 
because it allows dissection in the relatively 
bloodless plane. Our group has previously 
reported on the benefi t of the staged approach in 
patients who require a restorative proctocolec-
tomy for Ulcerative Colitis (UC) or total procto-
colectomy in Crohn’s disease [ 3 ]. In our practice, 
we advise patients with severe UC or Crohn’s 
disease to undergo proctectomy following the 
recovery period after a laparoscopic total abdom-
inal colectomy. In patients who are otherwise 
candidates for total proctocolectomy, the proce-
dure is done as a hybrid approach with the total 
abdominal colectomy performed laparoscopi-
cally, and the proctectomy is performed using the 
robotic technique. We have previously reported 
our experience with robotic proctectomy (Video 
 20.1 ) for either a J-pouch or completion proctec-
tomy in Crohn’s disease [ 4 ]. We noted similar 
functional and postoperative outcomes between 
laparoscopic and approaches with an added ben-
efi t of robotic surgery providing improved ergo-
nomics for the surgeon and precision of dissection 
within the pelvis. 

 The goal of this chapter is to outline the steps 
of the room setup and operative steps in low pel-
vic dissection for IBD. While the proctectomy 
technique for J-pouch compared to completion 
proctectomy in Crohn’s disease are mostly simi-
lar, a few differences between the port placement 
will be outlined within this chapter.  

20.2     Indications for Robotic 
Proctectomy in IBD 

 Almost all patients in our practice undergo lapa-
roscopic or conventional open total abdominal 
colectomy prior to being considered for proctec-
tomy. Separating these two procedures is impor-
tant in improving the patient’s physiological 
reserve prior to undergoing proctectomy, which 
is a technically demanding and physiologically 
taxing procedure. Moreover, proctectomy should 
always be done as an elective procedure with 
careful preoperative planning, counseling, and 
understanding of patient’s wishes and expecta-
tions. Since almost all of our patients undergo 
total abdominal colectomy with either laparo-
scopic or laparoscopic hand-assisted approach, 
we encounter little or no adhesions within the 
abdominal cavity and, therefore, fi nd it rather 
straightforward to reenter the abdomen and 
establish the pneumoperitoneum at the time of 
robotic proctectomy. Another advantage of sepa-
rating the colectomy and proctectomy into two 
different operations is to allow the surgeon to 
perform the robotic proctectomy, the operation as 
an initial step of an operation. It may be ill- 
advised to perform minimally invasive procto-
colectomy with robotic proctectomy as a single 
procedure, especially early in one’s robotic prac-
tice. The surgeons may fi nd themselves docking 
the robot several hours into the operation when 
they may be tired and frustrated while dealing 
with other challenging aspects of the operation 
leading to proctectomy. In order to provide oper-
ative fl exibility and a backup in case of emer-
gency, we always set up our robotic cases for 
laparoscopic-robotic hybrid approach. While 
this in some way clutters the operative fi eld, we 
fi nd a hybrid approach to be the most effec-
tive and safest way in complex situations. 
Additionally, bedside assistants who in most 
institutions are surgical residents may not be as 
familiar with robotic equipment but are quite 
comfortable with the use of laparoscopic instru-
ments and equipment. 
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 The indications to perform restorative proc-
tectomy with J-pouch or completion proctec-
tomy have been extensively studied and reported 
[ 5 ]. Any patient who is physiologically fi t and 
does not have contraindications to a minimally 
invasive approach is considered to be a candidate 
for robotic proctectomy. While there are no 
clearly described advantages to robotic rectal 
dissection, we fi nd this technique to be more 
accurate than the laparoscopic or conventional 
open technique because it allows better visual-
ization and precise dissection, especially around 
the superior hypogastric nerves and anteriorly at 
the level of the seminal vesicles and prostate and 
within the rectovaginal septum. Since most of 
our patients who undergo the pouch procedure 
are young, there are always concerns that pouch 
procedures or proctectomy in Crohn’s disease 
will negatively affect fecundity [ 6 ]. This could be 
in large part due to the handling of the pelvic 
organs during the conventional dissection. We 
speculate that minimizing contact or gentle and 
careful manipulation only when absolutely nec-
essary of the uterus, fallopian tubes, and ovaries 
as we tend to do during robotic approach may 
result in improved fecundity. 

 The ultimate measure of a satisfactory out-
come in a patient who undergoes J-pouch proce-
dure is an excellent pouch function with complete 
continence and a low degree of infl ammation in 
the remaining rectal cuff [ 5 ]. This is achieved by 
a precisely performed low pelvic dissection, 
which enables a surgeon to transect the diseased 
rectum as close to the levators as possible. The 
robotic approach is ideally suited to work within 
the deep pelvis where accurate dissection, espe-
cially anteriorly, is critical to achieve low dissec-
tion of the rectum. A clear advantage of robotics 
as compared to laparoscopy can be seen during 
the fi nal stages of pelvic dissection. In laparos-
copy, one can struggle with the degradation of 
motion as the dissection advances deep into the 
pelvis—exactly at the time where the most accu-
rate and controlled dissection is needed. With the 
robotic approach, the accuracy of the dissection 
remains precise regardless of the depth of the dis-
section. In fact, surgeons can scale the move-
ments down to improve the accuracy of the 

dissection as one advances deeper into pelvis and 
begins to work between the rectum and prostate 
or in the rectovaginal septum.  

20.3     Procedure for Robotic 
Proctectomy 

20.3.1     Room Setup 

•     The room setup will vary based on individual 
institutions and provider preferences. Our rec-
ommendation is to use a spacious room that 
will accommodate both robotic and laparo-
scopic equipment.
 –    We recommend placing laparoscopic equip-

ment on one side (at our institution patient’s 
right side) and robotic vision tower on the 
opposite side (patient’s left side).  

 –   We prefer to dock the robotic patient cart 
between the patient’s legs.     

•   One or two assistants, depending on availabil-
ity, can assist from both left and right sides of 
the patient.     

20.3.2     Patient Positioning 

•     Modifi ed lithotomy in Yellofi ns ®  stirrups posi-
tion is preferred. Patient’s buttocks should be 
slightly hanging off the table. The patient’s 
knees are almost fully extended with thighs 
parallel to the fl oor.  

•   Both upper extremities are tucked alongside 
the patient’s body using a draw sheet. We fi nd 
this to be suffi cient to secure the patient to the 
table. We do not routinely tape the patient to 
the table unless the patient is obese or we 
anticipate the need for signifi cant tilting.    

20.3.2.1     Port Placement 
•     We begin by inserting a 12 mm port supraum-

bilically (Fig.  20.1 ). This is done by dissecting 
the base of the umbilicus and incising the fas-
cia just at the base of the umbilicus under 
direct visualization. We use a 12 mm bladeless 
trocar that can be easily grasped by the robotic 
camera clamp.
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 –     Initially we begin with laparoscopic 
approach using 10 mm 30° laparoscope.     

•   Two 8 mm robotic cannulas are placed 8 cm 
caudally to the umbilical port site approxi-
mately along the mid-clavicular line.  

•   Two 5 mm ports to be used by the assistants are 
placed in the left and right upper quadrants.
 –    In case of the proctectomy for J-pouch pro-

cedure, we initially begin with the take-
down of end ileostomy (almost all of our 
patients have previously undergone laparo-
scopic total abdominal colectomy). 
Through the stoma opening, we place a 
12 mm balloon tipped port. The remainder 
of the ports are placed as indicated above.  

 –   In case of a completion proctectomy for 
Crohn’s disease, care must be taken to 
avoid injury to the ileostomy while placing 
the ports.     

•   It is important not to place robotic cannulas 
too laterally as the range of motion of robotic 
instruments will be limited due to high likeli-
hood of their collision with pelvic sidewall as 
rectal dissection advances into deep pelvis.  

•   Occasionally, the positions of robotic cannulas 
have to be adjusted caudally or cephalad to 
assure that the instrument will reach into the 
deep pelvis. Prior to inserting the robotic can-
nula, the surgeon can place a robotic instrument 

over the patient’s abdomen to assess whether 
the ports are at an optimal distance from the 
fi nal point of dissection within the deep pelvis.       

20.4     Initial Laparoscopic 
Dissection 

•     We begin by laparoscopic surveillance of the 
abdominal cavity and adhesiolysis if 
necessary.  

•   In thin patients, left ureter can often be visual-
ized through the peritoneum. If the left ureter 
is not clearly visible, the peritoneum over 
right pararectal sulcus is incised and the plane 
advancing from right to left is developed 
within the bloodless plane just posterior to the 
superior hemorrhoidal artery. The left ureter 
can be identifi ed along the pelvic sidewall 
using this technique, which is similar to the 
medial-to-lateral approach used for initial dis-
section during low anterior resection.  

•   Once the left ureter is identifi ed and protected, 
the superior hemorrhoidal artery is ligated and 
divided with a bipolar energy device.  

•   In case of J-pouch procedure, we would also 
elongate the mesentery of the distal ileum 
using a laparoscopic technique to assure suf-
fi cient reach of the J-pouch.  

  Fig. 20.1    Robotic IPAA 
port placement diagram. 
12 mm camera port can be 
placed supra- or infraum-
bilically. Right upper 
quadrant port can be 
placed either through the 
ileostomy opening for 
IPAA or next to the 
ileostomy for completion 
proctectomy       
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•   The uterus is retracted anteriorly by suspend-
ing it with sutures using a Keith needle placed 
through its fundus and brought through the 
anterior abdominal wall.  

•   Following that, the robot can be docked.    

20.4.1     Docking the Patient-Side Cart 

•     The patient is placed in approximately 30° 
Trendelenburg position.  

•   The robotic patient’s cart is docked between 
the legs.
 –    We begin with 30° down robotic scope 

placed through the umbilical port. The use 
of the 30° down robotic scope allows for 
better visualization of the pelvic structures 
located posteriorly within the pelvis, par-
ticularly superior hypogastric nerve trunks 
as we advance over sacral promontory. As 
dissection advances deeper into the pelvis, 
we switch to 0° scope.       

20.4.1.1     Instrument Selection 
•     For a right-hand instrument, we use a monop-

olar hook cautery.  
•   For a left-hand instrument, we use a bipolar 

single fenestrated grasper.
 –    By limiting the number of instruments to 

only two, we aim to provide simplicity and 
avoid frequent swapping of the instru-
ments. This also helps to contain the cost of 
the robotic segment of the operation.  

 –   We prefer not to use the third robotic arm 
as retraction provided by an assistant is 
more dynamic and allows more active 
involvement of a trainee in the case. 
However, if no appropriate assistant is 
available, a fourth arm can be used with the 
double fenestrated bowel grasper placed 
through the left upper quadrant port.  

 –   We routinely use normal scaling of robotic 
masters during the initial segments of the 
operation and occasionally switch to fi ne 
scaling for deep pelvic dissection in the 
rectovaginal and recto-prostatic plane.     

•   The assistant grasps the rectum with the bowel 
grasper from the left upper quadrant port and 

retracted anteriorly and cephalad. Either the 
same assistant or a different assistant uses 
laparoscopic suction inserted through the right 
upper quadrant port to help with smoke evacu-
ation and gentle retraction if needed.  

•   We use heated CO 2  insuffl ation, which helps 
to decrease the scope fogging.      

20.4.2     Posterior Dissection 

•     Rectal dissection begins in posterior plane. 
We prefer the TME plane because it provides 
a relatively bloodless plane of dissection and 
creates an anatomical reference point from 
which lateral and interior dissection can 
proceed.  

•   With an assistant retracting the rectum anteri-
orly and cephalad, the robotic single fenes-
trated grasper retracts the posterior aspect of 
the mesorectum anteriorly and slightly cau-
dally. When performed correctly, the surgeon 
can visualize a “cotton candy”-like areolar tis-
sue between the fascia propria of the rectum 
and presacral fascia. While applying contin-
ued traction with the grasper, the hook cautery 
is used to divide the tissue in a U-shaped fash-
ion. The dissection is taken to the level of 
Waldeyer’s fascia. Care must be taken to fol-
low the TME plane of dissection anteriorly as 
one advances deeper in the pelvis. Failure to 
do that may result in troublesome bleeding 
from the presacral veins.  

