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v

 This is an exciting and urgently needed text that takes a comprehensive, critical approach to the 
latest developments in minimally invasive surgery for colon and rectal diseases, and does so in 
a highly practical fashion. The book highlights the important ideas of many of the most expe-
rienced and well-respected leaders in the fi eld from the USA and adds perspective from inter-
nationally respected surgeons from Japan and Europe. Drs. Ross, Lee, Mutch, Rivadeneira, 
and Steele form an all-star team of editors and contributors. They have clearly been leaders in 
colon and rectal surgery who continue to search for better outcomes for their patients and 
patients everywhere. 

 The book provides the reader with a format that will be of practical use on a day-by-day or 
case-by-case basis, since each chapter stands alone independently, and provides important 
technical details and highly useful illustrations and videos on procedures, as well as “pearls 
and pitfalls” at the conclusion of each chapter. 

 Important and controversial new techniques such as use of robotics and single-incision 
laparoscopic surgery (SILS) are addressed head on by experts in these techniques, and “stan-
dard” laparoscopic methods are also presented in various forms by surgeons who have per-
formed many hundreds of these procedures in their practice. 

 I have had the pleasure of watching many of the authors and editors of this important book 
hone their skills and judgment over many years. We are fortunate to experience their collective 
wisdom on tackling some of the most diffi cult intestinal surgical problems in a format that is 
easy to use and enjoyable. 

 This book is certain to fi nd an important place on the shelves of surgeons around the world 
who wish to keep current with the rapidly evolving fi eld of minimally invasive surgery for 
colon and rectal diseases. The editors should prepare themselves for future editions, as we 
readers will be looking for them to continue to defi ne the fi eld!!  

  New York, NY, USA     Jeffrey     Milsom, MD     

   Foreword    
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   “We should strive to welcome change and challenges, because they are what help us grow.” 

 H.G. Wells 

   Change is most often simply a matter of time, and in surgery that is no different. Large inci-
sions have frequently been replaced by small, and hands by graspers. The surgeon may now 
fi nd themselves away from the operative table, as open surgery is steadily transitioning to lapa-
roscopic and robotic techniques. Even traditional approaches to anorectal lesions have wit-
nessed a new paradigm. That is not to say that all changes are needed, or even welcome. Yet, 
the changes witnessed in the evolution of minimally invasive colorectal surgery have played a 
large role in both minimizing morbidity and maximizing outcomes. Change also brings certain 
challenges, and specifi cally, colorectal surgery presents its own unique set of trials. It is within 
this context that  Technique and Best Practices  examines the considerations, drawbacks, and 
advancements minimally invasive techniques have provided in the evaluation, management, 
and outcomes across a broad range of colorectal disease and procedures. 

 For some readers of this book, a minimally invasive approach to colorectal disease may add 
a new dimension to the management of these patients. For others, it is the opportunity to learn 
helpful tips, specifi cs about a certain procedure, or to fi ne-tune what has already become a 
routine part of their practice. Even if you have successfully overcome many of the technical 
challenges of minimally invasive surgery, the preoperative evaluation, perioperative decision- 
making, and management of postoperative complications can be demanding and consuming. 
Wherever you may be on this spectrum,  Technique and Best Practices  has something to offer. 
The underlying focus throughout the text is on providing pragmatic advice and reproducible 
techniques that can be readily implemented by surgeons of varying experience to successfully 
treat complex colorectal problems through minimally invasive methods. 

 Our author experts have years of experience with minimally invasive approaches to colorec-
tal disease, and in some cases, have been the pioneers in this fi eld. Despite extensive training 
and a wealth of clinical experience, many surgeons do not have the resources or volume to 
garner the skills and experience to feel completely comfortable with, or in some cases, master 
these techniques. In this text, our authors have cogently and equitably provided a unique, prac-
tical guide that covers the evaluation, step-by-step technical approach, and detailed manage-
ment techniques. Within each chapter, they focus on the details to help overcome the issues 
that make these procedures and disease processes challenging. Yet, this is more than a “how 
to” manual or an algorithm-based guide. 

 Our other aim with  Technique and Best Practices  was to understand the intricate thought 
process behind each author’s proposed technique and describe their personal insight as to why 
they approach a particular colorectal disease process or minimally invasive procedure a certain 
way. This abundant practical advice allows a concise depiction of a methodical, understand-
able approach to both straightforward and complex cases. Additionally, by providing separate 
chapters on the procedure and the disease process, we systematically provide both an overview 
as well as detailed portrayal of how a minimally invasive approach aids in the management of 
these patients. 

  Pref ace   
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 Since its conception, it has been our privilege and pleasure to work with this expert cohort 
of authors, as their individual contributions have come together to make a combined effort 
where the sum is defi nitely greater than the parts. We would like to personally thank each one 
of them for taking time away from their busy practices and families to share their knowledge, 
skill, and valuable insights regarding minimally invasive colorectal surgery. We are grateful for 
their candor in discussing both the positive aspects as well inherent limitations. It is our wish 
that  Technique and Best Practices  serves as a valuable resource for surgeons of all ages and 
expertise, and hope you will fi nd this as intriguing and helpful as we have. 

    Internet Access to Video Clip 

 The owner of this text will be able to access these video clips through Springer with the fol-
lowing Internet link:   http://www.springerimages.com/video/978-1-4939-1580-4.       

    Philadelphia, PA, USA Howard     M.     Ross, MD, FACS, FASCRS    
   New York, NY, USA Sang     W.     Lee, MD, FACS, FASCRS    
   St. Louis, MO, USA Matthew     G.     Mutch, MD, FACS, FASCRS    
   Huntington, NY, USA  David     E.     Rivadeneira, MD, MBA, FACS, FASCRS    
   Olympia, WA, USA Scott     R.     Steele, MD, FACS, FASCRS     

Preface

http://www.springerimages.com/videos/978-1-4939-1580-4


ix

 The completion of this textbook has been a dream of mine, but its production is truly the work 
of so many. I would like to thank my wife, who has always helped me to become everything I 
always wanted, my children, who make all work worthwhile, and my parents, uncle, in laws 
and teachers who were so generous with their love, time and support. Further, I would like to 
thank my many colleagues, friends and mentors in the American Society of Colon and Rectal 
Surgery who strive so hard to improve the care of those with colon and rectal disease. 

 Howard M. Ross, MD 

 I would like to acknowledge and thank many colleagues and friends for volunteering their pre-
cious time and expertise. I would like to thank our Developmental Editor at Springer, Elektra 
McDermott, for encouraging us throughout the writing of the textbook. I also would like to thank 
my mentors, Jeff Milsom and Larry Whelan for guiding and supporting me throughout my career. 
To my coeditors, Howard, David, Scott, and Matt, thank you for your hard work and friendship. 

 Finally, and most importantly, I would like to thank my wife, Crystal, for her support, 
encouragement and unwavering love; and my sons, Eric and Ryan, for making me a better 
person and making everything worthwhile. 

 Sang W. Lee, MD 

 To my parents for the giving me everything I needed to realize my goals. To my wife, Jennifer, 
for her unconditional love and support and to my children, Megan and Adam, for showing me 
the most important thing in life is family. To my coeditors for their dedication and tireless 
effort that has made my participation rewarding. To all of the authors for their contributions 
and mentorship to constantly improve the quality of our specialty. 

 Matthew Mutch, MD 

 To my parents, Eduardo and Manuela for teaching me to dream. To my wife, Anabela, for 
teaching me to love. And to my children, Sophia and Gabriella, for teaching me to laugh. To 
my fellow coeditors H.R., M.M., S.L., S.S., and surgical mentors throughout my career “If I 
have seen further it is by standing on the shoulders of giants”—Isaac Newton. 

 David E. Rivadeneira, MD 

  Acknowledgements  



x

 I would fi rst like to thank our outstanding Developmental Editor, Elektra McDermott, for her 
extraordinary efforts in overseeing this edition and ensuring its timely completion and thor-
oughness. I personally would like to thank my fellow editors for their tremendous vision and 
hard work throughout this entire process, as well as all of my mentors in colorectal surgery for 
guiding me and giving me such incredible opportunities. Finally, and most importantly, thank 
you to Michele and Marianna for supporting and encouraging me throughout this endeavor. 

 Scott R. Steele, MD  

Acknowledgements



xi

   Part I Preoperative   

    1     Perioperative Assessment .......................................................................................  3   
    Charlotte   Kvasnovsky     and     Andrea   Chao   Bafford    

     2     Patient Positioning, Instrumentation, and Trocar Placement ............................  15   
    Mehraneh   Dorna   Jafari,         Michael   J.   Stamos,     and     Steven   Mills    

     3     Surgical Anatomy ....................................................................................................  25   
    Todd   D.   Francone     and     Ron   G.   Landmann     

   Part II Procedures   

    4     Right Colectomy: Straight Laparoscopic .............................................................  53   
    Steven   Robert   Hunt    

     5     Right Colectomy: Hand-Assist ...............................................................................  61   
    Kirk   A.   Ludwig     and     Timothy   Ridolfi     

     6     Laparoscopic Sigmoidectomy/Left Colectomy .....................................................  71   
    Toyooki   Sonoda    

     7     Hand-Assisted Left Colectomy ..............................................................................  81   
    Steven   Lee-Kong     and     Daniel   L.   Feingold    

     8     Total Abdominal Colectomy: Straight Laparoscopic Approach ........................  89   
    Amanda   V.   Hayman     and     Eric   J.   Dozois    

     9     Total Abdominal Colectomy: Hand- Assisted Approach .....................................  103   
    Kiyokazu   Nakajima,         Tsunekazu   Mizushima,     and     Riichiro   Nezu    

     10     Operative Details of Laparoscopic Rectal Resection for Cancer ........................  111   
    Martin   R.   Weiser    

     11     Laparoscopic Hand-Assisted Low Anterior Resection ........................................  119   
    Govind   Nandakumar     and     Sang   W. Lee    

     12     Laparoscopic Abdominoperineal Resection .........................................................  131   
    Jennifer   S.   Davids     and     Justin   A.   Maykel    

     13     Laparoscopic Proctocolectomy ..............................................................................  143   
    David   A.   Etzioni     and     Tonia   M.   Young-Fadok    

     14     Laparoscopic Rectopexy .........................................................................................  155   
    Mia   DeBarros     and     Scott   R.   Steele    

     15     Minimally Invasive Approach for Stoma Creation ..............................................  169   
    Seth   I.   Felder,         Zuri   Murrell,     and     Phillip   Fleshner    

  Contents 



xii

     16     Laparoscopic Stoma Reversal ................................................................................  179   
    Emre   Gorgun    

     17     Laparoscopic Parastomal Hernia Repair .............................................................  189   
    Joshua   A.   Tyler     and     Matthew   G.   Mutch     

   Part III Technical Challenges and Tips   

    18     Overcoming Technical Challenges: The Abdomen ..............................................  201   
    Eric   K.   Johnson    

     19     Overcoming Technical Challenges: The Pelvis .....................................................  213   
    M.   Shane   McNevin    

     20     Overcoming Technical Challenges: Reoperative Surgery ...................................  221   
    Brian   R.   Englum,         M.   Benjamin   Hopkins,     and     John   Migaly    

     21     Overcoming Technical Challenges: 
Prevention and Managing Complications .............................................................  235   
    Bradley   R.   Davis     

   Part IV New Horizons   

    22     Single-Incision Laparoscopic Approaches to Colorectal Disease .......................  249   
    Virgilio   George     

    23     Natural Orifice Surgery (NOTES).........................................................................  263   
    Mark   H.   Whiteford    

     24     Robotic Surgery ......................................................................................................  273   
    Mehraneh   Dorna   Jafari,         David   E.   Rivadeneira,     and     Alessio   Pigazzi    

     25     Transanal Minimally Invasive Surgery (TAMIS): 
Operative Technique, Pitfalls, and Tips ................................................................  283   
    Francisco   Quinteros,         Kumaran   Thiruppathy,     and     Matthew   R.   Albert    

     26     Combined Endo-Laparoscopic Surgery (CELS) .................................................  293   
    Kelly   A.   Garrett     and     Sang   W.   Lee     

   Part V Special Situations   

    27     Emergent Laparoscopic Colorectal Surgery ........................................................  303   
                 Rodrigo Pedraza and Eric M. Haas     

     28     Laparoscopy in the Elderly Patient .......................................................................  309   
    Joshua   I.   S.   Bleier     and     Brian   R.   Kann    

     29     Laparoscopic Colectomy in the Obese Patient .....................................................  321   
    Arida   Siripong     and     H.   David   Vargas    

     30     Minimally Invasive Surgery in Crohn’s Disease Patients ....................................  337   
    Chang   Sik   Yu    

     31     Minimally Invasive Surgery in Ulcerative Colitis Patients .................................  345   
    Marco   E.   Allaix     and     Alessandro   Fichera    

     32     Minimally Invasive Approaches to Colon and Rectal Diseases: 
Technique and Best Practices—Pediatrics ............................................................  357   
    Eric   J.   Krebill     and     Daniel   J.   Robertson    

Contents



xiii

     33     Laparoscopy in Pregnant Patients .........................................................................  373   
    Melissa   M.   Alvarez-Downing     and     David   J.   Maron    

     34     Economics of Laparoscopic Colectomy.................................................................  381   
    Anthony   J.   Senagore    

     35     Outcomes of Laparoscopic Surgery ......................................................................  385   
    Jennifer   Leahy     and     Rocco   Ricciardi     

   Part VI Conclusions   

    36     Future Directions in Minimally Invasive Surgery ................................................  399   
    Howard M.   Ross     and     Matthew   Miller   Philp    

   Index .................................................................................................................................  407     

Contents



     



xv

        Matthew     R.     Albert, MD, FACS, FASCRS        Department of Colorectal Surgery, Center for 
Colon and Rectal Surgery  ,  Orlando ,  FL ,  USA     

      Marco     E.     Allaix, MD        Department of Surgery ,  University of Pritzker School of Medicine 
Chicago  ,  Chicago ,  IL ,  USA     

      Melissa     M.     Alvarez-Downing, MD        Department of Colorectal Surgery ,  Cleveland Clinic 
Florida  ,  Weston ,  FL ,  USA     

         Andrea     Chao     Bafford, MD, FACS        Section of Colon and Rectal Surgery, Division of General 
and Oncologic Surgery, Department of Surgery ,  University of Maryland School of Medicine  , 
 Baltimore ,  MD ,  USA     

      Joshua     I.    S.     Bleier, MD, FACS, FASCRS        Division of Colon and Rectal Surgery, Pennsylvania 
Hospital ,  University of Pennsylvania  ,  Philadelphia ,  PA ,  USA     

      Jennifer     S.     Davids, MD        Division of Colorectal Surgery of Colon and Rectal Surgery , 
 University of Massachusetts Memorial Hospital Center  ,  Worcester ,  MA ,  USA     

      Bradley     R.     Davis, MD        Department of Surgery ,  University of Cincinnati Medical Center  , 
 Cincinnati ,  OH ,  USA     

      Mia     DeBarros, MD        Department of Surgery ,  Madigan Army Medical Center  ,  Fort Lewis ,  WA , 
 USA     

      Eric     J.     Dozois, MD        Division of Colon & Rectal Surgery, Department of Surgery ,  Mayo 
Clinic  ,  Rochester ,  MN ,  USA     

      Brian     R.     Englum, MD        Department of Surgery ,  Duke University Medical Center  ,  Durham , 
 NC ,  USA     

      David     A.     Etzioni, MD, MSHS        Division of Colon and Rectal Surgery ,  Mayo Clinic College 
of Medicine  ,  Phoenix ,  AZ ,  USA     

      Daniel     L.     Feingold, MD        Department of Surgery ,  New York Presbyterian Hospital, 
Columbia University  ,  New York ,  NY ,  USA     

      Seth     I.     Felder, MD        Department of Colon and Rectal Surgery, Cedars-Sinai Medical Center  , 
 Los Angeles ,  CA ,  USA     

      Alessandro     Fichera, MD        Department of Surgery ,  University of Washington Medical 
Center  ,  Seattle ,  WA ,  USA     

      Phillip     Fleshner, MD        Department of Colon and Rectal Surgery ,  Cedars-Sinai Medical Center  , 
 Los Angeles ,  CA ,  USA     

      Todd     D.     Francone, MD, MPH        Department of Colon and Rectal Surgery, Lahey Health and 
Medical Center, Lahey Hospital and Medical Center ,  Tufts University Medical Center  , 
 Burlington ,  MA ,  USA     

  Contributors 



xvi

      Kelly     A.     Garrett, MD, FACS, FASCRS        Section of Colon and Rectal Surgery, Department of 
General Surgery, New York Presbyterian Hospital ,  Weill Cornell Medical College  ,  New York , 
 NY ,  USA     

      Virgilio     George, MD        Associate Professor of Surgery, Indiana University School of Medicine, 
Department of Surgery ,  Richard L. Roudebush VA Medical, Center  ,  Indianapolis ,  IN ,  USA     

      Emre     Gorgun, MD, FACS        Department of Colon and Rectal Surgery, Digestive Disease 
Institute ,  Cleveland Clinic  ,  Cleveland ,  OH ,  USA     

      Eric     M.     Haas, MD, FACS, FASCRS        Division of Minimally Invasive Colon and Rectal 
Surgery, Department of Surgery ,  The University of Texas Medical School at Houston  ,  Houston , 
 TX ,  USA     

      Amanda     V.     Hayman, MD, MPH        Division of Colon & Rectal Surgery, Department of 
Surgery ,  Mayo Clinic  ,  Rochester ,  MN ,  USA     

      M.     Benjamin     Hopkins, MD.        Department of Surgery ,  Duke Raleigh Hospital  ,  Raleigh ,  NC ,  USA     

      Steven     Robert     Hunt, MD        Department of Surgery ,  Barnes-Jewish Hospital  ,  St. Louis ,  MO , 
 USA     

      Mehraneh     Dorna     Jafari, MD        Department of Surgery, University of California ,  Irvine School 
of Medicine  ,  Orange ,  CA ,  USA     

      Eric     K.     Johnson, MD, FACS, FASCRS        Associate Professor of Surgery ,  Uniformed Services 
University of the Health Sciences and Madigan Army Medical Center  ,  Joint Base Lewis-
McChord ,  WA ,  USA     

      Brian     R.     Kann, MD, FACS, FASCRS        Division of Colon and Rectal Surgery ,  Pennsylvania 
Hospital, University of Pennsylvania  ,  Philadelphia ,  PA ,  USA     

      Eric     J.     Krebill, MD        Department of General Surgery Residency ,  Michigan State University  , 
 Grand Rapids ,  MI ,  USA     

      Charlotte     Kvasnovsky, MD, MPH        Department of Colorectal Surgery, King’s College 
Hospital ,  University of Maryland School of Medicine  ,  Baltimore ,  MD ,  USA     

      Ron     G.     Landmann, MD, FACS, FASCRS        Department of Colon and Rectal Surgery ,  Mayo 
Clinic  ,  Jacksonville ,  FL ,  USA     

      Jennifer     Leahy, BA, MS        Department of Colon and Rectal Surgery ,  Lahey Clinic  ,  Burlington , 
 MA ,  USA     

      Sang     W.     Lee, MD, FACS, FASCRS        Division of Colon and Rectal Surgery, Department of 
Surgery ,  Weill-Cornell Medical College, New York Presbyterian Hospital  ,  New York , 
 NY ,  USA     

      Steven     Lee-Kong, MD        Department of Surgery ,  New York Presbyterian Hospital, Columbia 
University  ,  New York ,  NY ,  USA     

      Kirk     A.     Ludwig, MD        Division of Colorectal Surgery, Department of Surgery ,  Medical 
College of Wisconsin  ,  Milwaukee ,  WI ,  USA     

      David     J.     Maron, MD, MBA        Department of Colorectal Surgery ,  Cleveland Clinic Florida  , 
 Weston ,  FL ,  USA     

      Justin     A.     Maykel, MD        Division of Colorectal Surgery of Colon and Rectal Surgery , 
 University of Massachusetts Memorial Hospital Center  ,  Worcester ,  MA ,  USA     

      M.     Shane     McNevin, MD        Sacred Heart Hospital  ,  Spokane ,  WA ,  USA     

Contributors



xvii

      John     Migaly, MD        Department of Surgery ,  Duke University Medical Center  ,  Durham ,  NC , 
 USA     

      Steven     Mills, MD        Department of Surgery, Division of Colorectal Surgery ,  University of 
California, Irvine School of Medicine  ,  Orange ,  CA ,  USA     

      Jeffrey     Milsom, MD        Center for Advanced Digestive Care, New York Presbyterian Hospital/
Cornell ,  Weill Cornell Medical College  ,  New York ,  NY ,  USA     

      Tsunekazu     Mizushima, MD, PhD        Department of Gastroenterological Surgery ,  Osaka 
University Graduate School of Medicine  ,  Suita ,  Osaka ,  Japan     

      Zuri     Murrell, MD        Department of Colon and Rectal Surgery ,  Cedars-Sinai Medical Center  , 
 Los Angeles ,  CA ,  USA     

      Mathew     G.     Mutch, MD, FACS, FASCRS        Section of Colon and Rectal Surgery, Barnes-
Jewish Hospital ,  Washington University of Medicine  ,  St. Louis ,  MO ,  USA     

      Kiyokazu     Nakajima, MD, FACS        Department of Gastroenterological Surgery ,  Osaka 
University Graduate School of Medicine, Suita  ,  Osaka ,  Japan     

      Govind     Nandakumar, MD        Division of Colon and Rectal Surgery, Department of Surgery , 
 Weill Cornell Medical School  ,  New York ,  NY ,  USA     

      Riichiro     Nezu, MD, PhD        Department of Surgery ,  Nishinomiya Municipal Central Hospital  , 
 Nishinomiya ,  Hyogo ,  Japan     

      Rodrigo     Pedraza, MD        Division of Minimally Invasive Colon and Rectal Surgery, Department 
of Surgery ,  The University of Texas Medical School at Houston  ,  Houston ,  TX ,  USA     

      Matthew     Miller     Philp, MD        Division of Colon and Rectal Surgery, Department of Surgery , 
 Temple University Hospital  ,  Philadelphia ,  PA ,  USA     

      Alessio     Pigazzi, MD, PhD        Colorectal Surgery, University of California, Irvine Medical 
Center    ,  Orange ,  CA ,  USA     

      Francisco     Quinteros, MD        Department of Colorectal Surgery ,  Center for Colon and Rectal 
Surgery  ,  Orlando ,  FL ,  USA     

      Rocco     Ricciardi, MD, MPH        Department of Colon and Rectal Surgery ,  Lahey Clinic  , 
 Burlington ,  MA ,  USA     

      Timothy     Ridolfi , MD           Division of Colorectal Surgery, Department of Surgery ,  Medical 
College of Wisconsin  ,  Milwaukee ,  WI ,  USA     

      David     E.     Rivadeneira, MD, MBA, FACS, FASCRS        North Shore-LIJ Health System, 
Huntington Hospital, Hofstra University School of Medicine  ,  Huntington ,  NY ,  USA     

      Daniel     J.     Robertson, MD        Department of Pediatric Surgery ,  Helen Devos Children’s Hospital  , 
 Grand Rapids ,  MI ,  USA     

      Howard     M.     Ross, MD, FACS, FASCRS        Division of Colon and Rectal Surgery, Department 
of Surgery ,  Temple University Health System  ,  Philadelphia ,  PA ,  USA     

      Anthony     J.     Senagore, MD, MS, MBA        Department of Surgery ,  Central Michigan University, 
School of Medicine  ,  Saginaw ,  MI ,  USA     

      Arida     Siripong, MD        Department of Colon and Rectal Surgery ,  Ochsner Clinic  ,  New Orleans , 
 LA ,  USA     

      Toyooki     Sonoda, MD        Section of Colon and Rectal Surgery, New York Presbyterian Hospital , 
 Weill College of Cornell University  ,  New York ,  NY ,  USA     

Contributors



xviii

      Michael     J.     Stamos, MD        Department of Surgery, Division of Colorectal Surgery ,  University 
of California, Irvine School of Medicine  ,  Orange ,  CA ,  USA     

      Scott     R.     Steele, MD, FACS, FASCRS        University of Washington    ,  Seattle ,  WA ,  USA   

  Department of Surgery, Madigan Army Medical Center  ,  Fort Lewis ,  WA ,  USA     

      Kumaran     Thiruppathy, FRCS, MBBS, MPhil, BSc        Department of Colorectal Surgery, 
Center for Colon and Rectal Surgery ,  Florida Hospital Orlando  ,  Orlando ,  FL ,  USA

Department of Colorectal Surgery, Colchester General Hospital, UK     

      Joshua     A.     Tyler, MD        Chief, Colon and Rectal Surgery ,  Department of General Surgery 
Keesler Medical Center  ,    MS ,  USA     

      H.     David     Vargas, MD, FACS, FASCRS        Department of Colon and Rectal Surgery ,  Ochsner 
Clinic  ,  New Orleans ,  LA ,  USA     

      Martin     R.     Weiser, MD        Department of Surgery, Memorial Sloan Kettering Cancer Center , 
 Cornell Weill Medical College, Cornell University  ,  New York ,  NY ,  USA     

      Mark     H.     Whiteford, MD, FACS, FASCRS        Gastrointestinal and Minimally Invasive Surgery 
Division ,  The Oregon Clinic  ,  Portland ,  OR ,  USA

Providence Cancer Center, Portland, OR, USA

Oregon Health & Science University, Portland, OR, USA     

      Tonia     M.     Young-Fadok, MD, MS, FACS, FASCRS        Division of Colon and Rectal Surgery , 
 Mayo Clinic College of Medicine  ,  Phoenix ,  AZ ,  USA     

      Chang     Sik     Yu, M.D, PhD        Department of Colon & Rectal Surgery ,  Asan Medical Center, 
University of Ulsan College of Medicine  ,  Seoul ,  South Korea      

Contributors



   Part I 

   Preoperative        



3H.M. Ross et al. (eds.), Minimally Invasive Approaches to Colon and Rectal Disease: Technique and Best Practices,
DOI 10.1007/978-1-4939-1581-1_1, © Springer Science+Business Media New York 2015

         Key Points 
•   Pneumoperitoneum    leads to increased cardiac preload 

and afterload, hypotension, increased airway pressures, 
increased end-tidal CO 2 , and decreased urine output.  

•   Laparoscopic colorectal surgery is associated with 
decreases in postoperative pain, ileus, length of hospital 
stay, and wound complications, and improved cosmesis 
when compared to open surgery.  

•   Oncologic outcomes and IBD recurrence rates are similar 
after laparoscopic and open colectomy.  

•   Routine laboratory studies are recommended prior to lap-
aroscopic colorectal surgery. More intensive cardiopul-
monary testing should be reserved for symptomatic 
patients and those with signifi cant risk factors.  

•   Laparoscopic surgery can be safely performed in elderly 
and obese patients as well as in certain cases of emer-
gency and reoperative surgery.  

•   Bowel preparation should generally be used in order to 
improve maneuverability of the bowel and to allow for 
intraoperative endoscopy.  

•   Colorectal tumors should be localized with 4-quadrant 
tattooing and Crohn’s lesions with imaging and endos-
copy prior to surgery.  

•   Patients should be securely positioned with arms tucked 
and legs apart (for left colon and rectal procedures).  

•   Judicious fl uid administration, early feeding and mobili-
zation, and minimization of narcotics should be part of 
postoperative care.    

   Physiologic Effects of Laparoscopy 

 Pneumoperitoneum is the sine qua non of laparoscopic sur-
gery. Insuffl ation of the abdomen has both mechanical and 
physiologic effects. These changes become especially rele-
vant in colorectal surgery, where positioning varies steeply 
over the course of operations. Colorectal operations may also 
be prolonged, which can further amplify effects. 

 Although less than ideal, carbon dioxide (CO 2 ) is currently 
the primary gas being used in laparoscopic surgery. The ideal 
gas would be noncombustible, colorless, and have limited 
physiologic effects. Because electrocautery is commonly used 
in laparoscopic surgery, combustible gases are absolutely con-
traindicated [ 1 ]. This precludes the use of oxygen, room air 
(which is 21 % oxygen), and nitrous oxide. Meanwhile, 
helium and argon as inert gases would fulfi ll the requirement 
of nonfl ammability; however, they have lower thresholds for 
toxicity. CO 2  remains the gas of choice. Transperitoneal 
absorption of CO 2  results in increased dissolved CO 2  in the 
blood, which can create a mild acidosis and hypercapnia. 

 Pneumoperitoneum causes further physiologic effects that 
may infl uence decision-making in colorectal surgery. The 
majority of these changes will be well tolerated in ASA I and 
II patients (Table  1.1 ). For those with higher ASA grades, the 
effect is highly variable and often more problematic.

     Cardiovascular Effects 

 There are many cardiovascular and hemodynamic changes 
during laparoscopic surgery as well as concomitant changes 
with positioning (Table  1.2 ). These do not usually affect 
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cardiac output in healthier patients but can be important in 
patients with preexisting cardiovascular disease [ 2 ]. Important 
changes include hypotension, decreased preload, and increased 
afterload. Pneumoperitoneum results in decreased venous 
return, decreased right-sided heart fi lling, and decreased cardiac 
output, resulting in the potential for hypotension if systemic 
vascular resistance cannot compensate.

      Pulmonary Effects 

 The respiratory changes seen in laparoscopic surgery result 
from a combination of the mechanical effects of pneumoperi-
toneum, patient positioning, and carbon dioxide absorption. 

Mechanical effects relate to displacement of the lungs due to 
increased intra-abdominal pressure. As the diaphragm is 
 elevated, increases in peak inspiratory pressure, plateau pres-
sures, and end-tidal CO 2  are seen [ 3 ]. Lung compliance may 
decrease by as much as half during laparoscopy [ 4 ]. 

 Carbon dioxide is continually added during insuffl ation; 
therefore, it continuously dissolves in blood, increasing 
a rterial and alveolar CO 2 . This increase in alveolar carbon 
dioxide is routinely monitored intraoperatively by following 
end-tidal carbon dioxide levels. Hypercarbia can usually be 
counteracted by an increasing respiratory rate; however, with 
prolonged cases, steep positioning, and underlying pulmo-
nary disease, it can be diffi cult to manage.  

   Renal Effects 

 Laparoscopic surgery is associated with decreased urine 
 output. In part, this is secondary to the negative effect of 
pneumoperitoneum on renal blood fl ow. This can be exacer-
bated by bowel preparation, which depletes intravascular 
volume even before the operation begins. While a normal 
goal for urine output is 1–2 ml/kg/h, this should be halved in 
laparoscopy [ 5 ]. This decrease, does not affect renal function 
postoperatively. It is important to ensure that anesthesia pro-
viders (especially those in training) are aware of this effect, 
such that excess intraoperative fl uid administration which 
may cause untoward effects postoperatively can be avoided.   

   Benefi ts of Laparoscopy 

 Laparoscopic colorectal surgery has grown in prevalence 
since the fi rst described laparoscopic colectomy in 1991. 
As of 2006, approximately one in three elective colorectal 
operations is being performed laparoscopically [ 6 ] and likely 
approaching 50 % currently. 

 Evidence now shows that laparoscopic surgery is safe in 
benign disease. Patients have faster recoveries, shorter length 
of hospital stay, decreased ileus [ 7 ], and lower morbidity fol-
lowing laparoscopic surgery [ 7 – 10 ]. This is true for such var-
ied operations as rectopexy for rectal prolapse [ 10 ] and 
elective resection for diverticular disease. Indeed, in a ran-
domized controlled trial of elective surgery for diverticulitis, 
patients undergoing laparoscopic surgery had lower incidence 
of major complications, such as anastomotic leak, intra-
abdominal bleeding, abscess, and evisceration [ 11 ]. Biomarker 
studies have also pointed to decreased surgical trauma follow-
ing laparoscopic compared to open colectomy [ 12 ]. 

 Patients with infl ammatory bowel disease are also ideal 
candidates for laparoscopic surgery, though these procedures 
may be some of the most technically challenging. Benign 
conditions do not require extended lymphadenectomy or 

   Table 1.1    American Society of Anesthesiologists (ASA) grades   

 ASA 
grade  Status 

 Absolute 
mortality (%) 

 1  Normal healthy patient  0.1 
 2  Mild systemic disease or patient 

over 80 years old 
 0.2 

 3  Systemic disease that causes defi nite 
functional limitation on life 

 1.8 

 4  Severe systemic disease that is a constant 
threat to life 

 7.8 

 5  Moribund patient unlikely to survive 24 h 
without surgery 

 9.4 

   Table 1.2    Summary of physiologic effects with pneumoperitoneum 
and positioning   

 Pneumoperi-
toneum 

 Magnifi ed in 
Trendelen-burg 

 Magnifi ed in 
reverse 
Trendelenburg 

  Cardiovascular changes  
 Systemic vascular 
resistance (SVR)  Increases  Yes 
 Central venous 
pressure (CVP)  Increases  Yes 
 Mean arterial 
pressure (MAP)  Decreases  Yes 
 Cardiac output (CO)  Decreases  Yes 
  Respiratory changes  
 Airway resistance  Increases 
 Pulmonary capillary 
wedge pressure 
(PCWP)  Increases  Yes 
 Functional residual 
capacity (FRC)  Decreases  Yes 
 Chest wall 
compliance  Decreases 
  Renal changes  
 Renal function  Decreases 
 Urine output  Decreases 

  Acid–base changes  
 Respiratory 
acidosis 
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wide mesenteric excision. Furthermore, patients are often 
young and undergo multiple procedures over their life-
time. They are highly likely to benefi t from the decreased 
adhesions and improved cosmesis following laparoscopic 
surgery. This has been borne out in laparoscopic ileocecal 
resection for Crohn’s disease [ 13 ], where a meta-analysis 
showed decreased morbidity and shorter hospital stay. 
Randomized trials have shown similar rates of recurrent 
 disease and better body image in patients postoperatively 
[ 14 ]. A Cochrane review of laparoscopic ileal pouch-anal 
anastomosis (IPAA) for ulcerative colitis, however, found 
little difference with regard to overall morbidity [ 15 ]. 
Operative times were longer when IPAA was performed 
laparoscopically, and unlike all other laparoscopic 
colorectal operations, hospital stays were the same as in 
open surgery. 

 There is now level 1 evidence to support laparoscopy in 
surgery for colon cancer [ 16 ]. The COST non-inferiority 
randomized trial demonstrated similar overall survival and 
recurrence rates between open and laparoscopic surgery [ 17 ]. 
In addition to equivalent oncologic outcomes, multiple clini-
cal trials have now also consistently shown lower periopera-
tive mortality, fewer wound complications, less blood loss, 
and reduced postoperative pain scores with a reduction in 
narcotic requirements after laparoscopic surgery [ 18 – 21 ]. In 
spite of early concerns over port-site metastasis, cancer 
recurrence in wounds is similar to the 0–1 % seen in open 
surgery [ 17 ,  19 ]. 

 Laparoscopic surgery for rectal cancer is often even more 
technically challenging and may be best recommended only in 
a clinical trial setting until we await further data [ 22 ]. Several 
trials are ongoing to provide more high-quality data on out-
comes following laparoscopic rectal surgery for cancer 
(COLOR II, JCOG 0404, ACOSOG Z6051). Early data sug-
gests similar oncologic outcomes in experienced hands [ 23 ]. 

 In sum, previous concerns over the safety of laparoscopic 
surgery for both benign and malignant conditions have been 
dispelled. We anticipate that the rates of laparoscopic sur-
gery will continue to grow over the coming years.  

   Preoperative Evaluation for Elective Patients 

 Proper preoperative patient assessment is the fi rst step in 
improving outcomes following laparoscopic colorectal sur-
gery. While there are many similarities between the preoper-
ative evaluation of patients for laparoscopic and open surgery, 
nuances do exist. Decisions for preoperative testing and eval-
uation should be made in conjunction with the anesthesiol-
ogy staff, medical physicians, and the surgeon. Laparoscopic 
colorectal surgery will generally be performed under general 
anesthesia with endotracheal intubation; patients must there-
fore be able to tolerate a general anesthetic. 

 Increasing evidence is supporting laparoscopy in 
e mergency colorectal surgery patients. In these patients, a 
thorough preoperative evaluation may not be possible 
(see below—“Special Patient Populations”), yet even a 
brief  evaluation can often identify risk factors for periop-
erative comorbidity that can be closely monitored and 
intervened upon. 

   Laboratory Testing 

 Anesthesiologists have mixed opinions regarding the need 
for specifi c preoperative laboratory screening, as there is lit-
tle controlled data to support guidelines [ 24 ]. In general, all 
patients undergoing an abdominal surgery should have rou-
tine laboratory tests drawn, including hemoglobin, serum 
chemistry, and coagulation studies. Women of childbearing 
age must have a urine pregnancy test. For patients with 
colorectal malignancies, a CEA level should be drawn prior 
to defi nitive surgery as levels may be followed postopera-
tively to monitor for recurrence. 

 The American Diabetes Association recommends pre-
operative screening for diabetes in overweight patients 
(BMI ≥ 25) with one additional risk factor, such as hyper-
tension, family history, or inactivity [ 25 ]. Some experts sug-
gest a fasting blood glucose level drawn on the morning of 
surgery [ 26 ]. We prefer to screen patients prior to the day of 
surgery. 

 There is some evidence to support checking random hemo-
globin A1C levels in patients without diabetes. For instance, 
one study found that nondiabetic patients with a preoperative 
hemoglobin A1C above 6.0 were more likely to have compli-
cations after major colorectal surgery [ 27 ]. Additionally, the 
stress of surgery may unmask borderline diabetic (i.e., insulin 
resistant) patients, signifi cantly affecting their ability to con-
trol glucose levels, postoperatively.  

   Cardiac Evaluation 

 Cardiac evaluation may be advisable for patients with known 
cardiac or other systemic diseases. There is limited evidence 
to support routine preoperative electrocardiogram in patients 
without documented coronary artery disease or other risk 
factors for cardiac disease, such as peripheral arterial disease 
and cerebrovascular disease [ 25 ,  28 ]. 

 All laparoscopic colorectal procedures are considered of 
intermediate risk. In such cases, the American Heart 
Association (AHA) recommends stress testing only in 
patients with an active cardiac condition, designated AHA 
class I. This includes patients with unstable or severe angina, 
recent myocardial infarction, decompensated heart failure, 
signifi cant arrhythmia, or severe valvular disease [ 25 ]. 
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 Additionally, AHA class II patients may require cardiac 
stress testing if the testing will change management. This 
includes patients with intermediate risk factors, such as a his-
tory of ischemic heart disease, prior heart failure, cerebro-
vascular disease, diabetes mellitus, and/or renal insuffi ciency. 
For patients in whom the decision for stress testing is unclear, 
it may be best to discuss planning with the anesthesia staff 
that will be performing the operation. Although recent 
 evidence shows increasing overuse of preoperative stress 
testing resulting in higher costs, [ 29 ] it is incumbent on the 
surgery team to identify patients at risk and evaluate them 
properly.  

   Pulmonary Evaluation 

 Current guidelines do not support preoperative pulmonary 
function testing in patients without evidence of preexisting 
lung disease for non-thoracic surgery [ 30 ]. Patients with 
chronic obstructive pulmonary disease (COPD) or other pul-
monary disorders should be considered for spirometry prior 
to surgery. Further testing should be based on the results and 
degree of dysfunction. Patients on steroid inhalers and bron-
chodilators should be identifi ed to ensure that these medica-
tions are taken as scheduled perioperatively.   

   Special Patient Populations 

 There is no patient population in whom laparoscopic surgery 
has been proven unsafe. One study even suggests equivalent 
outcomes in the hemodynamically unstable patient [ 31 ], 
long considered an absolute contraindication to laparoscopy. 
There are, however, special patient populations and situa-
tions to consider. 

   The Elderly 

 Elderly patients may be the least able to tolerate the increased 
operative times seen in laparoscopic surgery, as they more 
often have diminished cardiopulmonary reserve. Preoperative 
cardiovascular evaluation in these patients should be carried 
out according to the AHA guidelines described above. 
Noninvasive testing may also be considered in elderly patients 
with poor functional capacity if it will change management 
[ 25 ]. Studies have shown similar postoperative outcomes in 
octogenarian patients compared to younger patients follow-
ing laparoscopic colorectal surgery [ 32 ]. We tend to favor 
laparoscopic surgery for elderly patients as they may espe-
cially benefi t from decreased postoperative pain and shorter 
recovery times. Drs. Bleier and Kann present an in- depth dis-
cussion on the evaluation, technical aspects, and outcomes for 
minimally invasive approaches in the elderly in Chap.   28    .  

   Morbidly Obese Patients 

 Obesity is a risk factor for worse postoperative outcome, 
both because surgery is more technically diffi cult in obese 
patients and because obese patients often have comorbid 
conditions, such as hypertension and diabetes. Results of 
studies examining body mass index (BMI) as a risk factor 
for poor outcome have been mixed, with some showing 
higher rates of conversion and postoperative complication 
[ 33 ] and others showing no difference [ 34 ]. Given the well-
described benefi ts of laparoscopic colorectal surgery 
(accelerated recovery of bowel function, decreased postop-
erative pain, shorter hospital stay, as discussed above) and 
the fact that surgery in obese patients can be technically 
challenging regardless of operative technique, we recom-
mend laparoscopy. Surgeons should be prepared for longer 
operative times in these patients. Also, specialized equip-
ment including footboards, safety straps, large-size operat-
ing room tables, and extra-long laparoscopic instruments 
must be made available. Please see Chap.   29     for a more 
detailed discussion by Drs. Siripong and Vargas on laparos-
copy in the obese patient.  

   Emergency Colorectal Surgery Patients 

 Accumulating evidence also supports laparoscopic surgery 
in emergency colorectal surgery patients. For instance, 
Myers et al. [ 35 ] demonstrated the feasibility of laparo-
scopic peritoneal lavage in the treatment of 100 patients 
with perforated diverticulitis. All eight patients presenting 
with Hinchey grade 4 diverticulitis were treated with a 
Hartmann’s procedure. The remaining 92 study patients 
had Hinchey grades 2 and 3 disease and were treated with 
laparoscopic peritoneal lavage. Only two required postop-
erative intervention for pelvic abscesses and two repre-
sented with diverticulitis after a median follow-up of 36 
months. Additional randomized clinical trials evaluating 
laparoscopic peritoneal lavage for the treatment of compli-
cated diverticulitis are ongoing [ 36 ,  37 ]. Studies have also 
demonstrated the safe and effective use of laparoscopic 
colectomy for other emergent indications, including gas-
trointestinal bleeding, colonic obstruction, and colonic per-
foration [ 38 ]. The preoperative evaluation of emergency 
colorectal surgery patients is limited to rapid and critical 
tests, including assessment of cardiovascular vital signs, 
volume status, hematocrit, electrolytes, renal function, 
urine analysis, and ECG. These allow the surgeon and 
anesthesiologist to tailor both operative strategy and peri-
operative monitoring and resuscitation accordingly. 
Additional tests and interventions are deferred until after 
surgery. Dr. Haas and colleagues present an excellent over-
view of minimally invasive approaches in the emergent set-
ting in Chap.   27    .  
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   Reoperative Surgery 

 Although Dr. Migaly presents a more comprehensive review 
of the use of a minimally invasive approach for reoperative 
surgery in Chap.   20    , a few points pertinent to preoperative 
assessment are warranted. Laparoscopic reoperative surgery 
can be technically challenging, although reoperation after 
laparoscopic surgery is often less diffi cult than after open 
surgery [ 39 ]. Adhesions and dilated bowel may preclude 
adequate visualization. However, as long as a suffi cient fi eld 
of view can be established and bleeding and contamination 
can be controlled, laparoscopy is safe in the management of 
complications, such as postoperative bleeding and anasto-
motic leak. Peritoneal access via an open (Hasson) technique 
should be considered in reoperative laparoscopy [ 40 ]. 
Patients must be counseled that there is an increased likeli-
hood of prolonged operative times, conversion to open sur-
gery, and risk for inadvertent enterotomy or other visceral 
injury. Surgeons preparing for reoperative laparoscopic sur-
gery should obtain previous operative records in order to 
anticipate such challenges as extensive adhesions and pros-
thetic meshes. This knowledge may facilitate safe trocar 
placement and allow for customized preoperative interven-
tions, including placement of ureteral stents.   

   Preoperative Management 

 Our individualized approach to perioperative patient man-
agement is multifaceted. Some of the considerations are 
important for all patients, while others are more specifi c to 
certain patient populations or operations. 

   Bowel Preparation 

 Bowel preparation in colorectal surgery remains controver-
sial. Studies have shown no difference in rates of surgical 
site infection or anastomotic leak with or without bowel 
preparation [ 41 ,  42 ]. Furthermore, bowel preparation may 
predispose patients to dehydration and electrolyte abnor-
malities, particularly in the elderly [ 43 ]. However, there are 
several benefi ts to bowel preparation specifi cally for lapa-
roscopic surgery. First, as the bowel is lighter and more 
compressible after mechanical preparation, manipulation 
with instruments is easier and more ergonomically favor-
able. Additionally, laparoscopic colorectal surgery often 
relies on gravity to serve as a bowel retractor; this is often 
more effective with an empty colon. A prepared colon also 
allows for intraoperative endoscopy to localize a tumor if 
necessary and/or to assess left-sided anastomoses after cre-
ation for intactness, leak, and hemostasis. A fi nal benefi t is 
easier specimen extraction, possibly through smaller 

extraction incisions. In a combined statement, the Society 
of Alimentary Gastrointestinal Endoscopic Surgeons and 
the American Society of Colon and Rectal Surgeons 
endorsed the use of mechanical bowel preparations in lapa-
roscopic colorectal surgery [ 44 ].  

   Preoperative Fasting 

 Patients routinely fast for over 8 h prior to surgery in an 
effort to avoid pulmonary aspiration, in spite of the lack of 
evidence in support of this practice [ 45 ,  46 ]. The best evi-
dence suggests preoperative fasting should begin 2 h prior to 
operation for liquids and 6 h for solid foods [ 45 ]. An excep-
tion to this rule may be diabetic patients with known neu-
ropathy, who are at risk of delayed gastric emptying [ 47 ].  

   Lesion Localization 

 Preoperative lesion localization is important in laparoscopic 
surgery, where tactile feedback is reduced. The site of 
colorectal tumors should routinely be marked. Colonoscopic 
tattooing of lesions with India ink is the gold standard [ 48 , 
 49 ]. However, in as many as one in fi ve cases, the tattoo will 
not be evident at surgery [ 50 ]. Four-quadrant tattooing may 
improve the likelihood that the tattoo will be visualized and 
not hidden on the mesenteric or retroperitoneal side of the 
colon (Video  1.1 ) [ 51 ]. 

 Preoperative mapping is also important in benign condi-
tions, such as in Crohn’s disease, where skip lesions are not 
uncommon. This is especially true in cases of reoperative sur-
gery, as adhesions may preclude safe running of the bowel. 
Disease localization can be accomplished using imaging 
studies, such as enterography, and also via endoscopy.  

   Ostomy Marking 

 Patients undergoing colorectal surgery may require tempo-
rary or permanent fecal diversion. Whenever possible, 
patients should undergo preoperative marking and education 
by an enterostomal therapist in order to decrease postopera-
tive stoma complications [ 52 ]. It is often important to mark 
not only the primary suggested site but other potential stoma 
sites as alternative options as well, in case the disease pathol-
ogy prohibits stoma placement in the optimal location 
(Figs.  1.1  and  1.2 ). Of note, there is some evidence that para-
stomal hernias are more common after laparoscopic surgery, 
especially when the surgical specimen is extracted through 
the future ostomy site [ 53 ]. We therefore recommend avoid-
ing stoma site specimen extraction in cases of permanent 
stoma creation.
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       Corticosteroids 

 Previously steroid-dependent IBD patients may exhibit some 
degree of adrenal insuffi ciency for up to 1 year after discon-
tinuing therapy [ 54 ]. Because of concern for cardiovascular 
collapse due to surgical stress, patients are often given 
 high- dose steroids perioperatively, with little evidence to 

support this practice. In fact, recent studies have shown no 
evidence of hemodynamical instability when low- rather 
than high- dose corticosteroids are administered around sur-
gery [ 55 ,  56 ]. The exception to this is patients with primary 
disease of the hypothalamic-pituitary-adrenal axis [ 56 ]. 

 A prospective study assessing perioperative steroid dos-
ing in patients with IBD is underway. It is our typical practice 

  Fig. 1.1    Preoperative marking of possible stoma sites       

  Fig. 1.2    Ostomy triangle stoma site marking       
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to continue steroids at their preoperative dose levels rather 
than administer “stress” doses perioperatively. Postoperative 
steroid tapering is then adjusted according to the chronicity 
of patients’ preoperative exposure; most commonly predni-
sone is used and tapered by 5 mg/week.  

   Perioperative Antibiotics 

 Surgical site infections are the leading cause of postoperative 
morbidity and mortality in colorectal surgery, whether lapa-
roscopic or open. Prophylactic antibiotics are known to 
decrease the risk of infection. A single dose administered 
within 60 min of incision and discontinuation of therapy 
within 24 h of surgery are generally advised [ 57 ]. Second- 
generation beta-lactam antibiotics, such as cefoxitin and 
cefotetan, are established choices. The addition of preopera-
tive oral antibiotics to mechanical bowel preparation was 
once the standard of care following the infl uential work of 
Nichols et al. in the 1970s [ 58 ]. More recently, however, a 
move away from mechanical bowel preparation occurred 
after studies failed to demonstrate an associated improve-
ment in rates of infectious complications [ 42 ]. Oral antibi-
otic administration was similarly abandoned, largely because 
the effi cacy of this practice was not established in uncleansed 
bowel. New studies show decreased rates of surgical site 
infection when oral antibiotics are given, with or without 
concomitant mechanical bowel preparation [ 59 ,  60 ]. 
Accordingly, our colorectal patients receive erythromycin 
and neomycin on the day prior to surgery.  

   Analgesic Considerations 

 Though epidural anesthesia appears to improve analgesia 
and decrease ileus after open colorectal surgery [ 61 ], there is 
a paucity of data assessing the benefi ts of postoperative anal-
gesic regimens following laparoscopy. In one recent trial, 
patients with spinal analgesia or patient-controlled analgesia 
had shorter length of stay and faster return of bowel function 
as compared to epidural analgesia [ 62 ]. We currently do not 
recommend routine epidural placement prior to laparoscopic 
colorectal surgery. Epidural anesthesia should be considered, 
however, in certain circumstances, such as in patients with a 
history of chronic pain and chronic narcotic use and also 
those in whom a high likelihood of conversion to open sur-
gery is expected.  

   Consent 

 There are risks specifi c to laparoscopic surgery that must be 
included in the informed consent. First is the possibility of 
conversion to open surgery. Conversion rates depend on 

patient-specifi c, surgeon-specifi c, and procedure-specifi c 
factors. Patient-specifi c factors include older age, male 
g ender, higher ASA, and higher BMI. Low rectal surgery, 
presence of adhesions, abscess, phlegmon, or fi stula and 
higher T-stage are operation-specifi c factors that increase 
conversion. Finally, junior surgeons are more likely to con-
vert to open procedures than their more experienced coun-
terparts. Based on these results, the “Cleveland Clinic 
Colorectal Laparoscopic Conversion Score” was created to 
aid surgeons in predicting conversion rates for specifi c pro-
cedures [ 63 ]. A meta-analysis found conversion rates from 
4.8 to 29.2 % in Crohn’s disease [ 13 ]. Rates are similar in 
oncologic surgery, ranging from 11 to 23 % in large series 
[ 17 ,  19 ]. Consent should also include the increased risk of 
iatrogenic ureteral injury associated with laparoscopic 
colorectal surgery, which is around 0.66 % according to one 
retrospective series [ 64 ].   

   Intraoperative Management 

   Patient Monitoring 

 Standard intraoperative monitors include a fi ve-lead electro-
cardiogram, blood pressure cuff, and pulse oximeter. End- 
tidal CO 2  monitors may also be used, as most patients will be 
endotracheally intubated. Pneumoperitoneum with carbon 
dioxide likely contributes to intraoperative hypothermia 
[ 65 ]. Therefore, patients should routinely be covered with 
upper-body forced-air heating devices to maintain normo-
thermia. There is currently insuffi cient evidence to support 
heated carbon dioxide insuffl ation to reduce hypothermia or 
postoperative pain [ 66 ]. 

 Select patients may benefi t from more invasive monitor-
ing, such as those with severe cardiopulmonary disease or 
hemodynamic instability. Arterial lines allow for precise and 
timely hemodynamic measurements. They also allow for 
rapid arterial blood gas determinations. Central venous pres-
sure monitoring, Swan-Ganz catheter measurements, and 
intraoperative transesophageal echocardiography may also 
be considered for severely ill patients, but are usually not 
necessary in colorectal surgery patients.  

   Patient Positioning 

 Patient positioning is important both for ease of operation 
and patient safety. A right hemicolectomy is generally per-
formed in supine position, while the modifi ed lithotomy 
position is chosen for left-sided or rectal surgery. The latter 
provides access to the rectum for anastomosis creation and/
or intraoperative endoscopy. Trendelenburg positioning 
facilitates pelvic surgery, as it allows the small bowel to fall 
out of the pelvis and into the upper abdomen. By tucking the 
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patient’s arms, the surgeon is afforded the fl exibility to 
change where he or she stands throughout the procedure. 
Finally, patients should be properly padded and belted to 
allow for safe intraoperative position changes. Drs. Mills 
and Stamos provide a thorough review of patient position-
ing tips in Chap.   2    . 

 Trendelenburg positioning does not signifi cantly affect 
intra-abdominal pressure or respiratory compliance [ 67 ]. It 
does, however, lead to increases in both venous return and 
cardiac preload [ 68 ]. Lithotomy position redistributes blood 
away from the legs, also increasing preload. Meanwhile, 
reverse Trendelenburg position reduces venous return, lead-
ing to decreases in cardiac output and arterial pressure.  

   Venous Thromboembolism (VTE) Prevention 

 Patients undergoing colorectal surgery, whether or not for 
malignancy, appear to be at higher risk for VTE compared to 
patients undergoing general or other surgeries [ 69 ]. Reasons 
for this are unclear but may relate to pelvic dissection, patient 
disease, and/or patient positioning. Pneumoperitoneum has 
been shown to promote lower extremity venous stasis in gas-
tric bypass patients [ 70 ]. Data in colorectal surgery patients, 
however, is lacking. The American Society of Colon and 
Rectal Surgeons (ASCRS) recommends that patients under-
going a laparoscopic colorectal procedure receive VTE pro-
phylaxis according to the same risk-based guidelines used by 
the American College of Chest Physicians (ACCP) for the 
equivalent open procedure. That is, moderate- to high-risk 
patients should receive prophylaxis with unfractionated 
(LDUH) or low-molecular-weight heparin (LMWH), and 
those at the highest risk should receive both mechanical and 
heparin prophylaxis [ 71 ,  72 ].  

   Urinary Drainage and Ureteral Stenting 

 Placement of a urinary catheter allows for both bladder 
decompression and intraoperative monitoring of urinary out-
put. This is helpful both as a marker of volume status and 
resuscitation. The catheter can generally be removed on 
postoperative day one with low risk of urinary retention [ 73 ]. 
Longer duration of urinary drainage should be considered 
after low anterior and abdominoperineal resection, as these 
procedures may be associated with higher retention rates 
[ 74 ]. Minimizing perioperative fl uid resuscitation may 
decrease the incidence of urinary retention [ 75 ]. 

 Laparoscopic colorectal surgery appears to carry a higher 
risk of iatrogenic ureteral injury compared to open surgery [ 64 ]. 
Preoperative ureteral stent placement attempts to minimize 
this risk but has been shown to translate more to improved 
ability for intraoperative identifi cation of injuries rather than 

a decrease in the overall rate of injury. Stents are typically 
used in patients with more complicated pathology, including 
previous pelvic surgery, irradiation, complicated diverticuli-
tis, obesity, invasive malignancy, and closure of Hartmann’s 
colostomy [ 76 ]. Lighted ureteral stents may aid in intraop-
erative visualization (Video  1.2 ) [ 77 ].  

   Gastric Decompression 

 Intraoperative orogastric or nasogastric decompression is 
routine as increased abdominal pressure in laparoscopy 
places patients at risk for regurgitation and aspiration [ 78 ]. 
Accumulated data favors tube discontinuation postopera-
tively in order to enhance return of bowel function and 
decrease pulmonary complications [ 79 ].  

   Availability of Endoscopy 

 Endoscopy has been used for both lesion identifi cation and 
evaluation of left-sided and low rectal anastomoses. Carbon 
dioxide is much more rapidly absorbed than air and therefore 
facilitates intraoperative endoscopy by avoiding persistent 
dilation of the colon and small bowel during the remaining 
portion of surgery. We therefore highly recommend that a 
CO 2  insuffl ation device be made available for laparoscopic 
colon procedures. If not available, serial clamping of the 
proximal colon with an atraumatic grasper, such as a 
Debakey, should be performed to minimize dilation as much 
as possible. Simultaneous insuffl ation of CO 2  into the perito-
neal cavity and the colon lumen was shown to be safe in one 
pilot study [ 80 ].   

   Postoperative Care 

 Postoperative care is a continuation of pre- and intraopera-
tive care. Enhanced recovery after surgery (ERAS) is a 
widely used comprehensive set of largely evidence-based 
protocols for surgery [ 81 ]. Nevertheless, the care of each 
patient should be individualized. 

   ERAS 

 Professors Ken Fearon and Olle Ljungqvist assembled the 
ERAS Study Group in 2001, furthering multimodal surgical 
care ideas proposed by Professor Henrik Kehlet in the 1990s. 
Their mission was to improve perioperative care and recovery 
through the development and implementation of evidence- 
based practices [ 82 ]. Pre- and intraoperative guidelines con-
cerning codifi ed counseling, bowel preparation, fasting, VTE 
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prophylaxis, antimicrobial prophylaxis, anesthetic protocol, 
prevention and treatment of postoperative nausea and vomit-
ing, nasogastric tube decompression, prevention of intraop-
erative hypothermia, perioperative fl uid management, and 
peritoneal and urinary drainage are described (Fig.  1.3 ) [ 82 ]. 
Laparoscopic surgery is advocated to improve short-term out-
comes. With regard to postoperative care, the authors recom-
mend (1) the use of narcotic- sparing analgesics, such as 
acetaminophen and nonsteroidal anti-infl ammatory drugs; (2) 
oral diet at will after surgery, including oral nutritional sup-
plements starting on the day of surgery; and (3) early mobili-
zation beginning 2 h postoperatively.