•   Pigazzi [ 7 ] has proposed a variation of a pos-
terior dissection technique as it applies to the 
robotic approach. In this technique, the dis-
section posteriorly proceeds in an oblique 
fashion including the division of the tissue 
along the right lateral stalk curving posteriorly 
and to the left. This approach allows excellent 
exposure of the pelvis since the surgeon is no 
longer “working in the hole” of straight poste-
rior dissection. By carrying this dissection 
slightly to the left within the TME plane, it 
helps to provide an initial dissection of the left 
lateral aspect where anatomical relationships 
of the mesorectum and the left ureter could be 
more challenging.     
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20.4.3     Lateral Dissection 
and Division of Lateral Stalks 

•     The lateral dissection proceeds initially on the 
right side where the surgeon has a safer plane 
of dissection.  

•   Retraction by a robotic grasper is achieved by 
angling it in approximately 90° to create a 
retracting a “hockey stick.”  

•   A monopolar hook moves from posterior to 
anterior in a deliberate pace while applying 
current. It is important to control all vessels, 
even the ones that appear to be only mildly 
oozing. Failure to do so may result in the fi eld 
becoming bloody and dark.  

•   If one encounters a vessel (middle rectal artery 
or vein), it must be coagulated using a bipolar 
grasper while retracting the mesorectum with 
the hook. After the vessel is coagulated, it can 
be divided with hook cautery.  

•   While advancing lateral dissection, the sur-
geon must check the progress in relation to the 
anterior aspect visualizing the cul-de-sac or 
prostate in order to avoid carrying the dissec-
tion past the desired anterior plane.  

•   The left lateral side is dissected by dividing 
the peritoneum over the left pararectal sulcus. 
The left ureter must be visualized during this 
step. If the right and posterior dissection was 
performed correctly, the only structures that 
need to be divided are a layer of peritoneum 
and a small amount of remaining lateral stalks.     

20.4.4     Anterior Dissection 

•     As the dissection advances anteriorly, the right 
and left lateral peritoneal incisions that are 
created during lateral dissection at this point 
are connected in front of the rectum.  

•   At this stage in operation, with the switch to a 
0° scope and change of the retraction of the 
rectum from anterior and cephalad to poste-
rior and cephalad, the rectum is pulled straight 
out of the pelvis. Because the posterior dissec-
tion has now released the mesorectum, the 
rectum can be easily stretched placing under 
tension the anterior plane of dissection.  

•   The surgeon needs to identify a bloodless 
areolar plane anteriorly. This can be done by 
gently pressing the rectum posteriorly, thus 
performing a blunt dissection. Once the cor-
rect plane has been identifi ed and the initial 
anterior dissection has begun, the attention is 
once again turned to the lateral and posterior 
dissection.     

20.4.5     Circumferential Dissection 
of the Rectum 

•     The unique aspect of the pelvic dissection for 
a J-pouch procedure is the requirement for 
mobilization of the rectum to the level of pel-
vic fl oor and occasionally performing some 
dissection within the levator muscle complex. 
This is done in order to achieve a very short 
rectal cuff of the remaining rectum in order to 
minimize the chance of infl ammation referred 
to as “cuffi tis.”  

•   As the surgeon advances towards the pelvic 
fl oor, the dissection alternates between the 
posterior, lateral, and interior planes as the tis-
sue tension changes based on dissection 
 performed. For example, in order to obtain 
suffi cient tension on the tissue to perform 
additional posterior dissection, the surgeon 
may need to dissect the anterior and lateral 
aspects fi rst. Once this is accomplished, the 
posterior plane of dissection presents itself 
better and can be easily divided.  

•   One of the signs that the dissection is at the 
level of pelvic fl oor is observation of  levator 
ani  skeletal muscle fi bers that contract upon 
contact with electrocautery and the tapering of 
the mesorectum. As it narrows at the level of 
pelvic fl oor, the rectum can be carefully 
grasped with a robotic grasper and retracted to 
obtain the necessary tension to provide 
dissection.  

•   An assistant may need to perform a limited 
rectal exam to assess the level of dissection. 
Preferably the dissection should continue to as 
low as 2–3 cm from anal verge.  

•   Once full circumferential dissection is com-
plete, the robot is undocked.     
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20.4.6     Rectal Transection 
and J-Pouch Anastomosis 

•     Despite advances in the laparoscopic and 
robotic stapling technology, we have not 
found a satisfactory stapler to perform an 
intra-corporeal rectal transection. We prefer to 
make a limited Pfannenstiel incision in order 
to use a handheld stapler.
 –    Some surgeons may prefer to use a laparo-

scopic stapler. In order to achieve a low 
transection, the smallest length cartridge 
should be used. Because a single laparo-
scopic stapler fi re is unlikely to completely 
transect the rectum, it is important to avoid 
overlapping or crossing the staple lines as 
multiple stapler fi res are performed.     

•   We encourage those surgeons who are just 
embarking on robotic proctectomy for J-pouch 
to consider making the small Pfannenstiel 
incision at the beginning of the robotic seg-
ment of the operation and cover it with a gel 
port. This will provide an additional level of 
safety should an emergency occur. A surgeon 
can rapidly enter the abdomen with the hand 
and compress a bleeding vessel or place lapa-
rotomy pads to control hemorrhage.  

•   For completion proctectomy in Crohn’s dis-
ease, the rectum is removed through the peri-
neal incision via an intersphincteric dissection.      

20.5     The Evidence for Robotic Use 
in IBD 

 There is a relative paucity of literature on robotic 
surgery for IBD. While in personal communica-
tions, most robotic colorectal surgeons endorse 
performing rectal dissection for IBD, most have 
not accumulated suffi cient series to report in lit-
erature. Our group has reported on the initial 
series of patients with Crohn’s disease and UC 
who underwent restorative proctectomy with the 
J-pouch or completion proctectomy [ 4 ]. This 
group of patients was compared to a laparo-
scopic cohort via case match. We demonstrated 
the equivalent outcomes between laparoscopic 
and robotic groups. The robotic approach was 
shown to be safe and effective and importantly 

resulting in similar functional outcomes and 
pouch function. The robotic procedures, how-
ever, were longer compared to laparoscopic 
ones. It is reasonable to anticipate that robotic 
time will improve with experience, which was 
demonstrated by Byrn at al. [ 8 ] . Even though 
this paper did not have a comparison group, the 
authors demonstrated that their operative time 
and cost have improved over time. This cohort 
included only 18 patients with IBD out of 51 
patients in the study. Two other smaller studies 
by Pedraza [ 9 ] and McLemore [ 10 ] demon-
strated their groups’ initial experiences with 
robotic surgery for IBD. All of the available 
studies addressed only proctectomy for IBD.  

20.6     Conclusions 

 The greatest benefi t of robotic surgery for IBD 
appears to be related to proctectomy for Crohn’s 
disease or restorative proctectomy with J-pouch 
for UC. As in many other robotic applications, 
the benefi t of robotic surgery is greatest in the 
confi nes of a deep, narrow pelvis where low pel-
vic dissection with precise tissue handling is 
required. While rectal dissection in IBD may be 
in many aspects similar to TME for cancer, the 
unique aspect of distal dissection and the need of 
carrying the dissection to the level of the levators 
make the robotic approach particularly advanta-
geous. We fi nd that completion proctectomy for 
Crohn’s disease is an ideal case with which to 
begin the learning curve of robotic proctectomy. 
On the other hand, robotic dissection for IPAA is 
a higher stakes procedure, where even minor 
injury to the distal rectum can result in signifi cant 
intraoperative challenges.  

20.7     Key Points 

•     The robotic approach to the patient with IBD 
should be based on the same principles as in 
laparoscopic or conventional surgery—the 
robotic approach, however, requires additional 
equipment, a larger room, a more complex 
setup, and a learning curve for the surgeon, 
assistants, and operating room staff.  
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•   Most of the robotic procedures in IBD are per-
formed using laparoscopic-robotic hybrid 
approach. Port placement and patient posi-
tioning should satisfy all of the steps of both 
laparoscopic and robotic segments of the 
operation in order to improve ergonomics and 
avoid collisions with the robotic arms.  

•   Stay consistent! The operating team and bed-
side assistants will work best if you have little 
variation from case to case in regard to case 
progression, use of instruments, and changes 
in patient positioning.  

•   Have all appropriate equipment and staff edu-
cation in the event of an unexpected outcome 
or an emergency. The surgeon needs to have 
ability to re-scrub quickly if the bedside assis-
tants have diffi culty managing robotic patient 
cart at the bedside.         
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      Robotic Training 

           Elizabeth     McKeown       and        Amir     Loucas     Bastawrous     

    Abstract  

  Robotic surgery requires a complex set of skills not entirely scalable from 
laparoscopic or open surgery. While some of the robotic maneuvers are 
more natural than matched traditional laparoscopic steps, the platform, 
surgical conduct, and planning are foreign to most surgeons. This is evi-
dent in the long learning curve to achieve technical profi ciency. To facili-
tate learning, a graded approach has shown promise to effi ciently ramp up 
to safe operations.  

  Keywords  
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21.1         Introduction 

 When new technologies or medical devices are 
introduced into clinical medicine, there is an ini-
tial period during which practitioners learn to use 
them. For relatively simple devices or those that 
are iterative advancements of established prod-
ucts, this training period may last as little as a few 
minutes. However, for more complicated devices, 
those that are associated with high risk or those 

that are entirely new platforms, the training of cli-
nicians becomes more complicated. These latter 
situations, among which robotic surgery utilizing 
the Intuitive Surgical da Vinci ®  system (Intuitive 
Surgical, Sunnyvale, CA) clearly includes, require 
comprehensive education of the end users. 
Effi cient instruction utilizes an established cur-
riculum and pathway to competency and will dif-
fer depending on the students’ level of prior 
experience. See Tables  21.1  and  21.2  [ 1 – 3 ].

21.2         Components of Robotic 
Training 

 While there are not yet consistent and enforce-
able regulations to robotics training, there are 
guidelines published by Intuitive Surgical, Inc., 
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surgical journals, and professional societies. The 
disadvantages of colorectal surgery has had to 
date as a specialty in adopting robotic surgery 
have been a lack of appropriate tools, more vari-
ability to surgical procedures and more complex 
and higher risk operations. But robotic colorectal 
surgery has the advantage of following robotic 
urology and gynecology in acceptance and pene-
tration. This allows colorectal surgeons to benefi t 
from the experiences of these other specialties 
with regard to what works in robotic training.  

21.3     Simulator 

 Training includes time on a simulation console. 
The digital nature of robotic surgery has lent 
itself to the development of robust simulation 

opportunities utilizing the robotic surgical con-
sole as they would in the real world. Skill exer-
cises have been identifi ed to facilitate effi cient 
learning of the da Vinci Surgical System and spe-
cifi c skills such as intracorporeal knot tying 
(Fig.  21.1 ). These exercises can be performed an 
unlimited number of times with scores assigned 
to the trainee with each attempt. This provides 
immediate feedback, assists with goal setting, 
and provides an opportunity to compare one 
trainee with another. There is also the added 
incentive for the trainee to compete with other 
users. The opportunity to practice prior to an 
actual operation helps the trainee as well as the 
established surgeon. Studies have shown a short-
ening of the learning curve with the use of the 
robotic simulator.

   A systematic review of all available simula-
tors was performed; though there are too few 
studies to make valid conclusions about which is 
the best, one group found that all simulators 
functioned to train surgeons well before perform-
ing in vivo robotic resections [ 4 ]. A training met-
ric, the Robotic Skills Assessment Score 
(RSA-Score), was validated in 2013 in order to 
score practitioners based on skill [ 5 ]. Safety, crit-
ical error, economy, bimanual dexterity, and time 
management were the parameters measured. 