       Summary 

 Laparoscopic colorectal surgery begins with careful patient 
selection and preoperative evaluation. Because of the 
decreased tactile feedback associated with laparoscopy and 
to minimize unnecessary abdominal exploration, particularly 
in the setting of adhesions, preoperative mapping of target 
anatomy is imperative. Combining these steps with evidence- 
driven perioperative care allows for optimal patient outcomes 
following laparoscopic colon and rectal surgery.      
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         Key Points 
•     Position patients in a manner to pad all pressure points 

and maximize gravity’s effects, while avoiding nerve 
damage and undue traction.  

•   Appropriate abdominal access should be based on patient 
factors and surgeon preference.  

•   Avoid complications by understanding the limitations and 
strengths of laparoscopic instruments.     

   Introduction 

 The utilization of laparoscopy in general surgery became pop-
ularized over the decade following its introduction by Erich 
Mühe in 1982 [ 1 ]. The observation of decreased postoperative 
pain and length of stay following laparoscopic cholecystec-
tomy, when compared to the conventional Kocher incision for 
an open cholecystectomy, further supported this approach [ 1 ]. 
The improved outcomes, in conjunction with the advent 
of new technology, led many surgeons to rapidly apply 
these approaches to their practice, resulting in laparoscopic 
cholecystectomy becoming the standard of care in a relatively 

short time span. Yet, this has not always translated to all oper-
ative procedures. Consider that the fi rst  laparoscopic colec-
tomy was reported by Moises Jacobs and J. C. Verdeja in 
Miami, Florida, in 1990. Furthermore, Joseph Uddo per-
formed the fi rst sigmoid resection utilizing a circular end-to-
end anastomotic stapler in 1990 [ 2 ]. Yet, here we are almost 
25 years later, and still less than 50 % of colon resections are 
being performed via a laparoscopic approach. In part, the 
technical diffi culties of laparoscopic colectomies, combined 
with the fear of port-site recurrence and the possibility of poor 
oncological outcomes for cancer, initially hindered the wide 
acceptance of this approach [ 2 ]. These concerns were subse-
quently dissipated by numerous multicenter randomized con-
trol trials that concluded that no differences between 
conventional open colectomy and minimally invasive colec-
tomy exist in terms of long-term survival,  disease-free 
 survival, and local and distant recurrence [ 3 ].  

   Laparoscopic Instrumentation 

 Since the introduction of laparoscopy in 1902, minimally 
invasive surgery has been evolving and has expanded dra-
matically over the past two decades [ 4 ]. This expansion can 
mainly be attributed to the exponential growth in technology 
over this period of time. The evolution of laparoscopic 
instrumentation and, most importantly, the laparoscope have 
allowed for the growth of this approach. 

   Trocars 

 There are a variety of precision-engineered laparoscopic tro-
cars available on the market. Most institutions will have a set 
of available trocars, each of which will have advantages and 
disadvantages to their use. The design of trocars has been 
evolving since their introduction in 30 AD (Fig.  2.1 ) [ 5 ].
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   All modern trocars generally include a gas-tight valve, 
which allows for removal and introduction of instruments 
without the loss of pneumoperitoneum. In addition, new 
valveless trocars have been introduced that use the pressur-
ized curtain of gas at the top of the instrument to reduce car-
bon dioxide leakage. There exists a variety of single-use and 
reusable laparoscopic trocars. Although reusable trocars may 
have advantages in terms of cost, with use their tips may 
become blunt and valves may become incompetent. 

 Trocar sizes range from 3 mm to 30 mm, with the size 
referring to the inside diameter. The 5, 8, 10, and 12 mm 
trocars are the most commonly used in advanced laparo-
scopic and robotic colorectal surgery. The trocar itself is 
made of an inner, removable obturator and outer port or can-
nula (Fig.  2.2 ), which remains in place for the passage of 
instruments. The sleeve may be metal, plastic, smooth, and/
or threaded. The transparent trocars have the advantage of 
allowing the laparoscope to monitor the trocar as it passes 
through the abdominal wall. While metal trocars are more 
durable, they run the risk of capacitive coupling, resulting in 
unintentional thermal spread and injury, with improper use 
of energy devices such as the electrocautery.

   The trocar can be further categorized into cutting or dilat-
ing trocars. Cutting trocars can be metal or plastic and cut 
through the tissue as force is applied. There are designs that 
include a spring-loaded plastic shield that are intended to 
automatically cover the blade as it enters the abdominal 
 cavity. The dilating trocars use a blunt, tapered tip that sepa-
rates and dilates the tissue as it is inserted. The cutting tro-
cars can decrease the amount of force required to enter the 
abdomen compared to the blunt-tipped dilating trocar. 
Although easy to insert, these bladed trocars were initially 
associated with occasional vascular and visceral complica-
tions, as well as abdominal wall hematoma, trocar site pain, 
and hernia. The newer-generation retracting tips seem safer 

but have not been proven to have a better safety profi le [ 5 ]. 
Blunt tip/dilating trocars require a smaller skin incision and 
stretch the remaining abdominal wall, rather than incising, 
which may result in improved retention. The dilating trocars 
have been associated with decreased postoperative pain, 
port-site bleeding, smaller scars, and increased patient satis-
faction. In summary, radially dilating trocars require an 
increased insertion force and have a smaller defect size com-
pared to cutting trocars [ 6 ,  7 ]. Our preference for colorectal 
surgery is a variety of blunt tip/dilating 5, 10, and 12 m tro-
cars to minimize risk to bowel and abdominal wall.  

   Instruments 

 Laparoscopic instrumentation is continuously evolving with 
new technology allowing for better ergonomics and tissue 
handling. Multiple companies manufacture the laparoscopic 
instruments; however, the principles remain uniform. 

   Camera/Laparoscope 
 Adequate visualization is an essential aspect of laparoscopic 
surgery. There is a wide range of available laparoscopes with 
regard to diameter and viewing angles. There are also fl exi-
ble tip laparoscopes, which are advantageous in providing 
versatility in the angle viewed. Laparoscopes can be classi-
fi ed as a telescopic rod lens system, which are connected to a 
video camera, or a digital laparoscope with an integrated 

  Fig. 2.1    Outer port/cannula of a 10 mm dilating/non-cutting trocar       

  Fig. 2.2    Multiple ports used in one case: robotic ports and two variet-
ies of laparoscopic non-cutting dilating trocars       
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light source. Camera processor unit, light source, recording 
device, and monitors with articulating arms should be avail-
able (Fig.  2.3 ). Recently, high-defi nition scopes have become 
available. Individual choice of cameras is often dictated by 
surgeon preference and the hospital purchasing body or 
Value Analysis Committee. Regardless of which camera is 
used, it is important to test the camera and light source prior 
to gaining access to the abdomen as well as to “white bal-
ance” the camera for optimal color resolution. Typically, the 
surgeon stands on the opposite side of the abdomen from the 
pathology (and thus the expected resection segment), and the 
laparoscope points toward the pathology. A laparoscopic 
warmer and antifog solution should be available to allow for 
enhanced visualization. In many cases, the most junior mem-
ber of the operative team is charged with “driving the cam-
era.” Unfortunately, this often results in unnecessary 
confusion in the anatomy, lack of unity during the case (i.e., 
focusing in on a different viewpoint), prolonged operations, 
poor ergonomics, and overall increased frustration. The tra-
ditional guidance to “keep the camera buttons toward the 
ceiling” is ill advised and incorrect in colorectal surgery. 
Rather, proper education regarding recognition of the hori-
zon and maintaining camera orientation to identify the cor-
rect fi eld of view is crucial for colorectal operations, 
especially when transitioning between the various abdomi-
nal quadrants.

      Insuffl ator 
 Once abdominal access is gained, pneumoperitoneum is 
essential in providing adequate visualization and space to 
perform the operation. This is achieved via an insuffl ator. At 
the beginning of each case, prior to the incision, assure that 
the insuffl ator is working. Turn the insuffl ator on and check 
carbon dioxide cylinders to ascertain that adequate gas is 
available for the case. Always have an extra available con-
tainer, as inevitably the tank will run out at a crucial moment 

if not prepared. Advanced, integrated surgical rooms will 
often have carbon dioxide lines directly attached to the insuf-
fl ator, thus obviating the need for a tank. The insuffl ator will 
display the intra-abdominal pressure and contain an adjust-
able pressure selector and digital fl ow and volume displays. 
Once pneumoperitoneum is established, the setting should 
be placed on high fl ow (20–40 L/min), typically to achieve a 
steady 15 mmHg pneumoperitoneum. Select patients with 
cardiopulmonary issues may require lower levels of abdomi-
nal pressure to be maintained. The anesthesiologist will 
monitor the patient’s hemodynamics during insuffl ation, and 
it is important to continue good communication.  

   Graspers 
 Laparoscopic graspers represent the most varied yet most 
used type of instrument in laparoscopic colon surgery. They 
can be reusable or disposable and can have various types of 
handles, insulated shafts, and tips. Some versions can also 
have attachments for monopolar cautery. Diameters range 
from 1.8 to 12 mm, and lengths range from 30 cm upward. 
We prefer 5 mm, 30–35 cm length instruments for our aver-
age patients. However, 45 cm or even longer instruments 
should be available and are typically used when mobilizing 
the splenic fl exure. The type of grasper used will be depen-
dent on the task. Surgeon preference is key with regard to the 
handle of the instruments. A ring handle offers a greater pre-
cision compared to the diamond or pincer grip. However, 
handles that allow for a greater form of a palm grip can be 
used for tasks involving power over precision (Fig.  2.4 ). 
Certain graspers may also have a locking mechanism, which 
is ideal when position of the grasper must be maintained for 
a prolonged period of time.

  Fig. 2.3    Camera light source and video unit       
  Fig. 2.4    Handles of different instruments, demonstrating that ring 
handle offers a greater precision ( a ) secondary to the pincer grip com-
pared to handles ( b ) that allow for a greater form of a palm grip can be 
used for tasks involving power over precision       
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   Graspers used for bowel retraction should allow for a 
secure grip, without exerting excessive pressure. A variety of 
tips, including straight or fl ared, traumatic or atraumatic, sin-
gle or dual, and fenestrated or solid, are available. To decrease 
traction injury, we prefer atraumatic fenestrated graspers 
(Fig.  2.5 ) with dull dual ends for most bowel retraction and 
bowel handling. Dual action is preferred, since single action 
type graspers with one movable jaw exert greater pressure on 
the tissue. Fenestrated tips exert less friction on grasped tis-
sue, which also means they can be prone to slippage on the 
tissue. Care should be taken not to exert too much pressure, 
especially in directions perpendicular to the tip orientation. 
It is also pertinent to remember that the tip of the grasper, 
given its smaller surface area, exerts the greatest force. When 
retracting with the tip, avoid pushing blindly or excessively 
into the bowel wall to prevent inadvertent enterotomies.

   Dissector graspers, such as Maryland graspers, and right 
angle graspers should be available for blunt dissection as 
needed but are generally not to be used for handling the bowel.  

   Scissors 
 Laparoscopic scissors are also available as reusable, repos-
able (e.g., the tip is disposable while the shaft is reusable), or 
disposable. They can be used for sharp dissection and, with 
care, limited blunt dissection. In patients with prior abdomi-
nal surgery, scissors are invaluable with taking down adher-
ent loops of bowel to the anterior abdominal wall. Monopolar 
cautery can be attached, allowing for use of energy during 
dissection for better hemostasis. Similar to graspers, these 
instruments are available in a variety of sizes and lengths.  

   Laparoscopic Staplers 
 There are a variety of surgical stapling devices available on 
the market. Laparoscopic staplers can be used in lieu of 

energy devices or suturing for vessel ligation, as well as in 
the creation of anastomoses. Large prospective randomized 
trials have failed to demonstrate superiority of either stapled 
or hand-sewn anastomoses [ 8 ,  9 ]. The linear stapler (e.g., 
laparoscopic GIA) places 4 staggered rows of titanium sta-
ples and then divides the tissue between the staple lines. The 
device failure rate has been reported as 0.2–0.3 % [ 10 ,  11 ]. 

 The appropriate stapler should be selected based upon the 
required function. Staplers are also classifi ed into linear ver-
sus circular staplers, articulating versus straight, and cutting 
versus non-cutting. Staplers are also offered in a powered 
design (Video  2.1 ). Theoretically, powered staplers may 
optimize stapler deployment thereby achieving superior tis-
sue apposition. However, to date no studies have validated 
their superiority. Cartridge length is variable for the staplers 
and is generally available in 30–60 mm lengths, and appro-
priate size should be selected to decrease the number of sta-
ple lines. However, shorter cartridges may be easier to deploy 
in the narrow pelvis. 

 Staples come in a variety of heights (2–5 mm) and are 
color-coded based upon the height. There is no uniform 
color-coded standard for labeling the stapling heights, and 
each manufacturer has their own color code. Height should 
be chosen based upon the tissue thickness. Failure to choose 
an appropriate height may result in incomplete tissue apposi-
tion or conversely inadequate compression of tissue 
(Fig.  2.6a ) [ 12 ]. Ideal staple height selection to match the 
tissue thickness should result in formation of a “B” shape of 
the staples (Fig.  2.6b ). The rectum, which is typically thicker 
than the colon, should be divided with at least a 4.0 mm 
 staple, while the small bowel and colon can be stapled 
with ~3.5 mm staples. Staple line buttressing is also 
available with a variety of reinforcement material, though 
various studies have failed to show a signifi cant difference in 
outcomes, and in our general practice, we do not use 
 reinforcement [ 13 ].

   Low anterior resection (LAR) can pose specifi c chal-
lenges to the surgeon, notably during division of the rectum. 
Division low in the pelvis can be challenging in terms of both 
articulation of the stapler and in the length of the staple line, 
especially in a narrow pelvis. A curved stapler has recently 
become available for bowel division, and one study has 
 demonstrated feasibility and safety [ 14 ].  

   Other Laparoscopic Instrumentation 
 Laparoscopic instruments that should also be available 
include needle driver for intracorporeal suturing, suction/
irrigator device, and clip appliers for control of vessels. Clip 
appliers are indicated for ligation of appropriate size vessels 
or ducts. Clips vary in lengths (6–11 mm) and material 
(metallic or nonabsorbable plastic). They are available 
offered as disposable or reusable, and shaft diameters range 
from 5 to 11 mm.   

  Fig. 2.5    Fenestrated nontraumatic graspers, used for grasping bowel       
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   Energy Devices 

 Adequate hemostasis is key in any surgical procedure and is 
critical in laparoscopic surgery. The rapid control of vessels 
and hemorrhage will allow for maintenance of visualization 
and for the procedure to continue laparoscopically. However, 
hemostasis remains a challenge in laparoscopic surgery, 
given that traditional methods of controlling/dividing a 
 vessel (i.e., suture ligation) is technically challenging in the 
laparoscopic setting; therefore, we have come to rely more 
heavily on surgical clips and staplers. However, these devices 
do have limitations in function. The surgical evolution of 
energy devices has become central in the laparoscopic era, 
for they allow for rapid control and division of named ves-
sels. A general understanding of principles and knowledge 
of the advantages and complications of energy devices 
should be appreciated by all users. 

   Monopolar Energy 
 Monopolar energy relies on electrical current fl owing from 
the generator through the patient and return via a grounding 
pad. It can be used to facilitate dissection, achieve hemosta-
sis, and ligate small vessels. Devices such as scissors, hook 
cautery, or graspers can be utilized, and the energy can be set 
as cutting or coagulation. Similar to monopolar “Bovie 
Electrocautery,” advantages include speed, low voltage, and 
rapid hemostasis. It is important to recognize, however, that 
standard monopolar devices rely on heat and time to perform 
their duty. They also require the circuit to be intact. Inadvertent 
alternate site burns can occur if energy is allowed to complete 

the circuit outside of the designated grounding pad. Other 
disadvantages to standard monopolar energy include an 
increased lateral thermal spread when compared to the bipo-
lar devices. This may be critical when dissecting in confi ned 
spaces adjacent to critical structures such as the pelvic plexus 
during the anterior portion of an LAR, where thermal damage 
to the nerves may have long-term consequences.  

   Bipolar Energy 
 Traditional bipolar energy still relies on using electricity to 
perform its function. Unlike monopolar energy, bipolar 
energy requires no grounding pad, as the circuit is completed 
between the two instrument tips adjacent to one another. This 
results in a higher degree of current density at the tissue 
between the tips of the instrument. Advanced bipolar energy 
systems (i.e., LigaSure™, Covidien, CT, and Enseal™, 
Ethicon, Cincinnati, OH) add in the third component of ves-
sel sealing (along with heat and time)—compression. This 
allows lower voltage to be used and, hence, lower heat to 
complete much larger tasks. Bipolar energy is used in a vari-
ety of vessel sealing devices and delivers a much smaller lat-
eral thermal spread footprint. This energy, combined with 
the increased pressure delivered by the jaws of the instru-
ment, allows for permanent sealing of up to 7 mm vessels 
(Video  2.2 ). The size of the vessel and thermal spread is vari-
able depending on the instrument (Table  2.1 ). Many of these 
instruments are shaped in a blunt-tipped, versatile fashion. 
The advantage of bipolar devices is that these instruments 
can be used to grasp, dissect, and coagulate, thereby reduc-
ing the need to change instruments.

  Fig. 2.6    ( a ) Failure to choose an 
appropriate height may result in 
incomplete tissue apposition 
or conversely inadequate com-
pression of tissue. ( b ) Ideal 
“B”-shaped staple confi guration. 
 With Permission from Davis B, 
Rafferty JF. Technical Aspects. In: 
Steele SR, Maykel JA, Champagne 
BJ, Orangio GR, eds. 
Complexities in Colorectal 
Surgery: Decision-making and 
management. Springer, New York, 
2014 © Springer in 2014        
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      Ultrasonic Energy 
 Devices such as Harmonic Scalpel ®  (Ethicon, Cincinnati, 
OH) and SonSurg ®  (Olympus, Southborough, MA) use ultra-
sonic technology. In essence, these devices convert electrical 
energy at the generator into mechanical motion at the jaw 
blade. Unlike monopolar and bipolar instruments, no energy 
fl ows through the patient. In fact, these instruments are more 
in line with surgical staplers than they are with the advanced 
bipolar devices. Yet, these devices can still reproducibly and 
reliably seal vessels ≤5 mm with minimal thermal damage, 
and newer models are FDA approved up to 7 mm vessels [ 15 ]. 
They only have one active blade that can be rotated. Depending 
on several factors such as the power setting at the generator, 
“max” or “min” activation at the device and degree of tissue 
tension applied by the user will all determine which end of the 
coagulation versus cut spectrum the device will function. 
These devices also have the advantage of serving multiple 
purposes (i.e., cut, coagulate, coapt, cavitate) and thereby 
eliminating the need to change instruments    (Video  2.3 ).   

   Hand-Assisted Devices 

 Although our practice does not include the use of hand- 
assisted devices, this option is available to aid in hand- 
assisted advanced laparoscopic operations. A variety of 
hand-assisted ports are available to provide a seal against the 
abdominal wall and allow for one of the surgeons’ gloved 
hand to be inserted. Devices include Gelport (Applied 
Medical, Rancho Santa Margarita, CA), Dextrus (Ethicon 
Endosurgery, Cincinnati, OH) (Video  2.4 ), HandPort System 
(Smith & Nephew Inc., London, England), Dexterity Pneumo 
Sleeve device (Dexterity Inc., Roswell, GA), Omniport 
(Advance Surgical Concepts, Dublin, Ireland), and Intromit 
Device (Medtech Ltd, Dublin, Ireland).   

   Positioning 

 Patient positioning should provide best possible access while 
maintaining patient safety (Fig.  2.7 ). Patient position should 
be discussed with the entire surgical team prior to the opera-
tion, and adequate personnel should be available for patient 

positioning. Optimal patient positioning involves adhering to 
basic principles, including avoiding those positions that may 
cause peripheral nerve injury and/or pressure ulcers. 
Peripheral nerve injuries have been reported as the second 
most common class of injury (16 %) by the Society of 
Anesthesiologists Closed Claims Project database [ 16 ]. 
Given that during laparoscopy the table incline is used to aid 
in retraction and dissection, the patient must be secured to 
the operating room table to avoid sliding.

     Padding 

 At our institution we use a large high-density foam mat and 
a Velcro belt to prevent sliding. A beanbag, memory foam, 
and Z-fl o (Sundance, White Plains, NY) can also be used to 
achieve the same results. Egg crate foam (Allen Medical 
Group, Acton, MA) can be used for padding and stabilization 
of the legs in stirrups. 

 Depending upon the specifi c procedure, patients are gen-
erally placed in a supine or modifi ed lithotomy position for 
laparoscopic colorectal surgery. We prefer to have both arms 
tucked next to the patient’s body, when feasible. If the arms 
are to be placed out on arm boards, care must be taken to 
avoid injury to the brachial plexus, and therefore they should 
not be abducted >90 degree. For supine procedures, the 
occiput, sacrum, and heels are at risk for pressure ulcers 
and should be padded, ideally with gel pads. Knees should 
maintain some degree of fl exion to avoid hyperextension 
injuries. For modifi ed lithotomy position, legs are placed 
into Yellow Fin ®  or Allen ®  stirrups with hips slightly fl exed 

   Table 2.1    Bipolar energy devices [ 30 ]   

 Device  Company 
 Thermal spread 
(mm) (reported) 

 Vessel 
seal (mm) 

 Enseal Trio ®   Ethicon  1  7 
 Trissector PKS™  Gyrus  3.6  7 
 LigaSure™  Covidien  0–4.5  7 
 HALO PKS™  Olympus  –  7 
 OMNI PKS™  Olympus  –  7 

  Fig. 2.7    Patient positioning demonstrating appropriate padding of 
bony prominences and avoidance of nerve injuries       
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and abducted, feet fl at within the stirrups, and pressure 
avoided along the lateral aspects of the legs. The ankle, knee, 
and contralateral shoulder should be aligned [ 16 ]. 

 We prefer our patients to be placed supine with (at least) 
the left arm tucked to allow for both surgeon and assistant to 
stand on the left side of the patient for laparoscopic right 
colectomy. However, the patient can also be placed in modi-
fi ed lithotomy position, which will allow the operating sur-
geon to stand between the legs. For laparoscopic total 
abdominal colectomy, sigmoidectomy, low anterior resec-
tion, and abdominoperineal resection, we prefer our patients 
in the modifi ed lithotomy position with both arms tucked. 
This will allow access to the perineum for rectal/vaginal 
exams, use of endoscopy, and the insertion of the circular 
stapler or access for hand-sewn anastomosis.   

   Gaining Access to the Peritoneal Space 

   Laparoscopic Entry Techniques 

 The majority of major complications (>50 %) during laparo-
scopic surgery occur while gaining access to the abdomen 
[ 17 – 19 ]. There are multiple ways to gain access to the abdo-
men including Veress needle, direct trocar insertion, open 
“Hasson” technique and visual entry via optical needle or 
trocar technique. Each technique has potential complications 
and advantages. The decision of which method is most 
appropriate to gain entry should be dictated by patient’s body 
habitus, history, and surgeon experience. 

   Veress Needle 
 The fi rst report of Veress needle utilized for gaining pneumo-
peritoneum was described in 1947 by Raoul Palmer [ 20 ] and 
is the most commonly practiced method to access the abdo-
men [ 5 ,  17 ]. The disposable needle is a one-piece design 
with an external diameter of 2 mm, gauge of 14, and length 
of 70 and 120 mm. Reusable Veress needles are metal. Prior 
to entry to the abdomen, fl ush the needle to assure patency. 
The Veress needle has a blunt tip that will retract as it con-
tacts resistance and spring forward when the needle is pulled 
away from the point of resistance. The use and exact location 
of Veress placement is surgeon dependent. In a patient with-
out prior operation, we prefer placement 3 cm lateral to the 
umbilicus, which will be our preferred camera position. In 
patients with prior operation, we typically utilize Palmer’s 
point (1–2 cm below the left costal border in the midclavicu-
lar line) (Fig.  2.8 ). The umbilicus is a less preferred option if 
the patient has had no prior operation. While the umbilicus is 
ideal in terms of cosmesis, its location is not ideal, as it is too 
close to the area of vessel division in many patients. The 
right upper quadrant is also an option; however, care must be 
taken to avoid injury to the liver.

   Once optimal position is determined based on patient 
 history and surgeon preference, the needle is inserted. 
Grasping and elevating the anterior fascia with a tonsil clamp 
may decrease the risk of intra-abdominal injury (Fig.  2.9 ). As 
the needle traverses the anterior and then posterior fascia, 
there will be a sensation of resistance followed by a release at 
each layer of fascia, and then an absence of resistance as it 
enters the peritoneum. Once in the peritoneum, a click may be 

  Fig. 2.8    Veress needle placement at Plamar’s point       

  Fig. 2.9    Proper placement technique of a Veress needle.  With 
Permission from Shin J, Lee SW. Laparoscopic Complications. In: 
Steele SR, Maykel JA, Champagne BJ, Orangio GR, eds. Complexities 
in Colorectal Surgery: Decision-making and management. Springer, 
New York, 2014 © Springer in 2014        

 

 

2 Patient Positioning, Instrumentation, and Trocar Placement



22

heard as the blunt tip of the needle inserts into the abdomen. 
Once entry is achieved, the needle should be aspirated to 
assure that no visceral or vascular injury has occurred. A drop 
test, which consists of observing the fl uid enter the abdomen 
through the Veress rapidly, can help demonstrate accurate 
placement. It should be noted that the above maneuvers to 
ensure correct placement have not been proven to decrease 
complications, though remain, in general, good practice pat-
terns to adhere to [ 21 ]. Once the above maneuvers are com-
pleted, pneumoperitoneum should then be attempted and 
initial pressure should be <10 mmg [ 5 ]. If high pressure is 
noted, the needle can be rotated to assure that the opening is 
not next to the abdominal wall. Maximal fl ow through a 
Veress needle (14 gauge) is 2.5 L/min regardless of fl ow set-
tings. Avoid swaying the needle from side to side, given that 
this may enlarge a small visceral injury. However, if pressures 
continue to be high, attempt at repositioning should be made.

      Direct Trocar Insertion 
 Dingfelder fi rst described direct trocar insertion in 1978 
[ 22 ]. It involves the placement of the fi rst trocar without 
prior pneumoperitoneum. This may allow an easier grasping 
and lifting of the abdomen and decrease complications 
related to Veress needle. Controversy continues to exist 
regarding the use of this technique [ 5 ,  17 ]. We do not prac-
tice, nor recommend, this technique.  

   Hasson (Open) Technique 
 The open technique was introduced by Hasson in 1971 [ 23 ] 
and was designed to provide surgeons with a safe method of 
entry into the abdomen, thereby eliminating vascular and 
visceral injury [ 24 ]. It is mainly used in the high-risk popula-
tion with prior abdominal surgeries, where blind entry into 
the abdominal is felt to be unsafe or is not feasible. It allows 
for direct visualization and division of abdominal wall lay-
ers. However, to date controversy exists regarding the best 
method to use for abdominal entry, and there is no defi nitive 
evidence that using an open technique will reduce intra- 
abdominal injury [ 17 ,  24 ,  25 ]. 

 The open cannula system consists of an obturator, a plastic 
sheath, and a sleeve, with two rods that allow for fascial suture 
fi xation. The two fascial sutures secure the cannula to the 
abdominal wall. However, this technique can be time- 
consuming, especially in the morbidly obese, and can cause dif-
fi culty in maintaining pneumoperitoneum due to gas leakage. 

 An incision is made at the selected entry site. In patients 
with previous abdominal surgery, this site should be away 
from preexisting abdominal scars or in the periumbilical skin 
incision. The abdominal wall is dissected with the aid 
of S-shaped retractors until the peritoneum is encountered. 
The peritoneum is then grasped and opened sharply. The 
 surgeon’s index fi nger is then placed intra-abdominally and 

adhesions are cleared. This is followed by trocar placement 
and securement to the fascia.  

   Optical Trocar (Video  2.5 ) 
 This is a variation of the direct trocar technique with the 
exception that the trocar used is a clear visual trocar that 
allows for visualization during entry. The incision is usually 
made and two anterior fascial sutures are placed, the fascia is 
divided to the size of the trocar. These stay sutures will lift the 
abdominal wall against the advancing trocar. The entrance of 
the trocar can then be visualized via the 0-degree laparoscope, 
which is inserted simultaneously through the head of the tro-
car. Some surgeons have modifi ed this technique to be used 
after achieving pneumoperitoneum with the Veress needle.   

   Re-operative Surgery and Its Implications 

 As mentioned above, the decision for access to the abdomen 
should be made based upon patient history, body habitus, 
and surgeon experience. In patients who have had previous 
abdominal surgery, the initial access point and method 
should be considered carefully, taking into consideration 
prior incisions, prior areas of dissection, and expected 
pathology. Palmer’s point entry and/or right upper quadrant 
access entry is often a safe option for previous midline lapa-
rotomy. An open technique or a visualized entrance should 
be considered if the Veress needle cannot be placed safely 
within the abdomen. After a failed attempt with the Veress 
needle, the area should be eventually carefully examined 
below the attempted insertion site to make sure that there is 
not any vascular or visceral injury.  

   Trocar Positioning 

 As mentioned above, a wide variety of trocars are available. 
Once full pneumoperitoneum has been achieved, the Veress 
needle is removed. The fi rst trocar is then placed. Some sur-
geons advocate that the initial insertion should occur while 
augmenting the pneumoperitoneum by lifting up the abdomi-
nal wall with a clamp at the fascia, a move we have found 
unnecessary. The trocar should be placed at 90-degree angle 
to the abdominal wall. However, care should be taken in the 
thin patient to avoid injury; aiming the trocars toward the pel-
vis to avoid injury may be necessary. There is typically mod-
erate resistance; however, if excessive force is being used, the 
skin incision may be too small. Once within the abdomen, the 
valve should be opened to confi rm intraperitoneal placement. 
The camera should be placed, and evaluation near the site 
should be made to ensure that no injury has occurred. 
All subsequent trocars should be placed under direct vision.  
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   Hand Assist 

 Hand-assisted laparoscopic surgery was introduced in the 
late 1990s, and it provided a means to overcome the limited 
tactile feedback and allow for gentle dissection of the tissue 
with the surgeon’s hand [ 26 ]. Opponents feel its use can 
adversely affect the benefi ts of minimal invasive surgery 
given the need for a 7–8 cm incision [ 26 ]. However, in 
colorectal surgery, proponents note that the short-term out-
comes have been found to be equivalent [ 27 ]. Long-term out-
comes with regard to postoperative hernia rates favor a total 
laparoscopic approach. If a handport is to be used, we rec-
ommend using the extraction incision site (Pfannenstiel or 
minilaparotomy). Our preferred approach for extraction is a 
Pfannenstiel approach given its potential benefi ts for cosme-
sis and lower hernia rates [ 28 ]. Handports can also be placed 
at the site of planned ileostomy or colostomy. Despite the 
above considerations, the basic principles of laparoscopic 
surgery must be followed. Visualization is key to any surgi-
cal procedure, and therefore the port should be placed in a 
location that does not obscure laparoscopic view, and prin-
ciples of triangulation will need to be maintained.   

   Pearls and Pitfalls 

   Avoiding Complications 

   Prior to starting any case, ensure: 
   1.    The room step-up is suffi cient for the anesthesiologist 

and surgeon.   
   2.    Check all equipment.   
   3.    Visualization is key in laparoscopic surgery; check the 

position of all monitors and place in optimal position.   
   4.    Position cables in a manner to allow for maximal working 

space.    
  Trocars/instruments: 
   1.    Minimally invasive surgery decreases tactile feedback 

and depth perception compared to open surgery [ 29 ]. 
Therefore, graspers should be used with caution given 
that it is diffi cult to judge how much force to apply.   

   2.    Large “bites” of bowel, rather than small bites, should be 
taken during retraction to avoid tearing or perforating the 
bowel, as the larger surface area will spread out the applied 
force. This is especially true for the novice surgeon.   

   3.    Monopolar devices can cause injury with the tip of the 
device and have a larger lateral thermal spread.   

   4.    Inspect insulation of laparoscopic instruments. Failure of 
insulation can cause damage to the surrounding tissue.   

   5.    Avoid tissue sticking when using monopolar devices by 
using Tefl on-coated instruments.   

   6.    When using bipolar devices, decrease tension during 
coagulation of the vessels to assure that the vessel is 
sealed and divided while still in the jaws [ 30 ].   

   7.    For heavily calcifi ed vessels, consider the use of clips or 
stapling devices.   

   8.    Use the correct staple-height load for a laparoscopic 
 stapler to decrease the risk of staple line failure.   

   9.    Use appropriately sized cartridges for stapling devices.  
Using a longer load may lead to spillage of staples within 
the abdomen causing adhesions, while using too small 
of a staple load may lead to need for multiple staple 
lines. Similarly, ensure your staple height matches that 
of the tissue you are working on.   

   10.    For pelvic procedures, consider the use of articulating 
staplers.   

   11.    Avoid stapling of ischemic tissue.   
   12.    Avoid creating a bridge of the tissue between two staple 

lines.    
  Positioning: 
   1.    Ensure that the operating room table is in proper 

working condition and will allow for tilt. For cases in 
which perianal access is necessary, position the patient 
low on the table to allow for adequate access and 
visualization.   

   2.    Assess joint mobility and motor defi cit prior to the OR.   
   3.    When placing a patient in modifi ed lithotomy, be sure to 

avoid extreme fl exion of the hip joints.   
   4.    For lithotomy, fl ex both the hip and knees 

simultaneously.   
   5.    Keep in mind that prolonged lithotomy may cause com-

pression of the calves, and be aware of the risks of com-
partment syndrome after any procedure >5 h.    

  Abdominal access: 
   1.    Obtain a full surgical history prior to beginning the case 

to aid in decisions of selecting the appropriate abdomi-
nal access site and technique.   

   2.    Avoid multiple attempts with Veress needle and consider 
other options if unable to gain access easily.   

   3.    Keep in mind the body habitus of the patient when 
inserting a Veress needle. For example, in a thin patient, 
the major vessels are approximately 1–2 cm below the 
umbilicus.   

   4.    Avoid swaying the Veress needle once in the abdomen.   
   5.    If pressures are high, reposition the Veress needle.   
   6.    Avoid using previous scars to enter the abdomen blindly.    

      Conclusion 

 Proper positioning, trocar placement, and instrumentation 
selection can either set you up for success right from the 
beginning or play a major role in your failure. Prepare well 
ahead of time, and have various selections available depend-
ing on your patient and your procedure. While standardiza-
tion goes a long way in effi ciency and avoiding errors, take 
the time up front to ensure things are exactly how you need 
them to be prior to embarking on the operation.      

2 Patient Positioning, Instrumentation, and Trocar Placement
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          Key Points 
•   A thorough    understanding of the anatomy is imperative 

for proper exposure during minimally invasive operations. 
Every effort must be made to gain a clear understanding 
of the relationship and spacial arrangement of vital struc-
tures prior to proceeding with dissection.  

•   Excellent exposure, meticulous technique, and proper 
assistance cannot be overstated and are essential compo-
nents to providing appropriate care to the patient, improv-
ing outcomes, and minimizing complications.  

•   Tension/counter-tension is an essential maneuver in devel-
oping and maintaining correct exposure of planes during 
any minimally invasive colon and rectal procedure.  

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

   Introduction 

 Laparoscopic and robotic dissection of the abdominal colon 
and rectum have become increasingly utilized both for benign 
and malignant disease processes. Based on the underlying 
disease, and sequela of such processes, practicing and 

becoming facile with the various approaches will make 
exposure safer, quicker, and more reproducible. 

 A fundamental understanding of the surgical anatomy 
allows the surgeon to have the ability to proceed in a safe 
manner, perform an appropriate oncological resection, and 
allow for additional diagnostic and therapeutic maneuvering 
while maximizing quality of life and simultaneously reduc-
ing morbidity. 

   Anatomy of Colonic Mesenteric Vasculature 

   Ileocolic, Middle Colic, and Right Colic 
Arteries (Figs.  3.1 ,  3.2  and  3.3 ) 

     A clear understanding of colon mesenteric vascular anatomy 
is critical in performing laparoscopic colon resections. A 
thorough knowledge of vascular anatomy is especially impor-
tant when performing resections for colon cancer where high 
ligation of mesenteric vessels is required. 

Based on numerous anatomic, pathological, surgical, and 
radiologic studies, considerable variation exists in colonic 
vasculature (Fig.  3.3a–d ). These variations need to be con-
sidered when approaching any dissection. One such example 
is that of the right colic artery (RCA) as a direct tributary of 
the superior mesenteric artery (SMA) – this occurs in only 
11 % of cases. Depending on the study, the RCA is a derived 
from branches of the ileocolic (ICA) and middle colic arter-
ies (MCA) in up to 80-100 % of patients. Other variations 
include single (95 %) and double (4 %) MCA’s. When a 
double-MCA was found, the RCA was invariably absent. 
Rather than the typical SMA origin, the MCA itself can orig-
inate from either hepatic or distal splenic arteries.

    Pearl     :     When performing right colectomy, one can take 
advantage of the constancy of the ileocolic vessels  .   The ileo-
colic artery always courses toward the ileocecal junction 
(Fig.   3.1  and  3.2  )  .  By identifying the terminal ileum and the 
cecal junction and gently retracting the mesentery near the 
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ileocolic junction anteriorly and laterally, the ileocolic 
vessel will be tented or “bow stringed” for easy identifi ca-
tion .   The ileocolic artery is also the fi rst and usually the 
only branch of the SMA located just below the duodenal 
sweep  .   Prior to ligating the ileocolic pedicle, the duodenal 
sweep located just above and near the origin of the duode-
nal sweep must be identifi ed in order to avoid inadvertently 
injuring the SMA Ileocolic pedicle (Fig. 33.4)  . 

      Gastrocolic Trunk 
 An extreme caution should be exercised when dissecting 
the proximal transverse colon mesentery away from the 
 duodenum and the head of the pancreas. Henle’s gastrocolic 

  Fig. 3.1    Demonstrates relationship of ileocolic pedicle, right colon, and transverse colon. Oftentimes, the duodenum can be seen in a relatively 
avascular plane toward the base of the mesentery and takeoff of the ileocolic pedicle       

  Fig. 3.2    Relationship of the ileocolic pedicle to the duodenum and 
right colon       

  Fig. 3.3 a–d    Variations in the blood    supply to the right colon.  With 
permission from Yuko Tonohira        
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trunk, a communicating vein between the gastroepiploic vein 
and the right branch of the middle colic vein or the main middle 
colic vein, courses behind the proximal transverse colon mes-

entery. Aggressive dissection in this area can tear the gastro-
colic trunk, causing diffi cult to control hemorrhage.     

   The Inferior Mesenteric Artery and Its 
Branches 

 The inferior mesenteric artery (IMA) is the last branch of 
the aorta prior to its bifurcation into the iliac vessels. The 
takeoff of the IMA occurs roughly at the level of L3 ver-
tebrae, while the bifurcation resides roughly around L4 
vertebrae of the anterior aorta and slightly to the left. The 
IMA and its branches are the vascular supply to the hind-
gut structures including the distal transverse, descending, 
and sigmoid colon, as well as the rectum. The left colic 
artery is the fi rst branch off the IMA and is typically 
located 2 cm from the origin of the IMA from the aorta. 
The distal transverse colon and descending colon are vas-
cularized via the ascending branch of the left colic artery. 
The bloody supply to the distal portion of the descending 
colon and proximal sigmoid colon is carried by the 
descending branch of the left colic artery   . Distally, the 
IMA gives off various sigmoid branches. As the IMA 
courses over the left common iliac artery and vein, it gives 
rise to its terminal branch, the superior rectal artery 
(Figs.  3.5  and  3.6 ). As its name indicates, the superior rec-
tal artery supplies the upper rectum in addition to the dis-
tal sigmoid colon. As the vessel courses into the pelvic 
cavity, it splits into two branches, which descend the lat-
eral aspects of the rectum within the mesorectum and 
endopelvic fascia [ 1 ,  2 ].   

  Fig. 3.4    Superior mesenteric artery and its branches.  With permission 
from Yuko Tonohira        

  Fig. 3.5    Blood supply to the left 
colon       
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  Pearls  : 
•     There are no arterial branches coming off the IMA pos-

teriorly  .   Dissection behind the IMA gives avascular 
access to the retroperitoneum  .   Dissection in this plane is 
best initiated at the level of the sacral promontory where 
there is the greatest separation between the retroperito-
neal structures and the IMA (Fig.   3.7  )  . 

•       In benign disease, the left colic artery can often be pre-
served by dividing the superior rectal artery (IMA as it 
crosses over the left common iliac artery), thereby main-
taining collateral fl ow to the distal descending colon and 
proximal sigmoid colon  .   Typically, this is not a limiting 
factor in achieving adequate mobilization of the colon 
into the deep pelvis  .     

   Splenic Flexure 
    The vascular anatomy distal to the middle colic artery and 
near the splenic fl exure is variable. Connections between 
the left and the middle colic arteries are common. Most 
commonly (33 %), the ascending and descending branches 
of the left colic artery communicate through the marginal 
vessels. An additional third branch off the left colic 
 communication with the middle colic (25 %) or the left colic 
artery as single arcade attached to the marginal vessels 
(25 %) is less frequent. In minority of cases (14.5 %), an 
accessory left colic artery arises from the superior mesen-
teric artery (Fig.  3.8 ).

     Embryologic Surgical Planes 

 During embryologic development, the colon starts off as a 
midline structure. As the embryo develops, the colon 
rotates laterally and fuses with the retroperitoneum. The 
white line of Toldt represents the lateral fusion line 
between the colon and the retroperitoneum (Fig.  3.9a, b ). 
Regardless of type of dissection approach (medial to lat-
eral vs. lateral to medial) one uses during a laparoscopic 
colectomy, the ultimate goal is to separate the colon and its 
mesentery away from the retroperitoneal structures and 
develop the colon as a midline structure. When performing 
the lateral-to-medial approach, the dissection must be 
started along or just medial to the white line of Toldt 
(Fig.  3.10a, b ). Dissection in this area will allow an entry 
into the appropriate plane between the colon mesentery 
and the retroperitoneum. On the other hand, dissecting lat-
eral to the white line will likely lead directly into the retro-
peritoneal space and will increase the likelihood of causing 
unwanted bleeding and injury to the retroperitoneal struc-
tures. When performing medial-to-lateral dissection, the 
mesenteric vessels are isolated and ligated before gaining 
an access into the retroperitoneum (Fig.  3.10a, b ). Because 
there is no fusion plane between the colon mesentery and 
the retroperitoneum in the midline, closest to the named 
vessels, there is a tendency to veer off from the proper dis-
section plane (Fig.  3.11a ). The surgeon has to make a con-
scious effort to stay within the appropriate surgical plane 
(Fig.  3.11b ). The mantra “purple goes down” is useful to 
remind ourselves from getting too deep into the retroperi-
toneal space.

  Fig. 3.6    Mobilization of the IMA. Arrows point to the direction of 
mobilization toward the pedicle        

  Fig. 3.7    Mobilization of the IMA. Arrows point to the direction of 
mobilization toward the pedicle. With permission from Yuko Tonohira       
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  Fig. 3.8    Variations in the blood 
supply to the left colon and 
splenic fl exure (1, 2, 3 = Variations 
in left colic artery branches). With 
permission from Yuko Tonohira       

  Fig. 3.9    (a) Embryologic planes 
of the left colon ( C  colon,  U  
ureters,  G  gonadal vessels,  IVC  
inferior vena cava,  A  aorta). 
(b) In the adult, the colon has 
fused ( green arrows ) to the 
retroperitoneum. With permission 
from Yuko Tonohira       

  Fig. 3.10    ( a ) Mobilization of the left colon through the white line of Toldt ( red arrow ); ( b ) continued dissection in the correct plane leaving the 
gonadal vessels and ureters in the retroperitoneum. With permission from Yuko Tonohira       
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         The Ureter 

 The ureters lie under the parietal peritoneum and rest on the 
anterior surface of the psoas muscle (Fig.  3.12 ). The right 
and left ureters both follow a straight path from the renal 
pelvis to the pelvic, 4–5 cm laterally to the IVC and the 
aorta, respectively (Fig.  3.13 ). The ureters then cross over 
the iliac vessels to enter the pelvic brim. The right ureter 
classically traverses the external iliac artery (Figs.  3.16  and 
 3.17 ), whereas the left ureter lies slightly more medial and 
typically crosses the common iliac artery. The ureters then 
run posterior and inferior on the lateral pelvic sidewall. 
In males, the ureters continue to course medially and pass 
between the vas deferens (anterior) and the seminal vesi-
cles (posterior). In females, the ureter descends posterior to 
the ovary and into the base of the broad ligament passing 
under the uterine artery. In males and females, the ureter 
enters the posterolateral surface of the bladder and travels 
at an oblique angle for approximately 2 cm until it forms 
the trigone [ 3 ].

       In the course of performing laparoscopic right colectomy, 
the right ureter is typically not encountered when dissecting 
the right colon mesentery away from the retroperitoneal 
structures. Rather, the right ureter is typically visualized 
when the terminal ileum mesentery is sharply dissected away 
from the retroperitoneum over the pelvic brim (Fig.  3.19 ).

   When performing a laparoscopic left colectomy or pelvic 
dissection, the ureters may be encountered in two locations: 
(1) where they cross over the common iliac vessels and 
(2) the lateral walls of the pouch of Douglas as they course 
beneath either the vas deferens or the uterine artery 
(Fig.  3.20 ). When dissecting behind the IMA into the retro-
peritoneal space, the left ureter is located medial to the 
gonadal vessels (Fig.  3.21 ). When developing the plane 
anteriorly, theoretically the ureters should not be seen at this 
level [ 4 ,  5 ].   

  Pearls  : 
•     Prior to dividing the IMA pedicle, the ureter must be 

visualized and dissected out of harm’s way  .   
•    If the left ureter is not visualized and the psoas muscle 

appears bare, the plane of dissection is likely to be too 
deep  .   The left ureter and gonadal vessels may be adherent 
to the left colon mesentery in this case  .      

   The Gonadal Vessels 

 The gonadal arteries typically arise from the anterior aorta 
just below the renal artery. Unlike the ureter, the gonadal 
vessels travel oblique toward the pelvic inlet. The gonadal 
arteries cross the abdominal ureters approximately halfway 
between the pelvic inlet and the renal pelvis. The ovarian 
vessels enter the broad ligament of the ovary at the pelvic 
brim. The testicular vessels cross the pelvic brim between 
the sacroiliac joint and the inguinal ligament to enter the 
deep inguinal ring. After traveling their respective courses, 
the right ovarian and testicular vein generally join the infe-
rior cava while the left gonadal vein commonly joins the left 
renal vein [ 3 ].   

  Fig. 3.12    When mobilizing the terminal ileum mesentery, care must be 
taken to visualize the ureter which travels over the psoas and crosses the 
right external iliac artery       

  Fig. 3.11    ( a ) Continuing mobili-
zation in the posterior plane 
( wrong plane ) will lead to eleva-
tion and possible damage to the 
ureter. ( b ) The correct plane is 
above the gonadals and ureter, 
leaving them in the retroperito-
neum. With permission from Yuko 
Tonohira       
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   Anatomy of the Pelvis 

 Low anterior (rectal) resection requires an intimate knowledge 
of the pelvic anatomy. Appropriate understanding of the com-
partments and structures within these areas permits an easier, 
safer, more reproducible, and oncologically sound resection. 

   Posterior and Lateral Compartments 
 The posterior compartment of the pelvis is comprised of the 
presacral fascia, rectum with its associated mesorectum, and 
surrounding fascia propria (Fig.  3.20 ). The presacral fascia 
overlies the concavity of the bony sacrum and coccyx 

(Figs.  3.18  and  3.23 ). It contains the middle sacral artery, the 
autonomic nerves, and the presacral veins known for causing 
perilous bleeding during a pelvic dissection [ 6 ,  7 ]. The rectum 
is enclosed by the fascia propria of the rectum, an investing 
extension of the endopelvic fascia. It encloses the mesorec-
tum, fat, nerves, and the blood supply along the  lateral extra-
peritoneal stalks of the rectum. The rectogenital septum 
marks the anterior border of the posterior pelvic compart-
ment. The septum is clearly marked by the visceral pelvic 
fascia or Denonvilliers fascia that separates the extraperito-
neal rectum anteriorly from the vagina (Figs.  3.24  and  3.25 ) 
or prostate and seminal vesicles [ 8 ]. Developing the plane 
anterior to the fascia propria or extramesorectal plane may 
lead to resection of Denonvilliers fascia and is associated with 
an increased risk of bladder and sexual dysfunction due to 
sacrifi ce of branches of the pelvic plexus of the hypogastric 
nerves.     

  Pearls  : 
•     Development of Denonvilliers fascia can be diffi cult and 

is often facilitated by developing the posterior and lat-
eral planes initially and extending them circumferen-
tially to the anterior plane  .   

•    If done correctly, the surgeon will notice an “open 
C”-type or “opening-zipper” confi guration of this fascia 
that will demarcate the appropriate dissection plane 
(Figs.   3.26   and   3.27  )  .   In this instance, starting from a 
known to unknown dissection will help identify the 
appropriate dissection plane with loose alveolar tissue 
as the defi nitive marker  . 

  Fig. 3.13    Course of the ureters 
on the psoas       

  Fig. 3.14    Entry into the presacral space. Notice the course of the ureter 
and the nerves at this level       
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          Innervation 
 The colon and rectum are innervated by the sympathetic and 
parasympathetic systems. The sympathetic supply of the left 
colon and the rectum arises from L1 to L3 and is distributed 
through the lumbar splanchnic nerves via the aortic and 
inferior mesenteric plexuses and the sacral splanchnic 

nerves through the superior and inferior hypogastric plex-
uses (Fig.  3.28 ). The preganglionic fi bers synapse in the 
preaortic plexus, while postganglionic fi bers travel along 
the IMA and superior rectal artery to the intestine. These 
nerves typically overlie the aorta, and care must be taken to 
identify and preserve these during dissection and ligation of 

  Fig. 3.15    The right ureter will 
traverse the external iliac artery, 
while the left ureter will cross the 
travel slightly more medial 
crossing the left common iliac 
vessels       

  Fig. 3.16    Entry into the presacral space. Notice the course of the ureter and the nerves at this level       
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  Fig. 3.17    The right ureter will traverse the external iliac artery, while the left ureter will cross the travel slightly more medial crossing the left 
common iliac vessels       

  Fig. 3.18    Course of the ureter as it enters the pelvic sidewall and travels under the uterine artery (vas deferens) and into the bladde       
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  Fig. 3.19    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. With permission from Yuko Tonohira       

  Fig. 3.20    Dashed green line 
depicts the posterior rectum, 
while the  blue and orange lines  
represent the middle and anterior 
compartments; the  middle com-
partment  is only present in 
females       

the IMA off the aorta. The lower rectum is innervated by 
presacral nerves formed by the fusion of the lumbar splanch-
nic nerves and the aortic plexus. Subsequently, these nerves 
combine to form the hypogastric plexus located just below 
the sacral promontory (Figs.  3.29  and  3.30 ). The hypogas-
tric plexus gives rise to two main hypogastric nerves which 
travel along the lateral sacrum and pelvic sidewalls into the 
pelvic plexus located in the lower rectum adjacent to what 
are typically conceived as the lateral stalks of the mesorec-
tum [ 9 ,  10 ].

     The parasympathetic innervation of the rectum and anal 
canal is comprised of sacral roots S2–4 and travels via the 
pelvic splanchnic nerves known as the    latter (nervi) (Fig.  3.25 ). 

The nervi erigentes fuse with the sympathetic hypogastric 
nerves at the pelvic plexus. From here the pelvic plexus gives 
to the inferior mesenteric plexus and the periprostatic plexus. 
The inferior mesenteric plexus distributes both sympathetic 
and parasympathetic innervation to the lower rectum and 
anal canal. The periprostatic plexus supplies the prostate, 
seminal vesicles, vas deferens, urethra, ejaculatory ducts, 
and bulbourethral glands [ 10 ,  11 ]. 

 Pelvic dissection poses a risk of injury to the pelvic nerves 
with increased risk of trauma at certain locations. High ligation 
of the IMA may lead to injury of the sympathetic preaortic 
nerves. Similarly, development of the avascular plane between 
the mesorectum and presacral fascia at the level of the sacral 
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promontory or the concavity of the sacrum exposes the superior 
hypogastric plexus and the hypogastric nerves to injury. Trauma 
at both levels results in sympathetic denervation with intact 
parasympathetic innervation leading to bladder dysfunction 
and retrograde ejaculation. As the dissection is extended cau-
dally, the pelvic plexus may be damaged resulting in both 
sympathetic and parasympathetic denervation. Injury at this 
level can lead to rectal, urinary, and erectile dysfunction, vag-
inal dryness, and dyspareunia [ 12 ]. 

   Anterior and Middle Compartments 
 The anterior compartment is largely comprised of the blad-
der and the adjacent paravisceral fat pad. The nerve-vessel 
plate lies between the two structures. The middle compart-
ment lies between the anterior and posterior compartment 
and exists only in females. It is outlined by the endopelvic 
fascia overlaying the uterus, vagina, and tuberosacral liga-
ment (Fig.  3.22 ).     

   Right Colectomy 

 With either approach, the patient is fi rst placed in a 
Trendelenburg position with the operating table inclined 
toward the left. The omentum is retracted by lifting and plac-
ing this superiorly over the transverse colon and liver. The 
small bowel is then mobilized out of the pelvis and toward 
the left side of the abdomen. These steps will help isolate the 
terminal ileum, right colon, and mesentery from other vital 
structures (Figs.  3.1  and  3.2 ). 

   Right Colectomy: Distinct Anatomy 
of  Medial-to- Lateral Mobilization 

  Pearl:  The critical maneuver in performing a medial-to- 
lateral dissection for right colectomy is creation of a 
window around the origin of the ileocolic pedicle with 
appropriate tension near the bowel and then protection of 
the duodenum and other retroperitoneal structures during 
ligation and subsequent dissection  .  

 The right colon is supplied by the ileocolic artery branch-
ing off the superior mesenteric artery. Anatomically, it courses 
just infero-caudally to the third portion of the duodenum. This 
is best visualized by grasping either the cecum or mesentery 
close to the bowel wall anteriorly or ventrally. In thinner 
patients, identifi cation of the duodenal sweep or C curve can 
be observed with superoanterior retraction of the transverse 
colon. In some patients, this must be preceded by division of 
congenital fusion attachments of the right colon mesentery to 
the proximal transverse colon mesentery. With anterolateral 
retraction of the ileocecal region, a tenting or bowstringing 
effect will be noted—with the mesenteric vasculature acting 
as the scaffold (Figs.  3.5  and  3.31 ). In general, when tracing 
named mesenteric vascular structures, such as the ileocolic 
vessels, to their origin, there will be a thinning out or paucity 
of adiposity in the mesenteric fat on both sides of the vessels. 
Careful dissection through the mesentery at this avascular 
point is critical. This is generally fi rst performed by creating 
an opening in the peritoneum and mesentery inferiorly and 
then encircling the vessels superiorly. Some mobilization of 
the mesocolon from the retroperitoneal structures may be nec-

  Fig. 3.21    Pelvic anatomy highlighting the sacrum, hypogastric nerves, 
and avascular alveolar space between the fascia propria and presacral 
fascia       

  Fig. 3.22    Denonvilliers fascia can often be a diffi cult plane to identify; 
careful tension/counter-tension between the rectum and the genitouri-
nary structure will help develop the appropriate plane       
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essary and can be performed with gentle blunt sweeping 
motions dorsally. When doing so, care must be taken to visu-
alize the right ureter inferolaterally and, in particular, the duo-
denum posteriorly (Fig.  3.14a, b ). Once these structures are 
well visualized and out of harm’s way, a high or central liga-
tion can be performed. This can be done in a variety of ways 
based on surgeon preference—endoscopic stapling devices, 
energy devices, or application of clips with intermediary divi-
sion. At this point, the mesocolon can be safely grasped ven-
trally, and the retroperitoneal attachments can be safely 
dissected away from the right colon and its mesentery either 

sharply or with gentle brush movements. In this plane, one can 
see a thin white line of Toldt separating the retroperitoneal 
structures from the remainder of the mesocolon. Care must be 
taken to stay in the appropriate plane and not injure the duo-
denum or, more laterally, not mobilize the kidney (Fig.  3.32 ).

     Pearl  :        (1) Identifi cation of the duodenum is a helpful marker  
for confi rming the correct plane of dissection and extent of 
dissection when performing the procedure for oncologic 
lymph node staging. (2) The critical maneuver   in performing 
a medial-to-lateral dissection is to sustain proper tension and 
counter-tension  .   Only by doing so will the surgeon be able to 
identify and maintain the correct plane, allowing the proce-
dure to continue along its natural progression  .  

 A key point in performing this maneuver is to gently push 
or sweep the peritoneal refl ection line down rather than pull 
other structures down which generally causes more tearing 
and subsequent bleeding. Further distal dissection of the mes-
entery is performed to the level of the middle colic vessels. 
The middle colic vessel is the primary blood supply to the 
proximal two-thirds of the transverse colon and branches off 
the superior mesentery artery just inferior to and then overlies 
the pancreas. Care must be taken to use precise technique in 
this retroperitoneal space as the pancreaticoduodenal and gas-
troepiploic veins may cause signifi cant hemorrhage if excess 
tension and shearing occur. Once the middle colic vessel is 
identifi ed, the right branch of the middle colic vessel is then 
divided after isolation. This can be done with gentle anterosu-
perior retraction of the transverse colon and consequent iden-
tifi cation of the takeoff of the right and left branches of the 
middle colic—a classic “Y” pattern may be seen (Fig.  3.33 ). 

  Fig. 3.23    Schematic representa-
tion of the prostate, nerves, rectum, 
and pelvic structures       

  Fig. 3.24    Reverse “C-shaped” plane during distal anterolateral dissec-
tion along the pelvic side       
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In the vicinity of the hepatic fl exure, the right colic vein, 
located lateral to the right branch of the middle colic artery, 
will be seen coursing from the  pancreas to the hepatic fl exure. 
This should also be carefully divided while preventing injury 
to the gastroepiploic vessels. Generally, after identifying the 
line of transection for the transverse colon, a window around 
the right branch of the middle colic artery (and right branch of 
middle colic vein) is created at the apex of the “Y” and is then 
divided in a left-to-right fashion. The dissection can then be 
extended inferiorly and proximally to mobilize the terminal 
ileal mesentery and also superiorly and distally to divide the 

mesentery to the level of the middle colic vessels. These latter 
vessels are preserved in anticipation of anastomosis of the 
small bowel to the transverse colon. At this point, the right 
colon will now only be held in place by lateral avascular 
attachments to the abdominal sidewall and then the hepatic 
fl exure attachments and gastrocolic attachments of the omen-
tum to the transverse colon. These can generally be easily 
divided by either a dissecting energy device (ultrasonic or 
bipolar type) or an energized, monopolar cautery/Metzenbaum 
scissors. Dissection proceeds proximally dividing the hepatic 
fl exure (Figs.  3.34  and  3.35 ) and again carefully avoiding the 

  Fig. 3.25    Entry into the presa-
cral space involves retraction to 
the left to expose the right pelvic 
sidewall       

  Fig. 3.26    Medial mobilization of 
the left colon demonstrating the 
arterial blood supply, ureter, and 
nerves       
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gastroepiploic vein and then the lateral attachments to the 
ascending colon in a superior-to-inferior fashion into the pel-
vis while staying medial to the retroperitoneal structures, in 
particular Gerota’s fascia. At the conclusion of the mobiliza-
tion, one will have kept the retroperitoneal fascia intact and 
dissected to the point of visualization of the preserved right 
iliac vessels, right psoas muscle, and right ureter (Fig.  3.32a, 
b ).

      Pearl  :     Maintenance of dissection in the appropriate plane 
and gentle dissection of the retroperitoneal refl ection away 
from the target colon and mesentery allow for a safer and 

more appropriate complete and intact oncologic resection 
without invasion of the tissues  .  

 Inferiorly, along the terminal ileal mesentery, there is a 
refl ection noted at the attachment to the retroperitoneum 
(Fig.  3.36 ). This fold is medial to the ureter, overlies the right 
iliac vessels in the right pelvis, and is also superolateral to 
the sacral promontory. If entered appropriately with anterior 
retraction of the terminal ileum, this mobilization of the mes-
entery from the retroperitoneum can be performed sharply 
without any energy-type devices and then continued superi-
orly and separating the mesentery of the terminal ileum and 
right colon off the duodenum and pancreas as well.

    Pearls  : 
    1.     Leaving the lateral attachments to the abdominal sidewall 

(line of Toldt) and hepatic fl exure until the very end of 
dissection allows for appropriate scaffolding of the tissue 
and aids in achieving counter-tension when necessary  .    

   2.     When completing the detachment of these lateral attach-
ments, a visualization of a purple hue/discoloration will 
be noted due to the previously dissected planes held in 
place only by thin peritoneal tissue layers  .   This helps 
demarcate the appropriate dissection line  .     

  Fig. 3.27    The hypogastric plexus located just below the  SP  sacral 
promontory;  PSS  presacral space       

  Fig. 3.28    Cross-sectional view 
of the pelvis at the level of the 
sacral promontory       
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     Right Colectomy: Distinct 
Anatomy of Lateral-to- Medial 
Mobilization 

  Pearl  :     Lateral-to-medial mobilization provides the surgeon 
the easiest transition to laparoscopic colectomy and also 
helps in teaching others  .   Care must be taken to fi rst 
approach and identify the ureter and fold of the terminal 
ileal mesentery and its attachment to the retroperitoneum  .  

 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—including the intact peritoneum encom-
passing the colon and mesenteric structures including high 
ligation of the pedicles). With the exclusion of a right colec-
tomy for pathological enlargement of the appendix (i.e., 
mucocele, cystadenoma, cystadenocarcinoma, or carcinoid), 

  Fig. 3.29    Dissection of the ileo-
colic pedicle from a medial 
approach       

  Fig. 3.30    Medial-to-lateral mobilization highlighting the duodenum and white line of Toldt as the ascending colon and mesentery are ventrally 
retracted       
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  Fig. 3.31    Depicts “Y” pattern of 
middle colic vessels       

  Fig. 3.32    Hepatic fl exure mobilization highlighting the liver, gallbladder, duodenum, and hepatocolic ligament ( HF  hepatic fl exure,  GB  
gallbladder)       

  Fig. 3.33    Mobilization of the 
hepatic fl exure from the trans-
verse colon       
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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. This 
will then clarify the lateral attachments of the colon and mes-
entery to the retroperitoneum. Along the colon, this will be 
the right lateral line of Toldt. Division of this will enter into 
a loose alveolar plane, and then dissection can proceed dis-
tally along the ascending colon to the hepatic fl exure. In the 
vicinity of the ileocecal valve, however, care must be taken 
to identify and preserve the ureter as it crosses the right iliac 
artery bifurcation (Figs.  3.14a, b  and  3.16 ). Care should be 
taken to stay within this appropriate plane and not too 
l ateral—otherwise, entry into Gerota’s fascia or mobilization 
of the kidney will ensue. Mobilization within the correct 
plane of the mesocolon from the retroperitoneum centrally 
(or medially) toward the takeoff base of the ileocolic pedicle 
will also expose the anterior surface of the duodenum and 
pancreas. The mesentery of the terminal ileum is then divided 
from the retroperitoneum to the level of the right iliac vessels 
as described above in the medial-to-lateral mobilization. At 
this point, as noted in the medial-to-lateral mobilization, the 
base of the ileocolic pedicle should now be easily visualized 
and divided as above.  

   Right Colectomy: Common Steps 

    The gastrocolic attachments to the transverse colon need to 
be divided and then entry into the lesser sac is performed. 
The surgeon will fi rst lift the omentum and retract this supe-
riorly. Division can then be done sharply as the attachments 
are generally avascular or otherwise easily controlled with 
monopolar cautery or an energy device. For right colecto-
mies, the distal extent of dissection is generally around the 
falciform ligament or in line with the middle colic vessels. It 

  Fig. 3.34    Visualization of the ureter while mobilizing the cecum and 
terminal ileum off the retroperitoneum. The ureter will course slightly 
more laterally on the right crossing over the right external iliac artery       

  Fig. 3.35    Laparoscopic view of the lesser sac from patient’s right side       

  Fig. 3.36    Accessing the lesser 
sac through the omentum (gastro-
colic ligament)       
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is sometimes best to start at this point and work retrograde 
toward the hepatic fl exure. At a certain point, the omentum 
will then be fully mobilized. The lesser sac is entered and the 
proximal transverse mesocolon can then be sharply dissected 
from the other abdominal and retroperitoneal structures 
(Figs.  3.37  and  3.38 ). In particular, the posterior leaf of the 
omentum must be separated along its congenital attachments 
from the mesocolon. Care must be taken to completely and 
safely mobilize the mesocolon off of the duodenum and 
 pancreas. As noted above, this area will have some vascular 
attachments that will need to be controlled. Another point of 
entry into the lesser sac will be the fusion or attachment of 

the gallbladder dome to the transverse colon or mesocolon. 
Similarly to above, entry at this level will also expose the 
lesser sac, and then one can proceed to mobilize the mesoco-
lon off the duodenum. All that will remain at this point will 
be the hepatic fl exure attachments, which should now be eas-
ily divided.

    Once completely dissected, the right colon and mesentery 
should be able to be mobilized and expressed as a mid-
line structure. Division of the intestines and subsequent 
anastomosis can now be performed either in a laparo-
scopic fashion intracorporeally or in an open fashion once 
extracorporealized through an extraction incision. Details of 
these techniques will be discussed in a later chapter.  

   Transverse Colectomy and the Middle 
Colic Vessels 

  Pearl  :     The critical maneuver in performing a transverse 
 colectomy is identifi cation of the middle colic artery and its 
distal right and left branches  .   In addition, care should be 
taken to prevent injury to the pancreas and right gastroepi-
ploic vein  .   Ability to approach this from both sides of the 
patient will contribute to success  .  

 In cases requiring resection of the transverse colon, the 
middle colic vessel will need to be ligated and divided, 
sometimes in a high fashion (Figs.  3.39  and  3.40 ). This can 
proceed as a progression of the above steps. However, rather 
than isolating the right branch of the middle colic vessel, the 
entire middle colic vessel may be divided. This can be iso-

  Fig. 3.38    Middle colic vessels       

  Fig. 3.37    Transverse colon anatomy       
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lated by gently retracting the mesentery of the transverse 
colon superiorly. The middle colic artery and its right and 
left branches will be identifi ed. During dissection of the 
transverse colon mesentery off the pancreas and before divi-
sion of the middle colic vein, the right gastroepiploic vein 
overlying the pancreas must be identifi ed and preserved. In 
certain cases, the transverse mesentery may be divided as a 
proximal progression during total (procto)colectomy. This is 
generally done with the surgeon on the patient’s right side 
after mobilization of the left colon. In this instance, after the 
splenic fl exure is mobilized and divided, the transverse mes-
entery may then be serially ligated and divided in a retro-
grade fashion using an energy device. Alternately, a window 
can be created around the middle colic vessels and divided in 
an antegrade right-to-left fashion. This continues proximally 
to divide either the middle colic artery or both right and mid-
dle colic branches.

        Left Colectomy and Anterior Resection 

  Pearl  :     The critical maneuver in performing a medial-to-
lateral dissection is to sustain proper tension and counter-
tension  .   Only by doing so will the surgeon be able to identify 
and maintain the correct plane, allowing the procedure to 
continue along its natural progression  .  

 The patient is oriented in the Trendelenburg position with 
the left side tilted up, which assists in displacing the small 
intestine into the upper abdomen. This is an exceptional 
opportunity to appreciate the pelvic anatomy in its entirety 
before starting one’s dissection. Take a moment to  understand 
the multiple compartments of the pelvis including the rela-
tionship of pelvic vessels to the organs and the variations in 
pelvic anatomy between males and females. 

 Similar to a right colectomy, the initial dissection 
involves the development of the avascular plane between the 

  Fig. 3.39    Dissection of the IMA 
via a medial-to-lateral approach       

  Fig. 3.40    Laparoscopic hand-assist demonstrating the areolar plane 
between the colon mesentery and the retroperitoneum;  IMA  inferior 
mesenteric artery       

  Fig. 3.41    Anatomy of the left colon highlighting the IMA pedicle and 
sacral promontory       
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parietal peritoneum overlying the retroperitoneum and the 
mesentery of the left colon, along the left lateral line of 
Toldt. This may be achieved from a lateral-to-medial 
approach or vice versa. When performing a medial-to-lat-
eral approach, the mesenteric fold containing the IMA can 
be found overlying the sacral promontory. Ventral retraction 
of the left colon mesentery will often outline the IMA pedi-
cle entering into the pelvis to form the superior rectal artery, 
in a similar bowstring effect noted with the ileocolic pedi-
cle. Scoring of the mesentery parallel to the posterior aspect 
of the IMA pedicle will often help enter into the avascular 

plane (Fig.  3.41 ). Gentle fenestration of the mesentery 
overlying the sacral promontory with an energy device 
(electrocautery or ultrasound) will create a ballooning pillow-
type effect as the avascular plane expands and separates the 
mesentery away from the presacral fascia, aorta, iliac ves-
sels, and autonomic nerves (Fig.  3.42 ). When performing a 
laparoscopic hand-assist approach, placing the thumb on the 
sacral promontory and pinching the mesentery of the left 
colon between the thumb and the index fi nger will aid in 
isolating the IMA pedicle and help initiate one’s medial-to-
lateral dissection (Fig.  3.43 ).

     Paramount to any approach, retroperitoneal structures 
including the left gonadal vessels, left ureter, and the hypo-
gastric nerve plexus must fi rst be identifi ed and preserved 
(Figs.  3.28  and  3.44 ). In cases where the ureter is not easily 
identifi ed, commonly due to a surrounding fat pad, it would 
be prudent to alter the approach and mobilization to ensure 
visualization. In certain cases, the ureter may have been 
mobilized ventrally and placed on stretch with the mobilized 
left colon mesentery. Reorientation using a different approach 
may permit appropriate dissection away from the colon mes-
entery and avoid ureteral transection.

   Once the ureter has been identifi ed, the inferior mesenteric 
artery is often ligated and transected to facilitate the pelvic 
dissection. The medial-to-lateral mobilization is performed 
similar to that done on the right side. The retroperitoneal 
refl ection is gently swept posterolaterally away from the 
colon and mesentery. The dissection proceeds cephalad to the 
level of the superior pole of the kidney. At this point, the IMV 
may be identifi ed and mobilization of the splenic fl exure may 
be performed (Figs.  3.6  and  3.45 ).

  Fig. 3.43    Left colic vessels (descending branch of left colic,  IMV  infe-
rior mesenteric vein)       

  Fig. 3.42    Medial-to-lateral mobilization of the left colon highlighting the IMA, ureter along the pelvic sidewall, and hypogastric nerve plexus 
overlying the aorta and iliac artery as the mesentery of the sigmoid colon is retracted anteriorly       
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     Inferior Mesenteric Vein and Splenic Flexure 
Mobilization 

  Pearl  :     Careful technique should be used during the divi-
sion of the IMV as the vessel can easily be sheared and 
retract if excess tension or inappropriate ligation is per-
formed  .   Isolating the vessel by creating windows on either 
side should be performed prior to ligation such that an 
adequate pedicle may be grasped in case of sudden tear or 
dehiscence of a seal  .  

 The authors perform a proximal ligation of the IMV in 
almost all anterior or low anterior resections to aid in appro-
priate mobilization for tension-free colorectal or coloanal 
anastomoses. With the distal splenic fl exure and proximal 
descending colon and mesentery retracted anteriorly, the infe-
rior mesenteric vein (IMV) can be identifi ed with avascular 
areas surrounding the vessel (Figs.  3.6  and  3.46 ). Often, the 
fourth part of the duodenum or proximal jejunum will have 
some attachments to the descending colon mesentery in this 
area that will need to be divided fi rst. The IMV transection is 
performed just caudal to the pancreas and ligament of Treitz 
and prior to its origin of insertion into the splenic vein 
(Figs.  3.47  and  3.48 ). Ligation can generally be performed 
with an energy source such as ultrasonic shears or bipolar- type 
vessel sealing devices. Once this is performed, the mesentery 
of the splenic fl exure can then be grasped superiorly and 
 anteriorly, and the retroperitoneal refl ection line of Toldt can 
then be gently swept posteriorly if not yet completed during 
the medial-to-lateral mobilization. This proceeds proximally 
and superiorly as high as possible toward the spleen. Careful 
technique should be used in IMV division as the vessel can 
easily be sheared and retract if excess tension or inappropriate 
ligation is performed.

      Pearl  :     The complexity associated with mobilizing the 
splenic fl exure may be conquered by a proper medial-to-
lateral dissection to the level of the superior pole of the kid-
ney  .   If done correctly, splenic fl exure mobilization is 
reduced to simply dividing lateral attachments  .  

 Splenic fl exure mobilization is generally performed 
using a combination of approaches. The patient is placed in 

  Fig. 3.44    Left colon anatomy.  LBMC  left branch of middle colic,  ABLC  ascending branch of left colic,  SF  splenic fl exure       

  Fig. 3.45    Ligation of the IMV transection is typically performed just 
caudal to the pancreas and ligament of Treitz, prior to its origin of inser-
tion into the splenic vein. Dividing the IMV is a common technique in 
mobilizing the proximal colon during a low pelvic dissection       
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a reverse Trendelenburg position with the table inclined 
toward the right. Typically, if an adequate medial-to-lateral 
mobilization is performed of the left colon, then mobiliza-
tion of the splenic fl exure is reduced to division of the lat-
eral attachments of the splenocolic ligaments. Laterally, the 
attachments to the sidewall and spleen are carefully divided 
while being mindful not to injure the splenic capsule 
(Figs.  3.49  and  3.50 ). Oftentimes, there will be close and 
dense adhesions of the colon to the spleen. The gastrocolic 
attachments of the omentum to the distal transverse colon 
are then also divided starting at the level of the falciform 

ligament. Congenital fusion attachments of the posterior 
leaf of the omentum to the mesocolon may need to be 
divided upon entry into the lesser sac. Similar attachments 
of the colonic mesentery to the stomach lead to inadvertent 
gastric injury. Dissection proceeds separating the attach-
ments of the splenic fl exure and its mesentery away from 
the spleen. At this point, an avascular plane is generally 
noted and dissection can safely proceed bluntly. The splenic 
fl exure will then be held in place by thin mesenteric attach-
ments that can be divided.

     Pearl  :     The avascular plane above the ligament of Treitz may 
offer an alternative pathway into the lesser sac and should be 
considered when the traditional approach through the 
omentum is not feasible due to poor exposure or pathology . 

 In some situations, the lesser sac may be dense with 
adhesions, and care must be taken not to proceed too poste-
riorly and into the pancreatic parenchyma. If the adhesions 
make dissection diffi cult, another approach to the splenic 
fl exure may be afforded by an inferior-to-superior approach, 
starting at the ligament of Treitz. With the distal transverse 
colon mesentery retracted anteriorly, there is generally an 
avascular plane identifi ed near and just above the ligament 
of Treitz along the transverse mesentery and above the duo-
denum. Entry into this window will lead into the lesser sac 
above the pancreas and behind the stomach (Figs.  3.51 , 
 3.52 , and  3.53 ). Dissection of the distal transverse colon 
mesentery and splenic fl exure mesentery can then proceed 
in an antegrade distal fashion up to and including division 
of the IMV. Once mobilized, the transverse colon mesen-
tery can be retracted anteriorly and dissected off the remain-
ing retroperitoneal structures and then away from the 

  Fig. 3.46    Ligation of the IMV 
involves access to the avascular 
space by the ligament of Treitz 
and an avascular window just lateral 
to its course       

  Fig. 3.47    Lateral-to-medial mobilization of the left colon along the 
white line of Toldt       
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spleen. Care should be taken not to dissect the mesentery 
proximally and not to divide the left branch of the middle 
colic artery if the descending colon is to be utilized for 
anastomosis.

        Descending Colectomy 

 The descending colon and its mesentery are generally 
mobilized as continuations of sigmoid mobilization or 
splenic fl exure mobilization. The key points during this 
mobilization are identifi cation and preservation of the 

ureter and kidney during appropriate dissection of the avas-
cular plane between the mesentery and retroperitoneum 
(Figs.  3.42 – 3.47  and  3.49 ).  

   Low Anterior Resection 

  Pearl  :     Early development of the correct plane in the pre-
sacral space is critical in successfully performing a 
proper sharp total mesorectal excision  .   In an attempt to 
ensure proper oncologic resection, there may be a pro-
pensity to veer lateral from the proper plane  .   The loose 
areolar plane or “cotton candy” plane is often easily 
developed by staying close to the mesorectal fascia of the 
rectum  .   By doing so, one also minimizes the risk for 
injuring the hypogastric nerves and other retroperitoneal 
structures  .  

 When performing a pelvic dissection, the surgeon often ini-
tiates the dissection of the rectum posteriorly. The dissection 
plane is developed immediately posterior to the fascia propria of 
the rectum. This fascia is an extension of the pelvic fascia envel-
oping the rectum, fat, nerves, and blood and lymphatic vessels. 
There is a loose alveolar plane between this and the presacral 
fascia (Fig.  3.23 ). The dissection is carried down sharply to 
the levator ani and puborectalis sling posteriorly and laterally, 
taking care to avoid the pelvic nerves along the sidewalls 
whenever possible (Fig.  3.54 ).

   When performing the posterior dissection, careful atten-
tion should be given to the presacral fascia. As described 
above, this is a thickened part of the parietal pelvic fascia 
that covers the sacrum, coccyx, nerves, middle sacral artery, 

  Fig. 3.48    Mobilization of the left colon by taking down the lateral 
attachments       

  Fig. 3.49    The avascular plane above the ligament of Treitz may offer 
an alternative pathway into the lesser sac       

  Fig. 3.50    With the distal transverse colon mesentery retracted anteri-
orly, there is generally an avascular plane identifi ed near and just 
above the ligament of Treitz along the transverse mesentery and above 
the duodenum. Entry into this window will lead into the lesser sac 
above the pancreas and behind the stomach       
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and presacral veins. Operating deep to the presacral fascia or 
tearing of the fascia due to retracting may cause excessive 
hemorrhage in an otherwise bloodless operation (Figs.  3.55  
and  3.56 ).

    The facial plane is then continued along the lateral aspects 
of the extraperitoneal rectum. The lateral ligaments or stalks 
are considered condensations of the pelvic fascia. They are 

comprised of connection tissue and nerves, but the middle 
rectal artery does not traverse them. Vessels may traverse the 
lateral stalks in 25 % of the time so care should be taken 
when dividing them [ 3 ,  13 ]. 

 After developing the posterior and lateral planes, the 
anterior dissection is then performed. Continuation of the 
lateral and posterior dissection 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.  3.26 ). 
In this instance, starting from a known to unknown dissec-
tion will help identify the appropriate dissection plane with 
loose alveolar tissue as the defi nitive marker. Here, too, 
there will be a loose alveolar space denoting the appropri-
ate plane. The vagina, or prostate and seminal vesicles, will 
be visualized anteriorly as dissection proceeds caudally 
(Figs.  3.24  and  3.57 ).

  As dissection continues distally, toward the level of 
the levator ani and puborectalis, there will be a paucity of 
 mesorectal fat around the distal anorectal canal. This is typi-
cally the terminal limit of the abdominal dissection. In some 
advanced cases, an intersphincteric plane can also be devel-
oped, and careful dissection will reveal the space between 
the external sphincter and the anorectal tube. 

   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. 3.51    Accessing the lesser 
sac through the transverse colon 
mesentery       

  Fig. 3.52    During a total mesorectal excision, the dissection may be 
extended to the level of the pelvic fl oor. At this point the mesorectum is 
thinned and the typical “coning” is seen       
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(Fig.  3.58 ). In these cases, several options exist, with the 
authors generally preferring the last:
    1.    Endouterine manipulator—this is placed per vagina and 

held in place by an assistant or retractor.   
   2.    Dynamic manual retraction via a grasper or fan retrac-

tor—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—performed by placing 
a transabdominal fi xation stitch (i.e., 2-0 Prolene on 

a Keith needle) 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 taught 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, minimizing potential for uterine artery 
hemorrhage.    

  Fig. 3.55    Uterine anatomy highlighting pouch of Douglas ( SL  suspen-
sory ligament of the ovary,  UL  uterosacral ligament,  UOL  utero-ovarian 
ligament,  FT  fallopian tube,  OL  ovarian ligament)        

  Fig. 3.54    Anterior plane of dissection highlighting Denonvilliers 
fascia (DF)       

  Fig. 3.53    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 ( red arrow ) along the medial border of the puborectalis leading to the intersphincteric space       
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  This last option provides signifi cantly more retraction and 
exposure and frees up the assistant to utilize an additional lapa-
roscopic grasper or retractor for additional dynamic retraction.   

   Perineal Dissection 

 If an abdominoperineal resection is required, dissection must 
continue below the levator ani muscles. Following this, peri-
neal dissection begins. The anal canal and lower rectum are 
dissected and removed through the ischiorectal fossa and 
urogenital diaphragm (Fig.  3.59 ). 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.

      Summary 

 A complete understanding of the normal anatomy as well 
as a generalized concept of some of the more commonly 
found variations is an absolute prerequisite to performing 

abdominopelvic surgery. While several factors such as 
 obesity, previous surgery, or radiation therapy can alter 
 traditional relationships, knowledge of tissue planes and 
where you are likely to encounter critical structures will 
serve you and your patients well in minimizing morbidity 
and maximizing outcomes.     
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          Key Points 
•     Gravity plays an important role in laparoscopic colon 

 surgery, and patients should be prepared for extremes in 
positioning.  

•   Understanding the retroperitoneal anatomy of the right 
colon and its mesentery is important in performing a lapa-
roscopic dissection.  

•   There are several different approaches to performing a lap-
aroscopic right colectomy—each has advantages, and it is 
imperative to understand and be profi cient at each approach.  

•   In the end, four steps must be accomplished: retroperito-
neal mobilization, division of lateral and hepatic fl exure 
attachments, ligation of the vascular pedicle, and resec-
tion/anastomosis.  

•   While laparoscopic colectomy has advantages over an 
open procedure, the safety of the patient should never be 
compromised, and conversion to an open procedure 
should not be considered a failure.     

    Introduction 

 While a laparoscopic right hemicolectomy may be accom-
plished in a variety of approaches, in the end, the same 
maneuvers must be performed with each procedure. The 
order of these steps may vary with the approach, but each is 
necessary to satisfactorily complete the procedure. This chap-
ter should allow the reader to personalize their approach to the 
laparoscopic right colectomy and also provide some insights 
that allow the surgeon to deal with challenging situations.  

    Patient Preparation 

 Prior to beginning any colectomy, the operator must ensure 
that the lesion has been localized. The colonoscopy report 
should be reviewed, and the location of the lesion should be 
confi rmed either by photographic visualization of the tumor 
within the cecum or by verifying that a tattoo has been placed 
at the site of the lesion. While the effi cacy of bowel prepara-
tion is controversial, we use a mechanical bowel preparation 
with oral antibiotics. Ureteral stents are rarely needed for a 
laparoscopic right colectomy but can be considered for reop-
erative surgery or infl ammatory conditions. All patients 
should receive DVT and intravenous antibiotic prophylaxis 
prior to the initiation of the procedure.  

    Setup 

 Gravity plays an extremely important role in laparoscopic 
colon surgery, and an appropriate mechanical bed is a necessity 
for a laparoscopic colectomy. The patient should be secured to 
the bed either with a beanbag or a gel pad and taped across the 
chest to avoid sliding during the extremes of positioning. At 
our institution, all patients are placed in stirrups to allow the 
operator or assistant to stand between the patient’s legs during 
portions of the procedure. If the patient is to be positioned in 
the lithotomy position, the hips should be fl exed no more than 
10 degrees to allow free movement of the instruments while 
operating in the upper abdomen (Fig.  4.1 ). For the majority of 
the procedure, the surgeon will stand on the patient’s left side. 
The assistant generally stands between the patient’s legs, and 
the camera operator stands on the patient’s left side, cephalad 
to the surgeon. Occasionally, it is necessary for the surgeon to 
stand between the patient’s legs in order to complete the right 
colon mobilization. The video monitor should be positioned 
off of the patient’s right shoulder (Fig.  4.2 ).

    The camera port should be placed in the center of the 
abdomen through a periumbilical incision centered between 
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the patient’s pubic synthesis and the xiphoid process at the 
top of the dome of the insuffl ated abdomen. Additionally, 
two or three other working ports are usually necessary to 
perform this operation. Generally, the umbilical camera 

 incision can be extended and used as the extraction site. Two 
alternatives for placing the working ports are illustrated in 
Figs.  4.3  and  4.4 .

       Clinical Anatomy 

 The right colon and its mesentery are intimately associated 
with the retroperitoneum in the right abdomen. It is sus-
pended laterally by peritoneal attachments to the abdominal 
wall. The hepatic fl exure has attachments to the posterior 
diaphragm and undersurface of the liver and gallbladder. 
Moving distally along the transverse colon, the colon fuses 
with the omentum and is attached to the greater curve of the 
stomach by the gastrocolic omentum. The superior aspect of 
the proximal transverse colon mesentery has avascular 
attachments to the posterior wall of the stomach. Proceeding 
distally along the transverse colon mesentery, the lesser sac 
forms the superior border. The blood supply to the right 
colon consists of the ileocolic vessels and, variably, the right 
colic or right braches of the middle colic vessels. 

 The retroperitoneal boundaries of the right colon and its 
mesentery form a triangle extending from the fourth portion 
of the duodenum inferolaterally to the cecum, up the right 
colic gutter, and then medially from the hepatic fl exure to the 
middle colic vessels. The retroperitoneal attachments of the 

  Fig. 4.1    Positioning the patient in lithotomy position allows for a 
member of the surgical team to stand between the patient’s legs. Hip 
fl exion is minimal to avoid interference between the thighs and the 

instruments while working in the upper abdomen. This patient is 
secured to the table with a beanbag and tape to allow for extremes of 
table positioning       

  Fig. 4.2    This schematic drawing depicts the positioning of the operat-
ing team and monitor during a laparoscopic colectomy. The fi rst assis-
tant can stand between the patient’s legs       
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right colon are avascular. Within this retroperitoneal triangle 
posterior to the right colon, the right gonadal vessels are 
encountered fi rst, moving from lateral to medial. The next 
vertically oriented structure is the right ureter, which crosses 
over the right common iliac vessels at the inferomedial bor-
der of this triangle. The vena cava is the next structure medial 
to the ureter running vertically in this plane. Proceeding 
cephalad in this plane, the second and third portions of the 
duodenum and head of the pancreas are encountered next. 
Just medial to the pancreatic head, the middle colic vessels 
are encountered. Lateral to these structures, the hepatic fl ex-
ure lies over Gerota’s fascia of the right kidney.  

    Objectives of the Laparoscopic Procedure 

 Four objectives must be accomplished in order to complete a 
laparoscopic right colectomy: (1) the right colon and its mes-
entery must be mobilized off of the retroperitoneum and 
duodenum; (2) the vascular pedicles must be divided at the 
appropriate level for the disease process; (3) the lateral 
attachments, hepatic fl exure, and omental attachments must 
all be divided; and (4) the specimen must be extracted and 
the anastomosis performed. 

 There are four commonly used approaches for a laparo-
scopic right colectomy—the medial, inferior, lateral, and 
superior approaches. Regardless of the method, the purpose 
is to mobilize the right colon completely from the retroperi-
toneum and the sweep of the duodenum. This accomplishes 
three purposes—it allows for safe ligation of the mesenteric 
vessels; it frees the colon so that it can be delivered out 

through the extraction site; and lastly, it allows for a tension- 
free ileocolic anastomosis.  

    Medial Approach 

 The medial approach to the right colectomy involves an initial 
incision through the ileocolic mesentery underneath the ileo-
colic artery (Video  4.1 ). This vascular pedicle is identifi ed by 
grasping the cecal mesentery and lifting it anteriorly down 
into the right lower quadrant. The vessels will form a bow-
string in the mesentery. The peritoneum below the vessel is 
incised, and the retroperitoneal plane is identifi ed. The initial 
retroperitoneal dissection is performed bluntly through this 
window. The duodenum is encountered early in the dissection 
and should be gently swept down from the mesentery. Once 
the duodenum has been identifi ed and is safely dissected 
away from the pedicle, the ileocolic artery can be divided. 
Vascular ligation allows this window to be opened widely and 
greatly facilitates the remainder of the retroperitoneal dissec-
tion. Gentle blunt dissection should be carried out in this 
plane laterally beyond the colon and in a cephalad direction 
beyond the hepatic fl exure. The entire sweep of the duodenum 
should be swept down in order to complete the mobilization.  

    Inferior Approach 

 The inferior approach begins with a peritoneal incision under-
neath the terminal ileal mesentery extending from the distal 
mesentery up to the duodenum. As in the medial approach, 

  Figs. 4.3 and 4.4    Two alternative port positions for a laparoscopic right colectomy. A third working port can be added in the right lower quadrant 
if needed       
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the retroperitoneal dissection also proceeds superiorly and 
laterally. An advantage of this approach is that the window 
aperture is much wider than with the medial approach. The 
duodenum is again identifi ed in the retroperitoneum and 
swept out of harm’s way. This dissection should continue lat-
erally beyond the colon and in a cephalad direction beyond 
the hepatic fl exure, again including the entire sweep of the 
duodenum.  

    Lateral Approach 

 The lateral approach is similar to the conventional open 
approach. An advantage of this approach is that it is more 
familiar for a traditional open surgeon and can ease the tran-
sition to performing laparoscopic colectomies. Additionally, 
this approach may be necessary when infl ammation or adhe-
sions preclude the medial or inferior approach. The disad-
vantage of this approach is that it can sometimes be diffi cult 
to perform the retroperitoneal dissection toward the operator 
and the camera. Again, the duodenum should be identifi ed in 
the retroperitoneum and kept safe from harm.  

    Superior Approach 

 The fi nal approach is the superior-to-inferior approach. This 
approach is begun by incising the gastrocolic omentum and 
dissecting from medial to lateral in the plane cephalad to the 
mesentery of the proximal transverse colon. Dissection then 
proceeds inferiorly after the hepatic fl exure attachments have 
been divided. The duodenum should be identifi ed in the ret-
roperitoneum as the hepatic fl exure of the colon is mobilized 
and pulled down toward the patient’s left hip. As with the 
lateral approach, it becomes more diffi cult as the dissection 
proceeds medially. The superior approach is invaluable in 
situations in which there is a large cecal mass or signifi cant 
infl ammation in the right lower quadrant or the ileocolic 
mesentery. 

 Every surgeon should be familiar with all of these 
approaches, as different patient habitus, anatomic variation, 
and disease presentation often necessitates some combination 
of these approaches in order to adequately mobilize the colon.  

    The Procedure 

 For the purposes of this textbook, the operation will be 
described using the inferior approach. The other approaches 
will be referenced when appropriate. 

 After pneumoperitoneum has been established, the 
abdominal cavity should be visualized, and any abnormali-
ties should be noted. If the resection is being performed for 

neoplastic disease, the liver should be closely inspected for 
metastatic disease. If a suspicious lesion is identifi ed, it can 
usually be biopsied laparoscopically by passing a core nee-
dle biopsy device subcostally through a stab incision. If the 
resection is being performed for Crohn’s disease, the small 
bowel should be visualized in its entirety. 

 The patient should then be placed in steep Trendelenburg 
and in the left lateral decubitus position. As described above, 
it is important to secure the patient to the table in order to 
avoid any mishaps. The omentum should be rolled over the 
top of the transverse colon and draped onto the stomach. 
This maneuver exposes the serosal surface of the transverse 
colon, keeps the omentum from displacing small bowel into 
your fi eld of view, and allows access to the omental attach-
ments of the transverse colon. Next, the small bowel is swept 
out of the pelvis into the left upper abdomen. The terminal 
ileum should then be placed alongside the ascending colon, 
exposing the inferomedial aspect of the terminal ileal mesen-
tery. These steps are greatly aided by the gravity resulting 
from proper bed positioning.  

    Mobilization of the Colon and Mesentery 
from the Retroperitoneum 

 The terminal ileal mesentery should be lifted off of the ret-
roperitoneum, allowing visualization of along the base of 
the mesentery up to the fourth portion of the duodenum 
(Fig.  4.5 ). While it is not usually necessary to identify the 
right ureter during this procedure, it can often be seen at this 

  Fig. 4.5    The inferior approach begins by elevating the terminal ileal 
mesentery off of the retroperitoneum. In this thin patient, the right ure-
ter and inferior vena cava can be visualized through the peritoneum. 
Just offscreen to the right, behind that fold of mesentery, is the infero-
medial aspect of the fourth portion of the duodenum       
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point. A score should be made in the peritoneum along the 
base of the terminal ileal mesentery up to the duodenum 
(Fig.  4.6 ). The retroperitoneal fusion plane can then be 
accessed through this peritoneal entry point (Fig.  4.7 ). 
Often, the challenging part of this procedure is identifying 
the appropriate retroperitoneal plane. The simplest method 
by which this plane can be exposed is to place a blunt instru-
ment behind the cecum and lift anteriorly and cephalad with 
modest force. This maneuver will usually reveal the appro-
priate areolar plane. Dissection should then be carried out 
bluntly in a lateral and cephalad direction. This is accom-
plished by elevating the mesentery upward with the left 
hand and using the right-handed instrument to develop the 
plane. It is not necessary to grasp tissue with the retracting 

instrument, and it may be kept closed during this portion of 
the procedure. If exposure is inadequate, a third 5 mm port 
may be added to allow the surgical assistant to facilitate 
exposure. Sweeping the right-handed instrument in the 
shape of a backwards “C” allows the dissection to progress 
in a cephalad direction. Occasionally, the dissection is better 
suited to using the right hand to lift the mesentery toward 
the anterior abdominal wall and developing the plane with 
the left-hand instrument. If the dissection becomes diffi cult, 
the surgeon should return back to a known plane, confi rm 
the anatomy, and proceed with dissection from the known 
plane. The duodenum is identifi ed during the cephalad por-
tion of this dissection. Tension at the apex of the dissection 
is critical to progression, and the left hand should frequently 
be replaced to keep tension in this plane. The left hand can 
provide optimal tension by engaging the apex of the dis-
sected plane and lifting anteriorly and toward the camera.

     The duodenum will be found at the medial and superior 
aspect of this plane (Fig.  4.8 ). Once identifi ed, it should be 
swept down and medially until the entire sweep of the duo-
denum and a portion of the pancreatic head have been freed 
from the mesentery. Once this is accomplished, dissection 
should be carried out laterally behind the hepatic fl exure. 
Around the duodenum, it may be necessary to sharply divide 
some areolar tissue; however, energy should be used spar-
ingly, if ever, in this avascular plane. If the duodenum is dis-
sected posteriorly from the right colon mesentery, the right 
ureter is certain to be removed from harm’s way.

   If the duodenum cannot be easily identifi ed using this 
inferior approach, the other approaches should be consid-
ered, as it is a necessity to free the duodenum from the 
colonic mesentery when mobilizing the right colon. 
Frequently, all four approaches are required before the duo-
denum can be safely identifi ed and dissected away from the 
specimen.  

  Fig. 4.6    With the terminal ileal mesentery elevated, the peritoneum is 
excised in a line along the base of the mesentery up toward the duode-
num—allowing access to the retroperitoneal space       

  Fig. 4.7    Once the peritoneum is incised, elevation of the mesentery 
and gentle blunt dissection in the retroperitoneum develops the avascu-
lar plane behind the ileocolic mesentery       

  Fig. 4.8    As the retroperitoneal dissection proceeds, the retroperitoneal 
duodenum is visualized (center). The areolar attachments of the duode-
num to the right colon mesentery can then be bluntly dissected to sepa-
rate the entire sweep of the duodenum from the mesentery       
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    Identifi cation and Division 
of the Vascular Pedicles 

 Once the retroperitoneal dissection has been accomplished, 
the vascular pedicles may be divided next. Alternatively, the 
right colon attachments can be divided at this point in the 
procedure, depending on the surgeon’s preference. The ileo-
colic vessels are the most readily identifi ed and should be the 
fi rst vascular pedicle that is isolated and divided. This pedi-
cle can be identifi ed by grasping the cecum and pulling it 
down into the right lower quadrant and elevating it. This ten-
sion exposes a bowstring where the ileocolic pedicle exists. 
If an inferior approach has been used, there should be dark, 
purple windows on each side of the ileocolic vessels 
(Fig.  4.9 ). If there is uncertainty about its identity, the pedi-
cle can be grasped and walked out to its distal extent to avoid 
confusion with the superior mesenteric artery. Once the ileo-
colic pedicle has been identifi ed, the window should be 
opened on each side of the pedicle and the vessels ligated 
(Fig.  4.10 ). This author uses a vessel-sealing device, but 

clips and staplers offer equally effective means of vessel 
ligation. If the ileocolic pedicle is the only pedicle that needs 
to be divided for a specifi c disease, the operator may proceed 
to the next step. If the middle colic vessels are to be divided, 
it should take place at this point. The right branch of the mid-
dle colic artery can usually be identifi ed by following the cut 
edge of the divided ileocolic pedicle onto the transverse 
colon mesentery (Video  4.2 ). The fi rst fatty structure encoun-
tered will be the right branch of the middle colic artery. If 
this is to be divided intracorporeally, it should be isolated 
and divided in the same manner. Before applying an energy 
source to any middle colic vessels, the gastrocolic attach-
ments to the superior transverse colon mesentery should be 
divided to avoid injury to the stomach.

        Division of the Right Colon Attachments 

 The right colon attachments can then be divided. This is most 
easily accomplished with the patient in reverse Trendelenburg 
position. The simplest way to approach this is to start at the 
free edge of dissection just lateral and inferior to the cecum. 
The lateral attachments can then be lifted off of the retroperi-
toneum, as the posterior dissection should have already been 
performed lateral to the colon (Fig.  4.11 ). Division of these 
attachments should proceed in a cephalad direction. As this 
is an avascular plane, the division may be performed with 
scissors, cautery, or a vessel-sealing device. The surgeon 
should intermittently look both above and below the lateral 
attachments to confi rm their location. A common mistake in 
dividing the lateral detachments is to continue dividing these 
attachments beyond the hepatic fl exure lateral to the liver. 
The surgeon should take note of the location of the colon and 
divide only the colonic attachments. This will necessitate a 
deliberate medial turn at the hepatic fl exure and to avoid 
going posterior to the kidney.

  Fig. 4.9    After the retroperitoneal dissection is completed, the ileocolic 
pedicle can be identifi ed by pulling the cecum into the right lower quad-
rant and elevating it. The pedicle forms a bowstring, and the windows 
on each side of the vessels appear dark       

  Fig. 4.10    After the windows on each side of the ileocolic pedicle are 
opened, the vessels are easily identifi ed, and the pedicle can be divided 
just distal to its origin       

  Fig. 4.11    The lateral attachments of the right colon viewed from an 
inferior vantage point. The grasper is pulling the mesoappendix medi-
ally, and the retroperitoneal dissection is seen to extend laterally beyond 
the colon       
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   Frequently, the most diffi cult part of a right colectomy is 
the fi nal mobilization of the hepatic fl exure. A helpful 
maneuver to better visualize the hepatic fl exure attachments 
is to fl atten out the colon just medial to the attachments and 
pull down toward the patient’s left lower quadrant. If this still 
does not allow for continued mobilization of the hepatic fl ex-
ure, a superior approach should be attempted. 

 The superior approach involves incising the gastrocolic 
omentum just cephalad to the proximal transverse colon 
(Fig.  4.12 ). Prior to beginning this dissection, the patient 
should be placed in reverse Trendelenburg position. A plane 
is usually easily identifi ed just cephalad to the transverse 
colon mesentery. Dissection should be carried out bluntly in 
this plane laterally. As this dissection proceeds proximally 
along the transverse colon, the peritoneum of the gastrocolic 
attachments should be incised and the plane developed mov-
ing from medial to lateral toward the hepatic fl exure. 
Eventually, the only remaining attachments will be the 
hepatic fl exure attachments, and these can be visualized by 
grasping the colon proximal and distal to the fl exure and 
pulling down toward the left lower quadrant (Fig.  4.13 ).

    After the hepatic fl exure attachments have been divided, 
the duodenum should be identifi ed. There are often fi lmy 
attachments of areolar tissue that must be divided sharply 
before the right colon can be completely mobilized. Once the 
surgeon feels that the right colon has been mobilized ade-
quately, this must be confi rmed. Confi rmation is best accom-
plished by grasping the hepatic fl exure of the colon and 
dragging it down to the left lower quadrant well beyond the 
site of planned exteriorization. The operator should also 
assure that the colon has been mobilized suffi ciently to lift it 
anteriorly up to and through the abdominal wall. 

 It is a grave mistake to attempt to exteriorize an incom-
pletely mobilized colon. This can lead to excessive force in 
trying to deliver the colon through the extraction incision. 
Such force can cause avulsion of the middle colic vessels and 
rapid blood loss that can necessitate an emergent conversion 
to an open procedure.  

    Extended Right Colectomy 

 If it is necessary to resect a signifi cant portion of the trans-
verse colon as part of the right hemicolectomy, the procedure 
need be modifi ed only minimally. The retroperitoneal dissec-
tion is performed in exactly the same fashion as described 
above. This author prefers to divide the lateral attachments 
and mobilize the hepatic fl exure prior to dividing the vessels 
when performing an extended right colectomy. After the 
hepatic fl exure is mobilized, the omentocolic attachments 
across the transverse colon can then be divided. If the omen-
tum is to be removed with the specimen, the gastrocolic 
omentum can be divided with a vessel-sealing device. Once 
the omental attachments are divided, the superior aspect of 
the transverse colon mesentery should be cleared down to the 
base of the mesentery by dividing the gastrocolic attach-
ments to the posterior stomach. Only after these attachments 
are divided can high ligation of the middle colic vessels be 
accomplished safely.  

    Exteriorization and Anastomosis 

 Once the colon is suffi ciently mobilized, preparations should 
be made for exteriorization. Prior to desuffl ating the abdo-
men, the retroperitoneum and vascular pedicles should be 
inspected and hemostasis confi rmed. If the camera port is in 
the center of the abdomen, the operator should note which 
incision would most easily allow for the specimen to be 
exteriorized with the least tension. Usually, this is a perium-
bilical incision. Infrequently, the incision is above or below 
the umbilicus. The fat fold at the cecum should be grasped 
and locked in a laparoscopic grasper. The periumbilical inci-
sion should then be extended to the appropriate size, usually 

  Fig. 4.12    The superior approach is begun by incising the attachments 
between the omentum and the proximal transverse colon. This approach 
can be used in combination with other approaches to assist with mobi-
lization of the hepatic fl exure       

  Fig. 4.13    As the dissection proceeds proximally along the transverse 
colon in the fused gastrocolic plane, the remaining hepatic fl exure attach-
ments can be demonstrated by pulling downward and medially on the colon       
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around 3 cm. A self-expanding wound retractor facilitates 
extraction and may help to prevent wound infections [ 1 ]. 
The specimen can then be extracted by grasping it with a 
Babcock clamp after it is delivered up into this incision with 
the laparoscopic atraumatic grasper. The bowel should be 
maintained in an anatomic orientation during this portion of 
the procedure to prevent twisting prior to creating the anas-
tomosis. The terminal ileum and colon can be divided, and 
the remaining mesentery to these points should also be 
ligated. After each portion of the bowel is divided, it should 
be held in place by an assistant or grasped with a Babcock 
clamp that is clipped to the drapes to avoid twisting the 
bowel. While some prefer to perform an intracorporeal anas-
tomosis, we perform ours in an extracorporeal fashion. 
There is no proven advantage to the intracorporeal anasto-
mosis, and the extraction incision does not need to be 
extended in order to perform the anastomosis extracorpore-
ally. The anastomosis can be performed in a side-to-side, 
functional end-to-end fashion, or in an end-to-side fashion. 
We do not close our mesenteric defect, as this can be diffi -
cult to do through a small extraction incision. This has been 
shown to be a safe practice [ 2 ].  

    Pearls and Pitfalls 

 When diffi culty is encountered in a laparoscopic procedure, 
it can frequently be attributed to one of two simple things—
lack of tension or a poor understanding of one’s anatomic 
location. If a procedure is not proceeding according to plan, 
the surgeon must stop and ask oneself: (1) “Do I have enough 
tension?” and (2) “Do I know where I am?” If the answer to 
either question is negative, it should be corrected immedi-
ately. If the anatomy still cannot be determined after simple 
maneuvers, serious consideration should be given to convert-
ing to an open procedure. 

 In some cases, the anatomy may be obvious, but the pro-
cedure still is not progressing because of patient or disease 

factors. As long as there is no overt danger of proceeding 
laparoscopically, there are two options short of conversion to 
an open procedure. Extra 5 mm ports can be placed to aid 
exposure. Another option is to use a hand-assisted device. 
When adding a hand port, be cautious to place it in a position 
where it will be possible to extract the specimen without 
undue tension—usually in the periumbilical position. Such 
positioning of the hand port will necessitate moving the cam-
era port to another location, such as the epigastrium. 

 Conversion to open is  not  a failure, and it is often the bet-
ter part of valor. Any perception by the surgeon that proceed-
ing laparoscopically would be unsafe or unsound 
oncologically demands conversion to an open procedure. It 
is preferential to convert before anything untoward occurs, 
rather than after. Litigation for laparoscopic mishaps is 
unfortunately common, but litigation for conversion should 
be nonexistent.  

    Conclusion 

 The straight laparoscopic approach to a right colectomy or 
ileocolic resection is a safe, reproducible, and reliable tech-
nique that provides all the advantages of minimally invasive 
surgery. While the inferior approach is preferred in most 
cases by this author, surgeons should be aware of all methods 
available to effectively accomplish the retroperitoneal mobi-
lization, division of lateral and hepatic fl exure attachments, 
ligation of the vascular pedicle, and resection/anastomosis.      
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          Key Points 
•     Hand-assisted laparoscopic right colectomy, as described 

here, is a top-down approach.  
•   The anatomy is viewed from a laparoscope placed near 

the falciform ligament in a subxiphoid position.  
•   The operation is performed with a hand port placed in the 

midline and then only two additional 5 mm ports.  
•   This is a single-surgeon approach with no need for a 

trained assistant.  
•   Unlike other laparoscopic right colectomy techniques, the 

dissection starts and stays in a single plane throughout the 
operation, which minimizes operative time and makes for 
a smooth, clean, bloodless, and anatomic dissection.  

•   This approach gives the surgeon an excellent view of the 
middle colic vessels allowing for proximal ligation deep 
in the transverse colon mesentery.  

•   Since, at present, the ileocolic anastomosis that follows a 
right colectomy is most commonly performed extracor-
poreally, using the extraction site for a hand port makes 
intuitive sense.     

    Introduction 

 Since the introduction of laparoscopic cholecystectomy in 
the late 1980s, laparoscopic techniques have been rapidly 
and successfully applied to multiple abdominal operations, 
including colon and rectal resections. However, in large part 
due to the degree of diffi culty, oncologic concerns, and the 
diffi culty in demonstrating dramatic advantages compared to 
the open approach, laparoscopic colon surgery was slow to 
evolve. In the early years, laparoscopic colectomy was tar-
geted towards benign conditions such as Crohn disease and 
diverticulitis. As experience was gained, the technique was 
applied to not only all portions of the colon and rectum but to 
malignant disease as well. Initial concerns regarding onco-
logic outcomes, such as locoregional clearance of tumor, 
recurrence rates, and long-term survival, have largely been 
answered by four prospective, randomized, controlled trials 
demonstrating the equivalency of laparoscopic and open pro-
cedures [ 1 – 4 ]. In addition, minimally invasive colon surgery 
has been associated with a number of short-term benefi ts, 
including faster recovery, less pain, shorter hospitalization, 
and improved cosmetic outcome [ 5 ]. 

 Technical diffi culty with laparoscopic colorectal surgery 
is still an issue, which probably explains why the majority of 
colorectal surgery is still performed using open techniques 
[ 6 ]. There are a variety of techniques for performing a lapa-
roscopic right colectomy: there is the (open) standard lateral 
to medial approach, there is the medial to lateral laparoscopic 
approach wherein the ileocolic artery is grasped and taken 
near its origin as the initial maneuver, and there is the bot-
tom- up or retroperitoneal approach wherein the operation 
starts by incising the peritoneum at the base of the small 
bowel mesentery from the right lower quadrant up the duo-
denum and then the ileal and right colon mesentery are lifted 
off of the retroperitoneum to the hepatic fl exure, while the 
lateral attachments are left in place to fi x the colon in posi-
tion. It is valuable for the laparoscopic surgeon to be facile 
with each, since in different situations, they can each be 
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applied to advantage. However, the approach illustrated here 
is the hand-assisted laparoscopic right colectomy. What fol-
lows are the concepts underlying this operative approach and 
a description of the technique.  

    Background 

 The concept of using the hand to facilitate a laparoscopic 
colon operation is based on a number of factors. The fi rst and 
most basic concept is that as long as an incision will be made 
at some point in the case, for extraction and the anastomosis, 
why not make it at the beginning of the case and use the inci-
sion to facilitate the conduct of the operation? While there is 
legitimate argument over whether the hand-assisted laparo-
scopic colectomy is associated with the same short-term 
patient-related benefi ts as the standard laparoscopic opera-
tions, data from the literature suggests that it does [ 7 – 9 ]. 
Some fi nd troubling the fact that a “large” incision has to be 
made on the abdominal wall for placement of the hand-assist 
device. For the average surgeon, the incision size will be 
about 7 cm. This compares favorably to the average extrac-
tion incision size in the COST trial, 6 cm, and the CLASICC 
trial, 7 cm [ 10 ,  11 ]. Some argue that the hand-assisted tech-
nique is not as “gentle” as the standard laparoscopic 
approach. While there is probably more abdominal wall 
“trauma” associated with this approach due to the stretching 
of the wound with the hand placed through it, one could rea-
sonably argue that in terms of what happens inside the abdo-
men, there is no more gentle instrument than the hand: surely 
less “traumatic” than the 5 and 10 mm graspers that apply 
signifi cant force, over small surface areas, especially on 
fragile tissues. Who would ever grasp the small bowel or the 
colon with clamps during open surgery? 

 Second, for surgeons who do not perform a high volume 
of colon surgery, it can be diffi cult to learn and utilize lapa-
roscopic colon surgery techniques. In addition, with laparo-
scopic colectomy, operative times tend to be long, and there 
is a fairly high conversion rate, which can be frustrating. In 
the COST trial [ 10 ] and the CLASSIC trial [ 11 ], the average 
operative time for laparoscopic colectomy was almost an 
hour more than for the open colectomy. In the COLOR trial 
the open operations were 30 min faster than the laparoscopic 
procedures. In each of these trials, the conversion rate was 
greater than 20 %. While these conversion rates are quite a 
bit higher than rates reported in more recent series [ 6 ], there 
are still situations that can make laparoscopic colon surgery 
long, diffi cult, and frustrating. The hand-assisted technique 
may help reduce operative times signifi cantly, and in the 
authors’ experience, conversion to open operation rarely 
occurs. A surgeon with a good grasp of the pertinent anat-
omy and just a modicum of laparoscopic skill can learn and 
use this technique. 

 Third, there are simply a number of practical issues 
related to laparoscopic colon surgeries that a hand-assisted 
technique can help overcome. For example, the increasing 
number of obese patients is a problem. Over 60 % of adults 
in the United States today are considered either overweight 
or obese [ 12 ]. Unfortunately, due to the diffi culty of per-
forming standard laparoscopic colon surgery on these 
patients, the very patients who might benefi t the most from a 
minimally invasive operation may simply be excluded due to 
their size. Diffi culty will vary from patient to patient and will 
vary by patient gender. For example, women tend to carry 
much of their excess weight within the abdominal wall. 
While a laparoscopic colon resection in an obese female may 
seem a daunting task, in reality, the thicker the pannus, the 
more likely that the amount of intra-abdominal fat will be 
such that laparoscopic operation will be possible. With an 
obese woman, the most diffi cult part of the operation may 
not be the intra-abdominal dissection, but the exteriorization 
of the specimen and elevation of the bowel ends for the con-
struction of an anastomosis. In the obese male, the situation 
is often exactly the opposite: the abdominal wall may be 
quite thin while the omentum and the mesentery may be 
extraordinarily thick, and the colon may be engulfed in its 
fatty appendages. Moving the heavy omentum and thick and 
heavy mesentery and bowel around with small-diameter lap-
aroscopic instruments can be very diffi cult. The weight of 
the tissue increases the likelihood of tearing tissue and 
 creating a tough situation with bleeding to contend with. 
This type of obese patient, that is, the one with most of the 
excess weight inside, as is most often the case in males, is 
generally not a good candidate for standard laparoscopic 
colon surgery. But they can often be managed well using a 
hand- assisted technique. 

 Fourth, when performing a standard laparoscopic colon 
operation with a large organ like the colon, where exposure 
is so important, it really helps to work with the same team 
on a regular basis, and this can be diffi cult to coordinate for 
the average surgeon. Many of the standard laparoscopic 
approaches to colon surgery require an assistant to help with 
exposure. This assistant must be trained, as this person has to 
provide the all-important exposure. Many surgeons do not 
have ready access to a trained assistant for a routine colec-
tomy. The technique illustrated does not require a second sur-
geon to assist. The camera can be held by a nurse or surgical 
assistant. Many of the troubles with exposure can be over-
come with this technique, and this technique makes laparo-
scopic colon surgery doable in obese patients. Five millimeter 
graspers do not work very well to lift and expose anatomy in 
obese patients, but the hand does this job very well. 

 Fifth, there are a number of anatomic issues that can 
 challenge the surgeon when performing a laparoscopic right 
colectomy, and the hand-assisted approach can help overcome 
these diffi culties. For example, the hand-assisted technique 
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overcomes the diffi culty in doing a laparoscopic right 
 colectomy in a patient who has had a cholecystectomy with 
adhesions that fi x the hepatic fl exure into the gallbladder 
fossa or approaching the mesenteric vessels in the patient 
who has the omentum stuck down onto the right colon or the 
ventral surface of the right colon mesentery. Especially when 
operating for cancer, if the omentum is adherent to the right 
colon, it should be left in place, and this makes exposure of 
the vessels problematic. Patients who have had an appendec-
tomy will also frequently have omental adhesions in the right 
lower quadrant that can make the standard laparoscopic 
approaches more diffi cult. The hand-assisted technique that 
is illustrated minimizes these diffi culties signifi cantly. 
Another problem for the standard laparoscopic approaches 
to the right colon is a bulky tumor. Laparoscopic instruments 
are just not very good at moving bulk around in the abdo-
men, while the hand works quite well. 

 Finally, the hand-assisted right colectomy technique 
makes proper management of the middle colic vessels fairly 
easy. Anyone who has performed any signifi cant number of 
laparoscopic colon resections would agree that the middle 
colic vessels and the transverse colon mesentery are the 
hardest part of the colon anatomy to manage properly. The 
reasons are that the vascular anatomy in this area is quite 
variable, the arteries are surrounded by large veins that can 
bleed easily, the mesentery in this area is short, exposure is 
diffi cult, and bleeding in this area takes the surgeon right 
down onto the pancreas and the superior mesenteric artery. 
This can just simply be a diffi cult area to manage well using 
standard laparoscopic right colectomy approaches. Using the 
technique illustrated, the surgeon gains a very good view of 
the middle colic vessels. This is a particular concern with 
regard to resecting cancers up at the hepatic fl exure or the 
proximal transverse colon. The primary advantage here is 
that the vessels are seen from above and are approached from 
the side, moving from the patient’s left to right. The middle 
colic vessels can be hard to manage head on using laparos-
copy. From the side, they are very straightforward. Ileocecal 
resections are frequently performed for ileocecal Crohn dis-
ease, but this is a different operation. With an ileocecal resec-
tion, there is no particular need to take the middle colic 
vessels. The hepatic fl exure is mobilized simply to allow 
mobility for extraction of the ileum and right colon so that a 
safe extracorporeal anastomosis can be conducted in the 
ascending colon, not the transverse colon. When the issue is 
cancer, much concern about taking the vessels near their ori-
gin will be shown. 