 A multi-institutional “Fundamental Skills of 
Robotic Surgery” (FSRS) is a simulation curricu-
lum based on the da Vinci robotic system that has 
been developed and is in use. It has been vali-
dated and shows signifi cant improvement in basic 

   Table 21.1    Differences between training residents, fellows, and attending surgeons   

 Resident  Colorectal resident (Fellow)  Attending 

 Laparoscopic experience  Hurdle  Advantage  Advantage a  

 Diversity of cases available  Advantage  Hurdle  Hurdle 

 Time and income investment  Advantage  Advantage  Hurdle 

 Interest and acceptance of robotics  Advantage  Advantage  Advantage a  

 Available mentor  Advantage  Advantage a   Hurdle 

 Understand anatomy, tissue dynamics 
and general surgical principles 

 Hurdle  Advantage  Advantage 

 Access to patients and training  Hurdle  Advantage a   Advantage 

 Available robot  Hurdle  Advantage a   Advantage a  

 Available of skilled trainers or proctors  Hurdle  Advantage a   Hurdle 

 Suffi cient time to learn the technology  Advantage  Hurdle if naïve entering fellowship  Hurdle 

   a In the proper setting with a motivated and experienced team, these are advantages  

   Table 21.2    Components of robotics training   

 Resident  Fellow  Attending 

 Online modules  X  X  X 

 Video review of 
complete cases 

 X  X  X 

 Dry lab on inanimate 
models 

 X  X  X 

 Animal lab  +/−  +/−  X 

 Cadaver lab  +/−  +/−  X 

 Simulation  X  X  X 

 Bedside assist  X  X  +/− 

 Proctored cases  −  −  X 

 Dual console  X  X  +/− 
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robotic skills across specialties [ 6 ]. Another 
group uses deconstructed skills (i.e., docking, 
positioning, blunt dissection, retraction) in a 
23-item training program for their robotic nov-
ices [ 7 ]. The Hasbro ®  Game,  Operation  has been 
used as a more lighthearted and accessible bridge 
between simulation and in vivo surgery [ 8 ].  

21.4     Pathways and Evaluation 

 Pathways to training create a necessary structure 
to learning. Intuitive Surgical has published sug-
gested pathways to robotic training for operating 
surgeons, bedside assist, and the operating room 
staff (Fig.  21.2 ). Pathways are also being developed 

  Fig. 21.1    Simulator skill assessment.  Intuitive Surgical, Inc., Sunnyvale, CA        
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Phase 1  
Introduction to da Vinci Technology

da Vinci® Technology Training Pathway
Surgeon

Phase 2   
da Vinci Technology Training

Phase 3
Initial Case Series Plan

Phase 4
Continuing Development

Learning any new medical technology requires both guided and self-directed learning on the part of the surgeon and his/her surgical team. The following 
document outlines recommended activities for the surgeon who seeks to develop the knowledge and skills necessary to use da Vinci Technology. Please keep in 
mind that the recommendations provided here are only the beginning of the learning process. Self-directed study and practice are still required to master the 
technology. There are thousands of clinical papers on the subject of da Vinci Surgery. A representative sampling of high level publications is provided on the 
da Vinci Online Community. As with the use of any tool in the surgical theater, the da Vinci Surgical System should only be used after appropriate hospital 
requirements are met and when the surgeon’s and the operating room team’s mastery of the technology is sufficient to use the da Vinci System safely.

da Vinci Test Drive

Initial Procedure Video Reviews

Live Epicenter or Standard Case Observation

da Vinci Technology Online Modules

da Vinci Technology Overview In-Service

da Vinci Technology Skills Drills with Kit/Simulator

Two full length Procedure Video Reviews

Off Site da Vinci Technology Training

Dry Run

Initial Case Series:  Level 1 Cases
Surgeon determines when to advance to complex cases

Two da Vinci Technology Skill 
Development Activities Weekly

Advanced Training Course

Surgeon Lecture Program

Complex da Vinci Procedure Observation/Video Review

da Vinci Surgery Webinar

da Vinci Technology Skills Drills with Kit/Simulator

Peer-to-Peer Consultation via Surgical Congress

*Select 1+ Activities after Initial Case Series

  Fig. 21.2    da Vinci ®  Training Pathway for Surgeons.  Intuitive Surgical, Inc., Sunnyvale, CA        

da Vinci® Technology Training programs are not replacements for hospital policy regarding surgical credentialing. Intuitive Surgical only trains on the use of 
its product, the da Vinci Surgical System and its associated instruments and accessories. Intuitive Surgical does not provide clinical training nor does it 
provide or evaluate surgical credentialing or train in surgical procedures or techniques. As a result, Intuitive Surgical is not responsible for procedure 
descriptions. Any demonstration(s) during the training on how to use the system to perform a particular technique or procedure is not the recommendation 
or "certification" of Intuitive Surgical as to such technique or procedure, but rather is merely a sharing of information on how other surgeons may have used 
the system to perform a given technique or procedure. Depiction of third-party products does not imply any endorsement regarding safety, efficacy, or 
indicated use. Before performing any da Vinci procedure, physicians are responsible for receiving sufficient training and proctoring to ensure that they have 
the skill and experience necessary to protect the health and safety of the patient. For technical information, including fullcautions and warnings on using 
the da Vinci System and third-party products, please refer to the product manual. Read all instructions carefully. Failure to properly follow manufacturer’s 
instructions, notes, cautions, warnings and danger messages associated with equipment used may lead to serious injury or complications for the patient. 
Inadvertent electrosurgical energy may cause serious injury or surgical complications to the patient. It is important to ensu re a full understanding of the da 
Vinci Surgical System energy user interface and to use caution when working near critical anatomy. While clinical studies support the use of the da Vinci®

Surgical System as an effective tool for minimally invasive surgery for specific indications, individual results may vary.

© 2013 Intuitive Surgical, Inc. All rights reserved. da Vinci is a registered trademark of Intuitive Surgical.

da Vinci® Technology Training Pathway 
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specifi cally for colorectal residents (Fig.  21.3 ). The 
use of pathways is important not only for guidance 
but also for identifying areas of defi ciency that 
need further improvement. They also establish a 
framework for evaluation of the trainee. Assessment 
tools have also been created with which a trainer 
can appraise and grade the trainee, thus providing 
necessary feedback (Fig.  21.4 ).

21.5          Established Surgeons 

 Once robotic technology is fully pervasive in sur-
gical training, there will no longer be a need to 
train established surgeons. If robotics follows the 
timeline of the experience with laparoscopic 
 surgery (arguably simpler and indisputably less 
expensive technology), that time will need 10–20 
years or more until surgical residents universally 
graduate with consistent profi ciency in robotic 
surgery. Until that time, there will continue to be 

a need to teach surgeons who have already 
completed residency.

  Hurdles to Training Graduated Surgeons 
•   Variable laparoscopic experience  
•   Diversity of cases limits opportunity to stan-

dardize techniques  
•   Time and income investment  
•   Lack of interest or acceptance (“if it ain’t 

broke, don’t fi x it” mentality)  
•   Don’t see or don’t believe the benefi ts out-

weigh the costs  
•   Usually don’t have active mentor   

  Advantages to Training Graduated Surgeons 
•   Laparoscopic experience, tissue dynamics  
•   Those who decide to learn robotics are typi-

cally motivated  
•   Already understand anatomy, surgical principles  
•   Have access to patients     

  Fig. 21.3    Colorectal robotic training curriculum       
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  Fig. 21.4    Colorectal resident assessment tools       
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21.6     Surgeons in Training 

21.6.1     Residents 

 Teaching robotic naïve trainees has some benefi ts 
when compared to surgeons in practice, but car-
ries with it its own challenges. Residents are still 
learning the science of surgery, the steps to an 
operation open and operative anatomy. They also 
usually lack laparoscopic skills of depth percep-
tion, tactile response of tissue to handling, and 
unique advantages and limitations of laparos-
copy. In many ways, they are more receptive to 
learning because they have not yet had their sur-
gical experience swayed to one approach versus 
another. Surgical training in the United States has 
the advantage of time in that compared to estab-
lished surgeons and fellows, residents have 5 or 
more years to develop their robotic skills in 
parallel with their open, endoscopic, and laparo-
scopic abilities. 

 Lessons for training residents can be learned 
from Gynecology and Urology training programs 
that adopted robotic training years before 
General Surgery. Gynecologic oncology fellow-
ships looked at the two measures of adequacy of 
training by the end of fellowship; that is, operative 
times and lymph node retrieval counts [ 9 ]. They 
found that, after 4 years with a robot at their insti-
tution, and with increasing instances of the fellow 
being the primary surgeon at the console, the fel-
lows’ times and nodal counts equaled those of the 
staff. Transitioning from residency to practice 
poses another challenge. In the urology literature, 
robotic prostatectomies are among the most fre-
quent operation currently performed. One surgeon 
examined the outcomes of his fi rst 100 prostatec-
tomies, in training and beyond, and concluded that 
the me  ntorship model in teaching and early expo-
sure to the console are the keys to success [ 10 ]. 

21.6.1.1     Hurdles to Training 
Residents 

•     Cost of the technology (up to $2 million) cre-
ates slower program adoption  

•   Lack of robotic surgeons as trainers  

•   Those surgeons with robotic training are still 
early in a long learning curve  

•   Consistent curricula for resident training  
•   Diversity of types of cases     

21.6.1.2     Advantages to Training 
Residents 

•     No bad habits  
•   Have time to learn  
•   Can learn a variety of surgical procedures  
•   Have access to direct and continuous mentor      

21.6.2     Colorectal Residents (Fellows) 

 Teaching advanced residents (colorectal fellows) 
is a unique hybridization of teaching residents and 
of training established surgeons. Advanced train-
ees have some of the advantages and disadvan-
tages of each. Unless they are in a dedicated 
robotics fellowship, these individuals typically 
have 1 year to learn robotics in addition to other 
techniques. In colorectal surgery, for example   , an 
incoming colorectal advanced resident will need 
to become profi cient in colonoscopy, offi ce proc-
tology, laparoscopic colon and rectal surgery, 
open surgery, and a multitude of operations for 
anorectal disorders, all this in 1 year. Adding 
robotics means something else may have to be 
given up, particularly in the era of limited duty 
hours. 

21.6.2.1     Hurdles to Training 
Colorectal Residents 
(Fellows) 

•     Cost of the technology (~$2 million) creates 
slower program adoption  

•   Lack of robotic surgeons as trainers  
•   Lack of robotics training in residency  
•   Those surgeons with robotic training are still 

early in a long learning curve and may be 
unwilling or unable to pass the case onto a 
trainee  

•   Diversity of types of cases  
•   No bad habits  
•   Have time to learn     
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21.6.2.2     Advantages to Training 
Colorectal Residents 
(Fellows) 

•     Can perfect a limited number of surgical 
procedures  

•   Have access to direct and continuous mentor  
•   Consistent curricula for training    

 Robotic training is only now beginning to be 
integrated into colorectal fellowship. Both man-
ual dexterity and integration into the robotic sys-
tem are components of becoming comfortable 
with robotically assisted surgery, and both must 
be evaluated and improved as part of a training 
program. As a measure of manual dexterity as 
opposed to simulation, one urology training pro-
gram has their residents perform a series of fi ve 
tasks in an open fashion, laparoscopically, and 
robotically. They found universally improved 
surgical technique while open, followed by 
robotic and then laparoscopic. This institution 
found that the two tasks that best measured com-
petency were suture and knot tying and threading 
rings, and so as a result they have increased the 
focus on these metrics early in training [ 1 ]. 
Importantly, the da Vinci robot overcomes hand-
edness for those surgeons who are less dexterous 
with their nondominant hand [ 2 ]. There are also 
data to suggest that the steep learning curve 
found in the transition from open surgery to lapa-
roscopic surgery does not exist in the transition 
from laparoscopic to robotic-assisted surgery, 
which may improve those mid-level residents’ 
transition to the console [ 3 ].    

21.7     Team Training 

 Despite the unparalleled control that the da Vinci 
Surgical System affords the minimally invasive 
surgeon, the complexity of the technology 
requires a team to be able to operate effi ciently 
and safely. So training of the operating room 
staff and bedside assist are critical components. 
Establish and train a consistent team, perform dry 
runs and document preferences and operative 
steps to minimize unnecessary variability and 
maintain a high level of operative quality (See 
Fig.  21.5 ).

21.8        Credentialing 
and Maintenance of Skills 

 Credentialing has not yet been standardized. The 
requirements for robotics privileging and mainte-
nance of privileges are widely variable between 
regions, institutions, and specialties. Some insti-
tutions require at least 20 robotic cases per year 
to maintain robotic privileges while others in the 
same region may require as few as 10. With time, 
guidance from national guidelines or regulatory 
agencies and evidence publication, these differ-
ences should disappear. 

 There is excellent data from Tacoma, 
Washington, that demonstrates that those surgeons 
who perform <20 cases per year robotically have 
worse outcomes, with increased blood loss and 
longer operative times, than those higher volume 
surgeon [ 11 ]. Though there are no hard and fast 
rules for low volume surgeons, guidelines suggest 
that surgeons should perform at least 1–2 robotic 
cases per month to keep up their skillset [ 12 ]. 