 The vast majority of right colectomies are performed to 
manage neoplastic disease, either invasive cancer or large 
polyps that cannot be managed using a colonoscope. As a 
general rule, since the likelihood that a polyp will harbor a 
cancer increases with the size of the polyp, when the indica-
tion for colectomy is a large adenoma, a formal resection 

should be performed. Another, not infrequent, indication for 
laparoscopic segmental colon resection is in the manage-
ment of a malignant polyp that has been removed colono-
scopically. If the polypectomy fails to meet one or more of 
the accepted criteria for a curative polypectomy, a formal 
resection is indicated. In these situations, the operation is 
conducted to remove the area of bowel involved so as to 
ensure that there is no cancer left within the bowel wall itself 
and to do a regional lymphadenectomy to remove potentially 
involved nodes. Again, a formal resection is recommended. 
Other much less common indications for a laparoscopic right 
colectomy might include management of right colonic bleed-
ing from a vascular malformation or infl ammatory disease 
due to right colon diverticulitis. 

 The formal right colectomy for neoplasia involves the usual 
maneuvers that defi ne an oncologic colon resection: (1) proxi-
mal lymphovascular pedicle ligation and complete lymphade-
nectomy, (2) wide en bloc resection of tumor- bearing bowel 
segment with adjacent soft tissue and mesentery, and (3) mini-
mizing the possibility of tumor contamination to the abdominal 
cavity, the wounds, or the bowel above or below the tumor. 

 The formal oncologic right colectomy, then, involves 
proximal ligation of the ileocolic pedicle and the right branch 
of the middle colic artery for cecal tumors or the entire mid-
dle colic pedicle for tumors in the ascending colon up to the 
proximal transverse colon. The ileum is divided about 
15–20 cm from the ileocecal valve which corresponds to a 
point on the small bowel at which the superior mesenteric 
artery ends. The transverse colon is divided at its midpoint.  

    Operation (Video  5.1 ) 

    Patient Positioning 

 For the hand-assisted right colectomy illustrated, the patient 
is placed on the operating table in the supine position. 
Intermittent compression devices are placed, a general anes-
thetic is administered, and a urinary catheter and an orogas-
tric tube are inserted. Both arms are tucked alongside the 
body. The arms are held in position by a folded drawsheet 
that the patient lays on. The ends of the drawsheet are brought 
up alongside the body, the arms are placed next to the body, 
the drawsheet is pulled around the arms, and it is placed 
under the patient. In addition, the patient is secured to the 
bed with multiple pieces of three inch tape. One or more 
pieces are placed across the lower extremities and a piece is 
used across the chest. Foam pads can be placed beneath the 
tape. These maneuvers are used to keep the patient on the 
operative table during the extremes of bed tilt that are often 
required to obtain exposure (Fig.  5.1 ). Having both arms 
tucked is more secure for the patient, and it also provides the 
surgeon and the assistant with maximal mobility around the 
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operative table. The operative fi eld should be lengthened by 
pushing the IV poles up towards the patient’s head and ask-
ing the anesthesia personnel to push the table away from 
their equipment. Again, this simply gives the operative team 
more room to maneuver around the table. The fi eld is prepped 
from the nipples to the mid-thigh level and the towels are 
placed wide on the abdomen. We prefer to have the towels 
held in position with an Ioban™ sheet. This is used to keep 
the towels in place, since when they are placed so widely on 
the abdomen, they can easily fall down the sides of the 
patient, exposing the un-prepped table. In addition, the 
Ioban™ sheet keeps instruments, cords, and cables from fall-
ing down alongside the patient outside the sterile fi eld.

   The exact routing of the camera cord, the fi beroptic light 
cord, and the insuffl ation tube will vary based on the arrange-
ment of the operating room. The energy sources are brought 
onto the fi eld at the patient’s right shoulder. Typically, 
no suction is set up for this operation, as it is rarely used. 
If need be, it is brought on to the fi eld at the foot of the bed. 
One or two video monitors will be placed along the right side 

of the patient, and the entire team focuses on these monitors. 
Additional monitors are really not needed for the illustrated 
procedure.  

    Port Placement 

 For the hand-assisted laparoscopic right colectomy, the ports 
and the hand-assist device are placed as follows. The hand- 
assist device is placed in the midline. One should center this 
midline wound based upon palpable skeletal landmarks. The 
center of the hand port incision should be at the midpoint of 
a line drawn from the costal margin to the anterior superior 
iliac spine (Fig.  5.2 ). This will center the hand properly on 
the anatomy, independent of the location of the umbilicus, 
the location of which will vary based on the body habitus of 
the patient. In obese patients, the entire hand port incision 
may be well above the umbilicus, while in average weight 
patients, the incision is generally centered on the umbilicus. 
The midline wound is optimal, based upon surgeon ergo-
nomics, consideration of extracorporeal anastomosis, and 
maintenance of videoscopic perspective of the relevant anat-
omy for right colectomy. Generally speaking, the size of the 
incision for the device will be the size of the surgeon’s glove 
in centimeters. However, in practicality, one can usually 
cheat this size by a centimeter or so.

   The authors use the GelPort™ device. It is easy to use and 
it provides the advantage of being able to place ports, instru-
ments, or staplers right through the device even with the 
hand in place. Also, the surgeon’s hand can be brought in and 
out of the abdomen without losing pneumoperitoneum. This 
feature helps for teaching purposes, as it is easy to go from 
the surgeon’s to the assistant’s hand in the abdomen. 

  Fig. 5.1    The patient is positioned on the operating table in the supine posi-
tion with both arms tucked at the side. Tape is used around the chest and the 
legs to ensure that the patient stays on the table in the extremes of bed tilt       

  Fig. 5.2    The midpoint of the hand-assist incision is at the midpoint of 
a line drawn from the anterior superior iliac spine to the costal margin. 
For most patients, the incision will be centered on the umbilicus. 
For  obese patients, it may be well above the umbilicus       

  

K.A. Ludwig and T. Ridolfi 



65

 Pneumoperitoneum is then established through a 5 or 
12 mm port placed through the hand-assist device. The lapa-
roscope is passed into the abdomen through this port. Two 
5 mm ports are then placed in the left upper abdomen: one in 
the subxiphoid region and one in the left upper quadrant. The 
subxiphoid port will be for the 5 mm 30 degree laparoscope, 
and the left upper quadrant port will be for a 5 mm sealing/
cutting device. 

 The position of the subxiphoid port will vary, some depend-
ing on the patient and what is being done. It will usually be 
placed at least a few centimeters to the left of midline. The 
further over to the left on the transverse colon one plans to go, 
the further to the left one should place this port. Generally, the 
port will be placed just to the left of the falciform ligament. At 
times, the falciform ligament is very large and long, it gets in 
the way, and it will need to be removed. This is easy to do 
working through the left upper quadrant ports, with or without 
the use of the hand in the hand port. The left upper quadrant 
port should not be placed too high on the costal margin; other-
wise, getting to the right lower quadrant can be diffi cult. Also, 
it should not be placed too low, since the hand and the energy 
source will get in each other’s way during dissection in the 
right lower quadrant. Placement in the midclavicular line, 
about halfway between the costal margin and the upper aspect 
of the hand-assist incision, will be about right. 

 In the patient who has had previous abdominal surgery, the 
hand-assist incision can be used initially to lyse adhesions. If 
there are more adhesions than can be reached by operating 
through the incision, the GelPort™ can be placed, the addi-
tional ports can be placed, and adhesiolysis can be carried out 
with or without the hand being placed through the device. If 
adhesions in the left abdomen interfere with placing the left 
upper quadrant ports, one can simply place 5 mm ports and 
instruments through the GelPort™, and it can be used as a 
working port for this activity. 

 Using this hand-assisted right colectomy approach, 5 mm 
ports can be used exclusively. If a stapling device is needed, 
it is inserted through a 12 mm port placed directly through 
the GelPort™ hand-assist device (Applied Medical, Rancho 
Santa Margarita, CA). A 5 mm, 30 degree laparoscope is 
used since this provides maximum fl exibility as the scope 
can be moved to any port and the 30 degree angle allows the 
surgeon the best view in tight spaces. 

 There are a number of 5 mm energy sources that seal and 
cut well. With these tools, the surgeon has a 5 mm instrument 
that can be used to dissect bloodlessly and take any of the 
named mesenteric vessels.  

    Operative Technique 

 It is important again to note that this is a single-surgeon oper-
ation. There is no need for a trained assistant to help with 

exposure. With the ports and the hand-assist device in posi-
tion, the camera holder will be positioned at the patient’s left 
shoulder and the surgeon will be on the patient’s left side 
(Fig.  5.3 ). Both focus their attention on the monitor at the 
patient’s right. The patient is placed in strong reverse 
Trendelenburg position and is tilted to the left. This brings 
the hepatic fl exure down. The abdomen is explored with the 
laparoscope and the surgeon’s hand.

   An important aspect of hand-assisted laparoscopic surgery 
that is not often discussed is the use of the hand itself. The 
surgeon should keep in mind a couple of important points. 
First of all, the surgeon and the camera holder should work to 
keep the hand out of view of the laparoscope. The amount of 
the hand inside should be minimized: the hand is almost never 
put in to a point proximal to the wrist. At almost all points in 
the case, the scope should see not much more than a fi nger or 
two. The hand should be, for the most part, kept outside the 
fi eld of vision. There should be parts of the case where it may 
not even appear that the hand is inside the abdomen. 

 Secondly, the hand should not be used as a substitute for a 
large laparoscopic clamp. The hand is a much more versatile 
instrument. There are but a very few points in the operation 
where the hand is actually used to “grasp” tissue. Rather the 
hand is used to expose anatomy. In this regard, the hand can 
take the place of multiple instruments. Often the third, fourth, 
and fi fth digits are pushing back towards the palm to move 
tissue out of the fi eld, usually out of view of the laparoscope, 
the index fi nger is being used to expose the anatomic feature 
that is being addressed with the cutting and sealing device, 
and the thumb is being used to counter the index fi nger so 
as to provide the classic “traction and countertraction.” 

  Fig. 5.3    The position of the surgeon, camera holder, and monitor at the 
operating table       
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The index fi nger and the cutting and sealing device are at the 
point of action and the laparoscope will follow them. Much 
of the cutting done with the cutting and sealing device will 
use the index fi nger as a “backstop” to protect the surround-
ing tissue. The fi nger then is used as a gentle guide for cut-
ting, not as an anvil. 

 The surgical dissection described is unique and proceeds 
in a counterclockwise, top-down fashion beginning at the 
gastrocolic ligament. As opposed to other techniques 
described for laparoscopic right colectomy, this operative 
approach has the dissection and mobilization of all the impor-
tant anatomy starting and ending in a single plane. There is 
no need to change orientations or connect tissue planes as 
one mobilizes certain parts of the right colon anatomy. The 
right colon, in essence, is lifted off the retroperitoneum and 
swept up and out of the right abdomen, moving from the right 
upper quadrant to the right lower quadrant. The surgical dis-
section described is unique and proceeds in a counterclock-
wise, top-down fashion beginning at the gastrocolic ligament. 
The procedure can be viewed in fi ve steps as follows: 

    Step 1: Hepatic Flexure Takedown 
 The surgeon uses his/her left hand to grasp the greater omen-
tum along the greater curve of the stomach, and he/she makes 
a defect in it, just off of the gastroepiploic vessels. This puts 
the surgeon into the lesser sac, and the smooth, shiny ventral 
surface of the transverse mesocolon can be seen. Whether 
moving from left to right or right to left, it does not matter, as 
this space is developed by taking the greater omentum off the 
stomach. As one moves to the right, the anterior surface of 
the duodenum is exposed and the hepatic fl exure comes into 
view. The hepatic fl exure is taken down and Gerota’s fascia 
comes into view. Alternatively, if the lesser sac cannot be 
well developed as an initial maneuver, the dissection can be 
started up at the hepatic fl exure, and as soon as the proper 
plane is recognized on Gerota’s fascia and the duodenum, the 
dissection can come from right to left back into the lesser 
sac, which will be very important later in the operation for 
managing the middle colic vessels.  

    Step 2: Retroperitoneal Dissection 
and Takedown of Lateral Attachments 
 The surgeon then mobilizes the right colon mesentery up off 
of the retroperitoneum. Lifting the colon and ileum up off of 
the retroperitoneum is accomplished by gentle lifting off the 
bowel and mesentery and pushing back towards the retroperi-
toneum, just inside the white line, with the cutting and sealing 
device. As one starts to lift the bowel off of the retroperito-
neum, oftentimes the bowel will be lying on the back of the 
hand, and the palm will be facing the smooth surface of the 
retroperitoneum. The temptation during this part of the opera-
tion is to go directly to the lateral attachments. One should 
fi ght this temptation. It is much easier to mobilize medially 

fi rst, leaving the lateral attachments for later. These lateral 
attachments act as natural retractors fi xing the bowel in place 
and providing a natural point of countertraction that makes 
lifting the colon off the retroperitoneal structures easier. The 
fi lmy attachments between the third part of the duodenum 
and the ileal and right colon mesentery should be completely 
divided. This will expose the duodenum completely, essen-
tially over to the ligament of Treitz. This extensive mobiliza-
tion will help later when taking the mesentery, and it will 
make extraction easy, even in the obese patient. After the 
right colon and ileal mesentery are lifted completely, the lat-
eral attachments are easily seen and then divided from the 
right upper quadrant down to the right lower quadrant.  

    Step 3: Mobilization of the Ileal Mesentery 
 With the right colon and ileal mesentery now completely 
freed from the retroperitoneum and with the right colon and 
ileum now folded over into the left lower abdomen, the sur-
geon puts the back of his/her hand on the iliac vessels and the 
ileal mesentery is now draped over the surgeon’s hand, and 
the peritoneum at the base of the mesentery is incised from 
the right lower quadrant back up to the duodenum. This is the 
embryologic fusion plane for the small bowel mesentery. 
Once this is incised, the entire right retroperitoneum is bare. 
The duodenum, the head of the pancreas, and Gerota’s fascia 
are all in plain sight. The ureter and gonadal vessels can be 
seen beneath Toldt’s fascia, which is covering the right retro-
peritoneum. With mobilization complete, it is now time to 
take the mesentery and vessels. It is tempting at this point to 
simply stop, extract, and take the vessels extracorporeally. 
One should fi ght this temptation for two reasons. First, in a 
patient of any size, taking the ileocolic artery and the middle 
colic artery near their origins off of the superior mesenteric 
artery can be done much better inside than outside. It is very 
hard (if not impossible for the middle colic artery) to do a 
proper high ligation of the vessels when a bulky specimen is 
being pulled up through a 6 or 7 cm incision. Second, in a 
large patient with a thick abdominal wall, it will be the ves-
sels that tether the bowel down and make extraction diffi cult. 
The goal should be to get the bowel completely mobilized 
and the vessels taken inside so that when it comes to extrac-
tion, the bowel comes up easily and there is no tension. The 
larger the patient, the more important it is to do a complete 
mobilization and the more important it is to divide the ves-
sels on the inside. Especially with large patients, do not be 
tempted to do a minimal mobilization, and then think that the 
vessels can be taken after extraction. One should always try 
to mobilize a bit more than one thinks will be needed, and 
one should plan to take the vessels intracorporeally. This 
makes things easy during, and after, extraction of the speci-
men. Hand-assisted techniques really shine for obese 
patients, and it is actually easier to get things done inside 
rather than after extraction through the hand-assist device.  
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    Step 4: Vessel and Mesentery Division 
 The vessels and the mesentery are taken as follows: the sur-
geon will grasp the transverse colon in his/her palm and then 
work his/her middle fi nger down to the base of the dorsal 
surface of the transverse mesocolon to the left of the middle 
colic vessels. A window is then developed in this area 
(Fig.  5.4 ). This is the same window, i.e., to the left of the 
middle colic vessels, which one might create to do a retro-
colic gastrojejunostomy. The surgeon then moves across the 
base of the transverse mesocolon from left to right taking the 
right branch of the middle colic vessel or the entire middle 
colic vessel trunk (depending on the situation) just over the 
pancreas. These vessels are well seen from above and from 
the side as they come up out the retroperitoneum. One should 
move slowly through this area as bleeding here can be diffi -
cult to control. It is very important, before taking the middle 
colic vessels, that the mesentery is cleared right down to its 
base of any omental or gastric attachments. The lesser sac 
should be very well developed. This makes taking the vessels 
near their origin feasible, and it facilitates control of bleed-
ing, should this be encountered. A short stump of vessel 
should be left in case there is bleeding in this area. This 
stump allows the surgeon room to control any bleeding with 
either a clip, a stapler passed through a 12 mm port passed 
through the hand-assist device, an ENDOLOOP™ (Ethicon, 
Cincinnati, OH) passed through the left upper quadrant port 
or the GelPort™, or a stitch placed intracorporeally using the 
hand and a laparoscopic needle holder placed through the 
left upper quadrant port. The surgeon should remember that 
the middle colic stump is sitting just deep to the GelPort™, 
and control of bleeding may be most easily managed by 
 simply removing the cap of the GelPort™ and using a stick 
tie passed straight down on the mesentery. Once the middle 
colic vessels are taken, there is usually a free space in the 

mesentery, and the surgeon can sense the decrease in tension 
on the mesentery as the middle colic vessels are released. 
The surgeon then takes a sharp left turn and the ileocolic 
pedicle is encountered (Fig.  5.5 ). In about 90 % of patients, 
the right colic artery is a branch of the ileocolic artery or the 
middle colic artery, so one should not routinely expect to fi nd 
a right colic artery between the middle colic and ileocolic 
vessels. If there is a right colic off of the superior mesenteric 
artery, it is taken and the surgeon moves on to the ileocolic. 
The ileocolic should always be confi rmed to be the ileocolic, 
and not the superior mesenteric artery. This can be easily 
accomplished by putting the hepatic fl exure back in its place 
in the right upper quadrant and then grasping the cecum and 
pulling it down and to the right. This will “tent” the ileocolic 
artery for anatomic confi rmation. One can take the ileocolic 
vessels from their ventral surface with the hepatic fl exure 
returned to the right upper quadrant, but it is better not to. 
Exposure is actually better, and problems are easier to man-
age with the hepatic fl exure pushed back down into the left 
abdomen as it is after the mobilization. So if there is a prob-
lem with the ileocolic pedicle, the hepatic fl exure is not fall-
ing down into the fi eld, interfering with exposure. Just as 
with the middle colic vessels, a short stump of the ileocolic 
vessel approximately 2 cm long should be left. This gives the 
surgeon room to maneuver should there be bleeding. If there 
is bleeding, it can be managed as described above for the 
middle colic artery. While the named mesenteric vessels are 
routinely taken with the cutting/sealing energy source, if the 
surgeon can feel with his/her fi ngers that they are highly cal-
cifi ed, they should be taken with a vascular load of the lapa-
roscopic stapler passed through a 12 mm port inserted 
through the GelPort™ device alongside the surgeon’s hand. 
Once the ileocolic artery is divided, the mesenteric window 
between the ileocolic and the superior mesenteric vessels is 
incised out to the marginal vessel along the ileum.

  Fig. 5.4    The surgeon is elevating the transverse colon, and a defect is 
made in the transverse mesocolon to the left of the middle colic vessels, 
which are here being taken with the LigaSure device       

  Fig. 5.5    Before the ileocolic pedicle is taken, the right colon is put 
back in its normal anatomic position and the ileocolic pedicle is fi rmly 
identifi ed. Here it is elevated by the surgeon off of the small bowel 
mesentery       
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       Step 5: Bowel Extraction and Anastomosis 
 Now that the bowel is completely mobilized and the major 
vessels have been taken, pneumoperitoneum is evacuated 
through the 5 mm ports, they are removed, and the bowel is 
extracted through the hand-assist device. The marginal ves-
sels along the ileum and the transverse colon are divided, the 
bowel is divided, and a hand-sewn or stapled ileocolic anas-
tomosis is fashioned. The bowel is dropped back into the 
abdomen, the hand-assist device is removed, and the incision 
at the umbilicus is closed with a running absorbable suture, 
and each of the wounds is closed with a subcuticular stitch 
and tissue adhesive. The mesenteric defect is generally not 
closed, but the surgeon should try to make sure that the anas-
tomosis sits comfortably in the right upper quadrant and that 
the small bowel is returned to its proper anatomic position 
with no twist.   

    Postoperative Care 

 Standardized postoperative care includes early and frequent 
ambulation starting on the day of surgery, minimizing the 
use of narcotics and making use of oral and intravenous 
NSAIDs, and early resumption of oral intake. Discharge 
comes when the patient can tolerate a diet and there has been 
resumption of bowel function. This usually occurs on day 
two to four depending on the patient’s age, home situation, 
motivation, and/or anxiety level.   

    Pearls and Pitfalls 

     1.    Generally, the operation starts by entering the lesser sac 
along the greater curvature of the stomach. The lesser sac 
is best entered as proximal on the stomach as possible. If 
the lesser sac cannot easily be entered, just move over to 
the hepatic fl exure and start the operation at the hepatic 
fl exure, and at some point later, once the duodenum has 
been exposed, the dissection can move into the lesser sac 
so that the middle colic vessels can be exposed better in 
the transverse mesocolon.   

   2.    The anterior surface of the duodenum is the most impor-
tant landmark for the dissection. If there is any trouble at 
all in defi ning the plane behind the right colon, simply go 
back to the duodenum and reorient.   

   3.    Try to resist the temptation to simply take down the lat-
eral attachments to the right colon from the start. They are 
actually helpful in providing countertraction as the right 
colon and its mesentery are lifted up off of the 
retroperitoneum.   

   4.    Take the vessels on the inside. They are better visualized, 
they can be taken closer to their origin, and bleeding from 
a pedicle is actually easier to manage inside.   

   5.    If the vessels seem as if they would be better taken with a 
laparoscopic stapler, put a 12 mm port through the GelPort 
and pass the stapler through this port.   

   6.    When operating on an obese patient, you may fi nd that 
taking the marginal vessel along the ileum and then divid-
ing the ileum intracorporeally may be quite helpful. It 
simply makes extraction easier, since there is less bulk 
coming through the hand-assist port.   

   7.    If the ileum is divided intracorporeally, you must pay spe-
cial attention to the orientation of the ileum as it is 
extracted so that there is no twist. Just follow the cut edge 
of the ileal mesentery right down to the base of the mes-
entery to avoid a twist.   

   8.    Finally, consider that the more obese the patient, the more 
important it can be to develop the defect in the distal 
transverse colon mesentery and to take the entire middle 
colic pedicle. These maneuvers give the transverse colon 
signifi cant mobility for extraction and anastomosis.      

    Summary 

 In conclusion, the authors’ experience and the surgical litera-
ture confi rm that hand-assisted laparoscopic colon surgery is 
a sound technique. Using the hand can help shorten the 
learning curve for those surgeons trying to adopt laparos-
copy for the treatment of colon pathology, shorten operative 
time, make marginal laparoscopic cases feasible, reduce the 
need for a fully trained operative team, and, especially for 
the surgeon just starting in laparoscopic colon surgery, sig-
nifi cantly reduce the stress level in the operating room. It is 
very comforting having a hand in the abdomen. All these 
advantages are gained without any apparent price being paid 
in terms of the rapid return of bowel function and the reduced 
length of stay seen with standard laparoscopic resection.      
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         Key Points 
•   While medial    and lateral approaches are equally effective, 

the medial approach offers certain potential advantages such 
as early vascular ligation and intrinsic colonic retraction.  

•   Confi rm and mark your lesions preoperatively either with 
India ink, clips, or another strategy. Using distance from 
the anal verge alone is fraught with error and will lead to 
longer operative times, adjustments in the operative plan, 
or worse, inappropriate surgery or missed lesions.  

•   Gravity is your friend—use it. By properly securing the 
patient to the table, you can use extremes of positioning to 
retract the small bowel and improve visualization.  

•   If available, a dedicated camera operator will allow your 
assistant to use two instruments.  

•   Do not be wed to one position. Move around the table to 
improve visualization and ergonomics.  

•   Never sacrifi ce operative principles for the number of tro-
cars. Add more if you need them.  

•   A sigmoidectomy/left colectomy has specifi c steps that 
need to be accomplished; however, you may need to alter 
the order to successfully and safely complete the operation.    

   Introduction 

 There are two general approaches to the mobilization of the 
sigmoid colon, one where the colon is mobilized from its lateral 
attachments fi rst (the lateral approach) and one where the vas-
cular pedicles are initially ligated, followed by colonic mobili-
zation (the medial-to-lateral approach). Both accomplish the 

same dissection, and there is no known clinical advantage to 
either approach. The author prefers the medial approach for the 
following reasons:
•    Abiding with the Turnbull no-touch technique for cancer, 

the vascular pedicles are ligated prior to any mobilization 
of the tumor-bearing segment of the bowel. This limits the 
liberation of tumor cells into the mesenteric circulation 
during mobilization.  

•   The lateral attachments of the colon may act as a natural 
retractor, fi xing it in place while the medial dissection is 
performed. On the other hand, when the bowel is fi rst 
mobilized laterally, it can lead to excessive fl oppiness of 
the bowel, making retraction diffi cult.     

   Indications 

 The most common indications for a laparoscopic sigmoid 
colectomy include a malignant neoplasm, a benign polyp not 
amenable to colonoscopic removal, and diverticular disease. 
Other indications include but are not limited to chronic sig-
moid volvulus and segmental Crohn’s disease.  

   Contraindications 

 There are both absolute and relative contraindications to the 
laparoscopic approach to colectomy. Absolute contraindica-
tions are:
•    Hemodynamic instability  
•   Known history of extensive adhesions from prior surgery    

 Relative contraindications to laparoscopy will depend on 
surgeon experience and level of comfort. A minimally inva-
sive approach can still be considered on a case-to-case basis. 
These include:
•    Large tumor size (>8 cm)  
•   Invasion of other structures  
•   Bowel dilation from obstruction  
•   Emergency surgery    

      Laparoscopic Sigmoidectomy/
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 The location of the sigmoid colon makes invasion of other 
organs possible, for example, colovesical and colovaginal 
fi stulas. This is the case in both malignancy and infl amma-
tory conditions, including diverticulitis and Crohn’s disease. 
These complex fi stulas can be treated laparoscopically in 
experienced hands, but a more robust en bloc resection will 
be required in malignancy as opposed to benign conditions, 
where the attached two organs need merely to be separated. 
These cases are also highly appropriate for hand-assisted 
laparoscopic surgery (HALS; see Chap.   7    ), where the area of 
fi stulization is dealt with using open surgery techniques 
through either a small Pfannenstiel or low midline incision 
utilizing a hand port.  

   Preoperative Planning 

 The patient’s comorbidities and nutritional status are assessed 
to see whether a patient is an acceptable candidate for sur-
gery. Every effort is made to maximize the patient’s medical 
condition prior to surgery. 

 When patients are referred with neoplastic lesions in the 
sigmoid colon, the true location of the neoplasm must be 
confi rmed. This is because the measured location of the 
tumor during colonoscopy may not be exact depending on 
whether the patient’s buttocks are large or whether the mea-
surement was taken during insertion or withdrawal of the 
colonoscope. For example, a lesion advertised to be at 20 cm 
may in fact be at 8 cm from the anal verge. This could have a 
major impact on the level of resection (and therefore techni-
cal diffi culty), or for locally advanced tumors, this may even 
impact on the decision for neoadjuvant chemoradiation. A 
tumor large enough will be identifi ed on CT scan, but in 
other cases the surgeon should perform a rigid or fl exible 
proctosigmoidoscopy prior to any operation. 

 An endoscopic tattoo (i.e., using India ink) should be used 
to mark all neoplastic lesions, and this is especially  important 
for lesions that may not be visible on the serosal surface. 
This allows for laparoscopic identifi cation of the tumor- 
bearing segment and helps eliminate the possibilities of 
removing an incorrect segment of the intestine or resecting a 
tumor with inadequate lateral margins. The tattoo should be 
placed in multiple quadrants to assure that it is visible on the 
serosal surface and not hidden by the mesentery. The author 
favors a tattoo in three quadrants, distal to the tumor itself. 
Placing tattoos both proximally and distally may lead to con-
fusion if only one area is visible. 

 The usefulness of routine ureteral stenting in laparoscopic 
sigmoidectomy can be debated. In straightforward cases, the 
left ureter can usually be identifi ed during mobilization, and 
this practice is probably unnecessary. However, selective 
preoperative ureteral stenting should be considered in com-
plex cases where retroperitoneal or pelvic adhesions could 

exist (i.e., in locally advanced tumors, in re-operative pelvic 
surgery, or in diverticulitis/Crohn’s disease with abscess). 
Surgeons early in their laparoscopic learning curve may also 
benefi t from the use of lighted ureteral stents during sigmoid 
colectomy.  

   Surgery 

 Patients should receive appropriate intravenous antibiotics 
within 1 h of skin incision. For a lengthy operation, antibiot-
ics should be re-dosed intraoperatively based on their phar-
macokinetics. Prophylaxis against deep vein thrombosis 
should be given preoperatively; this includes both sequential 
compression stockings and subcutaneous heparin.  

   Positioning 

 The laparoscopic sigmoid colectomy is performed with 
extreme positioning such as steep Trendelenburg and side-to- 
side “air-planing.” To avoid slippage of the patient during 
these maneuvers, the patient needs to be secured to the oper-
ating table. The author places a gel pad underneath the patient 
for this reason, but a beanbag can also be used. Both arms are 
tucked at the sides, with adequate padding to avoid pressure 
points. In larger patients, the arms are placed in padded sleds 
or toboggans, which may additionally help with patient slip-
page. The patient’s legs are placed in a modifi ed lithotomy 
position in padded stirrups, and adequate access to the anal 
orifi ce is confi rmed. It is common for the patients’ hips to 
slide upward on the operating table during steep Trendelenburg 
positioning, so generous access to the anus at the time of 
setup is recommended. Hip fl exion while in stirrups must be 
kept to a minimum (i.e., hips as straight as possible), so that 
the laparoscopic instruments are not obstructed by the 
patient’s thighs during the splenic fl exure dissection. A heat-
ing blanket is placed on the chest to prevent hypothermia.  

   Technique (Videos  6.1  and  6.2 ) 

   Port Placement 

 The camera port is placed in an infraumbilical position. The 
author favors the blunt Hasson technique for initial entrance, 
with a 10-mm or 12-mm port placed for the camera. The 
subsequent port placement is illustrated in Fig.  6.1 . A supra-
pubic port is optional and can be helpful for lateral sigmoid 
colon mobilization.

   The laparoscopic sigmoid colectomy is facilitated by a 
dedicated cameraperson (2nd assistant), as this allows the 
assistant to help with two instruments. This is important for 
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adequate retraction of a fl oppy sigmoid colon and during 
splenic fl exure mobilization. At the start of the operation, the 
surgeon stands at the right side of the patient and uses the two 
right-sided ports for dissection, and the camera assistant 
stands to the left of the surgeon. The assistant is positioned on 
the left side of the patient, using the two left-sided ports to 
retract the sigmoid colon. Two monitors are helpful at this 
point, placed on both sides of the patient near the knees, as the 
assistant and surgeon should view separate monitors (Fig.  6.2 ).

   For splenic fl exure mobilization, a monitor is moved to 
the patient’s left shoulder. The surgeon moves in between the 
legs and uses the two left-sided ports for dissection. The 
assistant moves to the patient’s right side, using the two 
right-sided ports to assist (Fig.  6.3 ).

   It is important to remember that different port placements 
are used by different surgeons, and what is described above 
is only one option of many. A minimally invasive sigmoid 
colectomy by two operators using 2 or 3 working ports has 
been described, and port placement should eventually be tai-
lored by each surgeon to meet one’s needs. However, one 
should never limit the number of ports to the point that basic 
surgical principles such as tissue triangulation are sacrifi ced. 
An additional 5-mm trocar presents minimal morbidity to 
patients and could be of tremendous benefi t during a diffi cult 
laparoscopic colectomy. The port placement described above 
remains the most common confi guration used by the author.  

  Fig. 6.1    The port placement for a medial-to-lateral laparoscopic sig-
moidectomy/left colectomy. Optional port5-mm       

  Fig. 6.2    Position of the monitors and surgical team for vascular ligation, medial and lateral bowel mobilization, and anastomosis       
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   Operative Steps 

 The following are the general operative steps in a medial-to- 
lateral laparoscopic sigmoid colectomy:
•    Isolation and division of the inferior mesenteric artery  
•   Isolation and division of the inferior mesenteric vein, 

ligated together or separately from the artery  
•   Separation of the sigmoid colon and mesentery from the 

retroperitoneal fascia in a medial-to-lateral direction  
•   Dissection of the lateral attachments of the sigmoid and 

descending colon  
•   Splenic fl exure mobilization (when necessary)  
•   Division of the bowel proximally and distally  
•   Anastomosis      

   Vascular Isolation and Division 

 It is common for the distal small bowel loops to drape into the 
pelvis and obstruct the exposure of the sigmoid mesentery, and 
retraction of these loops out of the pelvis can at times be 

 diffi cult. Gravity is used to help with this cause, and thus, 
 positioning of the patient is very important. Initially, the patient 
is placed in a steep Trendelenburg position and tilted (air-
planed) with the left side up. The omentum is lifted over the 
transverse colon, and the small bowel loops are swept into the 
right upper quadrant away from the mesosigmoid. It is impor-
tant that the sacral promontory is visualized and can be palpated 
with a laparoscopic instrument at this point. The terminal ileum 
not uncommonly is adhered to the right pelvis, making superior 
retraction of the terminal ileum impossible. In this case, the 
ileum must be freed from the right pelvis as the initial step. 

 The sigmoid colon is then retracted by the assistant in two 
areas. The sigmoid mesentery is retracted in a ventral direc-
tion and toward the left. Especially in a redundant “pelvic” 
sigmoid colon, traction must also be in a superior direction 
(pulling the sigmoid colon out of the pelvis). The surgeon 
feels for the sacral promontory using a laparoscopic instru-
ment as this should be the initial location where the perito-
neum overlying the sigmoid mesentery is incised. Access to 
the proper avascular plane posterior to the inferior mesenteric 
vessels is easiest at the sacral promontory. While adequate 

  Fig. 6.3    Ports on the patient’s left abdomen should be in the same position as Fig. 6.1. It’s a little off in this illustration       
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mesenteric traction is provided by the assistant, a wide mes-
enteric window is created around the origin of the inferior 
mesenteric artery (IMA) toward the inferior mesenteric vein 
(IMV) (Fig.  6.4 ). The right and left hypogastric nerves are 
adhered to the inferior mesenteric vessels and must be bluntly 
swept in a dorsal direction and preserved in order to avoid 
autonomic nerve injury that causes retrograde ejaculation. 
The dissection must stay anterior to the iliac vessels and these 
autonomic nerves and posterior to the inferior mesenteric 
vessels. Inability to fi nd the correct avascular plane is usually 
due to inadequate ventral traction on the vessels. Creating a 
mesenteric window that is wide enough will allow for better 
traction on the vessels and avoiding “tunneling,” which 
results in limited visualization.

   The line of the fusion of the sigmoid mesentery and retro-
peritoneal fascia is identifi ed underneath the inferior mesen-
teric vessels, and the retroperitoneal fascia is bluntly swept 
dorsally. It is with this step that the left ureter and left gonadal 
vein should be identifi ed and preserved (Fig.  6.5 ). It is easy 
to dissect in a plane that is too deep, i.e., deep to the ureter 
and gonadal vessels. Only after identifi cation of the left ure-
ter should the IMA be divided. The origin of the IMA is 
cleaned off and skeletonized as the preaortic superior hypo-
gastric plexus is further swept away from the origin of the 
IMA and preserved (both left and right branches). A mesen-
teric window is created lateral to the IMV, isolating the infe-
rior mesenteric vessels. The IMA and IMV are then divided 
using a vessel-sealing energy device, clips, or a laparoscopic 
vascular stapler (Figs.  6.6  and  6.7 ). It is common practice to 
leave a 1–2 cm stump on the IMA so it can be grasped and 
sealed in the case it bleeds. Vascular calcifi cation leads to 
failure of energy devices, and thus in cases of long- standing 
diabetes or cardiovascular disease, the use of a vascular sta-
pler or clips is preferred. The IMV is usually not calcifi ed 
and can be readily divided with an energy device.

  Fig. 6.4    The peritoneal incision of the sigmoid mesentery commences 
at the sacral promontory. This is extended in a cephalad direction 
around the origin of the inferior mesenteric artery toward the inferior 
mesenteric vein       

  Fig. 6.5    Dissection of the inferior mesenteric artery, with preservation 
of the hypogastric nerves and left ureter and gonadal vessels       

  Fig. 6.6    The division of the inferior mesenteric artery       

  Fig. 6.7    Division of the inferior mesenteric vein       
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     Alternatively, the IMV can be isolated and divided inde-
pendently of the IMA. In diffi cult cases, it is actually helpful 
to isolate and divide the IMV before the IMA. The IMV is 
identifi ed adjacent to the ligament of Treitz in a location 
superior to the IMA, and in this location, it is isolated and 
divided. This provides an excellent entry point to the correct 
dissection plane between the left colon mesentery and retro-
peritoneal fascia and can aid in the mobilization of the 
splenic fl exure.  

   Pearls and Pitfalls 

   Diffi culty in Identifying the Left Ureter 

 The left ureter may be diffi cult to fi nd when one is not dis-
secting in the correct plane. As mentioned previously, the ten-
dency is to dissect deep to the retroperitoneal fascia, into the 
retroperitoneum itself, and keep the left ureter and gonadal 
vessels still attached to the sigmoid mesentery. An attempt 
should be made to reestablish the proper dissection plane 
anterior to the retroperitoneal fascia (Figs.  6.8  and  6.9 ). The 
retroperitoneal structures tend to stain purple in color, and 
the mantra of “purple goes down” should be remembered.

    If this is not effective, a medial mesenteric dissection is 
started in an easier area, lateral to the inferior mesenteric ves-
sels. Find the left colic vessel, make mesenteric windows iso-

lating the vessel, and divide it close to its origin. The cut left 
colic vessel is lifted and the retroperitoneal fascia is identifi ed 
and bluntly swept in a dorsal direction separating the retro-
peritoneum from the mesentery. Then, the cut medial edge of 
the mesenteric window attached to the inferior mesenteric 
vessels is lifted, and this plane is bluntly dissected toward the 
midline. When the inferior mesenteric vessels are freed from 
the retroperitoneal structures from a lateral direction, just to 
the left of the IMV should be the left ureter. Once the ureter 
is found in this location, it is traced more inferiorly. 

 If this step is not successful, a lateral mobilization of the 
sigmoid colon should be carried out in order to identify the 
left ureter more distally. In this location, the most reproduc-
ible location is as the ureter crosses the bifurcation of the 
common iliac artery. If the left ureter is not identifi ed by any 
of the aforementioned methods, then the operation should be 
converted to open surgery. Even in this case, however, one 
should fi rst mobilize the splenic fl exure before the conver-
sion so the open incision could be kept small in size.   

   Retromesenteric Dissection 

 The divided medial edge of the mesentery is grasped, expos-
ing a wide mesenteric window. The retroperitoneum is fur-
ther swept in a dorsal direction, separating it from the left 
colon mesentery in a medial-to-lateral direction (Fig.  6.10 ). 
Since the mesentery is congenitally adhered to the retroperi-
toneum, the tendency is to dissect in a plane that is too deep. 
Instead, it is important to repeatedly identify the true line 

  Fig. 6.8    Congenital fusion of the sigmoid mesentery to the retroperito-
neal fascia makes it easy to dissect in the wrong plane. The left ureter 
and gonadal vessels in this case will be anterior to the dissection       

  Fig. 6.9    The proper dissection plane requires the conscious separation 
of the mesentery and retroperitoneal fascia       

  Fig. 6.10    The dissection of the retromesenteric plane from a medial-
to- lateral direction       
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of fusion between the mesentery and retroperitoneum. 
The retromesenteric plane is extended laterally to the abdom-
inal wall, superiorly toward the upper half of the left kidney, 
and inferiorly past the left psoas muscle.

      Lateral Dissection 

 The sigmoid colon is retracted in a medial direction, and its 
lateral attachments are dissected from laterally. It is impor-
tant to identify the left ureter and gonadal vessels again to 
avoid injury to them. After initial dissection, the prior dissec-
tion plane from the medial side should be encountered. If the 
medial dissection had been carried out lateral enough to the 
abdominal wall, what is left of the lateral attachment should 
be a thin peritoneal layer. This lateral mobilization is taken in 
a superior direction toward the splenic fl exure (Fig.  6.11 ).

      Splenic Flexure Mobilization 

 Unless the sigmoid colon is redundant, splenic fl exure mobi-
lization will be necessary for many of the sigmoid and left 
colon resections. This step can be very tedious, especially in 
obese patients. One must understand the anatomic attach-
ments of the splenic fl exure, which include splenocolic, 
renocolic, and gastrocolic ligaments. 

 A systematic approach to splenic fl exure takedown should 
be utilized. The splenic fl exure takedown is greatly facili-
tated by a generous posterior retromesenteric dissection, and 
thus, the posterior renocolic attachments are fi rst mobilized. 

Then, the prior lateral dissection along the white line of Toldt 
is further taken in a cephalad direction and around the splenic 
fl exure from left to right (division of the splenocolic liga-
ment) (Fig.  6.12 ). The assistant helps with retraction of the 
omentum and the surgeon retracts the descending colon in a 
caudal and medial direction. One must be careful not to use 
excessive traction in either medial or inferior direction since 
the splenic capsule could easily tear. The key to expeditious 
fl exure takedown is to remain close to the colon as the omen-
tum is dissected from the splenic fl exure. It is helpful to look 
for the most distal point of omental attachment to the splenic 
fl exure and begin separating the omentum from the colon 
and epiploic appendages here. Attention should be paid to 
the dorsal attachments of the fl exure to the tail of the pan-
creas. The lesser sac is entered, and the omentum is dissected 
off of the distal transverse colon until the splenic fl exure 
mobilization is complete. As soon as the lesser sac is entered, 
one should try to identify the stomach, because it can adhere 
close to the colon leading to inadvertent injury.

      Pearls and Pitfalls 

   Diffi cult Splenic Flexure 

 This could be from obesity, complex omental adhesions, or 
close proximity of the splenic fl exure to the spleen. One 
should fi rst refer back to the general guidelines for splenic 
fl exure takedown. Has an adequate posterior dissection been 
performed? Has the splenic fl exure mobilization been per-
formed close to the colon wall? Is the patient positioning 

  Fig. 6.11    The lateral dissection of the sigmoid colon and descending 
colon is facilitated by a robust medial mobilization       

  Fig. 6.12    Splenic fl exure: the splenic fl exure is mobilized from the 
descending colon in a cephalad direction       
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adequate, i.e., out of the steep Trendelenburg position? If the 
patient is large and the assistant’s right lower quadrant port is 
useless due to lack of reach, consider placing an additional 
5-mm right epigastric port. 

 The next step in a diffi cult splenic fl exure mobilization is 
to start a medial dissection (i.e., from the transverse colon 
side) (Fig.  6.13 ). The omentum is dissected off of the distal 
transverse colon, again staying close to the colonic wall and 
entering the lesser sac. This dissection is extended to the left 
to the splenic fl exure. Dissecting on both the right and left 
sides of the splenic fl exure, the mobilization is completed.

      Bowel Division, Exteriorization, 
and Anastomosis 

 The site of distal transection is identifi ed. The distal bowel 
division is performed intracorporeally. In cancer, the site of 
distal resection is 5–10 cm distal to the tumor, and in diver-
ticulitis it is the top of the rectum. The mesentery is scored at 
this point close to the bowel wall. With care not to injure the 
bowel wall, the mesorectum is divided at this location includ-
ing the superior hemorrhoidal vessels using a dissecting 
energy device (Fig.  6.14 ).

   Using an endoscopic linear 60-mm stapler placed through 
the 12-mm right lower abdominal port, the bowel is divided 
(45-mm stapler for smaller patients) (Fig.  6.15 ). Attempt 
should be made to make a transection perpendicular to the 
bowel wall with one fi ring, but if two fi rings are necessary, 
the spike of the circular end-to-end stapler should be brought 
out at the confl uence of the two fi rings. Next, the site of prox-
imal transection is assessed intracorporeally; this location 
should allow for a tension-free anastomosis with good blood 

fl ow. The sigmoid mesentery located cephalad to the cut 
inferior mesenteric vessels is then dissected toward this point 
of proximal transection. This site should be identifi able when 
it is exteriorized, and it is helpful to mark an epiploic append-
age in this area with cautery or clips. A laparoscopic grasper 
is then used to grasp the end of the colon to be exteriorized.

  Fig. 6.13    Splenic fl exure: the splenic fl exure is mobilized from the 
transverse colon side, taking down the omental attachments       

  Fig. 6.14    The mesorectum is cleared off       

  Fig. 6.15    Distal bowel transection using an endoscopic 60-mm 
stapler       
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   A minilaparotomy is created for exteriorization. The rea-
sonable sites are the umbilicus, left lower quadrant port site, 
and suprapubic position. The wound is enlarged to 3–5 cm or 
larger depending on the size of the pathology. A wound 
retractor is placed. The stapled end of the colon is found and 
the bowel is exteriorized, and the marked area of proximal 
transection is located. The marginal vessel is divided at this 
level, and the bowel is divided. Good blood fl ow from the 
marginal vessel and to the end of the colon must be con-
fi rmed. A purse-string suture is placed into the open mouth 
of the colon and tied around the anvil of a circular stapler. 
The author’s preference is to use a 28-mm stapler in most 
cases unless the rectum is capacious. Especially in 
 diverticulitis, the upper rectum is often contracted, and you 
may be unable to pass a circular stapler of larger diameter. In 
cases of extensive diverticulosis where the proximal bowel 
still contains multiple diverticula, one should consider bring-
ing the anvil out from the antimesenteric colon more proxi-
mally and performing a side-to-end anastomosis. 

 The bowel is returned back inside the abdomen, and the 
minilaparotomy is closed with facial sutures. Under laparo-
scopic visualization, the circular stapling device is inserted 
into the rectum and through the end of the rectal stump. After 
confi rmation that the mesentery is not twisted, a stapled end-
to- end circular anastomosis is performed (Fig.  6.16 ).

   The pelvis should then be fi lled with saline using a lapa-
roscopic irrigation device, and a leak test performed. The 
bowel is occluded with a laparoscopic grasper proximal to 

the anastomosis, and the anastomosis is immersed in saline 
while the rectal lumen is insuffl ated with air or carbon diox-
ide (Fig.  6.17 ). Care is taken to be sure there is no migration 
of small bowel loops underneath the cut mesenteric edge.

   Alternatively, an extracorporeal anastomosis can be per-
formed. In this case, rather than perform an intracorporeal 
distal bowel division, a low midline or Pfannenstiel incision 
is created and the distal transection is performed using open 
techniques. It is still helpful at times to divide the mesorec-
tum intracorporeally even in this case. After distal transec-
tion, the bowel is further exteriorized and the proximal 
division, anastomosis, and leak test are all performed through 
the small incision.   

   Pearls and Pitfalls 

   Positive Leak Test 

 One must fi rst clearly identify the area of leak. This is best 
done with continuous CO 2  insuffl ation through a fl exible sig-
moidoscope. Carbon dioxide is absorbed from the lumen of 
the bowel much faster than air, limiting distension that can 
obscure the surgical fi eld. If there is a single defect, the 
defect is small and can clearly be visualized laparoscopi-
cally, interrupted intracorporeal sutures can be used to 
close the defect. The subsequent leak test must be negative. 
For all other defects, the defective anastomosis should prob-
ably be resected and a new one created. This can still be 
accomplished laparoscopically if the rectum is cleaned off 
distal to the prior anastomosis and the rectum is divided 
using a laparoscopic linear stapler. The anastomosis is then 

  Fig. 6.16    Circular double-stapled end-to-end anastomosis       

  Fig. 6.17    The water level should be brought lower, to about mid rec-
tum so that the anastomosis is underwater       
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exteriorized through the prior minilaparotomy wound and is 
resected, and a new anvil placed into the bowel. If this intra-
corporeal revision is technically challenging, it can be com-
pleted through a Pfannenstiel or a low midline incision. 

 According to one study of colorectal anastomoses, a posi-
tive leak test occurred in 7.9 % of tested anastomoses. Higher 
rates of clinical leak occurred in those with positive air leak 
tests compared with negative ones (7.7 % vs. 3.8 %). When a 
leak test was positive, the subsequent clinical leak rates were 
0 % with reanastomosis versus 12 % with suture repair [ 1 ].   

   Conclusion 

 A straight laparoscopic approach to the sigmoid and left 
colon can be successfully utilized as the surgical procedure 
of choice for a number of colorectal conditions. While this 

approach can be technically demanding and requires 
advanced laparoscopic skills, in most cases, your patient will 
reap the benefi ts from a minimally invasive approach. 
Undoubtedly, there are many technical approaches to this 
procedure, and while the basic steps remain the same, the 
approach for each surgeon should be individualized.      
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         Key Points 
•   The hand-assisted    approach to colectomy is a versatile 

technique that facilitates dissection in diffi cult clinical 
circumstances.  

•   During standard “straight” laparoscopic colectomy, the 
surgeon must rely on the experience and skill set of the 
assistant. In hand-assisted surgery, the surgeon is able to 
perform much of the dissection and uses the assistant 
essentially as a camera holder.  

•   The surgeon can advance through the learning curve by 
dividing the operation into individual steps and focusing on 
what needs to be accomplished in each step; in this fashion, 
the operation becomes a standardized, reproducible method.  

•   Laparoscopic colectomy is a challenging operation; onco-
logic adequacy should not be compromised for the sake of 
performing a less invasive procedure.  

•   A major benefi t of the hand-assisted approach to colec-
tomy is that the surgeon can approach the dissection from 
all directions (medial, lateral, cephalad) and, in complex 
cases, can easily change from one approach to another in 
order to complete the dissection.    

   Background 

 The most common indications for elective left colectomy 
include sigmoid adenocarcinoma, diverticular disease, and 
adenomatous polyps not amenable to endoscopic removal. 
Open colectomy has largely been supplanted by  minimal 

access surgery; the benefi ts of laparoscopic-assisted 
 colectomy over open surgery include accelerated postop-
erative recovery, earlier return to baseline level of function-
ing, decreased length of stay, decreased pain and narcotic 
use, and decreased operative blood loss [ 1 – 3 ]. The straight 
laparoscopic approach results in longer average operative 
times and can be particularly challenging in obese patients, 
re- operative patients, and patients with advanced disease. 
A variation of the standard laparoscopic approach, hand- 
assisted colectomy, shortens operative times, decreases 
 conversion rates, and restores tactile feedback that aids in 
dissecting otherwise diffi cult anatomy without compromis-
ing the benefi ts of a minimally invasive approach [ 4 ].  Hand- 
assisted laparoscopy is a versatile approach to colectomy 
that allows for dissection of complicated anatomy,  palpation 
to facilitate intraoperative tumor localization, and dissection 
through the hand-port access in open fashion or by using 
straight laparoscopy.  

   Preoperative Planning 

 A relevant history and physical examination, assessment of 
prior abdominal surgery and the location of abdominal scars, 
and review of the available cross-sectional imaging and colo-
noscopy report are important as these can infl uence the oper-
ative plan. With the exception of patients with selected very 
large tumors, tumors requiring complex en bloc resection, 
and patients known to have severe adhesions, nearly all 
patients contemplating left colectomy are candidates for 
hand-assisted surgery. 

  Pearls: Potential alterations in bowel function should be 
discussed preoperatively as patients can be frustrated by 
unexpected changes in bowel habits. The possible need for 
a defunctioning stoma should also be discussed in advance 
of left colectomy; however, diversion is rarely required. 
Ideally, a complete colon evaluation should be performed 
prior to colectomy to exclude synchronous pathology.   

      Hand-Assisted Left Colectomy 
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   Procedure 

   Setup 

 Lower extremity sequential compression devices are placed 
and activated and general anesthesia is induced. The patient 
is placed in either modifi ed lithotomy position with adjust-
able stirrups or in split-leg position with a bariatric-type 
table (Fig.  7.1 ). It is important to adequately pad patients to 
minimize the risk of neuropraxia or pressure-related skin 
breakdown. This positioning allows the surgeon to stand 
between the legs during mobilization of the splenic fl exure 
and permits access to the anus for colonoscopy or insertion 
of the circular stapler. If stirrups are used, the thighs should 
be kept parallel to the fl oor, as greater than 10° of fl exion of 
the hip can often limit the ability to access the upper abdo-
men through lower abdominal ports. The right arm is padded 
and tucked in neutral position to allow the surgeon and assis-
tant to stand on the right side of the table. A strap is placed 
across the chest to secure the patient to the operating table to 
facilitate extreme positioning during portions of the opera-
tion that require gravity to aid exposure. A bladder catheter is 
placed and the abdomen is prepared and draped, per usual. 
Deep venous chemoprophylaxis should be administered 
prior to the procedure, and appropriate intravenous antibiot-
ics should be given within 1 h of the skin incision. To further 
reduce surgical site infection, patients are oxygenated with 
0.8 FiO 2  during the case. Core body temperature should be 
maintained according to individual institutional protocols.

   The surgeon should confi rm that all equipment is either in 
the room or is readily available (Table  7.1 ). A 30° angled 
laparoscope is used to look over the horizon of the operative 
fi eld; this scope is more versatile than a standard 0° scope. 
Additional suggested equipment includes a colonoscope 
(CO 2  insuffl ation is preferred over ambient air) and lighted 
handheld deep pelvic retractors that facilitate pelvic dissec-
tion through the hand-port access. In general, disposable 
devices (hand port, energy device, and suction irrigator) are 
not opened until the surgeon enters the abdomen and con-
fi rms the feasibility of a hand-assisted approach.

      Procedure Steps 

   Hand-Assisted Left Colectomy 
(Videos  7.1 ,  7.2 , and  7.3 ) 
   Port Placement 
 Hand-port placement: A Pfannenstiel incision placed two fi n-
gerbreadths above the symphysis pubis is used for the major-
ity of patients. In patients with prior lower midline incisions 
and in patients considered at higher risk of conversion, a 
lower midline incision is typically used. When dissecting 
through the subcutaneous fat down to the fascia through a 
Pfannenstiel incision, avoid skiving towards the symphysis 
pubis as placing the port too close to the pubis may restrict 
access through the port and may cause the hand port not to sit 
well. Adequate fl aps must be created between the anterior 
rectus sheath and the rectus muscle to ensure suffi cient space 
for the operating surgeon’s hand. Once the abdomen is 

  Fig. 7.1    Positioning of the 
patient on a split-leg table       
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entered, inspection of the fi eld and palpation through the 
wound allows the surgeon to determine whether or not to 
proceed in hand-assisted fashion. If confi rmed, a reusable 
5 mm camera port is then placed near the umbilicus with the 
surgeon’s hand within the abdomen protecting the viscera, 
and the abdomen is insuffl ated. Two additional 5 mm work-
ing ports are placed under direct laparoscopic visualization in 
the left lower quadrant and right lower quadrant lateral to the 
inferior epigastric vessels (Fig.  7.2 ). Once the ports are 
placed, and before the dissection is begun, the abdomen is 
surveyed and thoroughly explored for any abnormalities 
(metastases, adhesions, injury due to port placement, etc.).

   In patients likely to have adhesions from prior surgery 
that might interfere with hand-assisted colectomy, it may 

be preferable to place upper quadrant ports to evaluate the 
adhesions and to potentially perform adhesiolysis to allow 
hand- port placement. 

 A laparotomy pad (with an attached radiopaque ring) is 
placed within the abdomen prior to securing the hand-port 
device. The pad facilitates exposure by keeping the small 
bowel out of the fi eld, keeping the operative fi eld dry, and 
allowing the surgeon to clean the scope without actually 
removing the scope from the abdomen. In order to reduce the 
risk of a retained foreign body, a hemostat is placed on the 
surgeon’s surgical gown as a reminder that a laparotomy pad 
is within the abdomen. When the pad is removed and handed 
back to the scrub nurse, the hemostat is handed back as well.  

   Left Colon Dissection 
 Mobilization of the splenic fl exure: In the majority of cases, 
the splenic fl exure will need to be mobilized to ensure a 
tension- free colorectal anastomosis. In order to decrease the 
risk of splenic injury, care should be taken to avoid undue 
traction on splenic attachments during the mobilization. 
Manipulation of the splenic fl exure mesentery must also be 
done carefully, as injury to the marginal artery may compro-
mise the vascular supply to the bowel being used for the 
anastomosis. There are several ways to approach taking 
down the splenic fl exure (medial at the inferior mesenteric 
vein (IMV), lateral up the left paracolic gutter, entering the 
lesser sac at the midline). Typically, and especially in cases 
with an extreme splenic fl exure, a combination of all three 
approaches is utilized to mobilize the fl exure all the way to 
the ligament of Treitz. 