 Specifi cally in regard to colorectal surgery, 
Jiminez-Rodriguez et al. examined forty-three 
cases performed by the fellow. They found that the 
fi rst 9–11 cases consisted of learning technique, 
the next 12 cases represent consolidation and 
increased competence, and the fi nal 20 cases repre-
sent the “mastery” phase of learning the robot [ 13 ]. 
Bokhari et al. also found this to be true in their 
study in the learning curve for robot- assisted cases 
[ 14 ]. Interestingly, one attending surgeon who was 
fairly laparoscopically naïve (13 cases) was able to 
gain profi ciency on the robot within 20 cases for 
total mesorectal excision without an increase in 
complications [ 15 ]. Another study suggests that 
the use of the robot may decrease the steep learn-
ing curve associated with laparoscopic TME [ 16 ].  

21.9     Key Points 

 Robotics training tactics will vary depending on 
the experience of the trainee. 

 Components of teaching of robotic surgical 
skills:

•    Online modules  
•   Video review of cases  
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•   In person dry lab on models  
•   Simulation  
•   Observation of cases in person  
•   Bedside assist  
•   Proctored cases  
•   Dual console    

 Objective assessment of results and outcomes 
are important aspects of quality assessment. 

 After initial experience, it is helpful to also 
revisit training in an advanced course or CME 
activity.     

   References 

     1.    Menhadji A, Abdelshehid C, Osann K, et al. Tracking 
and assessment of technical skills acquisition among 
urology residents for open, laparoscopic, and robotic 
skills over 4 years: is there a trend? J Endourol. 
2013;27(6):783–9.  

    2.    Mucksavage P, Kerbl DC, Lee JY. The da Vinci( ® ) 
surgical system overcomes innate hand dominance. 
J Endourol. 2011;25(8):1385–8.  

     3.    Stolzenburg JU, Qazi HA, Holze S, et al. Evaluating 
the learning curve of experienced laparoscopic sur-
geons in robot-assisted radical prostatectomy. 
J Endourol. 2013;27(1):80–5.  

    4.    Abboudi H, Khan MS, Aboumarzouk O, et al. Current 
status of validation for robotic surgery simulators—a 
systematic review. BJU Int. 2013;111(2):194–205.  

    5.    Chowriappa AJ, Shi Y, Raza SJ, et al. Development 
and validation of a composite scoring system for 
robot-assisted surgical training—the Robotic Skills 
Assessment Score. J Surg Res. 2013;185(2):561–9.  

    6.    Stegemann AP, Ahmed K, Syed JR, et al. Fundamental 
skills of robotic surgery: a multi-institutional ran-
domized controlled trial for validation of a 
simulation- based curriculum. Urology. 2013;81(4):
767–74.  

    7.    Dulan G, Rege RV, Hogg DC, et al. Developing a 
comprehensive, profi ciency-based training program 
for robotic surgery. Surgery. 2012;152(3):477–88.  

    8.    Falcone JL. Don’t touch the sides: a fun and novel 
system for using Operation( ® ) for practicing open and 
robotic surgical skills. Am Surg. 2013;79(5):547–9.  

  Fig. 21.5    da Vinci ®  training pathway for operating room team.  Intuitive Surgical, Inc., Sunnyvale, CA        

 

21 Robotic Training



266

    9.    Soliman PT, Iglesias D, Munsell MF, et al. Successful 
incorporation of robotic surgery into gynecologic 
oncology fellowship training. Gynecol Oncol. 
2013;131(3):730–3.  

    10.    Thiel DD, Chavez M, Brisson TE. Transition from 
resident robotic training program to clinical practice: 
robotic-assisted radical prostatectomy benchmark for 
perioperative safety. J Laparoendosc Adv Surg Tech 
A. 2013;23(6):516–20.  

    11.    Lenihan Jr JP. Navigating credentialing, privileging, 
and learning curves in robotics with an evidence and 
experienced-based approach. Clin Obstet Gynecol. 
2011;54(3):382–90.  

    12.    Ben-Or S, Nifong LW, Chitwood Jr WR. Robotic sur-
gical training. Cancer J. 2013;19(2):120–3.  

    13.    Jimenez-Rodriguez RM, Diaz-Pavon JM, de la 
Portilla de Juan F, Prendes-Sillero E, Dussort HC, 

Padillo J. Learning curve for robotic-assisted laparo-
scopic rectal cancer surgery. Int J Colorectal Dis. 
2013;28(6):815–21.  

    14.    Bokhari MB, Patel CB, Ramos-Valadez DI, Ragupathi 
M, Haas EM. Learning curve for robotic-assisted 
laparoscopic colorectal surgery. Surg Endosc. 2011;
25(3):855–60.  

    15.    Kim YW, Lee HM, Kim NK, Min BS, Lee KY. The 
learning curve for robot-assisted total mesorectal 
excision for rectal cancer. Surg Laparosc Endosc 
Percutan Tech. 2012;22(5):400–5.  

    16.    Akmal Y, Baek JH, McKenzie S, Garcia-Aguilar J, 
Pigazzi A. Robot-assisted total mesorectal excision: 
is there a learning curve? Surg Endosc. 2012;26(9):
2471–6.      

E. McKeown and A.L. Bastawrous



267

      Cost and Outcomes in Robotic- 
Assisted Laparoscopic Surgery 

           Maher     Ghanem      ,     Anthony     J.     Senagore     , 
and     Samuel     Shaheen    

    Abstract  

  The modern era of advanced laparoscopic surgery is the direct result of the 
disruptive work of Prof. Dr. Erich Mühe with laparoscopic cholecystectomy 
in 1985 (Reynolds Jr, JSLS 5(1):89–94, 2001). Since his original work in the 
fi eld of minimally invasive surgery has incorporated diverse and aggressive 
refi nements of instrumentation and techniques for many operative indica-
tions (Reynolds Jr, JSLS 5(1):89–94, 2001). These efforts at reducing surgi-
cal stress while improving cosmesis have included reductions in port size/
number, altered extraction sites, attempts at hand assistance, and ultimately 
single port access (Bucher et al., Br J Surg 98(12):1695–1702, 2011). The 
ultimate goal of all these innovations is to provide our patients with high 
quality surgical care while maintaining high value.  

  Keywords  

  Cost   •   Robotic surgery   •   Laparoscopic surgery   •   Outcomes   •   Colorectal 
surgery  

 22

     The modern era of advanced laparoscopic surgery 
is the direct result of the disruptive work of Prof. 
Dr. Erich Mühe with laparoscopic cholecystec-
tomy in 1985 [ 1 ]. Since his original work in the 
fi eld of minimally invasive surgery has incorpo-
rated diverse and aggressive refi nements of 

instrumentation and techniques for many opera-
tive indications [ 1 ]. These efforts at reducing sur-
gical stress while improving cosmesis have 
included reductions in port size/number, altered 
extraction sites, attempts at hand assistance, and 
ultimately single port access [ 2 ]. The ultimate 
goal of all these innovations is to provide our 
patients with high quality surgical care while 
maintaining high value. 

 Robotic-assisted laparoscopic surgery has 
been the most recent attempt to further refi ne 
minimally invasive procedures. The device fea-
tures EndoWrist instruments, providing seven 
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degrees of freedom for instrument movement 
and tremor fi ltering. It allows surgeons to be in a 
seated posture for long operation tolerance and 
permits three-dimensional imaging, real-time 
radiographic correlation, and easy suture maneu-
vering [ 3 ,  4 ]. Hyung suggested that the applica-
tion of robotic technology for general surgery is 
technically feasible and safe, improves dexterity, 
allows for better visualization, and attains a high 
level of precision [ 5 ]. However, the widespread 
adoption is limited by the absence of tactile sen-
sation and the extremely high cost for acquisi-
tion and utilization of the technology [ 5 ]. The 
recent appearance in the market of three-dimen-
sional laparoscopic cameras at substantially 
lower costs further erodes the potential benefi ts 
of the robotic platform. 

 Robotic-assisted laparoscopic surgery has 
been adopted to perform many general surgical 
procedures including cholecystectomy, Nissen 
fundoplication, Heller myotomy, and Roux-en-Y 
gastric bypass. More recently, colorectal proce-
dures [ 5 ,  6 ] are being incorporated into an ever- 
growing number of robotic-assisted indications. 
The da Vinci robot is postulated to provide 
improved visualization due to incorporation of 
the three-dimensional viewing system, mitigate 
surgeon tremor and improve ergonomics [ 7 ]. 
The available data from robotic-assisted laparo-
scopic procedures, confi rms that the majority of 
patient outcome benefi ts associated with laparo-
scopic surgery are maintained, albeit consis-
tently at higher costs. 

 Robotic-assisted procedures have been widely 
adopted in urology and increasingly in gyneco-
logic surgery, due to the shorter learning curve 
for advanced suturing compared to conventional 
laparoscopy. This is especially true in confi ned 
spaces due to the added articulation and the three- 
dimensional visualization. One of the limitations 
of conventional laparoscopic surgery results from 
working with long instruments through a fi xed 
entry point on the surface of the body while 
watching a screen. This leads to reduced tactile 
feedback, diminished fi ne motor control, tremor 
amplifi cation, and diffi cult hand–eye coordina-
tion [ 8 ]. There have been only limited assess-
ments of the recently available three-dimensional 

laparoscopes; however, the improved visualization 
contributes signifi cantly to suturing skills com-
pared to traditional two-dimensional optics. 

 Although both laparoscopic prostatectomy 
and hysterectomy were described in the 1990s, 
the percentage of prostatectomies and hysterecto-
mies performed laparoscopically was insignifi -
cant until the advent of the surgical robotics. This 
delay in the adoption of minimally invasive tech-
niques in these two very common pelvic surgeries 
is directly related to their degree of technical 
 diffi culty associated with conventional laparos-
copy, especially with laparoscopic intracorporeal 
suturing. However, it is possible to master the 
requisite laparoscopic skills without robotic 
assistance. Therefore, it is imperative that rigor-
ous assessment of cost effi ciency and possible 
reduction in learning curve associated with 
robotic surgery is performed before widespread 
adoption of robotics is recommended. 

 There are signifi cant fi nancial obstacles to 
universal adoption of robotic-assisted laparo-
scopic surgery: high cost of the robotic platform, 
disposable instruments, and annual service con-
tracts. The robotic systems are sold to hospitals 
for a cost of $1.0–$2.3 million, depending on the 
model. Mandatory annual service agreements 
range from $100,000 to $170,000 per year. There 
are also signifi cant costs related to mandatory 
training at the manufacturer’s facility ($3–4000) 
and the often required proctoring by an outside 
surgeon for 3–5 cases ($3000 per session). While 
the acquisition cost of the da Vinci robotic system 
is compelling ($1.2–2.4 million), the cost could 
be offset by the institution if other sources of cost 
savings can be achieved. However, robotic sur-
gery requires signifi cant costs for disposable or 
limited use instruments (e.g., shears, needle 
 drivers, graspers, forceps) at a cost of approxi-
mately US$1–2000 per instrument every 10 sur-
geries [ 9 ]. These costs are generally higher when 
compared to the mostly reusable instruments in 
standard laparoscopic surgery. The available lit-
erature suggests that robotic surgery takes consis-
tently longer than open or laparoscopic surgery, 
thus there is no cost savings in operating room or 
anesthesia time. This leaves the only potential for 
cost savings in a decreased length of hospital stay 
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when compared to open. Other limitations to 
robotic-assisted laparoscopic surgery include the 
lack of tactile feedback [ 10 ], the large and cum-
bersome footprint of the robot, the fi xed position-
ing of the operating table after the robot has been 
docked, the longer operative time compared to 
open surgery, and the limited outcomes data. 

 Several cost comparison studies have evalu-
ated the relative cost drivers of robotic surgery 
versus open surgery. The largest cost comparison 
study was recently published in European 
Urology by Bolenz et al. [ 9 ]. The study compared 
operating costs (not including maintenance and 
equipment purchase) of robotic (RALP), laparo-
scopic (LRP), and open radical prostatectomy 
(ORP) for prostate cancer in a sample of 643 con-
secutive patients. Results showed that the cost of 
RALP was 50 % higher than the cost of ORP 
even before the cost of purchasing and maintain-
ing the robot was factored in to the calculations. 
The median cost for the RALP was $6752, fol-
lowed by LRP at $5687 and RRP at $4437 (all 
adjusted to 2007 US dollars). RALP had higher 
surgical supply costs and higher OR cost due to 
increased average length of procedure. The one 
cost benefi t for RALP was the shorter average 
length of hospital stay (1 day) relative to LRP and 
ORP (2 days). However, the shorter RALP hospi-
tal stay relative to LRP and ORP did not make up 
for the RALP higher operating costs, even before 
considering the additional cost for the purchase 
and maintenance of the robot. It is also unclear if 
the all study groups followed the same postopera-
tive plan because both RALP and LRP groups’ 
patients should have had the same minimally 
invasive advantage. The additional cost for the 
purchase and maintenance of the robot ($340,000 
per year when amortized over a presumed 7 years 
life of the robot) would add an additional $2698 
per patient undergoing a RALP (assuming 126 
cases per year) [ 9 ]. 

 A similar cost comparison study was recently 
completed for robotic versus open radical cystec-
tomy for bladder cancer at the University of 
North Carolina at Chapel Hill. In this study, the 
20 most recent cases of robotic cystectomy were 

compared with the 20 most recent cases of open 
cystectomy. The total cost (including base OR 
costs, OR disposable equipment costs, amortized 
purchase cost of the robot distributed over 5 
years, and yearly maintenance costs) of the 
robotic radical cystectomy was $1640 more than 
the open radical cystectomy ($16,248 versus 
$14,608). In the breakdown of the costs, the 
majority of the difference came from the higher 
mean fi xed OR costs for robotic cases (OR dis-
posable equipment costs, amortized purchase 
cost, and yearly maintenance cost distributed 
over 288 cases per year). The OR variable costs 
were also slightly higher for the robotic cystec-
tomy due to the increased length of these cases. 

 Similar to the robotic prostatectomy cost data, 
there was some cost savings due to a shorter post-
operative stay as well as a lower frequency of 
postoperative transfusion after open cystectomy. 
While these savings were not enough to over-
come the increased OR costs of the robotic cys-
tectomy, the cost differential of $1640 per surgery 
was much closer than the robotic prostatectomy 
cost study [ 11 ]. 

 The fi eld of robotic-assisted laparoscopic sur-
gery is being actively assessed for a variety of 
applications as demonstrated by the rapid growth 
and dissemination of the applications for the 
approach. Yet with the rising cost of health care 
becoming a critical element in the assessment of 
value-based health care, one cannot dismiss the 
need for cost effi ciency. At this point in time, the 
only argument in favor of robotic-assisted lapa-
roscopy from the cost perspective is the reduction 
in length of stay compared to open surgery. This 
creates a very high bar when the technology must 
compete against established laparoscopic proce-
dures performed by trained and highly skilled 
laparoscopic surgeons. This contention was elo-
quently presented in a recent review by Satava 
[ 12 ] where the entire cost benefi t or adopting 
robotics was based upon the ability of an institu-
tion to create capacity for other sources of reve-
nue generation by other surgical admissions. 
Under no scenario assessed, did the robotic plat-
form create positive cash fl ow for the facility. 
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22.1     Cholecystectomy 

 Recently, Intuitive Surgical launched an elegant 
single-incision platform for cholecystectomy 
designed to resolve many of the technical limita-
tions associated with the single port approach 
performed with two-dimensional conventional 
laparoscopy and the frequent need to cross hands. 
Although the technology is truly groundbreak-
ing, the limited potential benefi ts associated with 
single port vs. multiport laparoscopic colectomy 
(quote the PRCT multicenter trial) coupled with 
the limited reimbursement for the procedure 
raises signifi cant concerns regarding the sustain-
ability of the procedure. Unfortunately, these 
kinds of economic assessments are unavailable at 
this time. 

 According to Lucas et al., single-incision sur-
gery when compared to multi-port cholecystec-
tomy was associated with better cosmesis. Patient 
preference based on cosmesis was more promi-
nent for females, patients younger than 50 years 
old, and for benign surgical indications. It is 
interesting that the authors did not query whether 
patients were willing to pay the additional cost 
[ 13 ]. This concept warrants further assessment 
because a da Vinci cholecystectomy has higher 
variable costs compared to an outpatient laparo-
scopic cholecystectomy ($2383 vs. $1926 per 
case). As with the Satava analysis, it is unclear 
that a hospital may be able to offset the added 
variable cost per robotic single-site cholecystec-
tomy procedure based solely on cost shifting to a 
more favorable payer mix.  

22.2     Colorectal Surgery 

 There has been a steady increase in reports 
regarding the role of robotic-assisted laparo-
scopic colectomy since the initial report in 2001, 
albeit few data directly comparing conventional 
to robot-assisted colectomy. There is some data 
comparing the two techniques in proctectomy, 
including an ongoing randomized multicenter 
trial for rectal cancer [ 14 ,  15 ]. In general, the data 
have supported the feasibility of total mesorectal 
dissection and suggested a variety of robotic ben-
efi ts related to the attributes of multiple degrees 

of freedom and improved three-dimensional 
imaging. Despite the limited clinical evidence 
supporting robotic-assisted colectomy, Tyler 
et al. found a trend toward increased use during 
the 15-month study period [ 16 ]. The authors 
found no difference in overall morbidity rates 
between robot-assisted colectomy and conven-
tional laparoscopic colectomy. However, the 
robotic approach was associated with an 
increased rate of ostomy a bias in case selection 
with either greater use in distal resections or less 
comfort leaving unprotected anastomoses. The 
operative times were also signifi cantly longer 
with the robotic approach and are consistent with 
several other reports. The other consistent theme 
in this report was an increase in cost, on average, 
of $3424 per colectomy over the laparoscopic 
approach. Similarly, a review by Fung et al. of 15 
available high quality studies comparing conven-
tional laparoscopic and robotic-assisted laparo-
scopic colorectal surgery confi rmed a longer 
operative time and total cost [ 17 ]. 

 Huettner et al. presented 70 consecutive 
robotic-assisted laparoscopic colectomies over 5 
years. The component operative times for right 
colectomies were: port setup time 33.6 ± 12.1 
(20–64) min, robotic time 147.2 ± 44.4 (53–306) 
min, and total case time 221.3 ± 43.7 min. The 
median LOS was 3 (2–27) days. Times for the 
sigmoid colectomies were: port setup time 
30.0 ± 9.8 (10–57) min, robotic time 101.8 ± 25.3 
(67–165) min, and total case time 228.4 ± 40.5 
(147–323) min. The median LOS was 4 (2–27) 
days. This was accomplished with a conversion 
rate of 11 %. The authors concluded that the 
approach was feasible and appeared safe without 
providing comparative outcomes to standard lap-
aroscopy [ 18 ]. 

 Deutsch et al. provided one of the largest 
 retrospective analyses of 171 patients who 
underwent robotic and laparoscopic colectomies 
(79 and 92, respectively). The results indicated 
no statistical difference in length of stay, time to 
return of bowel function, and time to discontinu-
ation of patient-controlled analgesia between 
robotic and laparoscopic left and right colecto-
mies. They did report some of the best data on 
operating time for laparoscopic versus robotic- 
assisted as the differences were not clinically 
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 relevant (140 min vs. 135 min for right colectomy; 
168 min vs. 203 min for left colectomy). The 
authors did not assess cost [ 19 ]. 

 de Souza et al. compared 40 robot-assisted 
right hemicolectomies to 135 laparoscopic right 
hemicolectomies performed by a group of highly 
skilled laparoscopic surgeons at a single institu-
tion [ 20 ]. There were no signifi cant differences in 
surgical quality measures or short-term clinical 
outcomes. Unlike the Deutsch data mentioned 
earlier, the operative time was signifi cantly lon-
ger for the robotic assistance group (158 min vs. 
118 min). In addition, the cost was almost $3000 
greater despite a similar length of stay, and no 
difference in complications was shown. The 
authors concluded that this was a good training 
case; however, one should be cautioned by the 
fact that 40 cases were not suffi cient for an expert 
team to match their conventional results [ 20 ]. 

 These data question why the putative advan-
tages of robotic assistance fail to translate into 
tangible superiority in the operating room. In 
addition, the recurring theme of high cost needs 
to be addressed by proponents before widespread 
adoption can be encouraged. Future investiga-
tions should focus on direct comparisons with 
conventional laparoscopic colorectal surgery 
with an emphasis beyond subjective parameters, 
which do not translate into superior clinical out-
comes with at least equivalent resource consump-
tion [ 20 ].  

22.3     HPB Procedures 

 Pancreatic resection is amongst the most com-
plex and challenging of abdominal operations. 
Even in highly experienced centers, open pan-
creatic surgery is associated with morbidity rates 
of 30–40 % and mortality rates of approximately 
2 % [ 21 ,  22 ]. New, minimally invasive tech-
niques may reduce postoperative morbidity. 
Therefore, in recent years, laparoscopic pancre-
atic surgery has been introduced as an alternative 
to open surgery. Laparoscopic techniques have 
potential benefi ts; they can decrease pain and 
blood loss, fewer complications, faster recovery, 
and shorter hospital length of stay (LOS) [ 15 , 
 23 ]. Early experiences have shown that laparo-

scopic pancreatic surgery is safe and feasible in 
selected patients, and that morbidity rates range 
from 16 to 40 % [ 24 ,  25 ]. Although a growing 
number of studies on laparoscopic pancreatic 
surgery have been published, it has not gained 
wide acceptance. This is probably explained by 
the known limitations of conventional laparo-
scopic surgery, such as the decreased range of 
motion this technique affords and the two-
dimensional vision of the operative fi eld, which 
make its practice diffi cult. 

 The use of a robotic system may overcome 
some of these shortcomings. Robot-assisted sur-
gery provides three-dimensional vision and a 
magnifi ed view of the operative fi eld. These 
advantages, combined with the increased free-
dom of movement of surgical instruments and the 
elimination of tremor, lead to improved precision 
in operative technique and may lead to safer 
anastomoses compared with laparoscopic pan-
creatic surgery. 

 For highly selected patient, robotic PD is 
feasible with similar morbidity and mortality 
compared to open or purely laparoscopic 
approaches. Data on cost analysis are lacking, 
and further studies are needed to evaluate also 
the cost- effectiveness of the robotic approach 
for PD in comparison to open or laparoscopic 
techniques [ 26 ]. 

 The emergence of minimally invasive surgery 
for liver resection procedures has thrived with the 
introduction of novel technologies, including 
fl exible fi ber-optic imaging systems, and hemo-
static options, such as clips, staplers, and electri-
cal or ultrasonic energy-induced hemostasis, and 
laparoscopic liver resection has been shown to be 
safe in experienced hands, with acceptable mor-
bidity and mortality rates for both minor and 
major hepatic resections [ 27 ,  28 ]. Previous stud-
ies conducted on selected groups of patients have 
shown that the 5-year survival rates for patients 
undergoing laparoscopic HCC resection were 
comparable to those of patients undergoing open 
hepatic resection [ 28 ,  29 ]. The advantages of 
minimally invasive surgery are well known. 
Shorter hospital stays, decreased postoperative 
pain, rapid return to preoperative activity, 
improved cosmesis, and decreased postoperative 
ileus are among the benefi ts of the laparoscopic 
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approach [ 27 ]. However, laparoscopic liver surgery, 
although it has benefi tted from advances in mini-
mally invasive surgery, is not without inherent 
limitations, including limited degrees of freedom 
for manipulation, fulcrum effect against the port, 
tremor amplifi cation, awkward ergonomics, and 
two-dimensional imaging adaptation [ 4 ]. 

 Robotic liver resection has emerged as a new 
modality in the fi eld of minimally invasive sur-
gery. However, the effectiveness of this approach 
for liver resection is not yet known. Robotic meth-
ods may have the potential to overcome certain 
laparoscopic disadvantages, but few studies have 
drawn a matched comparison of outcomes between 
robotic and laparoscopic liver resections. Tsung 
et al. published the largest series comparing 
robotic to laparoscopic liver resections. Patients 
undergoing robotic liver surgery had signifi cantly 
longer operative times (median: 253 vs. 199 min) 
and overall room times (median: 342 vs. 262 min) 
compared with their laparoscopic counterparts. 
However, the robotic approach allowed for an 
increased percentage of major hepatectomies to be 
performed in a purely minimally invasive fashion 
(81 % vs. 7.1 %,  P  < 0.05) [ 30 ]. 