   Medial-to-Lateral Approach at the IMV 
    This is the preferred approach to the fl exure because it allows 
relatively easy mobilization of the colon and mesocolon up 
off of the retroperitoneum, while the lateral-to-medial 
approach requires the surgeon to dissect in a plane while 
looking up over the horizon. Placing the patient in reverse 
Trendelenburg position with the table tilted right side down 
allows the small bowel to be placed in the right side of the 
abdomen and aids in exposing the anatomy. The assistant 
stands on the right side of the patient holding the camera and 
using a grasper through the right-sided port to retract the 
greater omentum and transverse colon cephalad over the liver 
exposing the paraduodenal fossa with the left colon mesen-
tery and ligament of Treitz (Fig.  7.3 ). The surgeon, standing 
between the legs with the left hand in the abdomen and the 
energy device in the left-sided port, should appreciate the 
location of the aorta, the 4th portion of the duodenum, and 
the IMV. The intra-abdominal laparotomy pad helps to keep 
the small bowel out of the fi eld of dissection. The peritoneum 
overlying the paraduodenal space is incised and a retromes-
enteric plane is developed in medial-to-lateral fashion 
(Fig.  7.4 ). This peritoneum should be taken sharply to avoid 

   Table 7.1    Equipment   

 • 5 mm 30° laparoscope 
 • Trocars (5 mm × 4), hand-access port 
 • Laparoscopic blunt atraumatic graspers and scissors 
 • 5 mm blunt tip LigaSure™ (Covidien, Mansfi eld, MA) or other 

energy device, per surgeon preference 
 • Bowel stapler with appropriate loads 
 • End-to-end stapling device (appropriate sizes available) 
 • Colonoscope with carbon dioxide insuffl ation device 
 • Standard laparoscopic instrumentation (i.e., atraumatic graspers, 

Maryland dissector, etc.) 

  Fig. 7.2    Hand-assisted device and port site placement for a left 
colectomy       
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using energy so close to the duodenum. The retroperitoneum 
including the ureter, the gonadal bundle, and Gerota’s fascia 
are pushed dorsally and the mesocolon is swept ventrally. If 
the correct plane is entered, this dissection is relatively avas-
cular. This dissection is carried as far laterally to the abdomi-
nal wall as possible and cephalad to the inferior border of the 
pancreas. Care should be taken to avoid dissecting behind the 
pancreas or into the retroperitoneum as this can jeopardize 
the retroperitoneal structures. Once this dissection is com-
pleted, the IMV can be divided using the energy device.

    The greater omentum is retracted anteriorly and cephalad 
by the assistant and the transverse colon is retracted caudally 
by the surgeon. This retraction facilitates exposure to enter 
the avascular plane that separates the greater omentum from 
the transverse colon and mesocolon (Fig.  7.5 ). This dissec-
tion, most easily started near the midline at the falciform 
ligament, enters the lesser sac and is carried laterally towards 
the splenic fl exure (Fig.  7.6 ), fully releasing the omentum, 

which can now serve as an omental pedicle fl ap. During the 
dissection, the surgeon’s left hand protects the colon and the 
stomach from collateral damage from the energy device. As 
the dissection progresses along the left transverse colon, it is 
important to use tissue triangulation to actually see the colon 
as it courses cephalad into the left upper quadrant at the 
splenic fl exure; this helps prevent injury to the colon.

    While the left colon is gently retracted by the assistant 
grasping an epiploica, the surgeon’s left hand is placed into 
the retromesenteric space and is used to demonstrate the 
plane of dissection. Using the energy device through the left- 
sided port, the colon is released from its lateral attachments 
(commonly referred to as the white line of Toldt), and the 
retromesenteric dissection plane that had been mobilized 
previously in medial-to-lateral fashion is entered. The dis-
section is carried cephalad towards the splenic fl exure 
(Fig.  7.7 ). The mesocolon is dissected free from the inferior 
border of the pancreas, completely releasing the splenic fl ex-
ure. Once the left colon is mobilized, the surgeon performs a 
sweep with his    hand to confi rm the colon is completely 
mobilized from the retroperitoneum, the omentum, and the 

  Fig. 7.3    Paraduodenal fossa at the ligament of Treitz demonstrating 
the inferior mesenteric vein (IMV)       

  Fig. 7.4    Medial-to-lateral dissection at the IMV in the avascular plane       

  Fig. 7.5    Entering the lesser sac near the midline       

  Fig. 7.6    The lesser sac is entered—notice the back wall of the 
stomach       
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spleen, as persistent attachments can jeopardize reach to the 
pelvis and the ability to exteriorize the specimen.

      Sigmoid Colon Mobilization 
 This mobilization is typically performed using a medial-to- 
lateral approach. Occasionally, in cases with complicated 
anatomy like severe infl ammation or signifi cant redundancy 
of the colon, the lateral-to-medial approach may be techni-
cally easier.  

   Medial-to-Lateral Dissection of the IMA 
 With the patient in steep Trendelenburg position, the assis-
tant stands at the right shoulder holding the camera and the 
surgeon stands at the right hip with the right hand in the 
abdomen and the energy device in the right-sided port. The 
mesosigmoid is exposed by retracting the small bowel out of 
the pelvis and towards the right upper quadrant. The lapa-
rotomy pad again helps keep the small bowel out of the way. 
The surgeon should appreciate the aorta and the aortic bifur-
cation, the common iliac arteries, and the right ureter 
(Fig.  7.8 ). The sacral promontory is an important landmark 
as it is a midline structure and helps keep the surgeon 

 oriented. Using the hand, the IMA pedicle is elevated 
and retracted towards the patient’s left side (Fig.  7.9 ). 
The peritoneum just dorsal to the pedicle is scored with 
the energy device and the retromesenteric plane is entered. 
The window into the retromesenteric space is extended cau-
dal past the sacral promontory to allow wide exposure of the 
retroperitoneum. This plane is developed bluntly by pushing 
the retroperitoneal structures (hypogastric nerves, left ureter 
(Fig.  7.10 ), left gonadal vessels) dorsally while dissect-
ing laterally towards the left sidewall (Fig.  7.11 ). With the 

  Fig. 7.7    Taking down the remaining lateral colonic attachments while 
working cephalad towards the splenic fl exure       

  Fig. 7.8    Exposure of the sigmoid mesocolon. The aortic bifurcation 
and common iliac vessels can be seen. In addition, the  right  ureter is 
often seen crossing over the iliac in this view       

  Fig. 7.9    Grasping the inferior mesenteric artery pedicle       

  Fig. 7.11    Developing the left retromesocolic plane       

  Fig. 7.10    Identifi cation of the left ureter       
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IMA elevated, the retromesenteric plane is developed 
cephalad as well, meeting the prior IMV dissection plane 
which was developed during splenic fl exure mobilization. 
By supinating the hand underneath the mesosigmoid, a mes-
enteric window is identifi ed on the left side of the IMA ped-
icle. This avascular mesentery is incised, isolating the IMA 
(Fig.  7.12 ). The IMA (proximal to the left colic artery take-
off) or the main sigmoidal artery (distal to the left colic artery 
takeoff) is divided with the energy device after confi rming 
that the left ureter is protected (Fig.  7.13 ). The “stay-side” 
(proximal) stump of the pedicle is reinforced, as needed, 
with a preformed looped ligature.

        An alternative to ligating the mesenteric pedicle as 
described is to perform a mid-mesenteric dissection whereby 
the superior hemorrhoidal artery is preserved and the actual 
sigmoid branches are sequentially ligated. This may be done 
for benign disease processes. This approach keeps the fi eld 
of dissection off of the retroperitoneum and preserves the 
IMA blood supply to the proximal rectum, which is the distal 
side of the planned colorectal anastomosis. Patients with 
stricturing disease or who, for whatever reason, have not had 
neoplasia excluded preoperatively should undergo a cancer- 
type operation. 

 Once the pedicle is ligated, the retromesenteric plane is fur-
ther developed as far laterally as possible and cephalad over 

Gerota’s fascia. To mobilize the sigmoid colon from its lateral 
attachments at the pelvic inlet, it is helpful to retract the colon 
medially using a grasper in the right-sided port and to use the 
energy device placed through the hand-access port to take the 
lateral attachments down. Alternatively, the lateral attachments 
can be dissected out in open fashion through the hand-port 
site. In order to mobilize the proximal rectum, the presacral 
space is entered. This facilitates creating a colorectal anasto-
mosis (as opposed to a colo-colonic anastomosis) and helps to 
straighten the rectum to allow passage of the EEA stapler.  

   Bowel Division and Anastomosis 
 The detachable cap of the hand port is removed leaving the 
self-retaining wound retractor/protector and the colon is 
exteriorized. Any residual mesentery not already taken lapa-
roscopically is taken at this point in open fashion. Open sta-
plers (as opposed to laparoscopic devices) are used to 
transect the proximal and distal colorectal margins; the spec-
imen is delivered and oriented for the pathologist and is eval-
uated on a dirty back table to grossly evaluate the pathology 
and the margins. 

 Working through the hand port in open fashion, adequate 
blood supply to the end of the colon is confi rmed and the anvil 
of an appropriately sized EEA stapler is seated and secured. 
Care should be taken to exclude any false diverticula from the 
anticipated site of the colorectal anastomosis as these can 
increase the risk of leak. The remaining part of the operation 
can be completed in open fashion or by resuming hand-assisted 
laparoscopy. The rectal staple line is leak tested; this allows for 
repair of a defect prior to creating the anastomosis. The colonic 
end is brought down to the pelvis and reach is assessed. 
Orientation of the colon is confi rmed by verifying that neither 
the anti-mesenteric edge of the mobilized colon nor the cut 
edge of the mesentery is twisted. The anus is sequentially 
dilated and the EEA anastomosis is created in usual fashion. 
The anastomotic donuts are evaluated and the anastomosis is 
leak tested, per usual. We prefer leak testing with colonoscopic 
visualization to blindly insuffl ating the rectum. 

 Prior to closing, hemostasis is confi rmed and the intra- 
abdominal laparotomy pad is removed. The surgeon also 
performs a manual and visual sweep to minimize the risk of 
undetected retained foreign bodies and confi rms that the 
small bowel is not herniated underneath the mobilized colon. 
Finally, the omental pedicle is placed over the anastomosis 
and under the Pfannenstiel wound.      

   Postoperative Care 

 Enteral nutrition is initiated with a clear liquid diet starting 
the day of operation and the diet is advanced as patients 
 tolerate without waiting for fl atus or a bowel movement. 
Nasogastric tubes are not utilized immediately postopera-

  Fig. 7.12    Isolation of the IMA pedicle       

  Fig. 7.13    IMA division using an energy device       
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tively in elective colectomy cases. Progressive ambulation 
is encouraged beginning the day after the operation 
and incentive spirometry is uniformly implemented. 
Multi-pharmacy pain control relies on the combination of 
intravenous patient- controlled narcotic analgesia, intrave-
nous ketorolac, and oral acetaminophen. Intravenous narcot-
ics are replaced with enteral formulations once patients 
tolerate a diet. Deep vein thrombosis chemoprophylaxis is 
initiated prior to incision with subcutaneous unfraction-
ated heparin or enoxaparin and continues through the hospi-
talization together with sequential compression devices. 
Urine catheters are typically removed within 24–48 h. 
Postoperative laboratory blood tests are minimized and 
are typically drawn on the fi rst postoperative day only or 
not at all.  

   Complications 

 As in any surgical procedure, complications from hand- 
assisted colectomy invariably occur. Intraoperative complica-
tions may include excessive bleeding, bowel injury (due to 
port placement, tissue handling, or delayed thermal injury), 
and ureteral injury. The incidence of technical complications 
can be reduced by verifying the operative anatomy rather than 
relying on pattern recognition, by minimizing the laparoscopic 
use of monopolar energy, and by being mindful of potential 
injuries that can occur “off screen”. 

 Early postoperative complications may include infection, 
Pfannenstiel wound hematoma and other wound complica-
tions, prolonged ileus or early postoperative bowel obstruc-
tion, thromboembolic events, cardiac complications, as well 
as the dreaded anastomotic dehiscence. The risk of many of 
these complications can be reduced by adhering to sound 
perioperative principles like appropriate use of perioperative 
antibiotics and DVT prophylaxis, early ambulation and pul-
monary toilet, timely removal of bladder catheters, and cre-
ating tension-free anastomoses with healthy bowel and 
adequate blood supply (Table  7.2 ).  

   Pearls and Pitfalls 

•     Ureteral stenting may facilitate dissection in selected 
complicated cases such as morbidly obese patients, irra-
diated patients, patients undergoing reoperation, and 
patients whose preoperative imaging suggests abnormal 
anatomy.  

•   One should have a low threshold for utilizing a lower 
midline incision over a Pfannenstiel incision for hand 
access, particularly for patients in whom you anticipate a 
higher chance of conversion (extensive prior intra- 
abdominal surgery, large tumors, fi stulizing disease, etc.).  

•   Surgeons unfamiliar with hand-assisted surgery can have 
diffi culty “keeping the hand out of the way” and can 
feel that the hand actually interferes with performing the 
operation. Cupping the hand like a “C” and extending 
the fi ngers so that the knuckles do not buckle improve 
visualization and access to the fi eld. As surgeons progress 
along the learning curve, they learn how to use the hand 
more effectively and transition from using the hand only 
as a grasping-type retractor to utilizing the hand and indi-
vidual fi ngers for blunt dissection, maintaining exposure, 
palpation of the anatomy, and keeping other structures out 
of harm’s way.  

•   Ureter identifi cation is not always straightforward. If the 
retromesenteric dissection is too deep (posterior), the left 
ureter may actually be above the plane of dissection (on 
the ceiling of the space). If the patient’s body habitus 
and camera port placement do not allow identifi cation 
of the ureter looking through the retromesenteric win-
dow under the IMA pedicle, the surgeon can incise the 
mesentery cephalad to the IMA (described above) and 
fi nd the ureter through that window. In cases where the 
medial-to-lateral approach does not expose the left ure-
ter, alternating to the lateral-to-medial dissection may 
help identify the ureter.  

•   Cases with confounding anatomy and cases that are not 
progressing over time should be converted to an open 
approach. Conversion should not be viewed as a failure; 
rather, it may be safer than persisting laparoscopically 
and it is a powerful teaching tool that allows the surgeon 
to understand complex anatomy and master a challenging 
learning curve.  

•   A potential catastrophic complication of creating a 
colorectal anastomosis using a circular stapler is passing 
the stapler through the vagina instead of the anorectum. 
This can be prevented by performing a confi rmatory vagi-
nal exam and pulling the posterior vaginal wall away prior 
to fi ring the stapler.  

•   Splenic bleeding from a capsular tear can usually be man-
aged with a combination of electrocautery, absorbable 
hemostatic agents, and manual compression using the 
laparotomy pad.  

   Table 7.2    Complications   

  Intraoperative  
 • Vascular injury 
 • Enterotomy 
 • Ureteral injury 
  Postoperative  
 • Early 

 – Urinary tract infection 
 – Respiratory infection 
 – Surgical site infection 
 – Anastomotic dehiscence 
 – Hemorrhage 

 • Late 
 – Anastomotic stricture 
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•   The actual order in which the individual operative steps 
are performed is not usually important. Part of the sophis-
tication of the hand-assisted technique is that if the dis-
section does not progress due to the anatomy (tumor, 
infl ammation, abdominal fat, etc.), you can switch to a 
different approach (lateral-to-medial dissection, straight 
laparoscopy, open dissection though the hand-port access, 
etc.). Oftentimes, complicated cases can be success-
fully completed by alternating between these approaches 
rather than by dogmatically sticking to one particular 
technique.  

•   Extreme splenic fl exures (due to the cephalad location of 
the fl exure and/or diffi cult colonic attachments) can be 
challenging. Placing the patient in steeper reverse 
Trendelenburg position with the right side of the table down 
can facilitate the dissection by bringing the operative fi eld 
closer to the surgeon. Using longer (bariatric- type) laparo-
scopic instruments can also be helpful in this situation. 
Placing an additional 5 mm port in the right upper quadrant 
can help with retraction and exposure. Approaching the 
fl exure by alternating between the left paracolic gutter, the 
medial-to-lateral plane, and the lesser sac helps release the 
splenic fl exure by creating a knuckle that accentuates what-
ever attachments remain of the fl exure.  

•   Prior to creating the anastomosis, adequate reach of the 
colon should be confi rmed. In general, the end of the 
colon should stay, by itself, resting in the pelvis while 
the patient is in steep Trendelenburg position. In cases 
where there is insuffi cient reach, after confi rming that 
all left upper quadrant attachments have been released, 
sacrifi cing the left colic artery and/or taking the IMV (if 
not already done) may be required. Incising the medial 
aspect of the colon mesentery permits straightening of 
the colon and helps with reach; when performing this 
maneuver, care should be taken to preserve the blood 
supply through the marginal artery. On occasion, ligat-
ing the left branch of the middle colic artery to further 
release the transverse colon mesentery may be needed to 
afford reach.  

•   If a leak is demonstrated while testing the rectal staple 
line prior to creating the anastomosis, suture repair can be 
performed through the hand-port access. A leak demon-
strated after fi ring the circular stapler may be addressed 
by suture repair, creating a new anastomosis or, in certain 
circumstances, proximal diversion.  

•   On occasion, an anastomotic donut may be thin, incom-
plete, or missing. These situations, typically, do not 
require a specifi c remedy as long as the endoscopic exam 
is normal and the leak test is negative.  

•   In cases with a diffi cult retroperitoneal dissection, the 
integrity of the ureters can be evaluated, to some degree, 
by administering intravenous indigo carmine.  

•   The descending colon mesentery may restrict the reach of 
the end of the colon to the pelvis. Rather than sacrifi cing 
the mesentery (and potentially compromising blood fl ow 
to the anastomosis), consider confi guring the anastomosis 
in a side-to-end fashion (Baker anastomosis) that might 
permit tension-free reach while preserving the mesentery.  

•   When securing the anvil of the circular stapler with the 
purse-string suture, the colon may not cinch down tightly 
onto the anvil leaving a gap between the colon and the 
device. An alternative to tying the purse string tighter (this 
often results in breaking the suture) is to place a 4-point 
“U” stitch using a braided suture through the colon around 
the anvil. This suture can be tied down tightly and pulls 
the colon snug onto the anvil.      

   Conclusion 

 Hand-assisted left colectomy has the advantages of shorter 
operative times and decreased conversion rates compared 
with the “straight” laparoscopic approach; otherwise, the 
two techniques have equivalent clinical outcomes. This 
 versatile technique restores tactile feedback to the surgeon 
and facilitates dissection in cases of complicated anatomy. 
In colectomy cases where diffi culties are encountered 
using straight laparoscopy, conversion to a hand-assisted 
procedure can potentially avoid the need for conversion to an 
open approach.      
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          Key Points 
•        A clear understanding of the embryonic planes when 

mobilizing the colon will signifi cantly reduce the risk of 
bleeding and inadvertent injury to retroperitoneal 
structures.  

•   Appropriate port placement allows and greatly facilitates 
the ability to perform optimal traction and countertraction 
necessary for a straight laparoscopic approach to colonic 
dissection.  

•   Multiple strategies are available, and should be employed, 
to prevent rectal stump dehiscence in patients undergoing 
subtotal colectomy for fulminant colitis.  

•   Exposing the lesser sac completely greatly facilitates liga-
tion of the transverse colon mesentery. 

• When extracting the entire colon through a small incision, 
removing the right colon fi rst may prevent an inadvertent 
perforation of the thin-walled cecum.     

    Background 

 Total abdominal colectomy (TAC) is performed for a variety 
of conditions. The main surgical indications are fulminant 
or toxic colitis resulting from infection (i.e.,  Clostridium 
 diffi cile ) or, more commonly, refractory ulcerative colitis, dif-
fuse colonic Crohn’s disease, slow transit constipation, famil-
ial adenomatous polyposis, and Lynch syndrome. In some 
settings, such as fulminant colitis, an end ileostomy and 
Hartmann’s rectal stump are performed as an immediate anas-
tomosis has a high risk of failure. In most other circumstances, 

an ileorectal anastomosis can be performed safely in order 
to restore intestinal continuity. 

 Several studies have demonstrated that a minimally inva-
sive approach to TAC is feasible, safe, and associated with 
signifi cant short-term benefi ts [ 1 ,  2 ]. A number of minimally 
invasive techniques to colectomy exist including: hand- 
assisted laparoscopy, straight laparoscopy, laparoscopic- 
assisted laparoscopy, and single-port laparoscopy [ 3 – 5 ]. As 
more experience has been gained in minimally invasive 
approaches, straight laparoscopy—in which all dissection, 
vessel ligation, and the manufacturing of the anastomosis are 
performed intracorporeally—has become increasingly popu-
lar among surgeons. Although a straight laparoscopic 
approach to TAC is associated with a longer operative times 
[ 6 ], it avoids the larger incision associated with a hand- 
assisted approach, which increases the risk of skin and soft 
tissue infections and hernias. Moreover, if extraction of the 
colon can be done through a stoma site, or a natural orifi ce 
(rectal stump or vagina), instead of a formal abdominal wall 
incision, even further benefi ts may be seen [ 7 ]. 

 In this chapter, we will outline the technical steps we use 
when performing a straight laparoscopic TAC followed 
either by an ileorectostomy or by an end ileostomy and 
Hartmann’s rectal pouch.  

    Preoperative Planning and Decision Making 

 When deciding to use a straight laparoscopic approach to 
TAC, appropriate timing for surgery and proper patient selec-
tion are imperative to optimizing surgical outcomes. Patients 
that need an emergency colectomy who are critically ill are 
typically not suited for a straight laparoscopic approach. 
Patients with severe colitis that have a dilated toxic megaco-
lon will be a high risk for intra-abdominal bowel perforation 
using a straight laparoscopic approach as this technique 
requires signifi cant manipulation of the colon with bowel 
graspers. In these patients we perform an open procedure, 
which is fast and safe in terms of bowel manipulation. 

      Total Abdominal Colectomy: 
Straight Laparoscopic Approach 
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 Many hospitalized patients with infl ammatory bowel dis-
ease (IBD) that surgeons are asked to see for colectomy are 
nutritionally deplete, anemic, and on high-dose corticoste-
roids and/or immunomodulators. These patients will benefi t 
from some medical optimizing if they do not need immediate 
surgery. Moreover, these patients may also have a superim-
posed  Clostridium diffi cile  or cytomegalovirus infection in 
addition to their underlying IBD, and a short course of anti-
biotic or antiviral therapy may assist in avoiding an emer-
gency colectomy. Patients with a history of corticosteroid 
use will need a steroid prep at the time of surgery, followed 
by a postoperative taper. 

 Whenever possible, patients should meet with an enteros-
tomal therapist preoperatively to have all potential stomal 
sites identifi ed and marked and be educated about living with 
a stoma. Some surgeons recommend mechanical bowel 
preparation in patients undergoing laparoscopic colectomy, 
not because they believe it reduces infection, but because a 
large stool load in the colon makes laparoscopic manipula-
tion of the colon diffi cult. We have not found that to be true 
for most patients and only perform mechanical bowel prepa-
ration in patients undergoing TAC for slow transit constipa-
tion. However, we do perform 2 tap water enemas in the 
morning of surgery in all patients to clear the lower colon 
and rectum, which facilitates stapling of the ileorectal anas-
tomosis. Ultimately, the decision of whether or not to use 
mechanical bowel preparation should be individualized 
based on the operating surgeon’s best judgment.  

    Operation 

    Setup 

 Intravenous antibiotics and 5,000 units of heparin are given 
within 60 min of incision. Once the patient has undergone 
general anesthesia, a urinary catheter and orogastric tube are 
placed. Even if planning only an end ileostomy with 
Hartmann’s stump, we prefer lithotomy position so that the 
operating surgeon can stand between the legs for certain 
parts of the procedure and also have access to the anus and 
rectum. Proctoscopy during the operation can be useful to 
assess adequate closure of a diffi cult rectal stump, to evacu-
ate all stool and mucus, and in some cases, to leave a drain-
ing rectal tube. When a rectal drainage tube is indicated, we 
use a large urinary catheter with a 30 cc balloon. The catheter 
is passed into the mid-rectum and the balloon is infl ated 
above the level of the pelvic fl oor to keep it in place. This 
obviates the need for perineal sutures to secure a tube, which 
is extremely uncomfortable for patients. Both arms are 
tucked and well padded with gel or foam mats to avoid 
extremity nerve compression injury. Chest straps are rou-
tinely utilized to accommodate the steep medial-lateral and 
caudad-cephalad bed tilts required for the procedure.  

    Accessing the Abdomen and Port Placement 

 Either an OPTIVIEW ®  (Ethicon, Cincinnati, OH), Hasson, or 
Veress technique can be used to secure safe access to the 
abdomen. For most cases, we access the abdomen using a 
5 mm OPTIVIEW port, placed just above the umbilicus. A 0° 
scope is used for the OPTIVIEW access step, and then a 30° 
scope is used for the rest of the operation. Our preference is 
to utilize all 5 mm ports, whenever possible, as these port 
sites do not require fascial closure and have a smaller risk for 
postoperative hernia. Three other 5 mm ports are then placed 
under direct vision in a slightly asymmetric “baseball dia-
mond” pattern, one suprapubic, another in the right lower 
quadrant (if appropriately positioned a hand’s breadth away, 
the ileostomy site can be used), and the last in the left lower 
quadrant slightly more cephalad than the right lower quadrant 
port (Fig.  8.1 ). When intracorporeal stapling is required, one 
port (usually the right lower quadrant port) will be upsized 
later to a 12 mm port to accommodate the stapler. Some port 
site modifi cations may be necessary based on patient anat-
omy. For example, in patients with a low  hypogastrium, the 
camera port may need to be shifted superiorly from the umbi-
licus. In obese patients, the left lateral port may need to be 
medialized in order to reach the hepatic fl exure, and the 

  Fig. 8.1    “Asymmetric baseball diamond” laparoscopic port position-
ing for total abdominal colectomy ( With permission from Mayo Clinic )       
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suprapubic port placed more superior to reach the splenic 
fl exure. In addition, we always have a set of extra-long bowel 
graspers that come in handy when operating on tall patients 
or those with high splenic and hepatic fl exures.

       Operative Steps (Video  8.1 ) 

    Right Colon 
 The right or left colon can be approached fi rst. We prefer to 
start with the right side and use a modifi ed medial-to-lateral 
approach to the colonic mobilization. The patient is placed in 
steep Trendelenburg with the right-sided tilt. The small intes-
tine is swept out of the pelvis and placed into the left upper 
quadrant. The ileum, or a leaf of ileal mesentery near the 
cecum, is grasped and retracted up and slightly left which 
exposes the areolar plane between the distal ileal mesentery 
and the retroperitoneum. Using hot scissors, the peritoneum 
overlying this indentation just anterior to the iliac artery is 
incised and carried proximally and medially exposing the 
retroperitoneum. This dissection can be carried as far as the 
ligament of Treitz, if needed. This exposes the plane between 
Toldt and Gerota’s fascia and, when in this avascular plane, 
blunt dissection is performed in a medial-to-lateral fashion 
across to the underside of the ascending colon mesentery and 
superiorly to the inferior border of the duodenum (Fig.  8.2 ). 
It is critical during this dissection to stay cleanly between 
Toldt and Gerota’s fascia as this avoids unnecessary bleeding 
and decreases the risk of injury to retroperitoneal structures. 
If signifi cant bleeding is encountered, the surgeon is likely 
not in the correct plane. The ureter and gonadal vessels 

should be clearly visible at this point. The dissection is then 
continued inferiorly and laterally toward the cecum. The 
appendix is grasped and the peritoneum incised laterally to 
separate the cecal attachments from the pelvic sidewall 
(Fig.  8.3 ). Care must be taken to stay just next to the bowel 
to avoid injury to retroperitoneal structures. The fi nal step in 
fully mobilizing the right colon is to grasp the colon and to 
pull it medially so that the lateral line of Toldt is placed under 
tension and can be easily incised. Very little dissection is 
required at this point to join the previous medial dissection 
plane. Once complete, this mobilization provides excellent 
visualization of the right colon mesenteric vessels (Fig.  8.4 ). 
The vessels to the right colon are taken by opening a plane 
between the ileocolic and right colic arteries (Fig.  8.5 ). The 
vessels can either be taken close to the colon or more proxi-
mally close to the superior mesenteric artery and vein. High 
ligation of these vessels is done in IBD patients who have 
dysplasia in the right colon and in patients with known 
malignancy (Fig.  8.6 ). In benign cases, the vessels are taken 
where easy and convenient.

           Transverse Colon and Hepatic Flexure 
 The patient is then placed level (side-to-side) and in a slight 
reverse Trendelenburg position. The omentum is addressed 
fi rst. In most cases it is preserved and taken off the transverse 
colon and hepatic and splenic fl exure regions by pulling 

  Fig. 8.2    Retroperitoneal exposure during medial-to-lateral dissection 
of the right colon ( D  duodenum,  Ao  aorta,  SMA  superior mesenteric 
artery,  Ur  ureter,  GV  gonadal vessels) ( With permission from Mayo 
Clinic )       

  Fig. 8.3    Dissection plane for separating the lateral attachments of right 
colon from the sidewall ( With permission from Mayo Clinic )       
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downward to the transverse colon and upward to the omen-
tum. Caution must be taken when taking the omentum off the 
splenic fl exure as it is sometimes adherent to the splenic cap-
sule, and too much tension may result in splenic capsule 
avulsion and signifi cant bleeding (Fig.  8.7 ). The hepatic fl ex-
ure can be mobilized from the left by taking down the hepa-
tocolic ligaments, exposing the plane between Gerota's 
fascia, identifi ed by its pale white appearance and the trans-
verse mesocolon (Fig.  8.8 ). Downward traction of the colon 
at the hepatic fl exure toward the pelvis greatly facilitates this 
portion of the dissection as this motion puts the hepatocolic 
ligaments under maximal tension. Ultimately, the avascular 
plane around the fl exure is fully developed bluntly all the 
way to the right abdominal side wall, forming a tunnel, and 
the transverse mesocolon is separated from the gastrocolic, 
duodenal, and pancreatic attachments (Fig.  8.9 ). This plane 
ultimately joins the dissection done when mobilizing the 
right colon earlier. At this point, the right and left branches of 
the middle colic are easily exposed and can be taken 
(Fig.  8.10 ). Once the left branch of the middle colic artery is 
taken, we address the sigmoid and left colon.

  Fig. 8.4    Posterior view of right colon after complete mobilization 
( RCA  right colic artery,  ICA  ileocolic artery,  SMA  superior mesenteric 
artery) ( With permission from Mayo Clinic )       

  Fig. 8.5    Ligation of the right colon mesentery ( With permission from 
Mayo Clinic )       

  Fig. 8.6    Plane for high ligation of mesentery near the SMA ( MCA  mid-
dle colic artery,  RCA  right colic artery,  ICA  ileocolic artery,  SMA  supe-
rior mesenteric artery,  Ca  cancer) ( With permission from Mayo Clinic )       
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          Sigmoid Colon, Left Colon, and Splenic Flexure 
 For this portion of the operation, the patient is placed in steep 
Trendelenburg with the patient’s left side tilted maximally 
up. The small bowel is placed in the right upper quadrant, 
exposing the left colon mesentery. The left colon is grasped 
and pulled medially, putting the lateral line of Toldt under 
maximal tension (Fig.  8.11 ). The sigmoid and left colon are 
then fully mobilized to the midline of the abdomen in a 
lateral- to-medial fashion. Again, it is critical during this 

point of the dissection to stay cleanly between Toldt and 
Gerota’s fascia. This exposes the retroperitoneal structures 
(gonadal vessels and ureter) and avoids injury (Fig.  8.12 ). 

  Fig. 8.7    Separation of the omentum from the distal transverse colon 
mesentery during splenic fl exure mobilization ( With permission from 
Mayo Clinic )       

  Fig. 8.8    Excision of the hepatocolic ligament during mobilization of 
the proximal transverse colon at the hepatic fl exure, exposing the duo-
denum below ( With permission from Mayo Clinic )       

  Fig. 8.9    Exposure of right retroperitoneal structures with downward 
traction of hepatic fl exure after completion of mobilization ( SMA  supe-
rior mesenteric artery,  Ur  ureter,  IVC  inferior vena cava) ( With permis-
sion from Mayo Clinic )       

  Fig. 8.10    Ligation of major colic arteries and mesentery of right colon 
(R. br.  MCA  right branch of middle colic artery,  RCA  right colic artery, 
 ICA  ileocolic artery,  SMA  superior mesenteric artery) ( With permission 
from Mayo Clinic )       
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The mobilization is then carried proximally to the splenic 
fl exure. The splenic fl exure is taken down enough to visual-
ize the mesentery for a safe, tension-free vessel ligation. The 
splenocolic, phrenocolic, and pancreaticocolic ligaments are 
identifi ed and incised for full splenic fl exure mobilization as 
needed to ensure safe vessel ligation (Fig.  8.13a, b ).

     Once full mobilization of the left colon and splenic fl ex-
ure is completed, the decision of where to transect the colon 
must be made. If there is concern for a high-risk rectal stump, 
as in the case of a patient with fulminant colitis, we transect 
the sigmoid at a point that leaves enough length so it can be 
brought up to the suprafascial position at the suprapubic port 
site or lower part of the incision if one is made (Fig.  8.14 ). If 
the stump is low risk for leak, or if ileorectostomy is going to 
be performed, transection should be at the top of the rectum. 
In either case, we typically preserve the superior rectal artery 
to the rectal stump.

   For patients who will get an ileostomy and who have a 
high-risk distal bowel stump, the mid-sigmoid is transected 
with the Endo GIA stapler (60 mm load) after upsizing the 
right lower quadrant 5 mm port to a 12 mm port (Fig.  8.15a, 
b ). Alternatively, the rectum can be transected transabdomi-
nally if a Pfannenstiel extraction port is planned. The sig-
moid colon is then grasped and retracted medially and 
anteriorly up toward the abdominal wall, and a vessel-seal-
ant device is then used to ligate all remaining mesentery until 
the site of the planned colon transection is reached proxi-
mally (Fig.  8.16 ).

    For patients undergoing ileorectostomy, a window in the 
mesentery at the level of the distal sigmoid is created by 
taking the marginal artery. The mesentery is then taken 
from this point inferiorly to the top of the rectum, staying 
close the colon (Fig.  8.17 ). This preserves the superior rec-
tal artery blood supply to the rectal stump and signifi cantly 
decreases the risk of sympathetic nerve injury. Once the 
top of the rectum is adequately cleared of mesentery, the 
right lower quadrant port can be upsized and the 60 mm 
Endo GIA stapler is used to transect the rectum with a sin-
gle fi ring (Fig.  8.18 ). The sigmoid colon is then grasped 
and retracted medially and superiorly, and all the remain-
ing mesentery proximally from this point up to the tran-
sected mesentery in the transverse colon done earlier is 
taken (Fig.  8.19 ).

         Specimen Extraction 
 Before closing the abdomen and making the ileostomy or 
ileorectostomy, the entire abdomen should be inspected for 
inadvertent injuries to the small bowel and for bleeding 
(especially near the spleen). Options for specimen extrac-
tion fall into two main groups: through a natural orifi ce 
route or through a traditional abdominal incision. 
Traditional abdominal incisions can be low midline, peri-
umbilical, Pfannenstiel, or off midline. Our preferred 
approach in patients who require an ileostomy is to use the 
stoma site to extract the entire colon, avoiding a formal 

  Fig. 8.11    Dissection plane for separating the lateral attachments of left 
colon from the sidewall (Ur: ureter) ( Inset : position of surgeon and 
assistants around patient) ( With permission from Mayo Clinic )       

  Fig. 8.12    Exposure of retroperitoneal structures during lateral mobili-
zation of left colon       
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abdominal wall incision (Fig.  8.20 ). The other option for 
extraction is to use a natural orifi ce. We have successfully 
used the transvaginal route in our Lynch patients undergo-
ing transvaginal hysterectomy at the time of TAC    [ 7 ]. The 
gynecologic surgeon performs the transvaginal hysterec-
tomy and leaves the vaginal cuff open. We then place a 
wound protector through the cuff and bring out the colon 
and the terminal ileum (Fig.  8.21 ). The ileum is transected 
and the EEA anvil is placed into the lumen, secured with a 

purse-string suture or device, and then placed back into 
the abdominal cavity. The vaginal cuff is closed transvagi-
nally, pneumoperitoneum is restored, and the EEA stapler 
is docked to the anvil using laparoscopic techniques. 
Alternatively, the ileum can be brought out through one of 
the port sites for anvil placement (Fig.  8.22 ).

     If using a Pfannenstiel, the suprapubic port’s skin incision 
is extended bilaterally, and the anterior fascia incised. The 
rectus muscle is swept down bluntly, with care taken to avoid 
any muscle trauma and subsequent bleeding. The  peritoneum 
is incised and a wound retractor placed transabdominally. 
This approach also allows the passage of a small transverse 
stapler, such as the TA30 or 45 to transect the rectum or mid-
sigmoid in lieu of the Endo GIA. As the cecum is the widest 
portion of the colon and has the thinnest wall, it is best to 
extract the right colon fi rst when removing the whole colon 
to prevent inadvertent colonic rupture when extracting 
through very small incisions. One must confi rm that the 
small bowel has been gathered in the left upper quadrant and 
that the colon will not get caught on the small bowel mesen-
tery upon extraction.  

    End Ileostomy 
 If creating an end ileostomy, the ostomy site is grasped with 
a Kocher and a circular quarter-sized incision is made. A cyl-
inder of subcutaneous tissue is also excised, and a cruciate 
incision made in the anterior fascia above the rectus abdomi-
nis. Via a muscle-spreading technique, the peritoneum is 
then exposed and incised so that two fi ngers can easily pass. 
This technique is slightly more challenging than when 

  Fig. 8.13    ( a ) Exposure of splenocolic ligament; ( b)  Splenic fl exure recess with associated ligaments ( With permission from Mayo Clinic )       

  Fig. 8.14    Creation of a suprafascial sigmoid mucous fi stula ( With per-
mission from Mayo Clinic )       
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approached open, as minimal counter tension can be applied 
intra-abdominally. If using a Pfannenstiel, the laparoscopy 
camera cable can be disconnected and used as a “fl ashlight” 
to identify the ileal stump (if not already grasped with a lock-
ing bowel grasper) to be delivered to the ileostomy site. It is 
of paramount importance at this point to make sure that the 
ileum and ileal mesentery are not twisted or rotated. When in 
proper orientation for a right-sided end ileostomy, the cut 
edge of the ileal mesentery should be seen going directly to 
the head of the pancreas and splayed out fl at. Moreover, all 
of the small bowel should be placed in the left side of the 
abdomen and pulled out from under the ileal mesentery if 

loops are seen in the right upper quadrant to prevent internal 
herniation. A Brooke ileostomy is then made after closing all 
port sites (Fig.  8.23 ).

      Ileorectostomy 
 If performing an ileorectal anastomosis (end-to-end), the 
ileal stump is delivered through the extraction site, and a run-

  Fig. 8.15    ( a ) Ligation of marginal artery in sigmoid colon mesentery; ( b ) Intracorporeal transection of sigmoid colon with laparoscopic stapler 
to create a rectal stump (inset: position of surgeon and assistants around patient) ( With permission from Mayo Clinic )       

  Fig. 8.16    Ligation of proximal sigmoid mesentery with vessel sealer 
after transection ( With permission from Mayo Clinic )       

  Fig. 8.17    Ligation of sigmoid mesentery prior to transection (inf. rec-
tal a.: inferior rectal artery) ( With permission from Mayo Clinic )       
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ning purse string is created with 2.0 PDS suture. The anvil 
from the 28 mm EEA is inserted intraluminally and secured 
with the purse-string suture. The EEA stapler is carefully 
maneuvered transanally to the end of the rectal stump after 
using rectal sizers to dilate the sphincter. The pin is advanced 

through the rectal stump, usually just superior to the rectal 
staple line, and the anvil secured with a click, after ensuring 
the colon mesentery is not twisted. Generally, the splayed 
taeniae will be positioned anteriorly. The stapler is closed 
completely and fi red. If desired, interrupted sutures can be 

  Fig. 8.18    Open transection of sigmoid colon to create rectal stump 
(inf. rectal a.: inferior rectal artery) ( With permission from Mayo Clinic )       

  Fig. 8.19    Transection of remaining proximal colon mesentery after 
sigmoid colon transection ( With permission from Mayo Clinic )       

  Fig. 8.20    Specimen extraction via planned ileostomy site ( With per-
mission from Mayo Clinic )       

  Fig. 8.21    ( a ) Transvaginal extraction of specimen and transection of 
the ileum with a GIA stapler; ( b ) Transvaginal insertion of anvil into the 
ileum for planned ileorectal anastomosis with an EEA stapler ( With 
permission from Mayo Clinic )       
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placed at the crossing staple lines to better secure the “dog- 
eared” areas (Fig.  8.24a, b ). An alternative anastomotic 
approach is the side (the ileum) to end (the rectum) ileorectal 
anastomosis. The end of the ileum is stapled and oversewn 
with interrupted 3.0 Lambert silk sutures. An enterotomy to 
place the anvil must be made on the antimesenteric side of 
the ileum 3–4 cm proximal to the transected end of the ileum 
to avoid an ischemic segment between the circular staple line 
and the transected end of the ileum. A purse-string stitch is 
used to secure the anvil. Finally, a proctoscope is introduced 
into the distal rectum to insuffl ate the anastomosis under a 

water bath after occlusion of the ileum above the anastomo-
sis. In the event of a “positive leak test,” we generally revise 
the anastomosis instead of suture repairing it, but ultimately 
this decision is made on a case-by-case basis. If technically 
satisfi ed with the operation, and if there is no tension and an 
excellent blood supply, we do not perform a defunctioning 
loop ileostomy. In very rare cases where patient factors and 
tissue quality are not ideal, a diverting loop ileostomy is done.

  Fig. 8.22    ( a ) Insertion of anvil into the ileum via laparoscopic port site 
extraction after intracorporeal transection and transvaginal extraction in 
setting of shortened mesentery; ( b ) Creation of ileorectal anastomosis 
using an EEA stapler after vaginotomy repair ( With permission from 
Mayo Clinic )       

  Fig. 8.23    Creation of a Brooke 
ileostomy ( With permission from 
Mayo Clinic )       

  Fig. 8.24    ( a ) Creation of ileorectal anastomosis using an EEA stapler; 
( b ) Sutures used to secure lateral “dog ears” on rectal side of ileorectal 
anastomosis ( With permission from Mayo Clinic )       
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         Postoperative Care 

 At our institution, almost all patients are enrolled in an 
enhanced recovery pathway that has been reported previ-
ously [ 8 ]. Key components of the pathway include:
 –    Absence of mechanical bowel preparation  
 –   Preoperative intrathecal injection (when appropriate)  
 –   Intraoperative fl uid restriction  
 –   General diet (apart from fresh fruits and vegetables) start-

ing the night of surgery  
 –   Routine pre- and postoperative oral NSAIDs and acet-

aminophen administration  
 –   Avoidance of intravenous opioids  
 –   Early ambulation  
 –   Removal of urinary catheter on the fi rst postoperative day  
 –   Cessation of intravenous fl uids on the fi rst postoperative day    

 We check electrolytes and a complete blood count on the 
fi rst postoperative day and then only when indicated after-
ward. For patients who have an ileostomy, postoperative 
stoma teaching is essential. Patients with stomas are not dis-
charged until the stoma output is between 500 and 1,500 ml 
per day. In the ileorectostomy patients, a bowel movement 
prior to discharge is required.  

    Complications 

    Intraoperative 

 First and foremost, conversion to an open procedure should 
never be viewed as a failure, but instead, as the appropriate 
measure to take to avoid major complications. In some cases, 
we have converted from straight to hand-assisted laparoscopy 
if for technical reasons a hand inside will make the operation 
safe and still provide the benefi ts of minimally invasive sur-
gery. Intraoperative complications during straight TAC are 
similar to that of minimally invasive colectomy and include: 
trochar or cautery injury to hollow or solid organs or vessels, 
inadvertent ligation of the ureter, vascular pedicle bleeding, 
and delayed thermal injury to the small bowel from cautery. 
Thermal injuries when noticed are treated with intracorporeal 
Lembert sutures of the bowel to seal the site of injury. 

 Care must be used when using vessel-sealant devices in 
patients with severe atherosclerotic diseases, as these devices 
will not be as effective or reliable when sealing large calci-
fi ed vessels. When mobilizing the splenic fl exure, injudi-
cious retraction can lead to splenic capsular bleeding and, 
occasionally, the need for emergent splenectomy [ 9 ]. 

 Another important safety issue is to ensure that the patient 
is properly secured to the table. Given the extreme changes in 
table angulation during this case, it is important to confi rm that 

the patient is both properly padded and secured, using chest 
and/or shoulder straps. One tip is to have the anesthetist simu-
late extreme Trendelenburg and lateral positions prior to prep-
ping and draping to confi rm no excessive patient movement. 

 Delay in diagnosis of an intraoperative injury usually 
results in greater morbidity for the patient than when recog-
nized at the time of operation. It is essential to be prepared 
for the unexpected and to be vigilant about exploring the 
abdomen at the end of the procedure to search out potential 
problems. We have found that most intraoperative injuries 
can be avoided by ensuring that the surgeon stays in the cor-
rect plane of dissection at all times, avoids excessive and 
blind retraction, and always visualizes the critical anatomy.  

    Postoperative 

 Ileorectostomy is notorious for an increased risk of postop-
erative complications when compared to other anastomoses, 
both for anastomotic leaks [ 10 ,  11 ] and postoperative bowel 
obstructions [ 12 ]. Reasons are manifold but likely include 
diffi culty with size mismatch, ischemia, or excessive mobil-
ity of the small intestine mesentery leading to volvulus. 

 For all straight laparoscopic TAC cases, there are risks of 
an unrecognized enterotomy, small bowel thermal injury 
(leading to a delayed enterotomy), and ureterotomy. 
Postoperative bleeding can result from poorly sealed or tied 
mesenteric vessels, from splenic capsular bleeding, or from 
the abdominal wall where ports have been placed. Ports 
placed through the inferior epigastric vessels that bleed in the 
postoperative period can lead to life-threatening bleeding 
when the tamponade effect of the trocar is gone. Other post-
operative complications specifi c to a subtotal colectomy also 
include mesenteric or portal vein thrombosis [ 13 ] or, most 
frequently, early small bowel obstruction from adhesions, 
mesenteric volvulus, or at the site of the ileostomy (either 
from edema or too small of a fascial aperture). Postoperative 
bowel obstruction requiring reoperation has been reported in 
up to 8 % of patients [ 14 ]. In cases of fulminant colitis (i.e., 
ulcerative colitis or  Clostridium diffi cile ), rupture of a high- 
risk rectal stump can occur, resulting in abdominal sepsis. If a 
high-risk sigmoid stump was tacked in the suprafascial posi-
tion, it may later rupture, resulting in a wound infection. The 
wound can be opened, and controlled mucus fi stula can be 
managed with a stoma appliance. As mentioned previously, 
one may consider leaving a urinary catheter with infl ated bal-
loon or red rubber catheter in the rectum for a day or so to 
promote drainage of bloody stool and mucus and release of 
air in order to decrease subsequent risk of “stump blow out.” 
Meticulous technique is essential as postoperative bleeding or 
anastomotic leaks can result in pelvic hematomas or subse-
quent abscesses, which may compromise future surgery.   
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    Outcomes 

 Studies confl ict over the absolute benefi ts of laparoscopy 
versus open approach to TAC in regard to postoperative com-
plications [ 15 – 18 ]. One of the purported, but not proven, 
benefi ts of laparoscopic TAC is the prevention of adhesions, 
which is especially relevant if a future ileoanal pouch is 
planned [ 17 ,  19 ]. Multiple studies have shown that laparo-
scopic TAC is safe and feasible in experienced hands and 
results in shorter lengths of stay and a decrease in wound 
infections compared to open approaches [ 17 ].  

    Pearls and Pitfalls 

 Perhaps the most important consideration for surgeons to 
recognize is that a laparoscopic TAC is a technically chal-
lenging procedure, necessitating the ligation of multiple ves-
sels and working in multiple quadrants of the abdomen. 
Moreover, straight laparoscopy requires advanced knowl-
edge of embryologic planes and regional anatomy to avoid 
collateral damage. An experienced laparoscopic camera 
operator and frequent table adjustments are required to maxi-
mize visualization. Surgeons at the beginning of their learn-
ing curve may want to consider getting more experience with 
straight laparoscopic segmental colectomy and hand-assisted 
TAC early in their career prior to undertaking a straight lapa-
roscopic approach to the entire colon when independent 
operating experience is limited. Having a senior colleague 
that can mentor can greatly facilitate the learning curve. 

 For the most challenging cases (obese, adhesions from 
prior surgery), adding more ports can greatly facilitate suc-
cessful completion of the operation [ 7 ]. Traction and coun-
tertraction are critical to make the straight laparoscopic 
approach successful, and one should not hesitate adding 
ports to facilitate this. Patient selection (less obese patients, 
no previous surgery) and staying consistent with a standard-
ized technical approach will improve effi ciency as the sur-
geon’s experience grows.  

    Conclusion 

 A straight laparoscopic approach to TAC with either end 
ileostomy or restorative ileorectal anastomosis can be uti-
lized as the surgical procedure of choice for a number of 
colorectal conditions. This approach is highly technical and 
requires advanced laparoscopic skills. In most cases, the 
operation is associated with shorter length of stay and fewer 
wound complications and may prove to decrease adhesion 
burden, giving the patient a greater chance to benefi t 
from laparoscopic procedures in the future. There are many 

technical approaches to straight laparoscopic TAC, and the 
best approach for each surgeon is individualized. This chap-
ter serves as a guide to what we believe to be a safe, effi cient, 
and effective approach. For the surgeon early in the learning 
curve for advanced laparoscopy, we hope that the systematic 
approach we have outlined here will facilitate further learn-
ing leading to confi dence in performing a straight laparo-
scopic TAC.      
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         Key Points  
•  Don’t make the    minilaparotomy wound too small.  
•   Select a hand-access device and energy device carefully 

to suit your needs.  
•   Don’t do everything under HALS. Use straight laparo-

scopic as well as both “open” and “HALS” techniques 
effectively.  

•   Consider “lateral-to-medial” rather than “medial-to- 
lateral” approach for infl ammatory conditions. The mes-
entery can bleed easily.  

•   Don’t use your hand randomly. The “palm-up” and 
“palm-down” are different techniques. Be comfortable 
with both and use them effectively.  

•   Communicate with your surgical crew consciously. You 
are the only person with tactile feedback, so ensure they 
are aware of what you are doing and your next steps.    

   Introduction 

 Total abdominal colectomy (TAC) is one of the most complex 
and extensive operations. It requires a full mobilization of the 
entire abdominal colon, division of the mesentery with safe 
ligature of all major colonic vessels, colonic resection, and 
anastomosis (or ileostomy) while exposing all necessary 

anatomical structures effectively in each of the abdominal 
quadrant [ 1 ,  2 ]. These steps become further technically chal-
lenging when using laparoscopy, since TAC is mostly indi-
cated for patients with infl ammatory conditions such as 
ulcerative colitis (UC) and Crohn’s disease, where anatomy is 
often distorted with adhesions, abscesses, and fi stulae [ 2 ,  3 ]. 

 Hand-assisted laparoscopic surgery (HALS) has been 
proposed as a practical alternative to both open and straight 
laparoscopic surgery. With HALS, surgeons regain their tac-
tile sensation and gentle handling of the bowel, which may 
enhance effi cacy and safety of complex colorectal operations 
such as laparoscopic TAC and total proctocolectomy [ 1 ,  2 ,  4 ]. 
In this chapter we describe our recent technique of HALS 
TAC and discuss its potential advantages over straight lapa-
roscopic TAC.  

   Indications 

 The indications for HALS TAC are basically similar to open 
or laparoscopic TAC, such as UC and Crohn’s extensive coli-
tis. In fulminant UC, TAC with end ileostomy is indicated as 
fi rst-stage operation. In Crohn’s colitis, ileorectal anastomo-
sis can be considered when the perianal disease is absent or 
well controlled with local therapy [ 2 ]. HALS can be consid-
ered even in “semi-emergent” settings in patients with 
infl ammatory bowel disease when the hemodynamic status 
remains stable. However, open TAC should be selected when 
safe pneumoperitoneum is not physiologically achievable. 
Currently the authors do not use HALS for cases with mega-
colon, since laparoscopic exposure is not optimal due to dis-
tended colonic segments. 

 Other indications involve slow transit constipation resis-
tant to medical treatment, familial adenomatous polyposis 
with rectal sparing, and hereditary non-polyposis colorectal 
cancer. TAC is not usually indicated for colorectal cancers, 
expect for limited cases with synchronous multiple lesions 
located in two or more separated colonic segments.  
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   Patient Positioning 

 Under general anesthesia, the patient is placed in the modi-
fi ed lithotomy position with the legs positioned in padded 
stirrups. The trunk should remain fi xed adequately on an 
operating table even in a steep Trendelenburg position. The 
operating surgeon stands between the patient’s legs. The 
assisting surgeon(s) stands on the both sides of the patient. 
The surgeon fi rst stands on the patient’s right side and then 
moves to the left side, as the procedure proceeds from the left 
colon to the right colon (Fig.  9.1 ).

      Hand-Access Device Placement 

 A 7–8 cm minilaparotomy is made. We exclusively use 
muscle- splitting Pfannenstiel incision for UC cases, 
though we prefer a lower midline incision for Crohn’s 
patients to keep the lateral abdomen free of incisions for 
possible future ostomy [ 1 ,  2 ]. Too small of a wound may 
complicate free and deep insertion of the device, therefore, 
interfering with the HALS procedure. After confi rming the 
adequacy of wound size by inserting surgeon’s hand into 
the abdomen, a hand-access device is assembled to the 

wound. Our favorite device is GelPort laparoscopic system 
(Applied Medical, Rancho Santa Margarita, CA), which 
provides stable wound retraction during open procedure 
and enables unlimited hand exchanges into every abdomi-
nal quadrant without signifi cant gas leakage during laparo-
scopic procedure [ 5 ,  6 ].  

   Surgical Ports and Energy Devices 

 Two standard trocars are used: one in the periumbilical 
region for laparoscopy and the other in the left mid-abdomen 
for the energy device, respectively (Fig.  9.2 ). We currently 
prefer bipolar vessel-sealing device (LigaSure™, Covidien, 
Mansfi eld, MA) for colonic mobilization, takedown of the 
omentum, and mesenteric division. We do not fi nd that the 
LigaSure™ device gets too hot, even after repeated activa-
tions, and thus enables safe use of surgeon’s hand simultane-
ously [ 6 ]. We do not use monopolar electrocautery or 
ultrasonically driven scalpel since these devices may make 
hand assist diffi cult with an inability to take large vessels 
(monopolar) and increased heat production. We also do not 
routinely use any laparoscopic clips. However, device and 
instrumentation selection is up to the individual surgeon, and 
preferences differ pending experience and comfort level.

  Fig. 9.1    Patient positioning and OR setup. The operating surgeon stands between patient’s legs. The surgeon stands on patient’s right side for left 
colon procedure and then moves to left side for right colon procedure       
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      The “Palm-Down” and “Palm-Up” Techniques 

 HALS requires logical and systemic use of surgeon’s hand. 
A random use of hand may interfere with the procedure, 
rather than assist the procedure. The authors have system-
atized and categorized the use of hand into two simple tech-
niques: “palm-down” and “palm-up” techniques. 

 Most of HALS procedures can be performed using “palm- 
down” technique (Video  9.1 ). This technique facilitates free 
and delicate use of the 2nd/3rd fi ngers. This is best suited for 
extending an avascular plane under continuous traction, e.g., 
colonic mobilization (Fig.  9.3a ). A blunt dissection using 
2nd fi nger is possible, as needed.

   In “palm-up” position, on the contrary, the surgeon can 
more positively use his/her 1st fi nger (Video  9.2 ). This tech-
nique is effective for palpation and for dividing structures 
containing vessels. In mesenteric division, for example, a 
fi ne palpation and rapid division is possible by pinching the 
mesentery with 1st and 2nd fi ngers (Fig.  9.3b ). Additionally, 
a wider displacement/retraction is possible with intentional 
use of dorsal surface of the hand. This is extremely useful in 
dividing the mesentery while keeping small-bowel loops out 
from the operative fi eld.  

   Technical Aspects Step-by-Step 

 Our technical principles of TAC are similar either in open, 
straight laparoscopic or HALS approach, which involve 
entire colonic mobilization followed by the mesenteric divi-
sion, both in an inferior-to-superior fashion initially, fol-
lowed by counterclockwise approach. Since the high ligation 
of major colonic arteries is often unnecessary (except in the 
rare situation of multiple synchronous cancers), the authors 
exclusively use a “lateral-to-medial” approach for colonic 
mobilization. A “medial-to-lateral” approach can still be 
used; however, it is not as straightforward as in usual cancer 
cases due to infl amed mesentery and fragile peri-colonic tis-
sue. The key is to maximally utilize the minilaparotomy to 
facilitate “open” procedures, i.e., procedures achievable 
under direct vision, such as small-bowel exploration, partial 
colonic mobilization, and anastomosis. 

   Step 1. Partial Colonic Mobilization Under 
Direct Vision (Fig.  9.4 ) 

    The procedure begins under direct vision with the hand- 
access device left uncapped (opened). First, the small bowel 

  Fig. 9.2    The sites for hand-access device, laparoscope, and energy 
device       

  Fig. 9.3    Schematic representations    of ( a ) “palm-down” and ( b ) “palm-up” techniques       
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is identifi ed and exteriorized to evaluate any “extracolonic” 
pathologies. This step is extremely important in Crohn’s 
patients, since additional strictureplasty and/or small-bowel 
resection can be immediately performed under direct vision 
when a signifi cant lesion is identifi ed during the exploration. 
This exploration is also important in UC patients to exclude 
any possibility of “Crohn’s disease mimicking UC.” 

 While the hand-access device is kept uncapped, the 
descending colon and its junction to the sigmoid colon is 
exposed and partially mobilized (Fig.  9.5 ). The left ureter 
can be identifi ed as it crosses over the iliac bifurcation in 
thin patients (Video  9.3 ). The dissection can be extended 
towards the splenic fl exure as long as the exposure is ade-
quate and constant. The ileocecal mobilization is then per-
formed on the right side as well (Fig.  9.4 ). The key is to use 
long retracting devices for effective displacement of the 
small-bowel loops.