 Robotic and laparoscopic liver resection 
 display similar safety and feasibility for hepatec-
tomies. Although a greater proportion of robotic 
cases were completed in a totally minimally inva-
sive manner, there were no signifi cant benefi ts 
over laparoscopic techniques in operative out-
comes [ 30 ]. The feasibility and safety of robotic 
surgery for HCC has been displayed in many 
studies, with favorable short-term outcome. 
However, the long-term oncologic results remain 
uncertain [ 31 ,  32 ]. In the subgroup analysis of 
minor liver resection, when compared with the 
conventional laparoscopic approach, the robotic 
group had similar blood loss, morbidity rate, 
mortality rate, and R0 resection rate. However, 
the robotic group had a signifi cantly longer oper-
ative time (202.7 min vs. 133.4 min) [ 31 ]. 

 Robotic liver resection is safe and feasible in 
experienced hands. It requires an expert patient- 
side surgeon with advanced laparoscopic skills. 
Wristed instruments are useful in a variety of 
maneuvers, such as looping Glissonian pedicles 
(especially on the left side of the liver) and in 
suturing bleeding points. Long-term oncologic 

outcomes are unclear, but short-term perioperative 
results indicate that robotic liver resection is 
comparable to conventional laparoscopic liver 
resection [ 32 ]. 

 In conclusion, many advanced surgical proce-
dures benefi t from a minimally invasive approach. 
Future assessments of the relative role of three- 
dimensional conventional laparoscopy versus 
robotic assistance are required to confi rm the 
relative impact of the approaches on value-based 
surgical care. The impact of learning curve, adop-
tion, and technical complications should be the 
measures used for these comparisons to ulti-
mately defi ne the cost effi ciency of robotic- 
assisted laparoscopic surgery compared to 
conventional laparoscopy. Potential future cost 
savings for both hospitals and patients can be 
found in shorter operative times as surgeons 
complete their learning curves. This will also 
allow more procedures to be performed, which 
spreads the fi xed costs of the robot over more 
patients. Also improved surgical technique cou-
pled with shorter OR times could lead to even 
shorter hospital stays decreasing costs to patients 
and allowing for further revenue opportunities 
for hospitals. 

 Finally, as robotic technology expands its 
cost, just like the cost of all other technologies 
before it, will decrease over time with the 
 inevitable advent of competitors in the market 
place. It may be this factor in the end that pro-
vides the greatest cost savings to both patients 
and hospitals, allowing more patients the indis-
putable benefi ts of minimally invasive surgery 
within an economically responsible framework.  

22.4     Key Points 

•     The fi xed (equipment and maintenance) and 
variable (instruments) costs for robotic sur-
gery are higher than both conventional laparo-
scopic or open surgery.  

•   The OR costs of robotic surgery are negatively 
impacted by the increased length of the proce-
dure over open surgery (though not necessar-
ily over conventional laparoscopic surgery).  

•   When the total (fi xed, variable, OR, and hospital 
stay) costs for robotic surgery and open surgery 
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are comparable, it is due to a considerable short-
ening of the length of hospital stay after the 
robotic surgery, resulting in total cost savings. 
However, these data are almost exclusively 
comparisons for moving from open to robotic.  

•   Conventional laparoscopic surgery shares the 
minimally invasive benefi ts of robotic surgery 
and is less expensive due to lower variable costs; 
however, there remain many procedures that the 
majority of surgeons are not able to perform 
laparoscopically due to the prohibitively long 
learning curve. This will need to be compelling 
data confi rming that the learning curve and 
adoption rates for robotic assistance are superior 
to conventional laparoscopic surgery.        
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    Abstract  

  The use of robotic surgery has increased dramatically despite a paucity of 
data demonstrating clinical benefi ts of the technology. While the technical 
advantages of the da Vinci platform may facilitate a minimally invasive 
approach to diffi cult operations in confi ned spaces, many of the proce-
dures for which it is being used could be accomplished more effi ciently 
with conventional laparoscopy. Such is the case with segmental colec-
tomy, where laparoscopic resection is quickly becoming the gold standard 
for benign and malignant disease. The da Vinci system may improve suc-
cess rates of minimally invasive rectal resection, especially in select 
patients, but robotic colorectal surgery is not for everyone; not every 
patient and not every surgeon.  
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23.1         Maintaining Perspective 

 The authors of this book have offered their col-
lective knowledge and experience to provide the 
reader with a comprehensive guide to robotic 
colorectal surgery (RCS). While colorectal sur-

gery may lag behind urology and gynecology in 
the widespread application of robotics, the very 
publication of this text is a testament to the grow-
ing interest in the technology. Anyone who has 
sat at the platform of the da Vinci Surgical 
System (Intuitive Surgical ® , Inc., Sunnyvale, 
CA) can appreciate the technical advantages 
offered by the three-dimensional high-defi nition 
optics, stable camera platform, articulating 
instruments, and ergonomic interface. Surgeons 
with extensive experience in RCS report excel-
lent clinical outcomes and an overwhelmingly 

mailto:William.Mustain@UHhospitals.org


276

positive s urgeon experience. There is great enthu-
siasm among surgeons and patients for increased 
access to robotic surgery. 

 While the technological advantages of 
robotic surgery may help overcome some short-
comings of conventional laparoscopy, it is 
important to realize that there is a relatively 
small number of procedures in which the “limi-
tations” of laparoscopy are actually limiting. 
The benefi ts of the robot are best realized when 
working in confi ned spaces with limited visual-
ization, particularly when precise movements 
and complex maneuvers such as suturing and 
knot tying are required. This explains the over-
whelming application of the technology to pros-
tatectomy, as well as its growing presence in 
otolaryngology and cardiac surgery, where 
other minimally invasive options are unavail-
able. In these cases, this highly sophisticated 
and expensive piece of medical technology may 
allow surgeons to offer minimally invasive pro-
cedures that would otherwise not be possible. 
Advocates of robotic surgery for rectal cancer 
suggest that total mesorectal excision (TME), 
particularly in a narrow male pelvis, is an exam-
ple of such a procedure. On the contrary, chole-
cystectomy, hysterectomy, and segmental 
colectomy are routinely and effi ciently per-
formed laparoscopically with a high degree of 
success and excellent clinical outcomes. The 
growing application of robotics to procedures 
such as these calls into question the judgment of 
surgeons and hospital administrators alike. This 
situation is further complicated when “key 
opinion leaders” on robotic TME attempt to 
demonstrate advantages of the robot over rou-
tine laparoscopic colectomy. This perfunctory 
approach presents a credibility issue that may 
dampen the enthusiasm by all to adopt robotics 
for the diffi cult proctectomy, where it may truly 
be advantageous. 

 Before advocating for the expansion of RCS, 
we should review the facts. First, the use of the da 
Vinci robot has exploded across surgical special-
ties in recent years, largely driven by aggressive 
marketing. General surgery, including colorectal 
surgery, is one of the fastest growing segments of 

the robotic market. Secondly (contrary to sales 
pitches and marketing strategies) every aspect of 
robotic surgery, from the platform itself, to the 
service contract, to the instruments, is associated 
with a signifi cant expense. As neither private nor 
public payers increase reimbursement for use of 
the robot, these costs are borne by the institution 
[ 1 ]. In some settings, this is countered by the 
ability to offer an otherwise unavailable opera-
tion, but often this is simply the price of being 
modern. Third, minimally invasive approaches to 
colorectal surgery have been utilized for over 20 
years [ 2 ]. Laparoscopic colorectal surgery (LCS) 
has been proven to decrease length of stay, lower 
complication rates, and reduce hospital costs, 
while achieving equivalent oncologic outcomes 
[ 3 – 5 ]. The number of surgeons offering LCS is 
growing annually in community and teaching 
hospitals of all sizes [ 6 ]. Lastly, at present there 
are no large studies  suggesting that RCS is asso-
ciated with improved outcomes compared to 
c onventional LCS. There may be a benefi t of 
robotics in the treatment of rectal cancer, with 
recent studies showing lower conversion rates 
and similar oncologic outcomes for robotic TME 
compared to conventional laparoscopy [ 7 ,  8 ]. 
However, competent minimally invasive sur-
geons must resist the temptation of technology 
and the pressure from industry and administra-
tors to use da Vinci for all colorectal resections, 
just because they can. We must maintain 
perspective. 

23.1.1    Robotic Surgery is on the Rise 

 Sales of the da Vinci Surgical System and the 
prevalence of robotic surgery have increased dra-
matically in last decade. As of December 31, 
2013 Intuitive Surgical had installed 2966 da 
Vinci systems in over 2000 hospitals worldwide, 
including 2083 units in the United States and 
476 in Europe [ 9 ]. This is a more than threefold 
increase from the roughly 800 units installed by 
2007 [ 10 ]. More striking is that 1166 of these 
units were sold in 2012 and 2013 alone. In the 
last 10 years, over 1.5 million operations world-
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wide have been conducted with the use of the da 
Vinci system [ 11 ]. In 2013, an estimated 523,000 
robotic operations were performed, up 16 % 
compared to approximately 450,000 in 2012. 
This annual rate of growth was considered mod-
est in light of the overall 155 % increase since 
2009 [ 9 ,  10 ]. 

 Historically, the most common applications of 
the robot have been in urology and gynecology. 
According to market share data from Intuitive 
Surgical, in 2011, 83 % of prostatectomies in the 
United States were performed robotically [ 11 ]. 
Since its approval for use in gynecology in 2005, 
da Vinci has become a commonly utilized plat-
form for performance of benign hysterectomy. In 
a 6-year period, robotic hysterectomy has 
expanded to account for more than 25 % of the 
more than 600,000 hysterectomies performed 
annually in the United States [ 11 ,  12 ]. By com-
parison, over the same period the rate of laparo-
scopic hysterectomy remained stable at just over 
35 %. In recent years, there has been a substan-
tial increase in robotic use for abdominal proce-
dures, including cholecystectomy, foregut 
surgery, and colorectal surgery. In 2013, general 
surgery overtook urology as the second most 
common category of da Vinci use in the United 
States [ 9 ]. 

 The fi rst robotic-assisted colectomy was 
described by Weber et al. in 2002 [ 13 ]. Prior to 
2007 only fi ve series of more than ten patients 
appeared in the literature, focused primarily on 
segmental colectomy [ 14 – 18 ]. Specifi c data on 
the current frequency of RCS are limited but a 
recent analysis of the Premier Hospital Database 
found that, for minimally invasive segmental col-
ectomy performed between 2009 and 2011, the 
robotic approach was used for 548 out of 25,758 
cases (2.1 %) [ 19 ]. In data from the US 
Nationwide Inpatient Sample, the robotic 
approach was used for 0.9 % of all segmental col-
ectomies in 2010, but appears to be increasing at 
an exponential rate [ 20 ]. Based on the volume of 
publications in the literature, robotic TME for 
rectal cancer appears to be gaining more traction 
than robotic colectomy in recent years. Over 
1000 robotic pelvic dissections for rectal cancer 

have been described in the literature, with rectal 
resections outpacing colon resections since 2008 
[ 21 ,  22 ]. Clearly, robotic surgery is on the rise. 
The challenge is to remember that the robot is a 
highly sophisticated and very expensive tool, and 
not an exciting new toy. As such, not every opera-
tion, every surgeon, or even every hospital needs 
a robot.  

23.1.2     The Robot Is Expensive 

 Perhaps the most consistent fi nding in the exist-
ing literature on the surgical robot is the signifi -
cant increase in cost associated with its use. 
Turchetti et al. recently published a systematic 
review of the cost analysis literature on robotic 
vs. conventional laparoscopic surgery from 
2000 to 2010 [ 23 ]. One hundred percent of the 
articles analyzed, covering eight different pro-
cedures from four different specialties, found 
the robotic approach to be signifi cantly more 
expensive than conventional laparoscopy, 
despite most studies excluding the purchase and 
maintenance costs from their analyses. 
Regarding (RCS), Juo et al. recently reported 
data on segmental colectomy from the US 
Nationwide Inpatient Sample [ 20 ]. In a propen-
sity score-matched cohort, robotic colectomy 
was associated with signifi cantly higher per hos-
pital day ($3407 vs. $2617) and total hospital-
ization cost ($14,847 vs. $11,966) than 
laparoscopic colectomy. Interestingly, patients 
treated by robotics were more likely to have pri-
vate insurance and had a higher household 
income than patients treated by laparoscopic 
colorectal surgery or open colectomy. 

 Financial considerations of robotic surgery 
must include direct equipment costs, utilization 
costs, and revenue impact. Depending on the 
model and specifi cations, the da Vinci surgical 
system retails for between $1 and $2.5 million 
[ 23 ]. The cost of the system can be paid upfront 
or can be amortized over the fi rst 3000–6000 pro-
cedures performed on the machine. In addition to 
the direct cost of the platform, Intuitive Surgical 
requires an annual service agreement ranging 
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from $100,000 to $170,000 per year. The impact 
of these costs on an institution is often considered 
in light of the volume of robotic cases, where cost 
per case is calculated by dividing expenditures by 
number of robotic procedures performed. Lost in 
this equation, however, is the fact that no addi-
tional funds are collected on a per case basis 
when the robot is used, as Medicare and private 
insurers do not pay for a robot surcharge. Whether 
a hospital uses it for 5 cases or 500 cases, it will 
still pay roughly $3 million in the fi rst 5 years to 
own a robot. Considering that in 2010, 131 of the 
hospitals in the United States with a da Vinci 
robot had 200 beds or fewer [ 24 ], these upfront 
costs may be impossible to overcome by any 
potential increases in market share or procedure 
volume. 

 Even if the price of purchase and mainte-
nance of the robot is ignored, there is still a 
direct, measurable increase in cost per case due 
to consumables and utilization costs. The da 
Vinci system requires the use of proprietary, 
limited-use, disposable instruments, which are 
not covered under the service agreement. 
Intuitive Surgical    reports that for 2013 instru-
ments and accessories generated an average of 
$1980 in revenue per case, and over $1 billion 
annually [ 25 ], with future target revenue for 
instruments and accessories exceeding that of 
system and service revenue combined. 
Utilization costs associated with robotic surgery 
are diffi cult to calculate and variably reported, 
but most series report an increase in operating 
room times for robotic procedures compared to 
conventional laparoscopy owing to time spent 
docking and undocking the platform, as well as 
exchanging instruments [ 26 – 30 ]. Length of hos-
pital stay has been reported to be shorter after 
robotic surgery compared with open surgery, 
but no different than conventional laparoscopy 
[ 20 ,  31 ]. Rates of postoperative complications 
and readmission are not signifi cantly affected 
by use of the robot [ 18 ,  32 – 34 ]. The revenue 
impact of robot surgery must also be considered, 
including the effects on hospital volume, sur-
geon recruitment and retention, marketing, and 
public perception. These measures are diffi cult to 
calculate.  

23.1.3     Minimally Invasive Colorectal 
Surgery Is Accomplished Well 
by Conventional Laparoscopy 

 LCS has been shown by multiple randomized 
controlled trials to be safe and effective, with 
improved short-term outcomes when compared 
to open surgery. The use of laparoscopy results 
in decreased pain, faster recovery, less blood 
loss, and improved lymph node harvest when 
compared to open surgery. Not surprisingly, as a 
result of these benefi ts, (LCS) is associated with 
fewer postoperative complications [ 4 ]. 
Furthermore, (LCS) is associated with shorter 
hospital stays and, despite higher per day costs, 
an overall reduction in hospital costs compared to 
open surgery [ 20 ]. Oncologic outcomes of lapa-
roscopic resection for colorectal cancer have 
been proven to be equivalent to open surgery 
[ 35 – 37 ]. Consequently, (LCS) is now considered 
the gold standard for colon resection for benign 
and malignant disease. 

 After a prolonged period of adoption, met 
with some early resistance, the use of LCS is 
now steadily increasing. In the University Health 
System Consortium from 2008 to 2011, LCS 
was attempted in 42.2 % of colon resections, 
with a conversion rate of 15.8 %. During the 
study period, the rate of laparoscopic colon sur-
gery increased, while the rate of open surgery 
and conversion decreased [ 6 ]. In 2010, the 
Nationwide Inpatient Sample reported 48.3 % of 
all segmental colectomies were performed lapa-
roscopically [ 20 ]. General surgery resident 
experience with (LCS) has also increased dra-
matically in the last 10 years [ 38 ]. In a recent 
survey of graduating chief residents, 93 % 
reported feeling comfortable performing laparo-
scopic colectomy [ 39 ]. The American Board of 
Colon and Rectal Surgery and the Accreditation 
Council for Graduate Medical Education 
(ACGME) recently increased the minimum 
requirement for laparoscopic colorectal resec-
tions from twenty to fi fty, though specifi c 
requirements for disease process and type of 
resection are still lacking. As current and future 
generations of trainees enter practice, the rate of 
(LCS) will continue to increase. 
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 The learning curve for laparoscopic colec-
tomy has been studied extensively with varying 
results. Most authors agree that roughly 50 cases 
are required for a surgeon to reach full profi -
ciency [ 40 – 42 ]. Beyond this point, conversion 
rates and complications tend to reach a steady 
state, while ongoing reductions in operative time 
are realized with increased experience. The utili-
zation of a hand-assist device may shorten the 
learning curve and permit performance of LCS in 
challenging and complex cases, while retaining 
the benefi ts of laparoscopy [ 43 ,  44 ]. Much as it 
did for cholecystectomy in the 1990s, laparos-
copy is rapidly becoming the standard rather than 
the exception in segmental colectomy. In the era 
of value-based medicine, the use of expensive 
new technologies for procedures we already do 
well should be strongly discouraged in the 
absence of a proven benefi t.  

23.1.4     Data Showing Superiority 
of Robotics over Laparoscopy 
Are Lacking 

 The number and frequency of publications on 
RCS have increased dramatically in the last few 
years. The body of literature on RCS has grown 
from a few single-institution studies to include 
large meta-analyses [ 45 – 47 ], long-term onco-
logic follow- ups [ 8 ], and two, small randomized 
trials [ 48 ,  49 ]. Of more than 20 studies directly 
comparing robotics with LCS, only one has 
shown a signifi cant reduction in complications 
with the use of robotics. In a series of 113 low 
anterior resection (56 robotic vs. 57 laparoscopic 
colorectal surgeries) Baik et al. [ 50 ] reported 
serious complications in 5.4 % of robotic vs. 
19.3 % of laparoscopic resections ( P  = 0.025). 
The authors also found that conversion to open 
surgery (0.0 % vs. 10.5 %,  P  = 0.013) and meso-
rectal specimens graded as less than complete 
(7.1 % vs. 24.6 %,  P  = 0.033) occurred less 
frequently in the robotic group. While this low 
conversion rate is impressive and may highlight 
the true benefi t of RCS for low rectal dissections, 
nineteen other studies comparing RCS and lapa-
roscopic colorectal surgery have failed to show a 

signifi cant difference in conversion rates [ 51 ]. 
Furthermore, the serious complication rate of 
nearly twenty percent in the laparoscopic group 
is higher than expected in expert hands. 

 In the only prospective, randomized trial to date, 
Park et al. [ 49 ] examined short-term outcomes in 
70 patients with right-sided colon cancer random-
ized to robotic and laparoscopic right colectomies. 
The authors reported no difference in conversion, 
pain scores, time to resumption of diet, length of 
stay, lymph node harvest, or morbidity between the 
two groups. Use of the robot was associated with 
statistically signifi cant increases in operative time 
(195 min vs. 130 min,  P  < 0.001) and total costs 
($12,235 vs. $10,320,  P  = 0.013). The authors con-
cluded that RCS cannot be proposed as a routine 
approach for right colectomy. 

23.2  The Right Place for the Robot

The primary advantages of the da Vinci system 
are realized in procedures confi ned to a small 
space where improved exposure and intricate 
movements are required. Most minimally inva-
sive colorectal operations require operating in 
more than one region of the abdomen and typi-
cally do not require precision tasks like suturing 
and knot tying. For this reason, robotics offers 
little advantage in the minds of most advanced 
laparoscopists [ 52 ,  53 ]. The likely exception to 
this point may be for low rectal cancer in a male 
pelvis. As opposed to segmental colectomy, lapa-
roscopic TME in a narrow male pelvis is techni-
cally challenging even to experienced 
laparoscopists. In the CLASICC trial, which 
included both colon and rectal resections, conver-
sion rates for rectal cancer approached 35 %, 
with both male sex and rectal cancer identifi ed as 
risk factors for conversion [ 54 ]. In the United 
States, a limited number of centers possess both a 
suffi cient volume of rectal cancer and surgeons 
with advanced laparoscopic skills to consistently 
perform minimally invasive TME with low rates 
of conversion. The technological advantages 
offered by the da Vinci robotic system, especially 
the latest generation da Vinci Xi, may make the 
dissection slightly more favorable and allow 
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completion of the dissection in diffi cult cases 
where conversion rates are highest. Any tool that 
improves our ability to offer a minimally invasive 
operation, especially in the most challenging low 
rectal cancers should be considered. Data to sub-
stantiate this theory of improved performance for 
low rectal cancer with robotic surgery is lacking 
but will likely be published over the next 5 years.   

23.3     Is It for Everyone? 

 “Does the robot make sense for me?” is a diffi cult 
question asked by patients, surgeons, and hospi-
tal administrators alike. A discussion of the com-
plex healthcare economics infl uencing a hospital 
or Accountable Care Organization’s decision on 
whether or not to invest in a da Vinci robot is 
beyond the scope of this chapter. In today’s cli-
mate, it is much less likely that a physician group 
will have to make a decision on the purchase of a 
robot, than on whether or not to incorporate the 
use of a hospital-owned robot into their practice. 
Surgeons with prior experience in robotics will 
likely be drawn to positions offering access to the 
da Vinci system. As organizations seek to maxi-
mize the use of their robots to offset the cost, sur-
geons may be encouraged or even pressured to 
acquire robotic training and begin using the sys-
tem. With regard to (RCS), sound judgment is 
required to ensure that this expensive and spe-
cialized technology is utilized in a cost-effective 
manner, with an emphasis on quality rather than 
novelty. While each surgeon and circumstance is 
unique, we present four generalized, hypothetical 
surgeons who may be considering RCS, with our 
opinion on the appropriateness of RCS in their 
practices. In the sections that follow the term 
“colorectal surgeon” refers to a surgeon perform-
ing both colon and rectal resections, as opposed 
to one with specifi c board certifi cation. 

23.3.1     The Experienced Robotic 
Colorectal Surgeon 

 A surgeon who has had extensive experience 
with (RCS), who has already mastered the learn-
ing curve, will likely make meaningful use of the 

robot if given the opportunity. At present, a hand-
ful of surgical oncology fellowships and colorec-
tal residencies at specialized centers offer trainees 
a signifi cant exposure to robotic TME for rectal 
cancer. Surgeons trained in these programs will 
likely seek out or be recruited to institutions with 
easy access to the da Vinci system and are 
uniquely qualifi ed to build high-volume robotic 
rectal cancer practices early in their careers. Based 
on fellowship training, these surgeons can assem-
ble dedicated OR teams, streamline equipment 
pick sheets, and establish protocols to maximize 
effi ciency. Similarly, a surgeon who has already 
developed a robust robotic rectal cancer practice 
will be able to transfer these skills to a new insti-
tution if necessary. It is practical for surgeons 
with this level of experience, when working in a 
hospital that already owns a robot, to use the 
technology for this specifi c purpose. 

 Though unlikely, it is possible that in centers 
performing a high volume of robotic TME the 
application of robotics to segmental colectomy 
may bear some consideration. If highly effi cient 
systems are in place to streamline robotic surgery 
across the spectrum, it may become easier and 
more effi cient to use the robot for colectomy than 
to switch to conventional laparoscopy on a case-
by- case basis. Recognizing that this will result in 
a higher per-case cost to the institution, it may 
help to reinforce existing protocols and maxi-
mize effi ciency of all robotic surgery across the 
institution. However, for the reasons already 
stated, we fi nd it unlikely that an experienced and 
skilled laparoscopic surgeon will fi nd any advan-
tage in using the robot for routine colectomy.  