      Step 2. Completion of Colonic Mobilization 
Under HALS (Fig.  9.6 ) 

    The hand-access device is then sealed, and a pneumoperito-
neum is established. HALS begins with the insertion of sur-
geon’s nondominant hand into the abdominal cavity. The 
colonic mobilization under HALS is initiated from the left 
side by extending the dissecting plane made at Step 1 
(Fig.  9.7 ). The descending colon is medially retracted using 
“palm-down” technique. The 2nd and 3rd fi ngers are used to 
maintain the dissecting plane onto the lateral attachment. 
After mobilizing the descending colon, the splenic fl exure is 
cupped with the palm and gently retracted caudally (Fig.  9.8 ). 
The splenocolic ligament is thus stretched and effectively 
taken down with LigaSure™ device. Care is taken to avoid 
too much traction at this stage to avoid an inadvertent tearing 
of the splenic capsule.

    The omentum is then freed from the transverse colon at its 
attachment, from the left side to the right side, by inserting 
the hand between the omentum and transverse mesocolon 
using “palm-down” technique. During the omental 
 dissection, each fi nger can be used for effective retraction: 
stretching the omentum with 2nd and 3rd fi ngers, while dis-
placing the transverse colon with 4th fi nger (Fig.  9.9 ). 
Alternatively, the lesser sac is fi rst opened at the mid-trans-
verse colon, and the window is then extended to the left side 
to meet the initial dissecting plane over the splenic fl exure.

   As the omentum takedown proceeds beyond the mid- 
transverse colon, the dissection gradually becomes challeng-
ing due to mismatch of the working axis of LigaSure™ 
device and the direction of dissection. This can be solved 
simply by moving the dissecting area into the effective work-
ing area of LigaSure™ device. This so-called “move-the- 
ground” technique is also useful when the operative fi eld is 
too close to the laparoscope (Fig.  9.10 ). The overview can be 

  Fig. 9.4    Step 1 (partial colonic mobilization under direct vision)       

  Fig. 9.5    Mobilizing the sigmoid-descending colon junction under 
direct vision       

  Fig. 9.6    Step 2 (completion of colonic mobilization under HALS)       
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  Fig. 9.8    Taking down the 
splenic fl exure by cupping both 
the descending and transverse 
colon in the palm and gently 
retracting them caudally       

  Fig. 9.7    Mobilizing the 
descending colon using 
“lateral-to-medial” approach       

obtained by pushing the operative fi eld, not by pulling back 
the laparoscope (Video  9.4 ). In order to accomplish this 
effectively, you must ensure you have adequate mobilization 
to avoid tearing of the often-fragile tissues.

   The transverse colon is mobilized from the duodenum 
with blunt dissection using the 2nd fi nger and tip of 
LigaSure™ device. The hepatic fl exure is then mobilized by 
dissecting the hepato-colonic ligament. The dissection is 
extended caudal and lateral to the ascending colon, till it 
meets with the plane made previously at Step 1. The colonic 

mobilization is completed when the cecum is freed and 
secured in the surgeon’s palm.  

   Step 3. Mesenteric Division Under HALS 
(Fig.  9.11 ) 

    The mesenteric division is performed again in a counter-
clockwise fashion (from the left side to the right side). Using 
the “palm-up” technique, the fi ngers are inserted onto the 
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colonic mesentery behind the descending colon (Fig.  9.12 ). 
The mesentery is thus stretched laterally and is easily divided 
with LigaSure™ device just proximal to the marginal ves-
sels. All major colonic arteries should be positively palpated 
with 1st and 2nd fi ngers and then sealed with LigaSure™ 
device.

   As the division reaches to the transverse mesocolon, the 
small-bowel loops escape from the mesenteric window and 
might compromise surgical exposure. This can be prevented 
by “palm-up” technique: the mesentery is pushed up with 
2nd and 3rd fi ngers, while the small bowel is pushed down 
with the dorsal surface of the hand (Fig.  9.13 ). Again, the use 
of “move-the-ground” technique should be considered when 
the directions of LigaSure™ device and dissecting line are 
not matched. The entire abdominal colon is freed in the peri-

toneal cavity when division of the right mesocolon is com-
pleted. If the small bowel continues to be a hindrance to clear 
visualization, changing the position of the patient during this 
step is often helpful.

      Step 4. Resection, Specimen Extraction, 
and/or Anastomosis 

 The hand-access device is opened, and the abdominal colon 
is exteriorized. Additional mobilization/division can be per-
formed under direct vision when necessitated. The distal 
colon is then staple transected at the level of the sacral prom-
ontory (Fig.  9.14 ). Brooke end ileostomy or ileorectal anas-
tomosis is completed in a usual fashion.

  Fig. 9.9    Taking down the omentum from the transverse colon, using 2nd and 3rd fi ngers to pinch the omentum and 4th fi nger to displace the 
transverse colon       

  Fig. 9.10    The concept of “move-the-ground” technique       

  Fig. 9.11    Step 3 (mesenteric division under HALS)       
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       Special Considerations 

 Theoretically HALS is suitable for operations that require 
minilaparotomy for completion [ 1 ,  2 ]. The recovery of 
tactile sense further contributes to better exposure, easier 
identifi cation of anatomy, and rapid control of bleeding. 
HALS thus has been increasingly accepted as practical 
alternative to straight laparoscopy for complex and exten-
sive colorectal operations such as TAC. Several previous 
studies including ours have suggested that HALS reduces 
operative times of TAC, while retaining acceptable mor-
bidity rates and  recovery benefi ts of minimally invasive 
surgery [ 1 ,  2 ,  4 ,  7 ]. 

 HALS is virtually a “solo surgery,” since regained tac-
tile feedback can only be enjoyed by the operating sur-
geon, whereas the other members have to assist him/her 
only through conventional laparoscopic visual cues [ 2 ]. 

  Fig. 9.12    The mesenteric 
division using “palm-up” 
technique. The 2nd to 4th fi ngers 
are inserted underneath the 
mobilized colon, to stretch the 
mesocolon laterally       

  Fig. 9.13    Dividing transverse 
mesocolon using “palm-up” 
technique. The small-bowel loops 
are displaced from the operative 
fi led using the dorsal surface of 
the hand       

  Fig. 9.14    The remainder of mesenteric division is completed under 
direct vision       
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To make HALS procedure most effective and safe, the 
operating surgeon should deliver his/her sense of palpa-
tion verbally to other surgical crew, making timely orien-
tation and understanding possible. The authors believe 
HALS is not a simple “bridge” for novice, but should be 
performed by experienced surgeon, since abundant expe-
rience and profound understanding with both open and 
laparoscopic surgery is necessary to give adequate feed-
back for coordinate performance of the surgical members 
during the procedure.  

   Summary 

 HALS provides many things to surgeons, e.g., tactile 
sensation, gentle tissue handling, blunt dissection, and 
rapid hemostasis. Though these are the “lost items” in the 
straight laparoscopic era, they are very helpful in per-
forming complex and extensive colorectal procedures 
such as TAC.      
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         Key Points 
•   Preoperative considerations in    the setting of rectal cancer 

are extensive. Meticulous evaluation of the patient before 
surgery will help identify potentially diffi cult aspects of 
the operation.  

•   Proper radiographic imaging can demonstrate the local 
extent of the tumor, facilitating a detailed operative plan.  

•   The single most important factor in optimizing outcomes 
is complete excision of the tumor with negative macro-
scopic and microscopic margins.  

•   Total mesorectal excision (TME) for malignancy involves 
sharp dissection in relatively avascular planes under direct 
visualization.    

   Introduction 

 Surgical therapy for rectal cancer encompasses several dif-
ferent operations, ranging from local excision or TEM/
TAMIS to total mesorectal excision (TME) and abdominal 
perineal resection. In properly selected patients, each can 
provide standard of care for oncologic resection of rectal 
cancer. A laparoscopic approach to rectal lesions, which is 
the focus of this chapter, offers an oncologically sound solu-
tion to a complex problem, with the added benefi ts witnessed 
in other minimally invasive procedures. When performed by 
experienced surgeons facile in the laparoscopic TME tech-
nique, the potential morbidity associated with radical sur-
gery (including major medical complications, impaired 
sexual and urinary function, wound problems, and the need 

for a permanent stoma) is in large part reduced compared to 
an open approach. With the proper selection of appropriate 
candidates, laparoscopic proctectomy stands as a useful and 
valuable tool in the surgeon’s armamentarium.  

   Indications 

 Benign, premalignant, and cancerous lesions of the rectum 
involving the various layers of the rectal wall may be 
removed via a laparoscopic approach. This technique 
depends in part upon accurate preoperative staging to 
avoid inadequate resection of more advanced lesions (i.e., 
T4). Endorectal ultrasound has reported rates of up to 
90 % accuracy for determining tumor depth of penetration, 
along with sensitivity rates of 60–70 % and specifi city 
rates of 70–80 % for nodal metastases. Similarly, MRI is 
associated with accuracy rates of up to 85 % for primary 
rectal wall involvement, nodal sensitivity rates of 60–70 %, 
and specifi city rates of 70–80 % [ 1 ]. In general, radical 
resection offers lower recurrence rates when compared to 
local excision [ 2 ]. This is especially true for T2 tumors, 
where local recurrence has been cited to be as high as 47 % 
after standard transanal excision. Similarly, lesions pos-
sessing poor prognostic risk factors, such as lymphovascu-
lar invasion (LVI), poor differentiation, tumor budding, 
and mucinous or signet cell adenocarcinoma, should typi-
cally be resected with a standard TME [ 3 ].  

   Patient Preparation 

 Patients receive a full bowel preparation to allow for intraop-
erative endoscopy. Low molecular weight heparin is given in 
the preoperative area, and antibiotics are administered within 
an hour of incision. In the operating room, each calf is 
wrapped in pneumatic compression stocking and then placed 
in modifi ed lithotomy position, with legs in padded adjust-
able stirrups. The legs are positioned in a 20- to 25-degree 
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abducted position, with the thighs only minimally elevated 
above the level of the abdomen; higher elevation may cause 
the surgeon’s hands to collide with the thigh when mobiliz-
ing the splenic fl exure (Fig.  10.1 ). The patient is positioned 
with the pelvis just above the break at the lower end of the 
operating table. This facilitates free access to the perineum 
for intraoperative endoscopy, pelvic manipulation, perineal 
resection, or transanal anastomosis. A beanbag or other 
securing device is used to help maintain position during table 
rotation and tilt. The hands and arms are padded and tucked 
at the patient’s sides. After the induction of general anesthe-
sia, an indwelling ureteral catheter and orogastric tube are 
inserted to decompress the bladder and reduce gastric 
distension.

      Operative Technique (Video  10.1 ) 

 The author routinely utilizes the fi ve following ports: one 
for the laparoscope, two for the operating surgeon, and two 
for the assistant. A 10-mm infraumbilical port is initially 
placed using an open technique. A balloon port—which 
creates an airtight seal—is preferred, as this port is mostly 
used for the camera. Five-millimeter ports are then placed 
in the right upper, left upper, and left lower quadrants, 
under direct laparoscopic vision. A 12-mm port is placed 
in the right lower quadrant and ultimately utilized for 
endoscopic stapling. A fascial suture (#0 Vicryl) is placed 
at the 12-mm stapling port site, using a suture passing 
technique for fascial closure at the end of the case. All 
ports are placed at least 8 cm apart on each side to pre-
vent the instrument shafts from crossing each other. I 
generally use three monitors; however, two monitors are 
sufficient. One monitor is placed at the patient’s left leg 
and can swing to the left shoulder during splenic fl exure 

 mobilization; the other monitor is placed on the right and 
can be maneuvered between the patient’s legs for pelvic 
dissection (Fig.  10.2 ).

      Surgeon, Assistant, and Nurse Positioning 

 Depending on the operative step, all team members will 
stand in varying positions. It is important to adapt the posi-
tion based on the patient’s body habitus and the particular 
step of the operation, to maximize ergonomics. For dissection 
of the mesocolon and mobilization of the splenic fl exure, the 
surgeon and second assistant (camera person) stand on 
the patient’s right side, and the fi rst assistant stands on the 
patient’s left. The nurse is positioned at the patient’s left leg. 
For mesocolon dissection, the surgeon views the monitor 
positioned near the patient’s leg. For splenic fl exure mobili-
zation, the second assistant moves between the patient’s legs; 
all team members look at the left-sided monitor, which is 
repositioned to the patient’s left shoulder. For pelvic dissec-
tion, the surgeon and second assistant stand on the patient’s 
right side, and the fi rst assistant stands on the left side. All 
team members view the monitor between the patient’s legs.  

   Dissection of the Mesocolon 
and Vascular Pedicle 

 Following initial inspection of the peritoneal cavity, includ-
ing liver, omentum, and pelvis, the patient is positioned in 
Trendelenburg for dissection of the mesocolon and vascular 
pedicle. The omentum is placed superiorly above the colon 
and onto the liver. The patient is tilted right-side down; this 
allows placement of the small intestine in the right upper 
quadrant, out of the area of dissection. Using 5-mm bowel 

  Fig. 10.1    Patient positioning. 
 With permission from Nakajima 
K, Milsom JW, Böhm B. Patient 
Preparation and Operating Room 
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graspers through the left-sided cannulas, the assistant 
holds the sigmoid ventrally under traction and to the left. 
In a medial to lateral fashion, the inferior mesenteric artery 
(IMA) is identifi ed and the retroperitoneum is incised, start-
ing at the sacral promontory to the right of (i.e., under) the 
vessel. Dissection is continued in a cephalad direction to the 
base of the IMA. Using gentle blunt dissection, the mesen-
tery is dissected off the retroperitoneum. Dissection proceeds 
adjacent to and just below the IMA, which is swept ventrally, 
to ensure that the preaortic hypogastric sympathetic nerves 
are preserved and swept dorsally. Dissection beneath the 
mesentery is continued laterally, until the left ureter and 
gonadal vessels are identifi ed and swept posteriorly. Once 
the origin of the IMA is identifi ed, the peritoneum is incised 
anteriorly over the pedicle and away from the left colic 
artery. A peritoneal window is made just lateral to the infe-
rior mesenteric vein (IMV). This permits ligation of the IMA 

and IMV pedicle, generally distal to the left colic artery 
(Fig.  10.3 ). We employ a bipolar device for vascular ligation, 
but occasionally use endoscopic staplers or clips. Care is 
taken to revisualize the left ureter before ligation and divi-
sion of the IMA and IMV.

      Splenic Flexure and Left Colon Mobilization 

 The second phase of the procedure is left colon mobilization. 
Through the peritoneal window, the left mesocolon is bluntly 
dissected from the underlying retroperitoneal structures, 
including the gonadal vessels, ureter, Gerota’s fascia, and 
pancreas (Fig.  10.4 ). If splenic fl exure mobilization is neces-
sary, the sub mesenteric dissection is continued until the 
spleen is visible and the lesser sac is entered. This can also be 
performed in a medial to lateral fashion by dissection just 

  Fig. 10.2    One monitor is placed at the patient’s left leg and can swing 
to the left shoulder during splenic fl exure mobilization; the other moni-
tor is placed on the right and can be maneuvered between the patient’s 

legs for pelvic dissection.  With permission from Memorial Sloan 
Kettering Cancer Center        
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  Fig. 10.4    Medial dissection. 
( Top ): an avascular plane exits 
between Toldt’s fascia and the 
mesocolon, which is briefl y 
dissected medial to lateral after 
IMA and IMV ligation. ( Bottom ): 
medial to lateral dissection 
beneath the left mesocolon 
provides excellent views of the 
distal pancreas (P), the base of 
the left transverse mesocolon and 
retroperitoneum.  With permission 
from: Leroy J, Henri M, Rubino 
F, Marescaux J. Sigmoidectomy. 
In: Milsom JW, Böhm B, 
Nakajima K, eds. Laparoscopic 
Colorectal Surgery, 2nd ed. 
Springer, New York 2006        

under the IMV adjacent to the ligament of Treitz and the 
pancreas. The IMV is divided adjacent to the pancreas, 
before it joins the splenic vein to form the portal vein. This 
enables full mobilization of the left colon and mesentery. 
The greater omentum is then freed from the transverse colon 
edge toward the midline, as far as necessary, to allow the 
descending colon to reach to the pelvis. The left colon is then 
mobilized by sharply dividing the lateral peritoneal attach-
ments along the white line of Toldt (Fig.  10.5 ).

    After the mobilization of the left colon, the sigmoid 
mesocolon is divided to the appropriate area of the colon; 
this will become the proximal resection line. The colon is 
transected at this level with an endoscopic stapler (Fig.  10.6 ).

      Pelvic Dissection 

 The next phase of the operation is mesocolic dissection. The 
surgeon moves back to the right side of the table. The goal is 
to completely remove the rectum with an intact mesorectum, 
without injuring the pelvic autonomic nerves. The perito-
neum is incised along both sides of the rectum down to and 
around the anterior peritoneal refl ection. The dissection is 
initiated posterior to the rectum, at the level of the sacral 
promontory. The plane between the parietal and visceral lay-
ers of the endopelvic fascia is dissected sharply with cautery. 
Care is taken to immediately identify the hypogastric nerves 
as they travel anterolaterally across the aortic bifurcation, 
approximately 2 cm medial to the ureters bilaterally. 
Dissection along the visceral peritoneum (fascia propria of 
the rectum) will maintain the plane of dissection above the 
hypogastric nerves and avoid injury to these structures. 

 Dissection continues posterolaterally until the junction of 
the mesorectum and pelvic autonomic nerve plexus is 
encountered. This area is referred to as the lateral rectal 
stalks, and care is taken to maintain sharp dissection along 
the mesorectum to avoid parasympathetic nerve injury 
(Fig.  10.7 ). The area of dissection may contain small blood 
vessels emanating from the pelvic sidewall, which can gen-
erally be well controlled with cautery or—rarely—bipolar. 
The surgeon must be wary of straying into the pelvic side-
wall, as this can result in substantial bleeding and nerve 
injury. The area of dissection is enhanced using the laparo-
scope, because of the magnifi cation it provides. Inferior to 
the level of S3, the rectosacral ligament (Waldeyer’s fascia) 
is divided sharply with cautery or bipolar. Blunt dissection 

  Fig. 10.3    A peritoneal window is made just lateral to the inferior mes-
enteric vein (IMV), permitting ligation of the IMA and IMV pedicle. 
 With permission from Memorial Sloan Kettering Cancer Center        
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  Fig. 10.5    Mobilization of the left colon is achieved by sharply dividing 
the lateral peritoneal attachments along the white line of Toldt.  With 
permission from Memorial Sloan Kettering Cancer Center        

  Fig. 10.6    Division of the sigmoid. ( Top ): proximal bowel division is per-
formed after dividing the mesocolon up to the chosen site. ( Bottom ): 
specimen extraction at the suprapubic site involves double protection: (1) 
wound protector.  With permission from: Leroy J, Henri M, Rubino F, 
Marescaux J. Sigmoidectomy. In: Milsom JW, Böhm B, Nakajima K, eds. 
Laparoscopic Colorectal Surgery, 2nd ed. Springer, New York 2006        

should be avoided to prevent tearing into the mesorectum or 
presacral fascia and injuring the presacral venous plexus. 
The angle of dissection follows the curves of the sacrum, 
proceeding in an anterior direction to the pelvic fl oor.

   Anterior dissection of the peritoneum in the pouch of 
Douglas is usually performed last. For anterior tumors in 
male patients, dissection is anterior to Denonvilliers’ fascia, 
exposing the seminal vesicles bilaterally (Fig.  10.8 ). 
In female patients, dissection occurs in the rectovaginal 
 septum. Anterior elevation of the vagina, by an assistant 
holding a sponge stick in the vaginal vault, helps provide 
appropriate tissue tension for dissection.

   The precise point of distal resection is determined by sig-
moidoscopy, which is performed at the time of resection. 
The proximal bowel is closed with a laparoscopic bowel 
clamp, and a fl exible sigmoidoscope/proctoscope locates the 

  Fig. 10.7    Dissection posterolaterally to the junction of the mesorec-
tum and pelvic autonomic nerve plexus. This area is referred to as the 
lateral rectal stalks, and care is taken to maintain sharp dissection along 
the mesorectum to avoid parasympathetic nerve injury.  With permission 
from Memorial Sloan Kettering Cancer Center        

  Fig. 10.8    Denonvilliers’ fascia       
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lesion. By transillumination or palpation of the sigmoido-
scope with a laparoscopic instrument, the lower edge of the 
tumor in the rectum is identifi ed.  

   Division of the Rectum (Video  10.2 ) 

 The rectum is then divided at least 2 cm below the mid- and 
distal lesions and 5 cm below upper rectal lesions. If the pel-
vis is wide, an endoscopic stapler can be used under laparo-
scopic guidance to divide the rectum. Before stapling, the 
rectum is occluded below the level of the tumor, and the dis-
tal rectum is irrigated with saline (Fig.  10.9 ). A laparoscopic 
stapler is then deployed below the clamp on the bowel. After 
enlarging the port site and placing a wound protector, the 
specimen is usually removed at the umbilicus.

   In the case of a narrow pelvis in which the endoscopic stapler 
cannot be properly positioned, a low transverse incision with a 
wound protector is usually employed. The rectum is occluded, 
irrigated, stapled, and divided using an open technique.  

   Colorectal/Coloanal Anastomosis 

 The fi nal stage of the operation is the creation of an end-to- 
end anastomosis with a circular stapler. If a low transverse 
incision is utilized, the anastomosis can be performed using 
an open technique. If the distal rectum was successfully sta-
pled laparoscopically, the anastomosis is performed laparo-
scopically. The mobilized descending colon is delivered 
through either the enlarged umbilical port site or the low 
transverse incision (Fig.  10.10a ). The anvil of the circular 
 stapler is then placed into the descending colon lumen, and a 

purse-string is tied around the center rod in the usual manner 
(Fig.  10.10b ). The proximal bowel is then returned to the 
peritoneal cavity, and the abdominal wall is closed by occlud-
ing the wound protector. Pneumoperitoneum is reestablished; 
the shaft of the stapler is brought to the stapled end of the 
rectum, and the pin is advanced through the rectal wall. The 
groove in the center rod is held with an endoscopic clamp 
through the right lower quadrant cannula and by locking the 
center rod into the center post of the circular stapler 
(Fig.  10.11 ). This locking action requires that the axes of the 
center rod and the center post be in a perfect line. Because the 
center rod protruding from the proximal colon is grasped with 
an instrument from the right lower quadrant, its tip will be 
slightly directed to the right side of the pelvis. Thus, the cir-
cular stapler head should be directed slightly to the left side. 
After deploying the stapler, it is removed, and the tissue rings 
are inspected. The anastomosis is tested for leaks by fi lling 
the pelvis with saline, occluding the left colon, and insuffl at-
ing air into the rectum via a proctoscope (Fig.  10.12 ). The 
anastomosis is visualized for completeness and hemostasis.

     When performing ultralow coloanal anastomosis with 
intersphincteric dissection, the specimen is removed via the 
perineum. The descending colon is then divided at the level 
of the anal canal in preparation for a hand-sewn reconstruc-
tion. Full thickness colon is secured to the mucosa of the anal 
canal, with the incorporation of muscle with interrupted 
suture in a single layer technique. 

 A loop ileostomy is placed in patients with coloanal 
 anastomosis who have received preoperative chemoradiation. 
This can be performed with laparoscopic assistance. It is 
placed in the right lower quadrant, at a site ideally marked by 
an enterostomal nurse preoperatively. A fl at drain is passed 
through the 5-mm right upper quadrant cannula and guided 
into the pelvis with a bowel grasper.  

   Pearls and Pitfalls 

•     When starting the dissection at the sacral promontory, 
ensure that you have all of the redundant sigmoid colon 
out of the pelvis. This will help you identify the IMA and 
avoid getting in the wrong plane.  

•   When performing a medial approach to the left colon, 
avoid tunneling after scoring the mesentery underneath 
the IMA. Keep a broad plane of dissection as you work 
toward the base of the IMA to allow for maximal visual-
ization and safe dissection.  

•   Dissection, aside from dealing with the major vascular 
pedicles, should be relatively avascular. If you encounter 
moderate-signifi cant bleeding, you are likely in the wrong 
plane and need to stop and reassess.  

•   Applying perineal pressure will push the pelvic fl oor 
superiorly and can aid in dissection.     

  Fig. 10.9    Before stapling, the rectum is occluded below the level of the 
tumor, and the distal rectum is irrigated with saline.  With permission 
from Memorial Sloan Kettering Cancer Center        
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  Fig. 10.11    The groove in the center rod is held with an endoscopic 
clamp through the right lower quadrant cannula and by locking the cen-
ter rod into the center post of the circular stapler.  With permission from 
Memorial Sloan Kettering Cancer Center        

  Fig. 10.10    Exteriorization. ( a ,  Top ): after specimen    
extraction, the colon is drawn out through this site, 
keeping the wound protector in place. ( b ,  Bottom ): 
the anvil and center rod of the circular stapler are 
introduced into the bowel lumen and secured with a 
purse-string suture.  With permission from: Leroy J, 
Henri M, Rubino F, Marescaux J. Sigmoidectomy. 
In: Milsom JW, Böhm B, Nakajima K, eds. 
Laparoscopic Colorectal Surgery, 2nd ed. Springer, 
New York 2006        

  Fig. 10.12    Air leak test       
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   Conclusion 

 A straight laparoscopic approach to rectal cancer can be 
 successfully utilized as the surgical procedure of choice by 
those with appropriate expertise. While this approach can be 
technically demanding and requires advanced laparoscopic 
skills, in most cases, your patient will reap the benefi ts from 
a minimally invasive approach.      
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          Key Points 
•     The hand-assisted approach to LAR offers the same 

 benefi ts as a straight laparoscopic approach while provid-
ing the added advantage of tactile feedback and use of 
the hand.  

•   A Pfannenstiel incision for the hand-assisted device is 
ideally suited for a low anterior resection.  

•   After placing the hand-assisted device, use your hand 
inside the abdomen to protect the intra-abdominal con-
tents when placing your trocars.  

•   A sponge is extremely useful to aid in retraction, visual-
ization, “drying” the operative fi eld and cleaning the cam-
era. Have a method in place to keep track of your sponges 
in addition to the routine counts.  

•   Ligation of the IMV near the ligament of Treitz pro-
vides additional length to help ensure a tension-free 
anastomosis.  

•   The hand-assisted device can be used in several methods 
to complete the total mesorectal excision (TME) from 
placing trocars through it or using the hand to pull up the 
specimen during posterior dissection.     

    Background 

 Laparoscopy has been increasingly adopted for surgical 
resections of the colon and the rectum. While laparoscopy 
for colon cancer has been well studied and the short and 
long-term data have matured [ 1 ], rectal cancer surgery is 
technically more challenging, and the data for a laparoscopic 

approach in rectal cancer is not as robust. In this gap, 
 hand- assisted laparoscopic colon surgery can offer several 
advantages, while retaining many of the benefi ts of tradi-
tional laparoscopy. This chapter focuses on the technical 
aspects of hand-assisted low anterior resection (HALAR) for 
the treatment of rectal and rectosigmoid cancer.  

    Indications 

 A low anterior resection may be indicated for benign or 
malignant disease processes. This chapter focuses on 
HALAR for malignant disease. However, this technique 
could be used for benign indications such as sigmoid colec-
tomy for diverticulitis or Crohn’s disease, resection of large 
polyps, treatment of intermittent sigmoid volvulus, and 
resection with rectopexy for rectal prolapse.  

    Preoperative Planning 

    Patient History and Physical Findings 

 A complete history and physical focusing on the underlying 
pathology is essential. For patients with colon cancer and/or 
polyps, a detailed surgical history, personal cancer history, 
and family history are essential. Preoperative genetic 
 counseling and testing may be considered based on age and 
family history.
•    Prior abdominal surgery, distension and obstruction are 

important to elicit in the history and physical examination 
prior to making a decision regarding pursuing an open 
versus laparoscopic approach.  

•   History and physical examination should also evaluate the 
cardiovascular and respiratory systems to assess the abil-
ity to tolerate pneumoperitoneum.  

•   Nutritional status and recent history of major weight loss 
should be considered in the decision to perform a primary 
anastomosis and/or a diverting ostomy.     
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    Imaging and Diagnostic Studies 

•     All patients with colon or rectal cancer and/or a polyp 
should have a complete extent of disease workup includ-
ing carcino embryonic antigen (CEA), computed tomog-
raphy (CT) of the abdomen and pelvic, chest x-ray or 
chest CT, colonoscopy and routine preoperative labora-
tory testing.  

•   The CT should be reviewed carefully to assess adjacent 
organ involvement, metastatic disease, and obstructive 
disease.  

•   An MRI of the pelvis or an endorectal ultrasound is 
important in staging the tumor to make a decision regard-
ing neoadjuvant chemotherapy and/or radiation. In addi-
tion, this can provide information regarding a threatened 
circumferential margin and the need for an extended or en 
bloc resection.  

•   A laparoscopic approach may not be feasible in the pres-
ence of massive distension, adjacent organ involvement 
and obstruction.  

•   Advanced tumors, low rectal cancers, and adjacent organ 
involvement generally require neoadjuvant treatment. 
The hand-assisted approach is useful in these diffi cult 
cases as it permits the use of a combination of laparos-
copy for mobilization and open techniques to complete 
the pelvic dissection.  

•   Colonoscopy and evaluation of the entire colon is impor-
tant to ensure there are no synchronous lesions proximal 
or distal to the area of resection. In large obstructing 
tumors, preoperative colonoscopy may not be feasible. 
On the table, CO 2  colonoscopy and colonoscopy after 
neoadjuvant treatment are considerations. CO 2  rather than 
conventional air colonoscopy should be used intraopera-
tively in order to avoid prolonged colonic distension, 
which can hinder laparoscopy.  

•   We recommend endoscopic tattooing to be performed just 
distal to the tumor and in three quadrants. Tattooing is 
also important prior to neoadjuvant treatment as it identi-
fi es the location of the tumor if there is a complete 
response. Relying only on the distance from the anal 
verge, especially for more proximal lesions is fraught 
with the potential for error.  

•   A digital examination and proctoscopy by an experienced 
surgeon are very important in assessing the rectal cancer. 
The size of the tumor, distance from the dentate line, cir-
cumferential involvement, anterior versus posterior loca-
tion, mobility, and tonicity of the sphincter are important 
in operative planning.  

•   Preoperative marking by a trained enterostomal therapist 
helps prevent common pouching diffi culties should the 
patient need diversion.      

    Surgical Management 

    Preoperative Planning 

•     The patient receives a mechanical bowel preparation to 
facilitate handling of the colon and to facilitate intraop-
erative colonoscopy, if required. While the need for bowel 
preparation is controversial, the consequences of a leak 
may be more signifi cant without preparation.  

•   The patient is seen and evaluated by the surgical and anes-
thesia teams in the preoperative area on the day of surgery.  

•   Most patients are offered and elect to have an epidural or 
intravenous catheter for patient-controlled anesthesia.  

•   A second- or third-general cephalosporin or ertapenem is 
used for antibiotic prophylaxis within 1 h of skin incision 
and re-dosed as needed. No antibiotics are administered 
postoperatively.  

•   Venodyne boots and 5,000 U of subcutaneous heparin are 
used for deep vein thrombosis prophylaxis.  

•   A Foley catheter is used in all patients and removed as 
early as possible.  

•   Ureteral stents are used selectively in cases of recurrent 
surgery, neoadjuvant chemoradiation therapy, and prior 
infl ammatory conditions (i.e., abscess/leak).     

    Positioning 

•     The patient is positioned in a modifi ed lithotomy position 
with both arms tucked to the sides. It is essential to ensure 
that all pressure points, fi ngers, and calves are padded 
adequately.  

•   The use of a beanbag and cloth tape allows extreme posi-
tioning with decrease in possibility of patient sliding.  

•   Alternatively, the use of Gel Pads makes routine taping of 
patient not necessary.  

•   The practice of using shoulder braces should be avoided 
as they can cause brachial plexus injury.  

•   Prior to draping, the patient is placed in steep 
Trendelenburg and on either side to ensure that the patient 
is secured well on the operating table.  

•   It is essential to ensure that both knees are in line with the 
torso in order to avoid collision of instruments to patient’s 
thighs when working in the upper quadrants of the 
abdomen.  

•   The abdomen is prepped from the nipples to the mid-thigh.  
•   Access    to the anus is always maintained for possible 

intraoperative colonoscopy and assessment of the tumor 
and extent of dissection, and to perform the anastomosis.  

•   Figure  11.1  shows one possible setup for use of the hand port.
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           Procedure 

    Port Placement and Hand Device 

 The ideal features of a hand-assisted device have previously 
been defi ned [ 2 ]. The device needs to be fl exible to allow for 
a wide range of motion of the surgeon’s hand without permit-
ting gas leakage. The device should also function as a wound 
protector and retractor for portions of the operation that will 
be performed through the hand-access device. The ergonom-
ics of the device are also essential to ensure surgeon comfort 
and appropriate circulation to the surgeon’s hand during long 
operations. 

 For a low anterior resection, a Pfannenstiel incision, 
opening the anterior fascia transversely and dividing the 
posterior fascia longitudinally without dividing the rectus, is 
well suited (Fig.  11.2 ). It is important to dissect the anterior 
fascia off the rectus superiorly almost to the umbilicus and 
inferiorly as far as possible. This maneuver is the key in 
achieving adequate retraction and exposure. This incision 
has a low incidence of hernia formation [ 3 ]. Perforating ves-
sels should be carefully controlled to prevent a rectus 
sheath hematoma. One disadvantage of this incision is that 

conversion to an open may require a midline incision that 
will eventually lead to an inverted “T”-shaped incision. The 
actual length of the incision is usually dependent on the 
glove size of the surgeon. A general rule of thumb is to cre-
ate an incision the same length as the surgeon’s glove size in 
centimeters.

   For cases where the likelihood of conversion to open sur-
gery is high, a lower midline incision for the hand-access 
device is better suited. This incision allows for easy conver-
sion to a midline laparotomy, should it be necessary. 

 After induction of anesthesia, the abdomen is draped in 
the usual fashion, and a Pfannenstiel incision is made 1–2 
fi ngerbreadths above the top of pubis. After raising fl aps as 
described earlier, the peritoneal cavity is entered with careful 
attention to protecting the bowel and the urinary bladder. 
Placing the patient in Trendelenburg position helps move the 
small bowel away from the pelvis. The fl exible ring of the 
wound protector is inserted and fl attened against the parietal 
peritoneum. 

 A 10 mm port is placed at the umbilicus under manual 
guidance through hand port. The lid of the hand-assisted 
device is placed and pneumoperitoneum is established. 
Exploratory laparoscopy is performed to rule out metastatic 
disease. The feasibility of a laparoscopic approach can also 
be established at this time. 

 Under direct visualization, two 5 mm ports are placed on 
the right side—lateral to the rectus muscle to avoid the infe-
rior epigastric artery. The trocars should be one palm breath 
from each other and away from the anterior superior iliac 
spine. If a stoma is planned on the right side, our preference 
is to place trocars lateral and well away from stoma to avoid 
pouching diffi culties with trocar sites. One or two 5 mm 
 trocars are also placed on the left side (Fig.  11.3 ).

  Fig. 11.1    OR setup with the teaching surgeon using his hand and 
trainee operating.  With permission from Carter J ,  Whelan RL. Hand 
assisted laparoscopic anterior resection. In :  Milsom JW ,  Bohm B , 
 Nakajima K ,  eds. Laparoscopic colorectal surgery. Springer ,  New York 
2006 ; pp : 255 - 273 . ©  Springer 2006        

  Fig. 11.2    Pfannenstiel incision showing muscle separation along the 
midline.  With permission from Yuko Tonohira        
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   The monitors are positioned on both sides of the patient, 
with two monitors positioned on the left. The operating sur-
geon can stand on the right of the patient—using his/her 
right hand through the hand-assisted device and the left hand 
with a dissecting tool. A teaching surgeon may choose to 
stand between the legs and use either hand to expose for a 
trainee or operating surgeon. 

 The use of a moist laparotomy pad or a tagged towel 
placed intracorporeally through the hand-access device can 
facilitate retraction of the small intestines and cleaning of the 
laparoscope [ 4 ].  

    Positioning and Alterations During Case 

 The patient is placed in the steep Trendelenburg position 
and left side up. The omentum is positioned superior to the 
transverse colon. The small bowel is moved to the right of 
the abdomen. At this point, there should be clear visualiza-
tion of the mesentery of the left colon, the ligament of Treitz 
and the inferior mesenteric artery and vein. Placing the 
patient in reverse Trendelenburg may facilitate takedown of 
the splenic fl exure.  

    Technical Aspects 

    Mobilization 
•     Place the greater omentum in the upper abdomen over the 

liver and the small bowel to the upper right quadrant of 
the abdomen (Fig.  11.4 ).

•      Expose the left colon mesentery and inferior mesenteric 
artery and vein. The hand is used to identify and follow 
the sacral promontory and put traction on the inferior 
mesenteric artery (Fig.  11.5 ) by retracting the pedicle 
superiorly and anteriorly.

  Fig. 11.3    Suggested port placement.  With permission from Yuko 
Tonohira        

  Fig. 11.4    Exposure is achieved by placing the omentum in the upper 
abdomen and the small bowel in the right upper quadrant.  With permis-
sion  from  Leroy J ,  Henri M ,  Rubino F ,  Marescaux J. Sigmoidectomy. 
In :  Milsom JW ,  Bohm B ,  Nakajima K ,  eds. Laparoscopic colorectal sur-
gery. Springer ,  New York 2006 ; pp : 145 - 169 . ©  Springer 2006        

  Fig. 11.5    Lateral traction on the sigmoid colon exposes the inferior 
mesenteric artery.  With permission from Carter J ,  Whelan RL. Hand 
assisted laparoscopic anterior resection. In :  Milsom JW ,  Bohm B , 
 Nakajima K ,  eds. Laparoscopic colorectal surgery. Springer ,  New York 
2006 ; pp : 255 - 273 . ©  Springer 2006        
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•      The peritoneum along the inferior aspect of the pedicle is 
incised sharply, starting at the sacral promontory and 
working toward the origin of the inferior mesenteric ves-
sels (Fig.  11.6 ).

•      The inferior mesenteric artery is isolated at its origin. 
Care is taken to protect the main trunks of the hypogastric 
nerves that run posterior along the aortic plexus and must 
be swept dorsally.  

•   Blunt retromesenteric dissection is started carefully 
ensuring that the retroperitoneal fascia (purple) is not 
lifted with the mesentery (Fig.  11.7 ).

•      Using traction and countertraction, the retro-mesenteric 
plain is developed laterally and superiorly.  

•   It is critical to identify the left ureter prior to dividing any 
mesenteric vessels in order to avoid injury (Fig.  11.8 ). 

The left ureter is located medial to the gonadal vessels at 
this level and more distally at the level of the common 
iliac bifurcation. If the left ureter cannot be identifi ed, a 
different surgical exposure method such as lateral-to- 
medial mobilization can be utilized. Alternatively, the 
ureter can be identifi ed more proximally near the origin of 
the IMA. If all of the laparoscopic maneuvers fail to iden-
tify the ureter, open dissection through the Pfannenstiel 
incision can be attempted.

•      The inferior mesenteric artery (IMA) is isolated, and a 
window is created around the vessel ensuring the ureter is 
not lifted up with the mesentery. All vessels are divided 
with a bipolar energy device with overlapping burns. 
Leaving a stump helps control unexpected bleeding 
(Fig.  11.9 ). In patients with calcifi ed mesenteric vessels, 
either vessel loop ligator, clips, or laparoscopic stapler 
should be used for vessel ligation.

  Fig. 11.6    A peritoneal window is created to start the retromesenteric 
dissection.  With permission from Yuko Tonohira        

  Fig. 11.7    “Purple down” The retroperitoneal fascia ( purple ) is dis-
sected off the mesentery ( yellow )       

  Fig. 11.8    Identifi cation of the ureter prior to dividing the vascular 
pedicle  With permission from Yuko Tonohira        

  Fig. 11.9    Division of the pedicle with an energy device preserving the 
left colic  With permission from Yuko Tonohira        
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•      Depending on the location of the tumor, the IMA can be 
divided high on the aorta (Fig.  11.10 ) or can be ligated 
distal to the take off of the left colic. Division distal to the 
left colic theoretically provides an extra source of arterial 
blood fl ow to the conduit without sacrifi cing oncological 
principles.

•      Division of the IMA facilitates completion of the retro-
mesenteric dissection (Figs.  11.11  and  11.12 ).
 –      Medially to the root of the mesentery.  
 –   Laterally to the white line.  
 –   Superiorly to the inferior border of the pancreas.     

•   The inferior mesenteric vein (IMV) is divided. Of note, 
the ligament of Treitz may need to be partially released to 

obtain adequate exposure of the IMV, and there is an avas-
cular plane just lateral (i.e., to the right) to its origin. The 
duodenum needs to be protected from inadvertent thermal 
injury. High division of the IMV at this location is critical 
to achieve good mobilization and a tension-free anasto-
mosis in the low-lying pelvis.  

•   An alternative approach is to perform the IMV dissection 
fi rst followed by the IMA dissection. The lesser sac can 
be entered anterior to the pancreas with this approach. 
Care should be taken to ensure that the mesentery to the 
transverse colon is protected.  

•   The lesser sac can also be entered by releasing the omen-
tum from the transverse colon (Fig.  11.13 ). The gastro-
colic attachments need to be divided to achieve adequate 
mobilization.

•      The lateral attachments to the colon are taken down using 
the dissecting tool through the left-sided port (Figs.  11.14  
and  11.15 ).

•       At this point, the splenic fl exure should be completely 
mobilized with the ability to perform a colo-anal anasto-
mosis, if required.       

    Total Mesorectal Excision (TME) 

 The principles of the total mesorectal excision remain the 
same irrespective of the specifi c technique used to complete 
this dissection. Some highlights include:
•    Posterior dissection in the avascular plane preserving the 

mesorectal envelope, along with identifying and preserv-
ing the hypogastric nerves.  

  Fig. 11.10    High ligation of the IMA (proximal to the left colic)  With 
permission from Yuko Tonohira        

  Fig. 11.11    Retromesenteric dissection using traction and counter- 
traction  With permission from Carter J ,  Whelan RL. Hand assisted 
laparoscopic anterior resection. In :  Milsom JW ,  Bohm B ,  Nakajima K , 
 eds. Laparoscopic colorectal surgery. Springer ,  New York 2006 ; pp : 255 -
 273    . ©  Springer 2006        

  Fig. 11.12    Retromesenteric dissection ensuring that the purple 
 retroperitoneal fascia is kept down and the ureter is protected.  With per-
mission from Carter J ,  Whelan RL. Hand assisted laparoscopic ante-
rior resection. In :  Milsom JW ,  Bohm B ,  Nakajima K ,  eds. Laparoscopic 
colorectal surgery. Springer ,  New York 2006 ; pp : 255 - 273 . ©  Springer 
2006        
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•   Lateral peritoneal attachments are divided, and the lateral 
dissection is carried out close to the mesorectum while 
preserving its envelope.  

•   Anterior dissection with or without excision of the ante-
rior fascia, depending on the location and the extent of the 
tumor.    
 The hand-assisted device offers multiple options in carry-

ing out these aspects of the dissection. The specifi c technique 
used is dependent on the preference of the surgeon and the 

specifi c characteristics of the patient and tumor. The 
 following techniques can be used to complete the TME.
    1.     Open technique through the hand-assisted port 

    (a)    The lid of the device is removed and the wound 
retractor portion of it is retained for retraction 
(Fig.  11.16 ).

       (b)    Laparotomy pads are used to pack the small bowel 
out of the pelvis.   

   (c)    The proximal colon is divided using a linear stapler 
5–10 cm from the tumor ensuring that the point of 
division has pulsatile blood fl ow.   

   (d)    Two lighted retractors (long linear retractors with a 
lip) are used to provide tension and counter-tension to 
complete TME dissection as described above 
(Fig.  11.17 ). These retractors are better suited than 
the traditional St. Mark’s retractors as they are less 

  Fig. 11.13    The omentum is released from the transverse colon.  With 
permission from Carter J ,  Whelan RL. Hand assisted laparoscopic 
anterior resection. In :  Milsom JW ,  Bohm B ,  Nakajima K ,  eds. 
Laparoscopic colorectal surgery. Springer ,  New York 2006 ; pp : 255 - 273 . 
©  Springer 2006        

  Fig. 11.14    The lateral attachments are released along the white line. 
 With permission from Sonoda T. Hand assisted laparoscopic total 
abdominal colectomy. In :  Milsom JW ,  Bohm B ,  Nakajima K ,  eds. 
Laparoscopic colorectal surgery. Springer ,  New York 2006 ; pp : 274 - 294 . 
©  Springer 2006        

  Fig. 11.15    Takedown of lateral attachments.  With permission from 
Yuko Tonohira        

  Fig. 11.16    The lid of the hand-assisted device is removed, and the 
TME is performed similar to open surgery with the help of “bright 
tract” retractors  With permission from Yuko Tonohira        
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bulky and can be used as a pair through to provide 
adequate exposure.

       (e)    Proctoscopy is performed to ensure that the dissec-
tion has progressed beyond the tumor.   

   (f)    Transection of the rectum distal to the tumor can be 
achieved with an open “TA” stapler through the 
Pfannenstiel incision (Fig.  11.18 ). Using two staplers 
can facilitate traction in diffi cult cases. The fi rst sta-
pler is placed proximally and used to provide traction 
to place the second stapler more distal. Staplers that 
can staple on either side and divide in the middle are 

also available, but can be bulky to use in a narrow 
pelvis. Prior to transection, the distal rectum may be 
washed out with Betadine or sterile water to clear any 
tumor cells that may have been dislodged during the 
dissection.

       (g)    Transanal dissection preserving the external sphinc-
ter can be used for very low tumors followed by a 
hand-sewn anastomosis. In this case, Gelpi retractors 
and the Lonestar device (Cooper Surgical, Trumbull, 
CT) are particularly useful.    

      2.     Laparoscopic TME 
    (a)    The dissection is carried out laparoscopically with or 

without (Chap.   10    ) hand assistance.   
   (b)    The hand can be used as a retractor similar to the 

hand held retractors used in open surgery.   
   (c)    The proximal bowel can be divided with a laparo-

scopic linear stapler (Fig.  11.19 ) or performed more 
expeditiously with an open stapler through the hand- 
assisted device (Fig.  11.20 ).

        (d)    An umbilical tape tied around the rectal stump can 
serve as a useful retractor.   

   (e)    A laparoscopic energy source is used to complete the 
dissection as described with the open technique.    

      3.     Laparoscopic TME using the hand-access device as a 
retractor  (Video  11.1 )
    (a)    The colon is divided through the Pfannenstiel inci-

sion at the proximal margin.   
   (b)    The divided colon stump is exteriorized through the 

hand-access device (Fig.  11.21 ).
       (c)    The rectum is retracted out of the pelvis.   

  Fig. 11.17    “Bright tract” retractors used to complete the TME  With 
permission from Yuko Tonohira        

  Fig. 11.18    Open stapler used to transect distal rectum  With permission 
from Yuko Tonohira        

  Fig. 11.19    Laparoscopic stapler used to transect proximal bowel.  With 
permission  from  Leroy J ,  Henri M ,  Rubino F ,  Marescaux 
J. Sigmoidectomy. In :  Milsom JW ,  Bohm B ,  Nakajima K ,  eds. 
Laparoscopic colorectal surgery. Springer ,  New York 2006 ; pp : 145 - 169 . 
©  Springer 2006        
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   (d)    A laparoscopic energy device can be used to com-
plete the dissection sequentially as described with the 
prior technique; utilizing posterior dissection ini-
tially, followed by lateral dissection, and fi nally ante-
rior dissection are carried out with cautery or an 
energy device (Figs.  11.22  and  11.23 ).

                Resection 

 The distal bowel is transected with a reticulating stapler after 
clearing the mesorectum at the appropriate level (note: this 
step can also be done through the hand port). Many surgeons 
feel that this is the rate-limiting step of a laparoscopic LAR 
with the currently available stapling technology. In this light, 
the hand-assisted approach retains many of the advantages of 
laparoscopy while permitting the use of an open technique to 
aid in this more diffi cult step of the operation.  

  Fig. 11.20    Use of the hand port facilitates division of the proximal 
bowel.  With permission  from  Watanabe M. Laparoscopic anterior 
resection for rectal cancer In :  Milsom JW ,  Bohm B ,  Nakajima K ,  eds. 
Laparoscopic colorectal surgery. Springer ,  New York 2006 ; pp : 170 - 187 . 
©  Springer 2006        

  Fig. 11.21    The colon can be brought out through the hand-port to pro-
vide traction and help complete rectal dissection.  With permission from 
Yuko Tonohira        

  Fig. 11.22    Anterior dissection in a male.  With permission  from 
 Watanabe M. Laparoscopic anterior resection for rectal cancer In : 
 Milsom JW ,  Bohm B ,  Nakajima K ,  eds. Laparoscopic colorectal sur-
gery. Springer ,  New York 2006 ; pp : 170 - 187 . ©  Springer 2006        

  Fig. 11.23    Anterior dissection in a female  With permission from Yuko 
Tonohira        
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    Anastomosis 

 The anastomosis is typically completed with a circular sta-
pler. The hand port is very useful for this portion of the 
operation. The proximal bowel is prepared and checked for 
pulsatile blood fl ow. The anvil of an EEA stapler (typically 
28 or 31 mm) is secured to the end of the bowel with a 
purse string. Alternatively, a side-to-end anastomosis can 
be performed by securing the anvil to the antimesenteric 
edge of the proximal bowel. The shaft of the EEA stapler 
is brought in transanally and the anastomosis completed. It 
is our preference that care is taken to ensure that the pin of 
the stapler is brought through the center of the TA staple 
line (Fig.  11.24 ).

   After securing the anvil to the proximal bowel, pneumo-
peritoneum can be reestablished to perform the anastomosis 
laparoscopically. 

 The anastomosis is evaluated with a fl exible sigmoido-
scope. A leak text is performed with CO 2  insuffl ation, while 
the anastomosis is kept under saline. The fl exible scope per-
mits complete colonoscopy at this stage if the tumor was 
obstructive and preoperative complete colonoscopy was not 
possible. The hand-access device permits easy intervention 
should there be bleeding or a leak identifi ed on colonoscopic 
evaluation. Reinforcing or hemostatic sutures can also be 
placed through the hand port under colonoscopic guidance, 
if required. 

 For very low tumors, the conduit can be positioned in the 
pelvis and a hand-sewn colo-anal anastomosis fashioned 
with interrupted absorbable sutures.  

    Postoperative Care 

    Complications 

 The routine complications associated with a low anterior 
resection and colorectal surgery are well described. This sec-
tion focuses on specifi c complications as related to the lapa-
roscopic hand-assisted LAR. 

    Wound Complications 
 Pfannenstiel incisions generally heal well with a low inci-
dence of incisional hernia [ 3 ]. Our practice is to leave a 
small portion of the wound open to decrease the incidence 
of surgical site infection. Rectus sheath hematomas can 
occur and usually present as severe focal pain in the post-
operative period. Careful attention to the perforating ves-
sels when raising fl aps can decrease the incidence of 
hematomas. Our practice is to close the posterior fascia to 
decrease the possibility of bowel herniating between the 
rectus muscles.  

    Operative Technical Complications 
   Bleeding 
•     Bleeding at the time of retro-mesenteric dissection is usu-

ally due to dissecting into the retroperitoneum or into the 
mesentery. If persistent bleeding is encountered, attempt-
ing dissection from an alternative approach may be 
useful.  

•   Bleeding from the pedicle can typically be controlled 
with clips. ENDOLOOPS (Ethicon, Cincinnati, OH) are 
useful to have available in all cases to control pedicular 
bleeding (especially with calcifi ed vessels).  

•   Visualization can be easily maintained by placing a lapa-
rotomy pad or gauze through the hand-port to clean the 
fi eld. This pad can also be used to keep the camera clean.  

•   Splenic injury can be avoided by dissecting away from 
the spleen and maintaining dissection in the plane close to 
the colon. Pressure and compression can easily be used to 
control splenic bleeding with a laparotomy pad through 
the hand-port, though hemostatic topical adjuncts may be 
required.     

   Ureter 
•     Ureteral injury should be rare if the ureter is identifi ed 

prior to division of any vessels.  
•   Inability to fi nd the ureter is an indication to convert to an 

open operation in diffi cult cases.  
•   Preoperative stents may help recognize an injury, but do 

not always prevent injury to the ureter.     
  Fig. 11.24    The anvil of the EEA stapler is brought through the middle 
of the transverse staple line       
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   Bowel Injury 
•     Can be thermal secondary to the dissecting tool.  
•   Traction and tearing of the bowel are possible during 

mobilization and “running the bowel.”  
•   Puncture injury from trocars and instruments is a concern 

and care should be taken to handle instruments under 
direct vision.        

    Outcomes 

 Randomized control trials comparing open and hand-assisted 
colectomy have shown that the procedure is safe, has 
decreased blood loss, and is associated with a quicker post-
operative recovery with a shorter length of stay [ 5 ]. Hand- 
assisted colectomy compared to open surgery has also been 
associated with a higher cost and longer operative times, 
especially in the early experience with this technique. There 
was no signifi cant difference in the complication rate 
between the open and hand-assisted surgery. Of note, these 
studies included all colectomies and included benign and 
malignant disease. 

 There are several studies that have compared hand- 
assisted colectomy to straight laparoscopic colectomy. The 
HALS study was a multicenter study out of Europe and 
America that found no difference in outcome between the 
straight laparoscopic and hand-assisted techniques. However, 
the conversion rate was much lower in the hand-assisted 
group [ 6 ]. The Minimally Invasive Therapy and Technology 
(MITT) found a lower conversion rate with the hand-assisted 
technique. This study also found a decrease in operative time 
with the hand-assisted approach [ 7 ]. 

 Tjandra et al. conducted a prospective non-randomized 
case-control study on ultralow anterior resection [ 8 ]. There 
was no difference in the number of lymph nodes harvested or 
the margin positivity. The operative time was shorter with 
the hand-assisted technique, while the need for postoperative 
narcotics and the time to fl atus were slightly longer, with no 
difference in the length of stay. The clinical signifi cance of 
these fi ndings is unclear, however, this study showed that 
there might be some difference in recovery. In contrast, a 
study out of the Lahey Clinic did not fi nd any difference in 
bowel function recovery [ 9 ]. 

 In summary, studies comparing straight laparoscopic ver-
sus hand-assisted approached have found:
    1.    HALAR retains many of the benefi ts of a pure laparo-

scopic approach.   
   2.    Comparable complication rate and length of stay.   
   3.    Shorter operative time and lower conversion rate.   
   4.    Longer incision compared to straight laparoscopy.   
   5.    Increased level of infl ammatory markers—though of 

unclear clinical signifi cance.   

   6.    Longer need for narcotics and longer time to fl atus com-
pared to straight laparoscopy—also of unclear clinical 
signifi cance.     
 Overall, we feel it is clear that HALAR helps broaden the 

reach of laparoscopy to more complex patients such as obese 
patients and those with diffi culty anatomy. The benefi ts of 
the hand-assisted device in teaching residents and fellows 
are also signifi cant. A comparative study that looked at the 
benefi t of the hand-assisted device in training found that less 
intervention was required by the attending surgeon in com-
pleting left-sided resection with the hand-assisted device 
(hand-assisted 72 % vs. laparoscopic 72 %,  P  = 0.06) [ 10 ].  

    Pearls and Pitfalls 

    Hand-Access Device Placement 

     (a)    The Pfannenstiel incision is, in general, preferred to the 
lower midline incision; however, especially early in your 
experience and for cases with a high likelihood of con-
version, a lower midline incision may be preferred.   

   (b)    The anterior fascia should be mobilized widely off the 
rectus as this permits retraction with the wound 
protector.   

   (c)    Perforators from the rectus should be seen clearly and 
controlled to prevent a postoperative rectus sheath 
hematoma.      

    Visualization 

     (d)    Use of a tagged laparotomy pad or sponge can be very 
useful in cleaning the camera and retracting the small 
bowel out of the fi eld.   

   (e)    Positioning the patient in steep Trendelenburg and left 
side up is critical in achieving adequate exposure.   

   (f)    Dexterity with the hand and ensuring that it does not 
obstruct the fi eld of vision are a must. In general, keep 
the hand away from the camera, and use a “C-shape” 
confi guration with your hand and maximal thumb- 
forefi nger apposition for dissection.   

   (g)    Use of laparotomy pads and lighted retractors are impor-
tant for the pelvic portion of the operation (Fig.  11.16 ). 
Traditional St. Mark’s retractors are diffi cult to use 
through a small incision.      

    Splenic Flexure 

     (h)    Posterior dissection to the inferior border of the pancreas 
followed by lesser sac dissection at the distal transverse 
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colon prior to taking down the lateral attachments will 
help with diffi cult splenic fl exure takedown.   

   (i)    Positioning the patient in reverse Trendelenburg can 
help complete splenic fl exure dissection.   

   (j)    Traction and dissection towards the spleen rather than 
away from the spleen will prevent splenic trauma.      

    Pelvic Dissection 

     (k)    Using two lighted bright tract retractors to provide 
medial and lateral traction helps in a narrow pelvis.   

   (l)    The uterus can be suspended to the abdominal wall or 
retracted using the ring of the hand-assisted device.   

   (m)    Intraoperative proctoscopy is very useful in assessing 
the distal extent of the resection.       

    Conclusion 

 Hand-assisted low anterior resection is a useful tool in the 
armamentarium of an experienced laparoscopic colorectal 
surgeon. It broadens the scope of laparoscopy to techni-
cally challenging cases and allows for a safe platform to 
train future colorectal surgeons. The operative time is 
often reduced without compromising the other benefi ts 
of straight laparoscopy. HALAR can also be used as a 
fi rst step for surgeons who are new to the fi eld and as a 
bridge prior to conversion to open following straight 
laparoscopy.      
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         Key Points 
•   For low rectal cancer, small randomized prospective 

 controlled trials have shown that, compared to open APR, 
laparoscopic APR has equivalent oncologic outcomes and 
is associated with earlier postoperative recovery and 
shorter hospital stay.  

•   Although there are few absolute contraindications to lapa-
roscopic APR, strategic patient selection is essential to a 
successful outcome.  

•   There are a variety of innovative approaches to laparo-
scopic abdominoperineal resection that can be used to 
individualize patient management.  

•   The overall principles of laparoscopic APR are the 
same as for open surgery; total mesorectal excision is the 
cornerstone.  

•   Conversion to an open procedure for any reason should 
not be considered a “failure.”    

   Introduction 

   Indications 

 Regardless of the surgical approach, abdominoperineal resec-
tion (APR) is indicated primarily for the treatment of malig-
nant diseases but may also be appropriate for benign disease 
in selected circumstances. In terms of malignancy, APR is per-
formed for low rectal cancer, recurrent rectal cancer, as well 
as salvage therapy for anal cancer or melanoma. While ade-

nocarcinomas involving the sphincter complex  traditionally 
mandate APR, the technique of intersphincteric resection and 
coloanal anastomosis can be offered for patients who refuse 
a stoma and are willing to accept the risk of positive micro-
scopic margins and compromised postoperative continence. 
Other patients are best treated with APR due to technical 
limitations in achieving an adequate distal margin and/or per-
forming an anastomosis deep in the pelvis. Additionally, APR 
may provide better quality of life compared to low anterior 
resection (LAR) with primary anastomosis for patients who 
also have marginal baseline continence or are at risk for low 
anterior resection syndrome. There are a few indications for 
APR for benign disease. APR may be appropriate for selected 
patients with severe refractory anorectal Crohn’s disease, 
although in one small retrospective study ( N  = 10 patients) 
it was associated with increased likelihood of new severe 
proximal colonic disease [ 1 ,  2 ]. APR may be performed as a 
completion proctectomy in a patient with ulcerative colitis or 
Crohn’s colitis who has undergone previous abdominal col-
ectomy or who is not a candidate for or who does not desire 
a restorative procedure. Lastly, APR may improve quality of 
life and facilitate wound healing for patients with spinal cord 
injuries and/or sacral decubiti, who are already diverted but 
suffer from persistent mucous discharge.  

   Outcomes 

 Large randomized multicenter trials have demonstrated that 
laparoscopic colectomy for colon cancer is associated with 
equivalent oncologic outcome to conventional open surgery 
and has the benefi t of superior short-term outcomes including 
faster recovery, reduced length of stay, and less analgesic use 
[ 3 – 5 ]. For rectal cancer, current data is limited to two pro-
spective randomized trials, with anticipation of more solid 
data upon completion of the American College of Surgeons 
Oncology Group (ACOSOG) Z6051 trial, which aims to 
enroll 650 patients by December 2013 [ 6 ,  7 ]. The United 
Kingdom Medical Research Council trial of  conventional 
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versus laparoscopic-assisted surgery in  colorectal cancer 
(CLASICC) trial compared short-term end points after lapa-
roscopic ( N  = 253) versus open ( N  = 128) rectal resections for 
cancer (including both LAR and APR) and concluded that 
there was no statistically signifi cant difference in intraopera-
tive complications (14 % vs. 13 %) or 30-day postoperative 
complications (40 % vs. 37 %) [ 8 ]. The analysis included 
a subset of patients who underwent open ( N  = 36) versus 
laparoscopic ( N  = 60) APR. The two groups had similar 
rates of positive circumferential resection  margins (20 % vs. 
26 %). While these rates are quite high, equivalent 5-year 
overall survival rates (41.8 % open vs. 53.2 % laparoscopic, 
 P  = 0.310), disease-free survival rates (36.2 % vs. 41.4 %, 
 P  = 0.618), and distant recurrence rates (40.8 % vs. 35.7 %, 
 P  = 0.762) were found [ 9 ]. 

 A prospective randomized trial by Ng et al. specifi cally 
evaluated perioperative outcomes in patients with low rectal 
cancer undergoing open ( N  = 48) versus laparoscopic ( N  = 51) 
APR [ 10 ]. In this study   , the laparoscopic group had earlier 
return of bowel function (3.1 days until fl atus vs. 4.6 days 
until fl atus,  P  < 0.001), as well as improved time until inde-
pendent ambulation (4.4 days vs. 5.9 days,  P  = 0.005). They 
did note that the laparoscopic approach had a longer opera-
tive time (213 min vs. 163 min,  P  < 0.001) and higher cost 
($9,588 vs. $7,517,  P  < 0.001). Lastly, in concordance with 
the CLASICC data, they also reported equivalent 5-year sur-
vival (75 % vs. 76 %,  P  = 0.20). 

 In conclusion, the existing data on laparoscopic versus 
open APR suggests that, when performed by laparoscopic rec-
tal cancer experts, this technique delivers equivalent oncologic 
outcomes with improved in-hospital recovery at the expense 
of longer operating room time and overall higher cost. The 
adequacy of oncologic resection remains unsettled due to high 
reported positive surgical margins. We anticipate that data 
from the ongoing larger trials will quantify outcomes pertain-
ing to survival, morbidity, and cost, as well as sexual func-
tion and quality of life. These results will undoubtedly have 
the potential to impact policy, as current American Society 
of Colon and Rectal Surgeons (ASCRS) practice guidelines 
(last updated in 2005) note the uncertainty of the “oncologic 
effectiveness” of laparoscopic rectal cancer surgery given the 
absence of large prospective randomized controlled trials [ 11 ].   

   Total Mesorectal Excision (TME) 

 The cornerstone of rectal cancer surgery is the total mesorec-
tal excision (TME), popularized by Heald [ 12 ]. Early on, 
concerns regarding the potential to achieve a proper laparo-
scopic TME were fueled by the results of the CLASICC trial, 
in which patients who underwent laparoscopic low anterior 
resection ( N  = 129 patients) had a higher rate of positive 
 circumferential resection margin compared to the open 

 procedure ( N  = 64), although this did not reach statistical 
 signifi cance (12 % vs. 6 %,  P  = 0.19) and did not translate to 
a difference in 5-year survival [ 8 ,  9 ]. Notably, as mentioned 
above, CRM rates were high, but equivalent for laparoscopic 
and open APR. Undoubtedly, these data refl ect the technical 
challenges associated with laparoscopic low anterior resec-
tion with primary anastomosis. Inability to palpate the extent 
of the tumor to determine margins, as well as limitations on 
stapler angulation, can make distal transection challenging. 
Fortunately, neither of these technical constraints is relevant 
to laparoscopic APR. Particularly with the narrow male pel-
vis, the ability of the surgeon to access the plane of resection 
from both the abdominal and perineal approaches is a techni-
cal advantage of APR compared to LAR. 

   Patient Selection and Preoperative 
Considerations 

 Patient selection for laparoscopic APR is the key to a suc-
cessful operation and a good patient outcome. Candidates for 
laparoscopic APR should be fi t enough to tolerate a larger, 
open surgery, should it be necessary. The only absolute con-
traindication to laparoscopic APR is the inability to tolerate 
pneumoperitoneum and steep Trendelenburg positioning. 
Relative contraindications include morbid obesity, prior pel-
vic surgery, and suspected or known dense intra-abdominal 
adhesions. In the obese patient with a narrow pelvis and fore-
shortened/thickened mesentery, it can be challenging to 
retract the small bowel out of the pelvis and maintain good 
visualization when entering the presacral space. 

 The surgeon must perform a thorough history and physi-
cal examination on all candidates for APR. The history 
should include preoperative bowel control and continence 
for patients who are being considered for LAR versus 
APR. For all malignancies, a careful digital rectal exam 
should be performed, focusing on tumor location relative to 
the sphincter complex, size, mobility, and response to neoad-
juvant therapy. At the time of cancer diagnosis, patients 
should be staged with CT scans of the chest, abdomen, and 
pelvis. Blood work includes carcinoembryonic antigen 
(CEA) and a complete blood count. Imaging with MRI, 
endorectal ultrasound, or both is based somewhat on indi-
vidual surgeon preference and expertise and will not be dis-
cussed in detail in this chapter. Pelvic imaging can give the 
surgeon additional information related to the tumor and adja-
cent structures, providing valuable data points to optimize 
operative planning. 

 A thorough preoperative evaluation is required for patients 
undergoing APR. This includes a complete blood count, 
electrolytes, coagulation studies, type and screen, urinalysis, 
and, if age appropriate, chest X-ray and EKG. Evaluation by 
a pulmonologist or cardiologist is recommended if the 
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patient has baseline cardiopulmonary disease. Nutrition labs 
including albumin and prealbumin should be obtained if the 
patient is clinically malnourished. All patients should be 
seen by an enterostomal therapist preoperatively for counsel-
ing and site marking. Consultation preoperatively with a 
plastic surgeon should be considered if a large pelvic defect 
is anticipated (see section below on reconstruction of the 
defect). Lastly, ureteral stent placement should be consid-
ered for patients with bulky pelvic tumors, radiation therapy, 
or prior pelvic surgery. In colorectal surgery, ureteral stents 
have not been shown to decrease the likelihood of injury, but 
they do increase intraoperative injury identifi cation, allowing 
for immediate repair [ 13 ]. Lighted stents in laparoscopic pel-
vic surgery have been described, but are not essential [ 14 ].   

   Operative Technique (Video  12.1 ) 

   Anesthesia, Prophylaxis, and Positioning 

 Prior to case, appropriate antibiotics are administered. The 
patient is initially in supine position. Venous thromboembo-
lism (VTE) prophylaxis includes Venodyne boots placed 
before induction of general endotracheal anesthesia. The sur-
geon should consider administering either unfractionated or 
low-molecular-weight heparin subcutaneously preopera-
tively as well. In a large database study, laparoscopic proc-
tectomy did not have decreased incidence of VTE compared 
to the open approach [ 15 ,  16 ]. Following intubation, an oro-
gastric tube is placed. 

 The patient is moved into the lithotomy position, with 
legs in Yellowfi n boots. Ureteral stents are placed at this 
time, if needed. Prior to prepping, the surgeon ensures there 
is adequate exposure of the anus and perineum off the edge 
of the bed. Bony prominences are carefully padded and legs 
are positioned in the boots to avoid pressure on the peroneal 
nerve. The Yellowfi ns are eventually brought downward, 
decreasing the amount of hip fl exion, to maximize work-
space with the laparoscopic instruments. Both arms are 

 padded and tucked to the patient’s side using a drawsheet. 
Next, the patient is secured to the table, in order to prevent 
shifting during steep Trendelenburg and left-right tilting. The 
upper body is secured at the chest and shoulders as a blue 
towel is folded into thirds, laid across the chest, and wrapped 
around the bed twice with 3-in. tape. In our experience, 
beanbag or infl atable devices add unnecessary bulk, lift the 
patient higher off the bed, and limit instrument mobility dur-
ing the laparoscopic dissection. One-liter IV saline bags may 
be carefully placed parallel to the shoulders and are wrapped 
twice circumferentially around the bed with wide cloth 
tape (Fig.  12.1 ). In rare instances, with improperly placed 
shoulder supports coupled with prolonged time in the 
Trendelenburg position, shoulder supports have been associ-
ated with brachial plexus injuries [ 17 ] and should be used 
with caution. A Foley catheter is placed under sterile tech-
nique if ureteral stents are not used. The surgeon should per-
form a fi nal digital rectal examination to confi rm 
appropriateness of resection and to assess response to neoad-
juvant therapy, if relevant. Residual stool may be evacuated 
from the rectum with enemas containing a Betadine-saline 
mixture. The anus is sewn closed with a 2–0 silk purse 
string suture to prevent contamination of stool (Fig.  12.2 ). 
The abdomen is then prepped with chlorhexidine and the 
perineum prepped with Betadine. Prior abdominal incisions 
are marked with a pen, and the stoma site can be confi rmed 
and reinforced. The patient is draped, and the operation 
begins after a time-out is performed.

       Port Placement and Entry into the Abdomen 

 Entry into the peritoneal cavity can be accomplished using 
the Hasson or Veress technique in the infraumbilical posi-
tion. If the patient is obese or has had previous surgery at the 
umbilicus (prior laparotomy, umbilical hernia repair), a 
safer alternative is to use the Veress or Visiport technique in 
the left upper quadrant. Pneumoperitoneum is established to 
15 mmHg, and additional 5-mm ports are placed under 

  Fig. 12.1    Supine OR positioning 
depicting patient secured to bed, 
shoulder rolls in place, in the 
lithotomy position, buttock off 
end of the bed, with thighs as 
parallel as possible to the 
abdomen       
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direct vision in the following locations: suprapubic, right 
lower quadrant, and left mid-abdomen (future colostomy 
site) (Fig.  12.3 ). An additional trocar may be placed in the 
epigastrium if needed, taking care not to place it too far to 
allow laparoscopic instruments to reach the deep pelvis. The 
laparoscopic abdominal portion has also been described 
using single-port access, with a single-port device (SILS 
Port, Covidien, Inc., Norwalk, CT, or the GelPOINT 
Advanced Access Platform, Applied Medical, Rancho Santa 
Margarita, CA) [ 18 ], and positioned at the colostomy site, 
umbilicus, or Pfannenstiel location. Since the specimen can 
eventually be removed via the perineal incision, the laparo-
scopic APR procedure does not need any extension of 
abdominal incisions for specimen extraction, as required for 
laparoscopic colectomy procedures. This is another reason 
why we do not typically utilize the hand port routinely, 
although some surgeons fi nd the insertion of the hand help-
ful for pelvic retraction (Fig.  12.4 ). A 5-mm or 10-mm 
30-degree scope is used. The Olympus EndoEYE camera 
(Olympus, Central Valley, PA) may help facilitate visualiza-
tion in the pelvis, particularly with the single-port laparo-
scopic approach. Once the ports are placed, both the surgeon 
and assistant may stand on one side of the patient, but we 
prefer to have the surgeon stand on the patient’s right side 
and assistant on the left. Monitors are positioned to the 
patient’s left and right at the foot of the bed. An additional 
monitor may be placed above the patient’s left shoulder to 
facilitate splenic fl exure mobilization, when needed.

       Colon Mobilization and Division 
of the Superior Hemorrhoidal Vessels 

 The liver and peritoneal surfaces are visually inspected for 
evidence of metastases. The patient is placed in steep 
Trendelenburg position with the right side down. The small 
bowel is swept out of the pelvis using 2 atraumatic graspers. 
The descending colon and sigmoid colon are mobilized from 
the sigmoid fossa along the white line of Toldt in a lateral-to- 
medial fashion, using Endo Shears (Covidien, Inc., Norwalk, 
CT) with cautery. An alternative approach is the medial dis-
section where the sigmoid is lifted, the peritoneum incised, 
and the plane between the mesorectal fascia and the retro-
peritoneum is created, taking particular care to leave the ure-
ter in the retroperitoneum and sweep it down from the 
specimen. In most cases, the splenic fl exure and proximal 
descending colon do not need to be mobilized in order to 
have suffi cient length for the end colostomy. The sigmoid 
colon is grasped and retracted upward, and the superior hem-
orrhoidal vessels are identifi ed within the mesentery. Using 
the Endo Shears and atraumatic grasper, windows in the 
mesentery are created around the superior hemorrhoidal ves-
sels. After demonstrating once more that the ureters are out 
of the line of transection, the vessels are ligated at their ori-
gin. This maneuver can be performed with a 5- or 10-mm 
(depending on the amount of tissue to be divided) advanced 
bipolar device or laparoscopic stapler with white 2.5-mm 
staple cartridge (Fig.  12.5a, b ). A grasper should be posi-
tioned and ready to obtain prompt control of the vascular 
stump, in the event of inadequate hemostasis.

      Total Mesorectal Excision 

 The presacral plane is further developed into the wispy areo-
lar tissue, using either Endo Shears or the L-hook cautery. 
Alternative instruments such as ultrasonic energy devices 
(Harmonic Scalpel ™ , Ethicon, Cincinnati, OH) or articulat-
ing laparoscopic instruments (Cambridge Endo, Framingham, 
MA) may facilitate the exposure and dissection. The hypo-
gastric nerves are visualized medially along the sacrum as 
well as laterally along the pelvic sidewall and are left intact 
(Fig.  12.6 ). The total mesorectal dissection proceeds into the 
pelvis to the pelvic fl oor (levators), fi rst posteriorly and then 
laterally, and lastly the anterior plane is approached. The 
colon and rectum can be retracted out of the pelvis with the 
assistance of gravity, a laparoscopic grasper, or suture 
secured to the abdominal wall or trocar. In women, the uterus 
and adnexa can be suspended with a suture passed through 
the abdominal wall or by a uterine manipulator placed at the 
initiation of surgery. During the dissection it is imperative to 
identify and preserve both ureters, the pelvic sympathetic 
and parasympathetic nerves, iliac blood vessels, presacral 

  Fig. 12.2    Anus sewn closed at initiation of case       
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veins, vagina, seminal vesicles, and prostate. Of course, 
tumor involvement of any of these structures mandates en 
bloc resection. The posterior dissection will take you to and 
through Waldeyer’s fascia and the anterior curve of the pelvis 
to the muscular pelvic fl oor. At this level, it is particularly 
important not to “cone in” on the specimen, taking care to 
leave a waist of muscle and adipose tissue covering the 
thinned rectum as it dives into the pelvic fl oor musculature 
(corresponding with the location of the majority of these low 
rectal tumors). The anterior plane is the most challenging, 
particularly below the anterior peritoneal refl ection 
(see Fig.   10.8    ). Developing the posterior and lateral planes 

fi rst allows for improved visualization of the proper anterior 
plane of dissection. The use of multiple graspers to create 
tissue tension helps fi nd the correct plane. Rigid sizers placed 
in the vagina may help better retract and defi ne the rectovagi-
nal septum dissection in women. The laparoscopic suction 
irrigator is useful to remove smoke and fl uid and as a deep 
pelvic retractor. Alternatively, there are cautery instruments 
with side ports for smoke evacuation controlled by the sur-
geon with trumpet valves.

   Dissection anteriorly begins with opening of the perito-
neal refl ection in a horseshoe (i.e., upside down U) fashion. 
Maintaining cephalad retraction on the distal sigmoid and 
upper rectum allows the plane to be more easily delineated. 
This anterior refl ection of the peritoneum is variable, though, 
in general, the lower one-third of the rectum is without a 
peritoneal covering. Just deep to this are the seminal vesicles 
in men, characterized by their white tubular appearance. 
Dissection continues caudally along the endopelvic fascia, 
also referred to as Denonvilliers fascia, with identifi cation of 
the smooth posterior border of the prostate gland. The 
 periprostatic plexus is located along this anterior dissection 
(see Fig.   10.8    ). This plexus contains both sympathetic and 
parasympathetic fi bers that innervate the prostate, prostatic 
and membranous urethra, seminal vesicles, ejaculatory 
ducts, and bulbourethral glands. The neurovascular bundles 
are normally located anterolaterally along the pelvic sidewall 
prior to joining the plexus. Damage to these nerves can result 
in incomplete erection, lack of ejaculation, retrograde ejacu-
lation, or complete impotence. 

 Controversy and differing opinions exist regarding the 
proper plane of dissection anteriorly, as well as the exact 

  Fig. 12.3    OR setup with trocar, 
surgeon, and monitor positioning       

  Fig. 12.4    Laparoscopic APR through a hand port. JP sewn to specimen 
to pull through the perineal wound and leave the JP in the pelvis to drain       
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location of Denonvilliers fascia. Many surgeons feel that 
Denonvilliers fascia is more adherent to the prostate than the 
rectum. Therefore, dissection immediately on the fascia pro-
pria of the rectum in the plane of the TME will allow for 
complete removal of an intact anterior mesorectum while 
leaving Denonvilliers fascia on the prostate and avoiding 
damage to the nerves. Others suggest that Denonvilliers fas-
cia is more closely adherent to the rectum, without a plane 
posterior to it. In this case, the fascia will be removed along 
with the rectum during a standard TME dissection. In either 
light, most colorectal surgeons are aware of the loose areolar 
tissue immediately outside the fascia propria, providing 
familiar territory for initial dissection. The choice distally 
then remains whether to perform dissection on the rectal side 
or prostatic side of Denonvilliers fascia and to understand the 
potential consequences of each. Likely the optimal approach 
is to dissect on the prostate and seminal vesicles for large 

anterior tumors to minimize the risk of a positive anterior 
margin. This comes with the obvious increased risk of nerve 
damage. In women, a similar dissection should occur along 
the posterior vaginal wall.  

   Division of the Sigmoid Colon 
and Ostomy Creation 

 The sigmoid colon is grasped and retracted toward the ante-
rior abdominal wall, and a window is created in the mesen-
tery that is suffi ciently large to accommodate the 45-mm or 
60-mm blue-load laparoscopic stapler. Two fi rings may be 
necessary to fully divide the colon. The remaining mesentery 
between the colon and the superior hemorrhoidal vessels is 
divided with the energy sealing device (Video  12.2 ). The 
proximal end is grasped with a ratcheted grasper. A 19-French 
round Jackson-Pratt drain is placed into the pelvis using the 
right lower quadrant port site and can be sutured to the speci-
men to assure it is pulled down into the pelvis during speci-
men extraction through the perineal wound. The end is 
brought through the abdominal wall at the right-sided port 
and secured to the skin with a nylon suture. Insuffl ation is 
maintained. The skin site for the ostomy is created centered 
at the left lower quadrant 5-mm port. A ring of skin and sub-
cutaneous tissue is cored out using electrocautery. Army- 
Navy retractors are used for exposure. The anterior fascia is 
incised with a cruciate incision, the rectus is splayed using a 
large Kelly clamp, and the abdomen is entered by dividing 
the posterior sheath and peritoneum in a cruciate fashion 
using electrocautery. The proximal colon end is brought 
through the abdominal wall. The 12-mm umbilical port site 
is closed with a Vicryl suture through the fascia, and skin is 
closed on all ports with 4–0 Monocryl and either Dermabond 
or Mastisol and Steri-Strips. The staple line is excised from 
the end of the colon, and the colostomy is matured with 3–0 
Vicryl sutures in a Brooke fashion. The stoma appliance is 
applied. Having completed the abdominal portion of the dis-
section, the team prepares for the perineal dissection.  

  Fig. 12.5    Intracorporeal exposure ( a ) and ligation ( b ) of the inferior mesenteric/superior hemorrhoidal vessels       

  Fig. 12.6    Dissection in the presacral plane. The  white arrow  indicates 
the superior hemorrhoidal artery (ligated) in a patient with Crohn’s 
proctitis. Hypogastric nerves are visible laterally       

 

 

J.S. Davids and J.A. Maykel



137

   Perineal Dissection 

 The patient is placed onto a second operating room table in 
the prone jackknife position (Fig.  12.7 ) over soft chest and 
hip rolls. Bony prominences are padded and the buttocks are 
taped apart using heavy cloth tape. Attention is focused on 
the colostomy, which should not have any direct pressure on 
it if positioned off the hip roll. The fi eld is prepped with 
Betadine. The anus has already been sewn closed. After con-
fi rming the location of the coccyx posteriorly, the ischial 
tuberosities laterally, and the mid-perineum anteriorly, an 
elliptical incision is made circumferentially around the anus. 
The Lone Star Retractor ™  (CooperSurgical, Trumbull, CT) is 
secured. The extrasphincteric plane is entered and followed 
to the levators (Fig.  12.8 ). The coccyx is palpated, and the 
anococcygeal ligament is divided posteriorly to enter the pel-
vis. The surgeon’s fi nger is placed in this space and hooked 
around the levator muscles. A cylindrical dissection is per-
formed, taking a circumferential portion of levator muscle 
with the specimen to avoid narrowing it and creating a 
“waist” [ 19 ,  20 ]. The specimen is exteriorized through the 
posterior space, and the more diffi cult anterior plane is better 
visualized and dissected. In men, the dissection proceeds just 
posterior to the prostate and urethra. In women, the plane is 
developed between rectum and vagina. The surgeon’s fi nger 
can be placed in the vagina to help feel and expose this plane. 
Tumor involvement of the prostate or vagina mandates en 
bloc resection. In the case of a bulky tumor that cannot be 
exteriorized (or a narrow pelvis), the specimen is circumfer-
entially dissected, disconnected, and pulled out through the 
pelvis. The surgeon may choose to open and examine the 
specimen on the back table or, ideally, in coordination with 
the pathologist to more accurately determine margin status.

    The tip of the Blake drain is positioned deep in the pelvis. 
The perineal wound is thoroughly irrigated and hemostasis is 
ensured. The peritoneum is not closed primarily, as this cre-
ates a closed space in the pelvis, allowing for accumulation 
of blood and fl uid that is at risk for becoming infected and 
contributing to perineal wound complications and pelvic 
abscess [ 21 ]. The wound is closed in layers, fi rst using one to 
two layers of 0 Vicryl fi gure-of-eight interrupted sutures, and 
then one to two layers of 2–0 Vicryl fi gure-of-eight inter-
rupted sutures, irrigating with saline between each layer. The 
skin is reapproximated with loosely spaced 2–0 Vicryl sim-
ple interrupted sutures. Local anesthetic (0.25 % marcaine 
with epinephrine) may be infi ltrated. A dry sterile dressing is 
applied.   

   Alternative Approaches 

   Performing the Perineal Dissection First 
(“Abdominoperineal Resection”) 

 The perineal dissection can be performed before the abdomi-
nal approach. The purported advantage of this approach is 
that the most challenging distal aspect of the laparoscopic 
pelvic dissection to the levators has already been performed 
from below [ 22 ]. With this approach, we recommend per-
forming the perineal dissection in the prone position to facil-
itate exposure, retraction, and coordinated dissection with 

  Fig. 12.7    Patient positioning in the prone jackknife position. Chest 
and hip rolls in place and buttocks taped widely apart       

  Fig. 12.8    Starting the perineal dissection, the Lone Star Retractor has 
been set up and extrasphincteric plane is being developed       
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your assistant and proceeding similarly to the description 
above. The pelvis is entered circumferentially at the level of 
the levators, fi rst in the posterior plane. As described above, 
a portion of levator is taken to avoid coning in on the speci-
men. Upon completion of the perineal portion, a lap pad is 
tucked into the wound, and it is covered with an occlusive 
dressing (Tegaderm, 3M, St. Paul, MN) to prevent insuffl a-
tion gas from escaping during the abdominal portion of the 
case. The patient is repositioned and prepped and the abdom-
inal phase begins.  

   Laparoscopic Perineal Approach 

 The perineal portion of the operation can be approached via 
a laparoscopic technique as well. The traditional laparo-
scopic abdominal exposure and retraction in the deep pelvis 
remains challenging, as a result of bulky uterus and adnexa 
as well as redundant pelvic peritoneum, smoke accumula-
tion, and overall visualization. These factors continue to 
limit the widespread application of minimally invasive proc-
tectomy for both the laparoscopic and robotic approaches. 
The theoretical advantage of this retrograde method relates 
to the creation of the dissection plane in the pelvis within a 
plane beneath these other pelvic structures, so exposure is 
less impeded. In fact, with CO 2  insuffl ation of the plane out-
side of the mesorectal fascia, the dissection plane begins to 
create itself. At this time, the literature that describes the fea-
sibility, safety, and oncologic outcomes with this approach 
remains in its infancy [ 23 ]. 

 The patient is in lithotomy position. The anus is sewn closed 
as described previously. Dissection is initiated either in the 
intersphincteric (benign disease such as ulcerative colitis) or 
extrasphincteric plane (for malignancy) (Figs.  12.8  and  12.9 ). 

Once an adequate dissection has been completed, typically 
to just beyond the level of the levators, the GelPOINT Path 
port, SILS device, or TEM proctoscope (Richard Wolf, 
Vernon Hills, IL) is positioned within the dissected space 
and secured to the skin (Fig.  12.10 ). This securing maneu-
ver helps prevent CO 2  leakage and movement or dislodge-
ment of the access device. The space is insuffl ated to 
15 mmHg, which will put the tissues on tension, thereby 
retracting the anus/rectum and helping to provide a work-
ing space with exposed wispy fi bers in the mesorectal dis-
section plane (Fig.  12.11 ). Laparoscopic hook cautery or 
scissors is used for the dissection, and a suction irrigator is 
used both for smoke evacuation and countertraction. This 
small space fi lls easily with smoke, obscuring the surgeons 
view, and the working space quickly collapses with suc-
tion. This particular challenge can be addressed by con-
necting two separate CO 2  insuffl ation lines to the access 
device or by switching to a system that allows for continu-
ous smoke evacuation and CO 2  exchange. The dissection 
proceeds to the level of the cervix in women and to the 
seminal vesicles in men or until the prior resection from 
above is reached. The specimen is then removed through 
the perineal defect.

  Fig. 12.9    Initial dissection in the intersphincteric plane for a patient 
with Crohn’s proctitis       

  Fig. 12.10    TEM setup through perineal incision. Alternatives include 
the GelPOINT system and SILS port       
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        Reconstruction of the Perineal Defect 

 Preoperatively, consideration should be given to the potential 
need for reconstruction of the pelvic defect following 
abdominoperineal resection. Without reconstruction, the 
large pelvic dead space after APR may lead to perineal 
wound complications including infection, abscess, chronic 
draining sinus, fi stula, or hernia. More specifi cally, recon-
struction is indicated for extra-levator/cylindrical resections 
or pelvic exenterations for malignancy that result in large 
defects, particularly in the irradiated pelvis, which is associ-
ated with increased rate of wound complications [ 24 ]. 
Preoperative consultation with a plastic surgeon with exper-
tise in this area is essential. The intent here is to provide a 
brief overview of the most common techniques.  

   Myocutaneous Flaps 

 The main advantage of myocutaneous fl aps is that they pro-
vide pelvic reconstruction with autogenous, nonirradiated, 
well-vascularized tissue (Fig.  12.12 ). Immediate fl ap recon-
struction has been shown to signifi cantly decrease perineal 
wound morbidity from APR after radiotherapy [ 25 ]. The 
three main options are fl aps created from the following mus-
cles: rectus abdominis (RAM), gracilis, and gluteus maxi-
mus. The RAM fl ap is based on the inferior epigastric artery 
pedicle, is rotated to fi ll the pelvic defect, and is generally 
oriented obliquely in the perineum. The gracilis fl ap is based 
on the profunda femoris artery, and the gluteus maximus fl ap 

is based on the inferior gluteal artery. These RAM fl aps are 
typically harvested unilaterally opposite the site of the colos-
tomy. It should be noted that these fl aps do also increase 
operative time, have donor site morbidity, and also run the 
risk of fl ap necrosis.

      Omentoplasty 

 Omentoplasty refers to the creation of a pedicled fl ap of 
omentum (based on the gastroepiploic artery) that is trans-
posed down into the pelvis to fi ll the dead space. Omental 
fl aps can be used alone or in combination with a myocutane-
ous fl ap. Risks of omental fl aps are rare and include internal 
hernia formation, necrosis, and bleeding [ 26 ]. They may not 
be technically feasible if the omentum is congenitally small 
or has been previously resected, has tumor deposits, or is 
involved in an infl ammatory process. Adequate length may 
not be obtainable with the laparoscopic approach. Small ret-
rospective studies have shown decreased rates of perineal 
wound complications with omentoplasty with or without 
concomitant myocutaneous fl aps [ 27 ].  

   Mesh 

 Biologic mesh can be used to reconstruct the pelvis after 
APR (Fig.  12.13 ). These novel acellular materials are 
derived from porcine dermis, intestinal submucosa, or 
human acellular dermis. These materials act as scaffolding, 
promoting tissue ingrowth and neovascularization. 
Compared to myocutaneous fl aps, biologic mesh is appeal-
ing because it is associated with decreased operating room 
time and can be placed without the need for a plastic surgeon. 

  Fig. 12.11    View of the laparoscopic total mesorectal excision dissec-
tion plane       

  Fig. 12.12    Myocutaneous fl ap in place following APR, fl ap mobiliza-
tion, and placement       
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Biologic mesh has been shown to be safe for use in 
 contaminated fi elds [ 28 ]. A drawback remains the signifi -
cant cost, with prices as high as $30/cm 2  (compared to $2/
cm 2  for polypropylene). Use of biologic mesh has largely 
supplanted synthetic mesh for pelvic reconstruction in the 
contaminated fi eld, given the increased risk of bowel 
obstruction, bowel erosion and fi stulization, and mesh infec-
tion. Both nonabsorbable ( GORE- TEX) and absorbable 
(Vicryl) products have been used as well.

       Perioperative Management 
and Complications 

 In our practice, patients are placed on a “fast-track” colorec-
tal planner. Nasogastric tubes are not routinely employed. 
Patients are given clear liquids on postoperative day (POD) 
1, full liquids on POD 2, and regular diet on POD 3 and 
beyond. Early ambulation is encouraged. Pain control is 
achieved with an intravenous patient-controlled anesthesia 
and ketorolac. The Foley catheter is removed on POD 3. The 
pelvic drain is usually removed prior to discharge or when 
output becomes minimal to prevent drainage and wound 
complications related to perineal incision. An enterostomal 
therapist visits the patient (and family if interested) and per-
forms ostomy education prior to discharge. A visiting nurse 
is set up to see the patient to continue with stoma education 
and care. The fi rst postoperative offi ce visit is scheduled for 
2 weeks postoperatively. Patients who underwent APR for 
malignancy require routine postoperative surveillance to 
monitor for local recurrence and distant metastasis. 

 Most of the intraoperative and postoperative complica-
tions for laparoscopic APR are the same as for the open 

 procedure (Table  12.1 ). The main intraoperative 
 complications include injuries to adjacent structures includ-
ing the ureter(s), urethra, prostate, seminal vesicles, vagina, 
and iliac or presacral vessels. More remote structures such 
as the small bowel, colon, or spleen can be injured as a 
result of the laparoscopic approach (trocar injury, direct or 
capacitive  coupling electrocautery injury, traction injury). 
These complications can often be controlled and repaired 
laparoscopically, but this may require laparoscopic exper-
tise by other team surgeons such as urologists and vascular 
specialists. Of course, presacral hemorrhage is the most 
dangerous intraoperative scenario that may mandate imme-
diate conversion to laparotomy. Perioperative complica-
tions include ileus, cardiopulmonary issues, urinary 
retention, renal failure, pelvic sepsis or hematoma, and 
perineal wound infection. More long-term complications 
include adhesive bowel obstructions, parastomal and peri-
neal hernias, stoma prolapse, and sexual dysfunction. It 
should be highlighted that, ideally, the decision to convert 
to an open approach is made preemptively, before an 
 intraoperative complication occurs. Signifi cant dense 

  Fig. 12.13    Reconstruction of pelvic fl oor using biologic mesh follow-
ing APR       

   Table 12.1    Potential complications of laparoscopic    abdominal 
 perineal resection   

  Intraoperative  
 Injuries to adjacent structures 
 • Ureters 
 • Urethra 
 • Prostate 
 • Seminal vesicles 
 • Vagina 
 Injuries to other abdominal/pelvic organs 
 • Spleen 
 • Small bowel 
 • Colon 
 Hemorrhage 
 • Iliac vessels 
 • Presacral venous plexus 
  Postoperative  
 Urinary retention 
 Pelvic abscess, hematoma 
 Perineal wound infection 
 Cardiopulmonary failure 
 Renal failure 
  Long term  
 Small bowel obstruction 
 Hernias 
 • Ventral 
 • Parastomal 
 • Perineal 
 • Colostomy prolapse 
 • Sexual dysfunction 
 Locally recurrent cancer 
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 adhesions, a thick sigmoid  mesentery, inability to identify 
the ureters, and diffi cult visualization in the pelvis are all 
legitimate reasons to open. In many cases, much of the dis-
section has already been done laparoscopically, thereby 
minimizing the size of the open incision that needs to be 
made; often a small Pfannenstiel incision can be used to 
complete the abdominal approach. In the case of hemor-
rhage from the presacral veins or superior hemorrhoidal 
vessels, prompt lower midline laparotomy may be neces-
sary to obtain adequate control.

      Conclusion 

 Laparoscopic APR has been shown in many series to be safe 
and feasible, with earlier postoperative recovery and 
decreased length of stay. Larger prospective randomized 
controlled trials are ongoing, but two smaller trials demon-
strated equivalent oncologic outcomes between the laparo-
scopic and open approaches. Appropriate patient selection 
and preoperative evaluation and planning are critical to a 
good surgical outcome. There are a variety of laparoscopic 
approaches detailed in this chapter, and the surgeon can cus-
tomize the approach for a particular patient. The fundamen-
tal steps of the laparoscopic approach are identical to the 
conventional open operation; therefore, conversion to an 
open procedure to accomplish these critical steps should be 
considered an exercise of good judgment and is not a failure. 
With many commonalities, the robotic approach will be dis-
cussed elsewhere in this textbook. Postoperative manage-
ment typically follows a “fast-track” plan, and patients who 
do well are usually discharged within 3–5 days.      
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 “ There are no big problems, there are just a lot of little problems .” 

 — Henry Ford  

           Key Points 
•     Laparoscopic proctocolectomy requires technical skills 

that extend beyond the more common segmental proce-
dures and should be reserved for those surgeons with 
experience and expertise.  

•   While the steps may remain the same, the underlying 
indication for a total proctocolectomy dictates several 
unique aspects that need to be considered prior to and 
when performing the operation.  

•   Break up the case into several smaller operations (e.g., 
right colon, splenic fl exure, etc.) and focus on what 
needs to be accomplished for that particular part of the 
procedure.     

    Background 

 Within the spectrum of surgical procedures, laparoscopic 
proctocolectomy presents a distinct set of challenges for 
even experienced surgeons. The operation can seem formi-
dable in terms of the time required to perform it and the 
potential for technical challenges and complications. In this 
chapter, we will review the decision-making regarding 
patient selection, timing of operation, and especially the 
technical aspects of the case.  

    Epidemiology and Economics 

 While laparoscopic proctocolectomy is performed  commonly 
in tertiary medical centers, it is not a common operation 
within the overall population. The most common indications 
for performing the procedure are ulcerative colitis, Crohn’s 
disease, and familial adenomatous polyposis. It is quite 
unusual for the procedure to be performed for other indica-
tions, although in rare instances the operation is appropriate 
for other polyposis syndromes, cancer, or colitides. 
Unfortunately, it is very diffi cult to estimate accurately the 
number of laparoscopic proctocolectomies that are per-
formed each year in the United States (US), as there is no 
specifi c code for laparoscopic proctocolectomy in the cur-
rent International Classifi cation of Diseases (ICD-9) coding 
scheme. The ICD code 45.81 (laparoscopic intra-abdominal 
colectomy) is the only code that reasonably correlates to the 
procedure. 

 Based on this code, a brief analysis of data from the 2011 
Healthcare Cost and Utilization Project    (HCUP) is revealing. 
The HCUP database represents a sampling of approximately 
20 % of the discharges within the United States each year 
and therefore provides a powerful view into rates and pat-
terns of surgical utilization. Using HCUP and the ICD codes 
listed above, we see that the operation is performed on 4,800 
patients with underlying UC, 1,200 patients with Crohn’s 
disease, and 1,300 with FAP. 

 Laparoscopic proctocolectomy also engenders a distinct 
burden to patients and payers. Costs for the operative epi-
sode of care are estimated to be between $43,000 [ 1 ] and 
$50,000 [ 2 ]. The rate of complications is signifi cant, includ-
ing anastomotic leakage, reoperation, obstruction, fi stula, 
wound infection, and hemorrhage. 

 Given the cost and likelihood of complications, it needs to 
be remembered that proctocolectomy is not an entirely elec-
tive procedure. For many patients, their quality of life with 
IBD has deteriorated to the point that proctocolectomy, with 
either end ileostomy or reconstruction with an ileoanal 
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pouch, may be the only way to restore a reasonable quality of 
life. Also, the expense of surgery may be cost benefi cial in 
the long term. In one study, the costs of care for patients after 
recovery from proctocolectomy were signifi cantly lower 
than the costs of care prior to the procedure    [ 2 ].  

    Preoperative Considerations 

 Patients undergo proctocolectomy for several different indi-
cations, each of which mandate a different set of consider-
ations when planning the procedure. 

    Ulcerative Colitis 

 In general, patients with ulcerative colitis undergo procto-
colectomy when there is a failure of medical management to 
control their disease. This can manifest in a number of ways, 
including worsening symptoms of abdominal discomfort, 
diarrhea, and neoplastic changes. The majority of these 
patients have been treated with an escalating regimen of 
medications, including powerful immunosuppressives. 
When a surgical approach is planned based on the results of 
a pathologic evaluation, it is critical that these results be 
reviewed by an experienced gastrointestinal pathologist 
(preferably two). Other indications include perforation and 
hemorrhage (which are relatively infrequent), side effects 
from medications, the wish to avoid medications in patients 
of childbearing age, and growth retardation in children and 
adolescents. 

 Once a decision has been made to proceed with procto-
colectomy, several issues need to be resolved as part of the 
overall surgical plan. The fi rst and most important issue is 
understanding the long-term goal for the patient’s overall 
intestinal continuity. While an ileoanal pouch is the standard 
of care for patients with ulcerative colitis undergoing procto-
colectomy, this is not a foregone conclusion. A very small 
number of patients may be candidates for a total colectomy 
and ileorectal anastomosis if the following criteria are met: 
(1) relative rectal sparing (although this should also prompt 
consideration of a diagnosis of Crohn’s disease), (2) pre-
served rectal compliance, and (3) absence of rectal dyspla-
sia/neoplasia. It is important to point out that restoration of 
gastrointestinal continuity is not necessarily a goal of care. 
Older patients, especially those with compromised sphincter 
function or limitations in mobility, may be better served by a 
plan for a permanent end ileostomy. 

 A second question in planning an operation for these 
patients is whether a proctocolectomy (with or without ileo-
anal pouch) or an abdominal colectomy (leaving the rectum 
behind) is the more appropriate  initial  operation. 
Fundamentally, the proctectomy portion of the operation is 

more complicated and more likely to engender short- and 
long-term complications. Therefore, a proctocolectomy is 
inappropriate in a patient who is metabolically depleted and 
malnourished, acutely ill/toxic, or otherwise unfi t for sur-
gery. Obesity may also render an attempt at proctocolec-
tomy and J-pouch inadvisable until the patient has lost 
weight. 

 An area of emerging controversy is whether or not patients 
who are treated with biologic medications (e.g., infl iximab, 
adalimumab, certolizumab) are at higher risk for postopera-
tive complications. This topic has been meta-analyzed at 
least three times in the last 3 years [ 3 – 5 ], with mixed meta- 
results. Two of these studies found higher rates of postopera-
tive complications [ 3 ,  5 ], and one found no higher risk [ 4 ]. 
Of note, the study which reported no greater risk with 
 biologic therapy [ 4 ] calculated a risk of short-term infectious 
complications that was over two times greater (odds 
ratio = 2.24), but because of sample size issues, this was con-
sidered not statistically signifi cant. At the current time, an 
accurate estimate of the magnitude of increased risk that is 
associated with biologic therapy is elusive. Given the signifi -
cant rate/burden of complications inherent in laparoscopic 
proctocolectomy, it seems prudent to take steps to optimize 
the patient’s condition, and toward this goal we recommend 
discontinuing biologic medications prior to laparoscopic 
proctocolectomy. Our practice is to stop these medications 
for 1.5–2 dosing intervals prior to surgery. In situations 
where a smaller scope of surgery and/or no anastomosis is 
required (e.g., colectomy/proctocolectomy with ileostomy), 
then this restriction can be relaxed. In situations where the 
patient’s condition is clinically urgent and an interval period 
after the last dose of biologic medication is not feasible, then 
we consider the ongoing or recent use of biologic therapy to 
be a risk factor, which should prompt consideration of a 
three-stage operation.  

    Crohn’s Disease 

 Relative to ulcerative colitis, Crohn’s disease is more heter-
ogenous and often involves more nuanced surgical decision- 
making. As with ulcerative colitis, surgical treatment is 
called for when medical therapy fails or complications occur. 
Unlike ulcerative colitis, however, operating on one portion 
of the colorectum for Crohn’s disease does not specifi cally 
mandate a proctocolectomy or even a total colectomy. 

 In terms of operative planning, the most important dis-
tinction between Crohn’s disease and ulcerative colitis is that 
with Crohn’s disease an ileoanal pouch is widely considered 
to be contraindicated. Rates of pouch failure and poorer 
quality of life are seen when an ileoanal pouch is used for a 
patient who is either known or subsequently discovered to 
have Crohn’s disease [ 6 – 8 ]. 
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 As laparoscopic proctocolectomy will result in a 
 permanent ileostomy for a patient with Crohn’s, there are 
choices regarding how to manage the distal anal canal. The 
two main options are ultralow-stapled transection or inter-
sphincteric proctectomy. A stapled transection is reasonable 
in the absence of perianal disease. This approach is the most 
technically expedient, but there is the risk of a staple line 
dehiscence and subsequent pelvic infection. Also, there is 
the possibility of perianal disease arising from residual anal 
mucosa. It does, however, preserve the sphincter, which 
some patients fi nd reassuring when making the diffi cult 
 decision to proceed with an operation. The alternative, an 
intersphincteric proctectomy, requires additional operating 
time but provides a more secure closure of the pelvic fl oor. 
These two approaches are likely equivalent—however, in 
patients with signifi cant perianal disease, we recommend 
intersphincteric proctectomy with debridement of all active 
fi stulas.  

    Familial Adenomatous Polyposis (FAP) 

 The burden of polyps and the likelihood of progression to 
cancer in patients with true FAP is generally an indication for 
proctocolectomy. Diagnostic evaluation and operative plan-
ning for these patients should include a full colonoscopy, 
esophagogastroduodenoscopy (EGD), as well as computed 
tomography (CT) of the abdomen/pelvis. These evaluations 
are critical to planning appropriate treatment. Several issues 
regarding the patient’s status need to be determined prior to 
surgery. 

 First, the presence of malignancy needs to be determined, 
especially rectal cancer. Given the innumerable polyps seen 
in the colorectum of a patient with FAP, it is often impossible 
to completely exclude cancer, but dominant masses should 
be biopsied. 

 Second, the extent of rectal polyposis needs to be closely 
evaluated. Patients with a minimal burden of polyp disease in 
the rectum may be candidates for total abdominal colectomy 
and ileorectal anastomosis. For highly selected patients, this 
option may provide better defecatory function and avoid the 
morbidity associated with proctectomy. The exact threshold, 
in terms of the burden of polyps, which mandates procto-
colectomy (as opposed to ileorectal anastomosis) is hotly 
debated. No more than 10–20 polyps should be present, and 
if an ileorectal operation is planned, the rectum should be 
entirely cleared of polyps preoperatively. Even in patients 
with minimal polyp disease in the rectum, however, there 
will be a need for lifelong surveillance of the rectal remnant. 
The likelihood of a subsequent rectal cancer is still estimated 
at 5.5 % [ 9 ]. 

 Third, the CT scan should be closely reviewed for the 
presence of neoplastic disease. This may manifest in the 

form of metastatic disease from undetected colon carcinoma 
or Gardner’s syndrome with intra-abdominal desmoid 
tumors. Finally, the purpose of an EGD is to examine for the 
presence of duodenal adenomas, which are a signifi cant 
source of morbidity for patients with FAP [ 10 ]. 

 In taking care of these patients, it is highly important to 
consider that FAP is a hereditary disease, with an autosomal 
dominant mechanism of inheritance. The patient and family 
need to be counseled, and a referral to a genetics counselor is 
highly advisable.  

    Site Marking 

 Any patient for whom an ostomy is being considered will 
benefi t from preoperative consultation and stoma site 
 marking with a trained ostomy nurse [ 11 ,  12 ]. It is important 
for the surgeon to communicate the planned type of ostomy 
with the ostomy nurse—often the surgeon is privy to prag-
matic details about ostomy formation (e.g., hernia sites, 
thickened abdominal wall, etc.) that may affect planning. 

 Planned ostomy sites may be utilized for trocar place-
ment, with obvious benefi ts. Often a temporary ileostomy 
site can be moved a few centimeters in order to allow for the 
area to also be used for a trocar. Alternatively, a trocar site 
that is close to the ileostomy does not pose a long-term prob-
lem—the trocar incision generally heals well even if it is 
under the ileostomy appliance.  

    Stapled IPAA vs. Mucosectomy and Handsewn 
Anastomosis 

 In patients for whom an ileoanal pouch is planned, a decision 
needs to be made before operation—whether to perform a 
stapled anastomosis or a mucosectomy and handsewn anas-
tomosis. The relative advantages of each of these approaches 
are partially intuitive/theoretical and partially based in 
evidence. 

 Intuitively, preservation of a cuff of 2–3 cm of rectal 
mucosa above the dentate line (including the transition zone) 
allows for better gastrointestinal function and quality of life 
after an IPAA. Four randomized trials have examined this 
belief, each with a relatively small sample size [ 9 – 12 ]. These 
trials were meta-analyzed by Schluender et al., and their 
fi ndings were that the two approaches are essentially similar. 
It is worth noting, however, that these studies are quite small 
(total of 180 patients) and somewhat older. Also, two of 
these four studies demonstrated some evidence of improved 
function among patients with a double-stapled technique 
[ 11 ,  12 ]. These differences within single studies did not 
translate into an overall fi nding in meta-analysis, possibly 
because of nonuniformity of measured end points or issues 
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with sample sizes. A systematic review comparing a broader 
spectrum of studies (both experimental and prospective/ 
retrospective) found that the double-stapled technique con-
ferred improved nocturnal continence and better physiological 
parameters of function [ 13 – 15 ]. It is the authors’ belief that 
patient function is better with the double-stapled technique. 

 For patients with UC, preservation of a rectal cuff is not 
without costs. The residual mucosa can become a problem in 
patients with IBD or FAP as a result of either ongoing infl am-
mation (“cuffi tis”) or subsequent development of dysplasia/
neoplasia. Adenocarcinoma arising from the anal transition 
zone is rare, but reported after IPAA with double-stapled 
anastomosis for UC [ 16 ,  17 ]. The risk is small, but poorly 
quantifi able. Intuitively, the risk of dysplasia and subsequent 
carcinoma in patients with UC is the result of a “fi eld defect,” 
where dysplastic changes are driven by the ongoing pan- 
colonic infl ammation. Therefore, the risk of dysplasia in a 
rectal cuff (post-IPAA) is higher among patients who have 
distal colonic or rectal dysplasia. Lovegrove et al. propose an 
algorithm whereby patients with diagnosed dysplasia in the 
distal rectum are better served by a handsewn anastomosis 
with mucosectomy and those with more proximal dysplasia 
are still offered a double-stapled anastomosis [ 13 ]. This is 
the authors’ practice. 

 The choice of double-stapled vs. mucosectomy and hand-
sewn IPAA is especially important for patients with 
FAP. While cuffi tis is not necessarily a consideration, the 
underlying risks of adenoma and carcinoma formation are 
higher in this group. Patients with FAP do seem to have a 
lower risk of adenoma/carcinoma with a handsewn tech-
nique [ 14 ,  15 ]. Unfortunately, even a mucosectomy and 
handsewn anastomosis is not a guarantee against adenoma/
carcinoma formation. Islands of rectal mucosal cells have 
been found to exist under the distal pouch after mucosec-
tomy in pathology specimens examined after pouch excision 
[ 16 ]. In the largest review of its kind, von Roon et al. found 
that after 10 years, the risk of adenoma formation was 22.6 % 
with mucosectomy and 51.1 % with handsewn anastomosis 
[ 19 ]. Additionally, there are multiple reports of a carcinoma 
developing in the anal canal of a patient with FAP, even after 
IPAA with mucosectomy [ 15 ,  17 ]. Regardless of technique, 
patients with FAP need lifelong surveillance of their pouch 
and anal canal after IPAA.  

    Patient Positioning 

 The patient’s position is best considered to be at least as use-
ful as any surgical assistant during a laparoscopic procto-
colectomy, and in order to make the best use of gravity, some 
planning is necessary. Without appropriate steps, extreme 
positioning can lead to patients sliding on the bed or even 
falling. While no one method is universally accepted to 

maintain position on the bed, the two main approaches are 
(1) foam padding on the bed, which generates signifi cant 
friction and restricts slipping, and (2) a deformable 
 “beanbag,” which contours around the patient’s back and 
shoulders, thereby cradling the patient. Regardless of how 
the OR bed is prepared, low lithotomy is, in all cases, the 
preferred position for laparoscopic proctocolectomy. The 
thighs should be in line with the patient’s abdomen to pre-
vent interference with the use of instruments in the lower 
abdominal ports during mobilization of the fl exures.   

    Technical Approach 

    Trocar Placement 

 Our preferred approach is based on a diamond-shaped con-
fi guration used for port placement (Fig.  13.1 ). Initial access 
to the peritoneal compartment is achieved through a cutdown 
incision just above the level of the umbilicus. After the abdo-
men is entered, a 12 mm blunt port is inserted, and pneumo-
peritoneum is achieved. Following exploration of the 
abdominal cavity, three additional operating ports are 
inserted in the following locations: (1) a 5 mm port in the 
suprapubic midline, (2) a 5 mm port in the left lower quad-
rant, and (3) a disc of skin and subcutaneous fat are excised 
and a 12 mm port is placed through the planned ileostomy 
site in the right lower quadrant. Additional 5 mm ports may 
be placed as required. The mobilization of the splenic fl exure 
may be facilitated through the addition of an additional 5 mm 
right upper quadrant trocar.

   Some fl exibility in port placement is also important. In 
obese patients, the umbilicus may be signifi cantly more cau-
dal relative to abdominal/pelvic structures, necessitating a 
more cephalad point of entry into the abdomen.  

    Ordering the Elements of the Procedure 

 A laparoscopic proctocolectomy is essentially comprised of 
multiple smaller operations: (1) right colon mobilization, (2) 
hepatic fl exure mobilization, (3) left colon mobilization, (4) 
splenic fl exure mobilization, (5) rectal mobilization, (6) divi-
sion of the anorectum, (7) transection of colon mesentery, (8) 
ileoanal pouch formation/anastomosis, and (9) ileostomy 
formation. There are many “correct” ways to order the ele-
ments of a laparoscopic proctocolectomy, several impracti-
cal ways (diffi cult to transect the rectum before mobilizing 
it!), and a few inadvisable ways. 

 We recommend against transecting the left colon/sigmoid 
mesentery before mobilizing the rectum, as these attach-
ments provide important caudal retraction when the patient 
is in Trendelenburg position. It also is important to make 
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a strategic decision to divide transverse colon mesentery 
intra- vs. extracorporeally. If a vertical incision is planned, 
then this can facilitate an extracorporeal transection of the 
transverse colon mesentery, as well as pouch formation. 
Also, it is our preference not to divide major vascular pedi-
cles early in the procedure, as this avoids an ischemic portion 
of colon remaining within the abdomen for extended peri-
ods of time. Hence we utilize a lateral-to-medial approach 
to mobilization of the intra-abdominal colon, which pre-
serves the vascular pedicles. In general, however, the various 
elements of the case can be ordered according to surgeon 
preference.  

    Right Colon Mobilization 

 For this maneuver, the OR table is placed in steep 
Trendelenburg, with the right side elevated. The small bowel 
is swept out of the pelvis and to the left using atraumatic 
techniques. The omentum is swept into the left upper quad-
rant. Commencing at the right pelvic brim, the peritoneal 
refl ection bridging between the terminal ileum/cecum and 
the retroperitoneum is scored with the cautery scissors 
(Figs.  13.2  and  13.3 ). In patients with normal BMI, the ureter 
can often be visualized through the peritoneum, whereas in 
heavier patients this is more readily seen after opening the 

retroperitoneal plane. This dissection along the white line of 
Toldt continues superiorly and medially, taking care to 
remain in the correct plane anterior to Gerota’s fascia (Videos 
 13.1  and  13.2 ). Throughout the dissection, care is taken to 
identify and protect the right ureter, inferior vena cava, and 
the duodenum. Some visual cues are useful here: (1) if the 
iliopsoas muscle is visualized, this implies that the dissection 
is too posterior, (2) the contour of the kidney should be seen 

  Fig. 13.1    Port placement for a total proctocolectomy with IPAA       

  Fig. 13.2    Mobilization of the terminal ileum.  Courtesy of Conor 
Delaney, MD, with permission        
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posterior (not medial) to dissection, and (3) the peritoneum 
of the right colon mesentery should not be breached—if the 
dissection is occurring through fatty tissue, this should 
prompt a reevaluation. Occasionally, due to scarring from 
infl ammatory disease processes or prior surgery, this plane 
can be diffi cult to elucidate. In these cases, the right colon 
can be mobilized in a counterclockwise direction, starting at 
the level of the hepatic fl exure and proceeding proximally. 
This portion of the dissection can be considered completed 
when inferior and anterior surfaces of the duodenum are 
exposed. The peritoneum around the base of the terminal 
ileal mesentery is fully dissected to the level of the duode-
num to facilitate subsequent “reach” of the pouch, when a 
pouch-anal anastomosis is intended.

        Hepatic Flexure Mobilization 

 For this maneuver, the OR table is placed in steep reverse 
Trendelenburg, with the right side elevated. The operating 
surgeon, standing on the patient’s left, can use the supraum-
bilical trocar to place caudal retraction on the hepatic fl exure. 
With this retraction, the hepatocolic attachments between the 
superior margin of the colon and the inferior aspect of the 
liver are placed under tension and can be divided and swept 
off the underlying retroperitoneum. From the left abdominal 
trocar, an energy delivery device can be used to divide these 
tissues. Dissection continues posteriorly, inferiorly, and 
medially to expose the anterior surface of the duodenum and 
the interface between the duodenum and pancreas. This 

 dissection should readily merge with the mobilization, which 
has already been performed of the right colon. As dissection 
moves medially (clockwise), the lesser sac is entered.  

    Left Colon Mobilization 

 The mobilization of the left colon typically starts at the level 
of rectosigmoid. This area is a well-defi ned starting point for 
both more proximal and more distal dissection. The patient is 
placed in Trendelenburg position, with the left side elevated. 
The sigmoid colon is grasped and retracted medially using 
the right-sided trocar, and the lateral peritoneal attachments 
are taken sharply using the suprapubic trocar (Fig.  13.4 ). 
Gentle sweeping of the peritoneal refl ection laterally with 
judicious cautery will reveal the underlying ureter and iliac 
vessels underneath the peritoneal covering (Video  13.3 ). The 
white line of Toldt “stays with the patient,” i.e., the plane of 
dissection is immediately medial to the white line, and this is 
the most reproducible method of fi nding the ureter. This dis-
section proceeds distally to the pelvic brim and proximally to 
the splenic fl exure (Video  13.4 ).