23.3.2     The Experienced Laparoscopic 
Colorectal Surgeon 

 For experienced surgeons routinely performing 
both colon and rectal operations laparoscopi-
cally, the adoption of robotics should be strongly 
scrutinized prior to consideration. In the hands 
of an expert surgeon, LCS is extremely safe and 
highly effi cient. With the refi nements of modern 
laparoscopic instrumentation, the da Vinci sys-
tem offers a few alluring features but little true 
advantage to profi cient laparoscopic surgeons. 
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For these surgeons the robot may be safe and 
feasible, as well as fun and exciting, but it is cer-
tain to be more expensive and time-consuming 
than a procedure they already do quite well. 
Akin to the general surgeon using the robot to 
remove a gallbladder, we must be careful not to 
let the lure of a new toy drive us away from what 
already works. 

 This is not to say that experienced laparosco-
pists should not endeavor to familiarize them-
selves with the robot for its potential application 
to the diffi cult proctectomy. Virtually, all of the 
learning-curve data on RCS originate from sur-
geons with extensive LCS experience, who have 
an expectedly easier transition to robotic surgery 
than laparoscopic novices. These surgeons are 
familiar with the visualization and surgical anat-
omy of the pelvis and will likely experience an 
easy transition to robotic surgery for selected 
cases. An example is the obese male with a low 
rectal cancer, in whom the risk of conversion is 
high. Also, learning the da Vinci system may 
facilitate minimally invasive multivisceral resec-
tions when collaborating with urologists and 
gynecologists who are robotically profi cient but 
lack advanced laparoscopic skills. However, 
unlike those surgeons who have chosen to make 
robotic TME their niche, the routine use of robot-
ics by experts in LCS will likely result in signifi -
cant increases in cost with no improvement in 
outcomes.  

23.3.3     The Laparoscopic Colon 
Surgeon Doing Open 
Proctectomy 

 While the prevalence of laparoscopic colectomy 
is increasing dramatically, the majority of TME 
for rectal cancer is still done by open low anterior 
resection. Laparoscopic TME has been proven in 
multiple randomized controlled trials (RCTs) to 
have similar oncologic outcomes to open TME 
[ 55 – 57 ], while reducing blood loss, surgical site 
infections, and length of stay [ 58 ]. However, 
adoption of laparoscopy for rectal cancer has 
been slow in the United States, and the majority 
of TME is still performed in an open fashion. 
Many skilled pelvic surgeons who have adopted 

and become profi cient in laparoscopic colectomy, 
still manage rectal cancer by open TME due to 
the technical challenges of the operation. The 
confi nes of the narrow pelvis, the limitations of 
conventional laparoscopic instruments, and the 
lack of a capable assistant may all be factors in a 
surgeon’s inability or unwillingness to offer lapa-
roscopic TME. For these surgeons, the robot may 
provide the additional tools necessary to make 
the jump to minimally invasive pelvic surgery. 
The ability to offer a previously unavailable, min-
imally invasive approach to proctectomy will 
benefi t patients in terms of postoperative pain, 
faster return to work, and lower perioperative 
complications, but may also benefi t the hospital 
by reducing length of stay and eventually increas-
ing volume of referrals. In this setting, the robot 
is a tool, which is complementary to the open and 
laparoscopic skills the surgeon already possesses 
and can help fi ll a specifi c need. We believe this 
scenario is one in which robotic surgery has the 
greatest potential to provide a meaningful 
benefi t.  

23.3.4     The Laparoscopic Colectomy 
Novice 

 Surgeons who perform exclusively open colec-
tomy and little or no pelvic surgery may view the 
robot as a way to ease the transition to minimally 
invasive colectomy. However, unlike in the 
 pelvis, where the challenges of tight confi nes, 
steep angles, and limited visualization can be 
overcome by the advantages of the robot, mini-
mally invasive colectomy requires broad, sweep-
ing movements in a larger, more dynamic fi eld. 
In this setting the shortcomings of the robot, par-
ticularly the lack of tactile feedback and physical 
isolation from the bedside assistant, make it a 
dangerous tool in the hands of an inexperienced 
operator. For those surgeons with good laparo-
scopic skills interested in transitioning to mini-
mally invasive colectomy, other options exist 
beyond the expensive and potentially hazardous 
leap to robotics. A number of laparoscopic colec-
tomy “mini-fellowships” are offered around the 
country every year, as well as courses at many of 
the major surgical meetings. For those with a 
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lower comfort level with laparoscopy, the use of 
a hand-assist device may provide a more com-
fortable bridge between open and laparoscopic 
colectomy. By providing greater tactile feedback, 
hand-assist shortens the learning curve for LCS 
and has been found to result in lower conversion 
rates as well as shorter operative times than con-
ventional laparoscopy [ 59 ,  60 ]. Regardless of the 
specifi c technique, we agree with most authors 
that a surgeon should acquire advanced laparo-
scopic skills before transitioning to the robot [ 61 ].   

23.4     When Is the Right Time 
to Learn? 

 Our belief is that RCS is primarily indicated for 
challenging rectal resections in the hands of well-
trained laparoscopic surgeons with a high degree 
of comfort with open TME. If this is to be the 
place of the robot in colorectal surgery, it is worth 
considering who should learn to use the robot and 
when. Studies show a high degree of comfort 
with LCS among graduating general surgery resi-
dents. Certainly, there is no reason why LCS 
should be restricted to those with specialized 
postgraduate training. The widespread adoption 
of LCS by general surgeons will be benefi cial to 
society as a whole as more patients will experi-
ence the benefi ts of this proven technique. On the 
contrary, RCS is a specialized technical approach 
for a specifi c subset of patients best treated by 
surgeons with a dedicated interest in complex 
pelvic surgery. 

 With the implementation of duty hour restric-
tions and the 80-h workweek, efforts must be 
made to maximize the operative experience in 
general surgery residency. The total operative 
volume of graduating residents has been on the 
decline and the comfort level with more complex 
procedures has suffered as a result. Many subspe-
cialties have opted for integrated programs to 
allow residents to narrow their focus at an earlier 
point in training and optimize the resident experi-
ence. As such, we believe there is no role for 
training in RCS during general surgery residency. 
While some exposure to the technology may 
facilitate a resident’s understanding of relevant 

anatomy and dissection planes, high volumes of 
RCS in residency will likely produce a trained 
bedside assistant who has less operative experi-
ence as the result of lost time. 

 The 1-year residency in colorectal surgery is 
designed to instruct fully trained general  surgeons 
in the comprehensive, expert care of diseases of 
the colon and rectum. With the advent of laparos-
copy, advanced endoscopic techniques, biologic 
therapies for IBD, high- resolution anoscopy, and 
other advanced technologies, the ability of train-
ing programs to successfully accomplish this 
goal has been tested. The core essentials of 
colorectal surgery (high quality TME, surgical 
management of IBD, and complex anorectal dis-
ease) are just as important today as they were 30 
years ago, but now must be taught alongside 
newer treatments in fewer man- hours. Not every 
colorectal surgeon will become a high-volume 
robotic rectal cancer surgeon, but every colorec-
tal surgeon should be an expert laparoscopist. For 
this reason, we feel that the mandatory incorpora-
tion of RCS into training programs for colorectal 
surgery should be strongly discouraged. Some 
training programs, many of them home to the 
authors of this book, perform high volumes of 
RCS. Trainees of these programs will benefi t 
from the expertise of their mentors, but program 
directors must be attentive that other essential 
skills are not overlooked by overemphasis on this 
specifi c technique. 

 We believe the ideal time for training in RCS 
is after colorectal residency, once a solid foun-
dation of high-quality pelvic surgery and LCS 
has been developed. At that point, surgeons who 
feel that the robot may improve their ability to 
offer minimally invasive rectal resection may 
seek specifi c training on the da Vinci platform. 
In a recent publication, Melich et al. [ 62 ] exam-
ined the learning curve of just such a surgeon, 
with fellowship training in open and laparo-
scopic surgery, who adopted the use of robotics 
for TME at the beginning of his academic career. 
This thorough review of Dr. Byung Soh Min’s 
detailed personal records provides an intricate, 
albeit anecdotal, look into the learning curve of 
robotic TME for a well-trained colorectal 
surgeon. 
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 In his fi rst ten cases, robotic TME took signifi -
cantly longer than laparoscopic, by nearly 2 hours. 
This was primarily attributable to longer extracor-
poreal time (port placement, docking, anastomosis, 
and closure) and slower splenic fl exure mobiliza-
tion. Inferior mesenteric artery (IMA) dissection 
and pelvic dissection times were only slightly lon-
ger at the outset. With increased e xperience, all 
phases of the operation became faster in both 
approaches, with the exception of extracorporeal 
time for laparoscopy. After 40 cases, operative 
times of robotic TME had dropped below that of 
laparoscopic, primarily due to a 60 % reduction in 
extracorporeal time. IMA dissection and splenic 
fl exure mobilization times became similar between 
the techniques, becoming more effi cient as case 
volume increased. At roughly 50 cases, the time 
required for pelvic dissection became signifi cantly 
shorter with the robotic approach and has remained 
so throughout his experience. Conversion rates 
were low with both approaches and no signifi cant 
difference in complications was observed. 

 Not every general surgery or colorectal resi-
dency is the same. Faculty members at various 
institutions have different interests and levels of 
expertise, which will invariably infl uence the 
experience of their trainees. As the number of 
surgeons trained in robotic surgery increases, 
exposure to RCS during training will likewise 
increase. However, with a limited time in which 
to master the ever-expanding “fundamentals” of 
their craft, general surgery and colorectal surgery 
residents must be strategically placed so as to 
maximize the number of procedures in which 
they are confi dent and competent. We feel that a 
heavy emphasis on robotics at any level of train-
ing may be sacrifi cing fundamentals in favor of 
fl ash. We believe that the ideal scenario is that in 
which a surgeon who has mastered the anatomy 
and the technique of open TME, who has a foun-
dation in LCS, applies these skills to the simulta-
neous development of laparoscopic and robotic 
skills for minimally invasive proctectomy. A sur-
geon with this foundation can expect successful 
outcomes and rapid progression with both 
approaches and will be equipped to utilize either 
approach as a tool toward accomplishing the goal 
of providing minimally invasive cancer care.  

23.5     Summary 

 The da Vinci surgical system is a technologically 
advanced surgical platform that may facilitate the 
minimally invasive performance of technically 
demanding operations in challenging anatomic 
locations. Despite this specialized indication, this 
sophisticated and costly equipment is increas-
ingly being utilized for procedures that are rou-
tinely performed by conventional laparoscopy. In 
the realm of colorectal surgery, the diffi culty 
encountered in performing laparoscopic TME for 
rectal cancer is a potential opportunity for 
improvement with the use of the surgical robot. 
Enthusiasm for the use of robotics across the 
spectrum of colorectal surgery must be tempered 
by a careful consideration of the current state of 
RCS. To put things in perspective, the use of 
robotic surgery is growing exponentially, driven 
largely by aggressive marketing on behalf of the 
manufacturer. The da Vinci robot is very expen-
sive and its use adds signifi cant costs to any oper-
ation. LCS is a safe and effi cient approach to 
benign and malignant diseases of the colon and 
rectum, and current data do not support an 
improvement in outcomes with the use of robotic 
surgery. Training in RCS and application of the 
technology should be restricted to experienced 
pelvic surgeons with a fundamental grasp of lap-
aroscopy, seeking to improve their success with 
minimally invasive rectal resection. The robot is 
not for everyone; the use of robotics for segmen-
tal colectomy and the requirement of mandatory 
robotic training during colorectal residency are 
not appropriate at this time.  

23.6     Key Points 

•     The use of robotic surgery is increasing rap-
idly across multiple specialties, despite sig-
nifi cantly higher costs and a lack of clinical 
evidence showing superiority to conventional 
laparoscopic techniques.  

•   Laparoscopic colorectal surgery is widely prac-
ticed and is associated with excellent clinical 
and oncologic outcomes. Use of the surgical 
robot has not been shown to improve clinical 
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outcomes compared to laparoscopic colorectal 
surgery and is associated with increased cost.  

•   TME for rectal cancer is a technically challeng-
ing operation in a confi ned location, which 
may benefi t from the improved visualization 
and precision movements provided by the da 
Vinci surgical system.  

•   Use of the da Vinci robot may facilitate com-
pletion of minimally invasive surgery for rec-
tal cancer in specialized centers, where a 
high-volume practice may justify the cost of 
the technology.  

•   Dedicated training in robotic colorectal sur-
gery is best undertaken during or after colorec-
tal fellowship by surgeons with a specifi c 
interest in minimally invasive rectal cancer 
surgery. Mandatory incorporation of robotic 
training into colorectal fellowship is not 
appropriate at this time.        
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