       Splenic Flexure Mobilization 

 Splenic fl exure mobilization is a critical and frequently chal-
lenging technical element of a proctocolectomy. The mobili-
zation can be challenging, primarily due to issues regarding 
exposure and the risk of injuring the splenic capsule, vessels 
within the splenocolic ligament, or the colon mesentery. 

  Fig. 13.3    Lateral-to-medial mobilization of the right colon       

  Fig. 13.4    Lateral-to-medial mobilization of the left colon       
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The fl exure can be approached in one of two directions—
clockwise or counterclockwise—usually both directions 
need to be undertaken in order to perform a complete 
mobilization. 

 The counterclockwise dissection is a natural continuation 
of the sigmoid and left colon mobilization (Video  13.5 ). For 
this portion of the maneuver, the operating surgeon can work 
either from the patient’s right side or between the patient’s 
legs. The OR table should be in steep reverse Trendelenburg 
position and tilted slightly to the right. Adequate tension 
must be maintained medially as the splenic fl exure is 
approached, in order to avoid wandering into or behind the 
kidney. As the apex of the fl exure is mobilized, the underly-
ing pancreas should be identifi ed in order to prevent injury. 
The splenocolic ligament and other attachments between the 
transverse colon mesentery and the retroperitoneum are best 
divided using an energy delivery device. 

 The clockwise dissection begins in the area of the mid- to 
distal transverse colon (Video  13.6 ). A decision needs to be 
made whether or not to remove the greater omentum with 
the specimen or preserve it. If the intent is to leave the 
omentum, then the lesser sac can be entered by dissecting 
the omentum from the anterior surface of the transverse 
colon and refl ecting it into the upper abdomen. The left and 
inferior trocars can be used to retract the omentum cephalad 
and the colon caudal. Using the right trocar, an energy deliv-
ery device can be used to open the lesser sac, moving dis-
tally. Alternatively, the omentum can be removed en bloc 
with the transverse colon. In these cases, the greater omen-
tum is incised just caudal to the gastroepiploic vessels, 
superior to approximately the midpoint of the transverse 
colon, and the lesser sac is entered. The colon and omentum 
are retracted caudally, and the lesser sac is opened by divid-
ing the gastrocolic and splenocolic attachments, moving 
toward the spleen. Finally, the retroperitoneal attachments 
need to be divided to ensure complete mobilization of the 
splenic fl exure. This is facilitated by caudal retraction on the 
colon, keeping the tension on the adhesions and dividing 
from the apex (Video  13.7 ). 

 Splenic fl exure mobilization can be made diffi cult by pre-
vious surgery, body habitus, or anatomical variations. In 
these situations, the placement of an additional trocar in the 
right upper quadrant may be of use, especially during the 
clockwise dissection. A grasper placed through this trocar 
can facilitate with anterior/cephalad retraction and exposure 
of the lesser sac.  

    Rectal Mobilization 

 Mobilization of the rectum begins with the caudal continua-
tion of the sigmoid/left colon dissection. The OR table is 
placed in Trendelenburg position, with the left side elevated. 

Using the right trocar as a grasper, the rectosigmoid junction 
is retracted medially (Video  13.8 ). A dissecting instrument is 
placed through the suprapubic trocar, and this is used to 
incise the refl ection between the mesorectum and the pelvic 
sidewall. Notably, this maneuver can be accomplished with 
the operating surgeon on either the patient’s right or left side. 
While it may seem initially awkward, it is our preference to 
perform this maneuver with the operating surgeon standing 
on the patient’s left, using an instrument placed through the 
left trocar as a retractor. 

 During the course of this dissection, great care needs to be 
taken to identify the appropriate plane that separates the 
mesorectum from retroperitoneum. The left ureter and supe-
rior hypogastric nerve should be clearly identifi ed. 
Proceeding distally, the peritoneum between the mesorectum 
and the lateral pelvis should be incised. Careful inspection of 
the left side of the rectum should demonstrate “white tissue” 
(pelvic sidewall tissues) laterally and “yellow tissue” (meso-
rectum) medially. The line between these two types of tis-
sues marks the appropriate point of entry into the presacral 
plane. 

 This left-sided dissection then continues as far as possible 
prior to moving to the right side. The right-sided dissection 
uses similar landmarks to divide the pelvic peritoneum, sep-
arating the mesorectum from the pelvic sidewall. Once again, 
care needs to be taken to identify the superior hypogastric 
nerve and ureter, although the right ureter is usually not 
endangered during this portion of the operation. Moving 
medially and distally, the plane of dissection joins with the 
dissection already performed on the left side. With the rec-
tum elevated anteriorly, the dissection continues distally as 
far as possible, occasionally necessitating further attention to 
lateral attachments (Video  13.9 ). 

 With the posterior and lateral attachments of the rectum 
mobilized, attention can be turned to the anterior plane. In a 
male, this begins with incising the peritoneal refl ection and 
dissection to expose the seminal vesicles and subsequently 
the prostate. In the course of exposing this anterior plane, the 
suprapubic instrument is the most useful in attaining effec-
tive cephalad retraction. Importantly, the patient should be in 
steep Trendelenburg positioning to maximize the use of 
gravity as a “second assistant.” There is signifi cant confusion 
regarding the anatomy of Denonvilliers fascia in this area, 
and the importance of removing it during the course of a 
proctectomy. In the absence of an anterior rectal cancer in 
this location, there is no need to fashion a plane of dissection 
that denudes the prostate or seminal vesicles (see Fig.   10.8    ). 

 In females, the peritoneal refl ection is signifi cantly deeper 
within the pelvis (Fig.  13.5 ). The uterus is frequently a sig-
nifi cant barrier to visualizing the anterior refl ection. If this is 
the case, then the uterus can be retracted anteriorly with 
either a transvaginal uterine retractor or a transabdominal 
suture. In order to suture the uterus out of the fi eld of 
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 dissection, a straight needle is passed through the abdominal 
wall inferior to the suprapubic port, through the fundus of the 
uterus, then exited through the abdominal wall and tied.

       Division of the Anorectum 

 Several strategies are possible in choosing how to divide the 
anorectum. These include (1) intersphincteric proctectomy, 
(2) abdominoperineal resection, (3) laparoscopic stapled 
division, and (4) open stapled division. 

 Intersphincteric proctectomy (Fig.  13.6 ) is appropriate in 
patients who will have a permanent ileostomy. The benefi t of 
an intersphincteric proctectomy over a stapled closure 
(ultralow Hartmann’s) is the ability to completely remove 
the mucosa of the anorectum. This may be desirable, espe-
cially in patients with Crohn’s disease or signifi cant dyspla-
sia within the rectum. The distal aspect of this operation is 
performed with the patient in high lithotomy, usually with 
the help of a self-retaining retractor.

   It is unusual to perform an abdominoperineal resection as 
part of a proctocolectomy and is generally performed only in 
the context of invasive cancer close to the anorectal ring. In 
other cases, an intersphincteric proctectomy is preferable as 
it avoids the considerable morbidity, which accompanies the 
perineal wound closure. 

 The most common method for dividing the anorectum is 
using a laparoscopic linear stapler (see Video 10.2). Prior to 
performing this maneuver, the rectum should be dissected to 
the pelvic fl oor, circumferentially. Insertion of a fi nger into 
the anus is very helpful in assuring that the dissection is com-
plete and that there are no areas of residual attachment/fi xa-
tion. The thickness of the anorectum approaches the upper 
limit of what a laparoscopic stapler can safely encompass. 
Therefore, great attention needs to be paid to assuring that all 
surrounding tissues (mesorectum, areolar tissues, etc.) are 
cleared from the site of planned division. The laparoscopic 
staple must be articulating and can be introduced from either 

the suprapubic trocar (division in anterior-posterior 
 orientation) or a right abdominal trocar position (division in 
oblique/horizontal orientation). The planned ileostomy site is 
a  useful point of entry for an additional trocar. Staple height 
should be at least 4.0 (unformed staple length). A shorter car-
tridge length allows for better maneuvering (especially in nar-
row/male pelves) but may result in the need for multiple 
fi rings in order to completely transect the rectum. 

 Open division of the anorectum is an alternative to the 
laparoscopic approach. In order to accomplish this, a low 
abdominal incision (either Pfannenstiel or midline) is made, 
suffi cient to allow a hand and a stapler to be inserted. Using 
a transverse stapler, the anorectum is divided just above/at 
the pelvic fl oor and the specimen is retrieved. The main 
advantage of this approach is the avoidance of multiple sta-
ple fi rings, which is associated with higher rates of anasto-
motic leakage [ 19 ,  20 ]. Depending on the planned operation, 
the low midline incision can be used to facilitate pouch for-
mation and/or facilitate ileostomy formation.  

    Transection of Colon Mesentery 

 Division of the colon mesentery is a signifi cant portion of 
any laparoscopic proctocolectomy. We prefer not to divide 
the mesentery until the colon is completely mobilized, as 
ischemia ensues quite quickly. An ischemic colon is more 
fragile and also expands in size, making the operation more 
challenging if the mesentery is divided early in the operation. 
However, many surgeons who prefer a medial-to-lateral 
approach do divide the mesentery early in the procedure. 

 The most diffi cult part of the mesentery to divide is that of 
the transverse colon. Therefore, a specifi c decision needs to 
be made regarding specimen extraction and the division of 
this mesentery. If an incision is planned for specimen extrac-
tion, then an upper midline incision can be used for both 
specimen extraction and the division of the transverse colon 
mesentery. In cases where no incision is planned, then the 
entire colon mesentery can be taken intracorporeally. 

 Laparoscopic division of the colon mesentery generally 
begins after the anorectum is transected, when using the 
lateral- to-medial approach. The mesenteric division  proceeds 
proximally, starting with the sigmoid colon (Fig.  13.7 ). 
Unless the operation is performed for known/suspected car-
cinoma, the level of the transection can be a “division of con-
venience,” i.e., it can be fairly close to the colon wall (a high 
ligation of the inferior mesenteric artery or superior hemor-
rhoidal pedicle is not necessary). The mesentery of the sig-
moid/left colon can be viewed and transected from a medial 
perspective (tenting up the colon) or pulled medially and 
transected from a lateral perspective.

   Division of the transverse colon mesentery is challenging 
because (1) of its relationship to the stomach, duodenum, 

  Fig. 13.5    Anterior peritoneal refl ection in a female patient       
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  Fig. 13.6    Intersphincteric proctectomy       

  Fig. 13.7    Major arterial blood supply to the colon       
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omentum, and proximal small bowel, (2) there is no cut end 
of colon nearby to use as a handle, and (3) the mesentery is 
relatively short. As with the left colon, the division of the 
mesentery can be approached from either the side of the 
lesser sac or from the inferior surface. Of note, as one pro-
ceeds proximally with this dissection, the ileocolic vessels 
are surprisingly close to the middle colic vessels. If the oper-
ative plan includes preservation of the ileocolic vessels (e.g., 
for ileoanal pouch), then the mesenteric dissection is essen-
tially completed once the hepatic fl exure is reached.  

    Ileoanal Pouch Formation and Anastomosis 

 The indications and contraindications for ileoanal pouch for-
mation are beyond the scope of this chapter, but we will 
briefl y review some technical elements of pouch construc-
tion (Fig.  13.8 ). An ileoanal pouch, as part of an operation 
for ulcerative colitis, can be formed either through the 
planned ileostomy site or through an extraction incision 

either in the lower abdomen or periumbilical region   . Forming 
the pouch through an ileostomy site can be challenging in 
patients who are not svelte, especially men. Generally the 
ileostomy site is only used as an extraction site in patients 
who are of normal body mass index, given the larger incision 
required for heavier patients and the diffi culty in ascertaining 
reach of the pouch in patients with an obese abdominal wall 
or thick terminal ileal mesentery.

   If a pouch is planned, then prior to making any incision in 
the abdomen, the small bowel needs to be completely mobi-
lized. The most important area of fi xation and loss of length 
occurs at the root of the terminal ileal mesentery, and this 
area of attachment between the small bowel mesentery and 
the retroperitoneum needs to be completely mobilized off the 
duodenum. To begin pouch formation, the terminal small 
bowel is exteriorized and examined for length. When exteri-
orized through an abdominal incision, the apex of a 15 cm 
pouch should be able to reach the inferior border of the pubis 
with minimal stretch. Earlier research [ 18 ] found that a reach 
of 6 cm below the pubis was necessary to ensure that all 

  Fig. 13.8    Schematic diagram of 
an ileal pouch-anal anastomosis       
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pouches reached the dentate line, but we fi nd that this amount 
of reach is not a reasonable benchmark using an extraction 
incision (in any part of the abdomen). 

 If there is a concern over reach, then consideration should 
be given to pouch-lengthening maneuvers. There are many 
described means by which to achieve greater length, but the 
most effective are (1) incising the small bowel mesentery 
peritoneum [ 19 ], (2) dividing the superior mesenteric ves-
sels, and (3) consideration of an alternative pouch confi gu-
ration (e.g., S pouch). We refer to the algorithm for achieving 
appropriate reach as described in the review by Uraiqat 
et al. for a more detailed discussion regarding this important 
topic [ 20 ]. Our standard stapler size for pouch formation is 
28 mm, and the anvil of this end-end anastomotic (EEA) 
stapler device is sutured into the apex of the pouch with 2-0 
Prolene suture. 

 Once the pouch is created, it is returned to the abdomen, 
attempting to place it with correct orientation within the pel-
vis. The extraction incision is closed. The anastomosis is 
then fashioned with the benefi t of laparoscopic visualization. 
The pouch mesentery is visualized along its length to ensure 
that the cut edge of the mesentery between the pouch and the 
second portion of the duodenum is straight. In placing the 
pouch into the pelvis, the pouch itself should be anterior to 
its corresponding mesentery, for maximal reach. The EEA 
device is placed into the anal canal, and the stapler pin is 
ejected in the middle of the anorectal cuff. Using laparo-
scopic instrumentation, the anvil is docked onto the stapler 
handle and closed. Prior to fi ring the EEA stapler, care must 
be taken to ensure that no twisting of the mesentery has 
occurred. Also, in a female patient, the posterior wall of the 
vagina should be palpated to verify that the stapler has not 
entrapped the wall during closure. After these checks have 
been performed, the stapler can be fi red. The pouch orienta-
tion is checked one more time to ensure there is no twist 
(Video  13.10 ). We typically send the distal donut of tissue 
for pathologic evaluation, in addition to the main specimen. 
A transanal drain is placed in the pouch for decompression 
and removed 2–3 days later.  

    Ileostomy Formation 

 An ileostomy can be formed during a laparoscopic total 
proctocolectomy as either (1) a permanent ileostomy or (2) a 
diverting loop ileostomy above an ileoanal pouch. 

 When the operation entails a permanent ileostomy, it is 
crucial to form an ileostomy, which is technically optimal. 
The technical elements that impact this goal primarily relate 
to (1) appropriate ostomy siting, (2) appropriate fascial aper-
ture, and (3) appropriate ileostomy eversion. All patients 
undergoing elective surgery that involves ostomy formation 
should have a preoperative consult with a trained ostomy 
professional for education and site marking. The size of the 

fascial (and skin) aperture(s) should be only large enough to 
admit the ileostomy limb and accompanying mesentery. 

 When a temporary loop ileostomy is planned, the ileos-
tomy is formed after the ileoanal anastomosis is completed 
and a drain has been placed in the pelvis (if desired). An 
aperture is made in the abdominal wall (if not already cre-
ated) and sized appropriately for the ileostomy. A non- 
crushing clamp is placed through the aperture, and a loop of 
distal ileum is retrieved through the aperture. This loop of 
small intestine can be maintained extracorporeally while the 
abdomen is de-insuffl ated and the remaining trocars are 
removed under direct visualization. When all skin incisions 
are closed and sterile dressings have been applied, the loop 
ileostomy can be matured.   

    Pearls and Pitfalls 

•     Using the ostomy sites for port placement has advantages; 
however, do not let this dictate placement if it will ulti-
mately hinder your ability to perform the case.  

•   You need to be comfortable with both handsewn and 
double- stapled techniques, as invariably a situation will 
arise that will require you to use one or the other.  

•   Leave the major vascular pedicles alone early in the case. 
This will not only avoid leaving ischemic bowel in the 
abdomen for prolonged periods but also not burn any 
bridges up front. Focus on mobilization initially and 
determining the optimal method for completing each step.     

    Summary 

 This chapter provides an overview of one form of approach 
to laparoscopic proctocolectomy, with or without IPAA, that 
we utilize in our practice. We acknowledge that there are 
multiple other approaches that also achieve good outcomes, 
for example, medial-to-lateral mobilization and use of hand- 
assisted approaches. We have more experience with the 
techniques outlined above. We have also found merit in a 
single incision approach in selected patients, but this is tech-
nically quite demanding, and we have chosen to describe the 
approach that is applicable to the majority of the patients in 
our practice.      
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          Key Points 
•     Laparoscopic and open repairs have similar outcomes 

regarding recurrence and postoperative function.  
•   For patients with concomitant symptomatic constipation 

and a large redundant colon, consideration should be 
given to a sigmoid resection along with the prolapse 
repair.  

•   Posterior mobilization should be down to the pelvic fl oor, 
distal to the coccyx.  

•   Although various opinions exist, the authors’ preference 
is to dissect anteriorly approximately 4 cm, or enough to 
allow the free edge of the mobilized anterior peritoneal 
refl ection to reach the sacral promontory.  

•   Posterior mesh placement is best performed with sutures 
or tacks to the sacral promontory then secured to each 
side of the mesorectum with nonabsorbable sutures.  

•   Avoid ligation of the superior hemorrhoidal artery, when 
possible, with resection procedures.  

•   It is the authors’ preference for a preoperative bowel 
 preparation and postoperatively to place patients on an 
aggressive bowel regimen and short-term liquid diet to 
avoid constipation and straining in the early postoperative 
period.     

    Introduction 

 Rectal prolapse or procidentia is a condition in which the 
rectal wall protrudes through the anus. If there is telescoping 
or incomplete protrusion that does not progress through the 
anus, this is referred to as occult rectal prolapse or rectal 
intussusception [ 1 – 4 ]. Full-thickness prolapse is a distress-
ing and socially debilitating condition that occurs in a 
bimodal distribution, typically diagnosed before the age of 3 
equally in both genders and after the fi fth decade of life pri-
marily in females (80–90 % of adult patients diagnosed) 
[ 1 ,  5 ]. The severity of this condition varies, and patients may 
present with a protruding mass that spontaneously reduces 
with standing or cessation of straining or one that has already 
progressed to continual prolapse. In rare cases, patients may 
initially present with incarcerated or strangulated prolapse. 
Most patients have anatomic or functional abnormalities in 
association with prolapse. Untreated chronic prolapse will 
result in problems with continence, constipation, and outlet 
obstruction. The goal of surgery is to control prolapse, 
restore continence when possible, and prevent constipation 
and impaired evacuation [ 1 ]. This is typically achieved by 
returning the rectum to its normal position in the pelvis 
by fi xing it to the presacral fascia. This may be accomplished 
by two approaches: transabdominal or transperineal. The 
transabdominal approach is associated with lower recurrence 
rates (0–10 %) and is typically utilized in younger, fi tter 
patients, while the perineal approach is associated with lower 
morbidity, shorter length of stay, and faster recovery but at 
the expense of less durable repair and higher recurrence rates 
of 5–40 % [ 1 ,  2 ,  6 – 8 ]. The most commonly performed 
abdominal procedures in the United States are rectopexy 
with resection, suture rectopexy, and mesh rectopexy. 
Another technique, ventral rectopexy, is utilized more often 
in the setting of rectal intussusception rather than full- 
thickness rectal prolapse. This approach involves the anterior 
mobilization of the rectum with mesh placed anteriorly on 
the rectum and fi xation to the sacrum. The perineal approach 
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is usually reserved for older, frailer patients with 
 comorbidities that would prevent them from undergoing 
abdominal surgery and will not be described in this chapter. 

 Numerous studies and meta-analysis have shown that 
laparoscopic colorectal surgery is associated with reduced 
postoperative pain, early return of bowel function, and short-
ened length of stay; however, there is a paucity of random-
ized control trials examining laparoscopic rectopexy 
compared to the open approach [ 9 – 11 ]. The one randomized 
control performed by Solomon in 2002 found that the lapa-
roscopic technique was associated with early return of bowel 
function, decreased postoperative pain, and decreased length 
of stay [ 12 ]. A Cochrane Review from 2008 confi rmed this 
fi nding and noted that recurrence rates and functional out-
comes were similar between the laparoscopic and abdominal 
approach [ 13 ]. In addition to the above benefi ts, laparoscopy 
has been utilized in a transabdominal approach for a more 
durable repair in patients that would otherwise have been 
unable to undergo a more morbid open procedure [ 14 ]. 

 Current indications for laparoscopic rectopexy are similar 
to those of the open technique. Absolute contraindications 
include those patients who cannot tolerate pneumoperito-
neum, required positioning and intraoperative repositioning 
(i.e., steep Trendelenburg) and incarcerated or strangulated 
rectal prolapse (Fig.  14.1 ). Relative contraindications include 
previous multiple pelvic surgeries and recurrent rectal pro-
lapse following transabdominal rectopexy or inability to 
safely resect prior anastomosis.

       Preoperative Planning 

 Proper patient selection cannot be overemphasized. As with 
any operative procedure, patients should be medically fi t and 
able to tolerate laparoscopy.    All patients should undergo a 

detailed history and physical examination to include a 
 thorough history of their bowel habits, abdominal or pelvic 
pain, and mucus discharge. The patient should be questioned 
carefully regarding the need to strain to initiate defecation, 
episodes of incomplete evacuation, and the use of digital 
maneuvers to aid in defecation. Physical examination should 
classically be performed in the left lateral (i.e., Sims) or 
squatting position, as prone jackknife may make it diffi cult 
for all but the most severe of prolapse cases. Examination 
should also include a digital rectal exam to assess sphincter 
tone, the presence of masses and concomitant pelvic fl oor 
pathology. Sphincter tone is assessed by asking the patient to 
actively tighten and relax the sphincter muscles. Pelvic fl oor 
muscles are assessed by asking the patient to both tighten his 
or her anal sphincter and “bear down” as if having a bowel 
movement. This simulates the action of defecation and 
allows for the assessment of proper contraction and relax-
ation of the pelvic fl oor muscles. The degree of prolapse is 
assessed by having the patient “bear down” while in the 
squatting or sitting position. It is important to determine if 
this is full-thickness prolapse with the presence of concentric 
rings and grooves or mucosal prolapse which has radially 
oriented grooves (Fig.  14.2a, b ). The perineum is examined 
to identify increased perineal descent or bulging indicative of 
pelvic fl oor laxity. A vaginal exam on females may be appro-
priate to identify other concomitant anatomic abnormalities 
such as rectocele, cystocele, or uterine prolapse.

   Preoperative testing and imaging should be completed on 
a selective basis. A colonoscopy is recommended in symp-
tomatic patients, high-risk patients, and those >50 years of 
age if they are not up-to-date or have not had one to rule out 
malignancy as the cause of prolapse. In patients with severe 
constipation and infrequent bowel movements, a colonic 
transit study may be appropriate, as the patient may benefi t 
from a resection as well as rectopexy. In patients with pelvic 
fl oor pathology on examination or the suggestion of pelvic 
fl oor pathology by history, cinedefecography or dynamic 
MRI is appropriate to exclude obstructive defecation or fur-
ther classify the pelvic functional disorder. Anal manometry 
may be utilized in patients with incontinence to determine 
their baseline, but this rarely will change the operative 
approach. Anal ultrasound is another tool available to assess 
sphincter integrity in patients with fecal incontinence, though 
again, rarely changes the procedure aimed at addressing the 
prolapse. 

 As part of the preoperative preparation, patients should 
undergo a mechanical bowel preparation, which may be a full 
preparation or enemas the morning of surgery (according to 
surgeon preference and patient tolerance). It is our preference 
to use a full preparation, to avoid having a large stool burden 
and straining in the early postoperative period that may 
increase repair failures. Preoperative intravenous anti-
biotics are given at the appropriate time to ensure adequate 

  Fig. 14.1    Incarcerated rectal prolapse ( Courtesy of Isaac 
Felemovicious, MD, with permission )       
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c oncentration during the initial skin incision. The use of oral 
 antibiotics can also be considered, as there are studies that 
show that this will aid in decreasing the luminal bacterial load 
[ 15 ,  16 ] and surgical site infections in the setting of a con-
comitant resection. Deep venous prophylaxis should include 
the use of sequential compression devices and chemical pro-
phylaxis (i.e., heparin or low molecular weight heparin).  

    Procedure 

    Setup 

 Once the patient has undergone general anesthesia, a Foley 
catheter and orogastric tube should be placed. The patient 
should then be placed in a modifi ed lithotomy position to 
allow adequate access to the anus and rectum. The legs 
should be placed into padded stirrups and ensure that pad-
ding is adequate to prevent peroneal nerve injury. Both arms 
should be tucked to the sides. All bony prominences should 
be well padded. A sacral gel-pad can also be placed to pro-
vide additional decubitus support.    The patient should be 
secured in the operating room table in such way to allow for 
table movement and steep angles such as Trendelenburg that 
may be required for laparoscopy without signifi cant patient 
movement (Fig.  14.3 ).

   The operating surgeon stands on the patient’s right side 
with the assistant on the same or opposite side. Two monitors 
should be placed at the foot and left-side head of the patient 
(Fig.  14.4 ). An additional optional monitor may be placed at 
the head or foot on the right side for an assistant standing on 
the patient’s left. All equipment for both laparoscopic and 
open procedures should be available in the event that a con-
version to open or a resection and rectopexy is to be per-
formed (Table  14.1 ). If a conversion is contemplated, the 
surgeon and fi rst assistant may require the use of headlights 
to facilitate visualization. The use of ureteral stents are not 

routinely necessary, but should be considered in patients 
with prior pelvic or lower abdominal surgery, adhesive dis-
ease, or radiation to the pelvis. While this does not prevent 
intraoperative injury, it does allow for timely identifi cation 
and repair. The abdomen should be shaved and prepped and 
draped in the usual standard fashion.

        Procedure Steps 

    Laparoscopic Rectopexy and Resection 
   Port Placement (Fig.  14.4 ) 
•     Initial access: We prefer to use a Hassan port in the 

infra- or supraumbilical position. For patients with 
extensive prior resection, a Veress needle may be 

  Fig. 14.2    ( a ) Full thickness 
rectal prolapse vs. mucosal 
prolapse. Notice the radial folds 
with ( a ) mucosal (hemorrhoidal) 
prolapse and ( b ) mucosal 
prolapse ( Courtesy of Richard 
Billingham, MD, with 
permission )       

  Fig. 14.3    Patient positioning in the low-lithotomy position with arms 
tucked, and all bony prominences padded       
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 considered in the left upper quadrant or away from other 
prior surgical fi elds.  

•   Establishment of pneumoperitoneum: This is achieved 
through the umbilical port. Following adequate pneumo-
peritoneum, the 10 mm 30° camera is inserted. The abdo-
men is explored in all four quadrants, and any abnormalities 
are noted.  

•   Secondary trocar placement: An additional 10–12 mm 
trocar is placed in the right lower quadrant and a second 
5 mm port in the right upper quadrant with emphasis on 
adequate triangulation. We attempt to have a minimum of 
a fi st-size distance between each of these ports. If a recto-
pexy alone is the procedure, the 10–12 mm port will be 
changed to a 5 mm trocar.  

•   Optional trocars: (5 mm up to 12 mm in size) may be 
placed in the left paramedian position, lateral to the edge 
of the rectus in the left mid-abdomen to assist with sig-
moid retraction. Additionally, a suprapubic 5 mm port 
may be useful in cases where the mesh or the mesorectum 
is secured to the sacrum with a tacking device.  

•   Optional hand-assist device placement: For surgeons who 
prefer to use a hand-assist device, this may be placed in 
the Pfannenstiel or midline position.     

   Mobilization of the Sigmoid Colon and Rectum 
•     Mobilization of the sigmoid colon: A medial or lateral 

approach can be utilized depending on the comfort level 
and preference of the surgeon. Proximal mobilization 
typically involves only the section of redundant sigmoid 
and routine splenic fl exure mobilization is not required. 
Further mobilization may result in more redundancy and 
possible recurrence of prolapse or constipation symptoms 
with a large “fl oppy” colon (see Fig.   13.4    ). The superior 

  Fig. 14.4    Suggested trocar and monitor placement for laparoscopic rectal prolapse repair       

   Table 14.1    Equipment   

 Head lamps for surgeon and assistant (optional) 
 Laparoscopic monitors 
 5- and 10 mm 30° laparoscope 
 Trocars (5 mm × 3), Hasson, 10–12 mm × 1, additional 5 or 10 mm 
trocars for optional ports 
 Laparoscopic blunt, atraumatic graspers, and scissors 
 Laparoscopic needle driver 
 Laparoscopic retractor (i.e., fan blade retractor, optional) 
 Electrocautery with extender tip (i.e., Bovie) 
 Laparoscopic energy device (surgeon preference) 
 Linear cutting stapler and appropriate staple loads 
 Circular cutting stapler (29–33 mm based on surgeon preference) 
 Sizers for circular cutting stapler 
 Nonabsorbable suture 
 Prosthetic mesh (optional) 
 Wound protector drape (optional for resection and extracorporeal 
anastomosis) 
 Proctoscope 
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rectal/inferior mesenteric vessels should be preserved, if 
possible.
 –    Lateral approach: The left colon is retracted medially 

with blunt atraumatic bowel graspers, utilizing gravity 
by tilting the operating table to the patient’s right and 
head down. An energy device or hook-electrocautery is 
then used to mobilize the sigmoid and descending 
colon away from left lateral abdominal wall (Fig.  14.5 ).

 –      Medial approach: The sacral promontory provides a 
uniform landmark to begin medial mobilization under 
the inferior mesenteric artery and access the avascular 
plane (Fig.  14.6 ).
•      Pearl  :   For either lateral or medial approach, the 

left ureter should be identifi ed early and protected, 
typically as it courses over the bifurcation of the 
iliac vessels  (Fig.  14.7 ).

•            Rectal mobilization: The presacral space is entered at the 
sacral promontory, which is aided with anterior retrac-
tion on the rectosigmoid junction (Fig.  14.8 ). Care 
should be noted here to avoid transection of the hypogas-
tric nerves that course medially in the retroperitoneum 
prior to forming two distinct trunks that course posteri-
orly and laterally in the pelvis (Figs.  14.9  and  14.10 ). 
Distally, mobilization continues down to the pelvic fl oor 
(Fig.  14.11 ). There are differing opinions regarding the 
extent of the lateral and anterior dissection.
 –        Lateral dissection: We prefer to avoid extensive lateral 

dissection and do not divide the lateral stalks.  
 –   Anterior dissection: We dissect approximately 4 cm 

until the cut edge of the peritoneal refl ection can be 
easily pulled back to the level of the sacral promontory 
(Fig.  14.12 ).

 –      Alternative dissection: Others prefer to perform a com-
plete rectal mobilization circumferentially down to the 
level of the pelvic fl oor.        

   Resection of the Redundant Sigmoid Colon 
•     Distal division of sigmoid colon: A point is chosen for 

distal division past the point where the taenia splay using 
a cutting stapler (Fig.  14.13 ).

•      Extra-corporealization of distal sigmoid colon: Once the 
distal portion of the bowel is transected, the bowel is 
brought out at either the umbilical port site or a small 
Pfannenstiel incision. The redundant sigmoid is delivered 
through the wound utilizing a wound protector (Fig.  14.14 ).

•      Proximal division of sigmoid colon: Transection of the 
bowel with a laparoscopic linear cutting stapler is com-
pleted at a tension-free location that easily reaches the 
sacral promontory without redundancy.  

•   Placement of anvil: A purse-string suture is placed in the 
proximal bowel, and the anvil is secured. Sizers can then 
be used to determine the appropriate size of the circular 
stapler to be used. We almost exclusively use a 29 mm 

  Fig. 14.5    Takedown of the lateral attachments of the sigmoid       

  Fig. 14.6    Mobilization line of dissection for a medial approach       
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end-to-end stapler; however, sizing can be done according 
to surgeon preference.
 –     Pearl: Remember that the diameter of the sizer is 

smaller than the corresponding stapler diameter 
when selecting the appropriate sized stapler  .      

•   Return of the colon to the abdomen: The descending 
colon can then be returned to the abdomen in preparation 
for anastomosis creation.     

   Anastomosis Creation 
•     Anastomosis creation: The circular stapler is then placed 

into the anus to the level of the rectal stump. The trocar 

portion of the stapler is carefully advanced until the anvil 
is engaged. Prior to closing the stapler, the surgeon 
should confi rm that there is no inclusion of extra tissue, 
twisting of bowel, or mesentery. The location of both 
ureters and vagina should be reconfi rmed to ensure they 
are not included in the staple line. The stapler is then 
fi red and tissue doughnuts should be removed and closely 
inspected to confi rm circumferential integrity of the 
 staple line.  

•   Inspection of anastomosis: The newly created  anastomosis 
is carefully inspected for bleeding or ischemia as well as 
tension (Fig.  14.15 ). An air-leak test is performed using a 
proctoscope with endoluminal insuffl ation of air after the 

  Fig. 14.7    Most common location of identifi cation of the left ureter as 
it crosses over the common iliac bifurcation       

  Fig. 14.8    Accessing the presacral space       

  Fig. 14.9    Hypogastric nerves at the level of the sacral promontory       

  Fig. 14.10    The right hypogastric nerve can be seen coursing posterior 
and into the pelvis       
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anastomosis has been submerged in warmed normal 
saline (see Fig.   10.12    ).

•      Troubleshooting the anastomosis: Any leaks encountered 
should be reinforced with sutures or the anastomosis re- 
done, and the air-leak test performed again. The use of a 
proctoscope also allows for endoluminal inspection of the 
anastomosis. If there is any evidence of tension or isch-
emia after anastomosis creation, further mobilization 
should be performed, and anastomosis should be taken 
down and recreated.     

   Rectopexy 
 Rectopexy may be performed prior to creation of the anasto-
mosis or after, though we prefer the latter. If the rectopexy is 
completed prior to the creation of the anastomosis, then pexy 
sutures should not be secured until after the creation of the 
anastomosis to ensure a tension-free anastomosis.
•    Performing the rectopexy: Utilizing the previously cre-

ated Pfannenstiel incision or the laparoscopic ports, the 

  Fig. 14.11    Posterior extent of mobilization down to the pelvic fl oor past the coccyx. Note that the mesh is secured to the sacral promontory       

  Fig. 14.12    Cut edge of the anterior peritoneal refl ection, which should 
reach back to the sacral promontory to ensure appropriate mobilization 
prior to rectopexy       

  Fig. 14.13    Extent of resection for redundant sigmoid delineated. Note 
the limited sigmoid mobilization with proximal mobilization       
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rectum is pulled posteriorly and superiorly toward the 
sacrum at a site of fi xation approximately 1–2 cm below 
the sacral promontory. The rectum should be suspended 
without redundancy below the rectopexy sutures without 
excessive tension on the anastomosis. Two to three mat-
tress sutures of nonabsorbable suture (0-Ethibond or 2-0 
Prolene) are passed in an anterior to posterior fashion 
through the mesorectum adjacent to the bowel wall, 
through the presacral fascia and then back through the 
mesorectum in a posterior to anterior fashion approxi-
mately 1.5–2 cm form the initial bite (Figs.  14.16  and 
 14.17 ). Although some surgeons advocate for the bilat-
eral placement of sutures, we prefer to place all the 
sutures on one side to avoid kinking at the site of 
rectopexy.

 –      Troubleshooting: Care should be taken to avoid injury 
in the presacral venous plexus and mesenteric vessels 
during placement of the suture. If presacral bleeding is 
encountered, the sutures should be tied down and 
direct manual pressure applied. If bleeding persists, 
more aggressive maneuvers such as thumbtacks or 
fi brin sealant may be utilized (Fig.  14.18 ).

•         Closure of the abdomen: Once meticulous hemostasis is 
assured, then the Pfannenstiel incision is closed in layers 
(if utilized) and all port sites incisions are closed in the 
standard fashion. The placement of pelvic drains is not 
routine. The patient is placed back in the supine position, 
and the orogastric tube is removed at time of emergence 
from anesthesia. The Foley catheter should remain in 
place until postoperative day 1.      

    Laparoscopic Rectopexy 
   Trocar Placement (Fig.  14.4 ) 
 If rectopexy alone is indicated, similar port sites are placed 
as in the case of an additional resection.
•    Trocar placement: A 5 mm trocar in the supra- or infra-

umbilical position (camera port) followed by two 5 mm 
ports placed in each quadrant of the right hemi-abdomen 
at the lateral edge of the rectus muscle (Fig.  14.19 ).

•      Optional ports may be placed to allow for self-retaining 
retraction instrument placement on the left side of the 
abdomen and in the suprapubic position.  

•   Surgeon’s position is at the discretion of the operating 
surgeon, though we prefer to stand on the patient’s right 
side, with the assistant on the left.     

  Fig. 14.14    The proximal transection of the sigmoid colon has com-
pleted extracorporeally with the bowel brought out through a wound 
protector       

  Fig. 14.15    Anastomosis complete, endoscopic view       

  Fig. 14.16    Mesorectal fi xation using three horizontal mattress sutures 
unilaterally       
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  Fig. 14.17    Lateral view 
of the sacral fi xation       

  Fig. 14.18    Optional bleeding control measures of muscle fl ap/thumbtacks       
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   Rectum Mobilization 
 Similar to the resection rectopexy, rectal mobilization is 
 carried down to differing levels (i.e., anterior vs. posterior vs. 
lateral) with rectopexy alone. The extent of anterior and lat-
eral mobilization is again somewhat less defi ned. Whether or 
not the extent of anterior mobilization is effi cacious in pre-
venting recurrence or improving functional outcome is 
unknown. The argument for dividing the lateral ligaments is 
improvement in incontinence and decreased recurrence 
rates; however, proponents for preservation note that there 
are reports of increased postoperative constipation with their 
division. A meta-analysis performed by Tou et al. found that 
division, rather than preservation, of the lateral ligaments 
was associated with less recurrent prolapse but more postop-
erative constipation [ 13 ].
•    Posterior dissection: Dissection should end at the level of 

the pelvic fl oor levators by continuing dissection in the 
anatomic mesorectum plane. Access to this avascular 
plane is reproducibly performed under the IMA at the 
level of the sacral promontory. The hypogastric nerves 
should be identifi ed at the level of the sacral promontory 
and preserved. Injury or unintentional division of these 
nerves can cause sexual and urinary dysfunction. This can 
be avoided by ensuring proper identifi cation of the avas-
cular presacral plane that can be more easily identifi ed by 
forward traction of the rectum.  

•   Anterior dissection: Dissection takes place between the 
anterior aspect of the rectum and the posterior aspect of 
the anterior pelvic structures by opening the anterior peri-
toneal refl ection characterized by its horseshoe fold. 
Dissection may be aided by careful retraction of the uterus 
or bladder with the use of a laparoscopic fan blade retrac-
tor and countertraction on the rectum with the left laparo-
scopic blunt atraumatic grasper. The dissection is carried 

down to the level of the mid- to upper third of the vagina 
in females or seminal vesicles in males; more aggressive 
distal dissection especially in males can result in para-
sympathetic nerve injury.  

•   Lateral dissection: This involves the preservation or divi-
sion of the lateral ligaments; however, there is a gathering 
evidence in the literature that these ligaments are not true 
anatomic structures.     

   Rectopexy 
 Rectopexy is performed in the same manner as a resection 
and rectopexy procedure with the exception that suturing or 
tacking is accomplished intracorporeally (Video  14.1 ).
•    Mesh placement: If the use of mesh for a sling procedure 

is planned, the mesh (size 5 cm × 2 cm) is rolled up and 
introduced into the abdominal cavity via the right lower 
quadrant port. The mesh is placed in a vertical fashion 
along the sacrum from the sacral promontory caudal into 
the pelvis and secured to the sacrum using endoscopic 
tackers or laparoscopic staplers. Suturing the mesh to the 
presacral fascia is possible but can be diffi cult due to the 
smaller size of the needles that can pass through the lapa-
roscopic ports [ 17 ]. The tackers or staples should be 
placed below the promontory and close to the midline to 
prevent injury to the hypogastric nerves.  

•   Securing the lateral edges of mesh: The lateral edges are 
then secured to the rectal wall by nonabsorbable sutures 
utilizing an intracorporeal suturing technique. Care 
should be taken not to completely encircle the mesh 
around the rectum to prevent kinking or postoperative ste-
nosis (Figs.  14.20  and  14.21  and Video  14.2 ).

•       Closure: The placement of pelvic drains is not routine. 
When mesh is used, we prefer to close the peritoneum to 

  Fig. 14.19    Trocar sites for straight laparoscopic rectopexy. The 
patient’s feet are toward the top of the picture       

  Fig. 14.20    Rectopexy with mesh secured to the upper sacrum       
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avoid leaving the mesh exposed. Meticulous hemostasis 
remains an important mainstay, and closure is achieved in 
the same manner as described previously.        

    Postoperative Care 

 Standard postoperative management of these patients should 
include early ambulation and initiation of enteral feeding. 
Most patients may be started on a clear liquid diet on the day 
of the surgery and advanced as tolerated to solid foods on 
postoperative day 1, though some surgeons keep patients on 
a pureed or liquid diet for the fi rst 7–10 days following 
repair. Pain control should be balanced to avoid exacerbation 
of ileus and can be achieved with the judicious use of narcot-
ics and nonnarcotics such as ketorolac, acetaminophen, and 
ibuprofen, which are all available in the parenteral form. The 
bladder catheter is usually removed on postoperative day 1. 
Antibiotics should be discontinued within 24 h postopera-
tively unless there are specifi c indications to continue them. 
DVT prophylaxis should consist of early ambulation, sequen-
tial compressive devices while the patient is in bed, and 
chemical prophylaxis (heparin or low molecular weight hep-
arin) until the patient is discharged from the hospital. We 
prefer an aggressive bowel regimen with the use of stool 
softeners (docusate) in combination with either an osmotic 
laxative such as polyethylene glycol 3350 (Miralax™) or a 
stimulant laxative (sennosides) to prevent postoperative con-
stipation. Additionally patients should be counseled to avoid 
straining when at the commode to prevent early recurrence. 
Patients with rectopexy alone are typically discharged 1–4 
days postoperatively, and those with resection and rectopexy 
are discharged 2–5 days postoperatively with planned clinic 
follow-up 7–10 days after the day of discharge.  

    Complications 

 Complications may be divided into intraoperative and 
 postoperative (Table  14.2 ). Intraoperative complications typ-
ically occur in <5 % and include inadvertent enterotomy, 
colotomy, ureteral injury, trocar placement injuries, and vas-
cular injury. Enterotomies and colotomies should be repaired 
primarily if possible, and conversion to an open procedure 
should be done if the injury cannot be safely repaired. 
Ureteral injuries should be repaired intraoperatively if found 

  Fig. 14.21    Sagittal view with mesh placement to the sacrum and the mesorectum       

   Table 14.2    Complications of laparoscopic rectal prolapse repair   

 Intraoperative 
 • Enterotomy 
 • Colotomy 
 • Ureteral injury 
 • Trocar placement injury 
 • Vascular injury 
 Postoperative 
 • Early 

 − Urinary tract infection 
 − Respiratory tract infection 
 − Surgical site infection 
 − Fecal impaction 
 − Anastomotic leak 
 − Deep space infection 
 − Hemorrhage 

 • Late 
 − Bowel obstruction 
 − Rectovaginal fi stula 
 − Ureteral fi brosis 
 − Incontinence/constipation 
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and typically involve consultation of a urologic surgeon 
when possible. Vascular injury is rare but can occur at  several 
locations: epigastrics during placement of trocars, gonadal, 
and iliac vessels; during dissection and mobilization for 
resection and mesenteric vessels; and during mobilization 
and resection. Damage to the epigastrics is avoided by trans-
illuminating the abdominal wall during trocar placement and 
direct vision for all secondary trocar placements. If damage 
does occur, direct pressure and electrocautery can be used 
with good success. Refractory bleeding can temporarily be 
stopped with a tamponade effect of a Foley catheter balloon 
introduced via the offending port site. The gonadal and iliac 
vessels are retroperitoneal structures and are avoided by 
early identifi cation and careful dissection. If damage to these 
vessels does occur, direct manual pressure should be used 
and conversion to open should be considered depending on 
the extent and location of the injury. Mesenteric vessel injury 
occurs during mobilization and transection of the mesorec-
tum and results from improper control prior to transection. 
All vessels should be identifi ed and controlled prior to meso-
rectum transection.

   Early postoperative complications include postoperative 
hemorrhage, fecal impaction, deep space infections, anasto-
motic leak, urinary tract infections, surgical site infections, 
and respiratory infections. Urinary tract infections can be 
avoided by sterilized technique and timely removal of the 
bladder catheter. Respiratory infections can be avoided by 
early postoperative recruitment of alveoli and avoidance of 
atelectasis with the use of incentive spirometry, deep breath-
ing and coughing, and early ambulation. Surgical site infec-
tions    are unfortunately not uncommon complications in all 
colorectal procedures, but their incidence can be minimized 
with the appropriate use of preoperative antibiotics, wound 
protectors (if resection is performed), and sterile technique, 
as appropriate. If a wound infection is encountered, it should 
be treated in the standard fashion with wound culture 
obtained to guide proper antibiotic treatment as necessary. 
Anastomotic leakage, although a feared complication, has a 
low incidence (<10 %). Leaks can be avoided by ensuring a 
tension-free, non-rotated connection with an adequate blood 
supply. If the anastomosis appears tenuous during the pro-
cedure, it should be taken down and re-created. If there is a 
suspicion for a leak postoperatively and the patient is stable, 
a CT scan with PO or rectal and IV contrast should be com-
pleted to determine the presence and location of the sus-
pected leak. All patients with suspected leak that are 
unstable should undergo fl uid resuscitation, the initiation of 
 broad- spectrum antibiotics, and return to the operating 
room for exploration. Late postoperative complications 
include bowel obstruction, ureteral fi brosis, rectovaginal 
fi stula formation, and worsening or new fecal incontinence 
or constipation.  

    Outcomes 

 Most of the outcomes following rectal prolapse repair are 
reported in the open setting, though laparoscopic reports are 
similar. The major problem for most patients with rectal pro-
lapse is fecal incontinence, with most series demonstrating 
up to 75 % of patients with some degree of incontinence. On 
the other side of the spectrum, 15–65 % of patients have con-
comitant constipation or evacuation disorders [ 13 ,  18 ]. 
Following successful repair of the prolapse, the literature 
reports wide ranges of improvement in fecal incontinence 
(11–100 %; mean 50 %) with resection and rectopexy. Some 
patients may have improvement but not complete resolution 
secondary to permanent damage to the sphincter mechanism 
or pelvic nerves from the chronic prolapse. 

 Improvement in constipation similarly has somewhat vari-
able results, with some patients improving and others develop-
ing new onset or worsening symptoms. There appears to be 
better results when a resection is added to those patients with 
prolapse and severe preoperative constipation (18–80 %) [ 8 , 
 10 ,  19 – 23 ]. Recurrence of prolapse following the open abdom-
inal approach are reported at 0–10 % in most series [ 1 ,  10 ,  24 ]. 
There have been two prospective trials comparing the laparo-
scopic technique to the open technique with equivalent out-
comes with respect to recurrence [ 12 ,  25 ]. Several other 
observational retrospective studies have evaluated laparo-
scopic rectopexy with and without resection and found equiva-
lent recurrence rates, mortality and functional outcomes when 
compared to the open technique [ 26 – 29 ]. This was confi rmed 
by meta-analysis in which laparoscopic rectopexy was associ-
ated with decreased length of stay and fewer postoperative 
complications despite longer operative times when compared 
to the open approach [ 13 ]. There are now reports that show a 
decrease in operative times as more experience is gained using 
laparoscopic techniques for colorectal procedures [ 12 ].  

    Pearls and Pitfalls 

•     During the preoperative workup for prolapse, surgeons 
should look for signifi cant pelvic fl oor abnormalities that 
may need to be addressed at the time of surgery. Pelvic 
fl oor disorders such as enterocele, cystocele, rectocele, 
and uterine and vaginal vault prolapse are present in up to 
50 % of patients with rectal prolapse. The repair of these 
abnormalities in conjunction with prolapse repair is best 
performed with a multidisciplinary team that may involve 
a urologist, gynecologist, or urogynecologist, as well as a 
colorectal surgeon.  

•   Unexpected conversion to an open procedure is not a 
 failure and should be considered if the procedure cannot 
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be performed safely secondary to dense adhesions or an 
injury that cannot be managed laparoscopically has 
occurred. Instruments for an open procedure should be 
available if conversion is required.  

•   Determining the appropriate amount of tension can be dif-
fi cult. Use the peritoneal refl ection as a guide, and don’t 
hesitate to look endoscopically in the rectum to see if 
redundancy is still present when you feel your rectum is 
suffi ciently mobilized prior to performing your rectopexy.  

•   When adding the resection to the rectopexy, mobilize the 
rectum fi rst and then perform the resection and anastomo-
sis (and leak test). Once this is complete, perform the 
rectopexy.  

•   Use sizers in the vaginal to help delineate the posterior 
vaginal wall from the anterior rectum to ensure you are in 
the correct plane of dissection.     

    Summary 

 In conclusion, laparoscopic rectopexy with or without resec-
tion is a safe, effective procedure with equivalent functional 
outcomes, recurrence, and mortality rates when compared to 
open techniques (resection and rectopexy, suture rectopexy, 
and mesh rectopexy). The use of this approach also allows 
for the inclusion of patients who previously would not have 
tolerated the morbidity of an open abdominal approach and 
results in decreased postoperative pain, early return of bowel 
function, and decreased length of stay [ 29 ].     

  Disclosures   Dr. Steele works as a consultant for Ethicon Endosurgery.  
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         Key Points 
•   Laparoscopy    for fecal diversion is safe, feasible, and 

effective.  
•   Laparoscopy does not change the indications for stoma 

construction [ 1 – 3 ] nor does it alter the basic surgical 
principles.  

•   In comparison with conventional stoma creation, the ben-
efi ts of laparoscopic stoma creation may include decreased 
morbidity rates in the form of lower complication rates, 
reduction in postoperative analgesia, shorter hospitaliza-
tion, comparable operating time, and improved cosmesis.  

•   Although most laparoscopic techniques for stoma con-
struction use two or more port sites, single-port techniques 
have also been described with favorable outcomes.  

•   Stomas created for obstructing lesions create unique chal-
lenges such as creating adequate pneumoperitoneum to 
provide space and visualization.    

   Introduction 

 As laparoscopy is increasingly adopted into the colorectal sur-
geon’s practice, the application of minimally invasive tech-
niques for stoma construction has gained added relevance 
[ 1 – 3 ]. Intestinal stomas are considered a vital element as either 
a permanent means for stool evacuation or as a temporary 
bridge in order to treat complicated abdominal problems or 
heal more distal anastomoses or wounds [ 4 ]. In comparison 
with conventional stoma creation, the benefi ts of laparoscopic 

stoma creation likely include decreased morbidity rates in the 
form of lower complication rates, reduction in postoperative 
analgesia, shorter hospitalization, comparable operating time, 
and improved cosmesis [ 5 – 11 ]. In addition, the entire abdomi-
nal cavity is easily accessible for inspection. Particularly in a 
healthcare climate emphasizing fast-track protocols [ 12 ] and 
cost containment, the implications of a minimally invasive 
approach promoting quicker return of bowel function and con-
sequently time in the hospital, along with potential reductions 
in long-term adverse outcomes such as bowel obstruction due 
to surgical trauma resulting in adhesion formation, a laparo-
scopically created stoma may in time become regarded as the 
preferred, standard technique. 

 Laparoscopy does not change the indications for stoma 
construction [ 3 ] nor does it alter the basic surgical principles. 
The exteriorized bowel must be well vascularized without 
excessive mesenteric tension, pass through the rectus sheath 
and fascia properly oriented, and adequately reach the 
abdominal wall for maturation. A laparoscopic technique is 
ideally suited for stoma creation since it often does not 
require extensive dissection or specimen extraction [ 4 ]. 
Several intestinal sites may be chosen for stoma formation, 
although the terminal ileum and sigmoid colon are most 
commonly used. The decision regarding site placement 
depends on the operative indications as well as subsequent 
procedures planned [ 2 ]. Like other laparoscopic procedures, 
extensive intra-abdominal adhesions and comorbidities mak-
ing general anesthesia prohibitive are relative contraindica-
tions. The creation of a laparoscopic stoma in the setting of 
an obstructing rectal cancer is dependent upon the degree of 
bowel distention as this directly impacts the ability to create 
adequate working space. 

 A variety of minimally invasive techniques for stoma 
creation have been described, demonstrating laparoscopy 
for fecal diversion to be safe, feasible, and effective. 
Although most laparoscopic stomas are created using two or 
more port sites, single-port techniques have also been 
reported with favorable outcomes [ 1 ,  10 ]. Laparoscopic 
stoma creation has been compared to open stoma creation in 
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several retrospective studies [ 5 – 11 ]; however, prospective 
trials have not yet been conducted. The available literature 
suggests that using a laparoscopic approach does not com-
promise functional outcomes, and the avoidance of a lapa-
rotomy and reduction in recovery time remain signifi cant 
advantages. 

 Complications reported following laparoscopic stoma 
construction are similar to those following conventional, 
open construction. Stoma retraction, generally resulting 
from poor adhesion between the serosal surfaces of the 
everted stoma, stoma ischemia and necrosis due to excessive 
division of mesenteric blood vessels, tension on the stoma 
from inadequate mobilization or a tight fascial aperture, 
stoma stenosis (a consequence of postoperative ischemia), 
and stoma prolapse/hernia are all well-characterized postop-
erative complications (Fig.  15.1 ).

   Parastomal hernia remains an especially signifi cant 
 problem following stoma creation (Fig.  15.2 ). In fact, the 
creation of a defect in the abdominal wall for a stoma by 
defi nition places a weakness in the abdominal wall where 
there once was complete continuity. Associated complica-
tions may be relatively minor, such as skin breakdown near 
the stoma site or diffi culty fi tting an appliance around the 
stoma, or can be life-threatening such as incarcerated intes-
tine within the hernia [ 4 ]. Although seemingly a logical 
approach to reduce parastomal hernia, Level I evidence in 
support of prophylactic mesh placement at the time of open 
stoma construction is limited and comprised various types of 
mesh, placed in different abdominal positions [ 13 – 18 ]. A 
meta-analysis evaluating three of these studies included 128 
patients and demonstrated a statistically signifi cant reduction 
of parastomal hernia incidence between the mesh group 
(12.5 %) compared with the control group (53 %) without a 
difference in mesh-related morbidity. Beck et al. presented a 
prospective, randomized, controlled third-party blinded 

study of 113 patients comparing mesh inlay for parastomal 
reinforcement in patients undergoing surgery for permanent 
abdominal wall ostomies to standard end stomal construc-
tion at the 2013 American Society of Colon and Rectum 
Surgeons meeting [ 19 ]. Although reinforcement was found 
to be safe, the incidence of parastomal hernia formation was 
not statistically lower after 24-month follow-up [ 16 ]. 
However, studies evaluating prophylactic mesh placement in 
laparoscopically created stomas are extremely limited, with 
initial experiences demonstrating safety and feasibility and 
potentially favorable outcomes [ 17 ,  18 ]. Solid evidence for 
prophylactic placement of mesh in laparoscopic stoma con-
struction is not yet available.

      Preoperative Planning 

 In the elective setting, preoperative stoma site selection and 
marking is essential. A stoma located incorrectly predisposes 
the patient to problems that cannot be managed conserva-
tively (i.e., with changes in the stoma equipment). Since body 
habitus varies greatly between individuals, the ideal stoma 
site(s) must be modifi ed, avoiding scars and skin creases [ 4 ]. 

 To ensure skin folds do not interfere with appliance fi t-
ting, site selection should be done in supine, sitting, and 
bending positions, with attention also given to the individu-
al’s beltline [ 4 ]. The usual site in an average individual is on 
the apex of the subumbilical fat roll, in either the right or left 
iliac fossa (Fig.  15.3 ) [ 20 ]. Finally, the patient needs to be 
able to visualize the stoma in order to care for it.

  Fig. 15.1    Ischemic ostomy.  Courtesy of Philip Y. Pearson, MD, with 
permission        

  Fig. 15.2    Parastomal hernia.  Courtesy of Peter Cataldo, MD, with 
permission        
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      Operating Room Setup and Patient 
Positioning 

 Two video monitors are placed angling toward the patient at 
the shoulder level if constructing an ileostomy and placed 
toward the foot of the bed or the patient’s knees if planning a 
sigmoid/descending colostomy. The procedure is performed 

with the patient in the supine position although a modifi ed 
lithotomy position is also acceptable. If the latter position is 
utilized, the hips and knees are gently fl exed to an angle no 
greater than 15° to avoid the patient’s thighs interfering with 
the laparoscopic instruments. If an ileostomy is planned, the 
left arm is tucked to the side, and the surgeon stands on the 
left side of the patient or between the patient’s legs (Fig.  15.4 ). 
If a sigmoid/descending colostomy is planned, the right arm 
is tucked, and the surgeon stands on the patient’s right or 
between the legs. The site of peritoneal access is dependent 
upon the type of stoma being created and the patient’s prior 
surgical history. For patients with prior abdominal surgery, 
accessing a “free” quadrant is usually the safest approach. 
After intra-abdominal access is obtained, the patient is 
placed in Trendelenburg position to augment visualization.

      Technique: Laparoscopic Ileostomy 
[ 1 ,  2 ,  4 ,  20  ]  

 Variations in multi-port placement positioning and sequence 
have been described; however, most approaches use 2 or 3 
ports, taking advantage of the principle of trocar triangulation 
to facilitate exposure and mobilization. The fi rst trocar inserted 
is a 5-mm cannula placed just inferior to the umbilicus. Once 
15-mmHg pneumoperitoneum is established, a (30°) laparo-
scope is inserted to inspect the abdomen and direct the remain-
ing port positions (Fig.  15.5 ). The patient is placed right side 
up in Trendelenburg position. The surgeon can visually ensure 
that the planned ostomy site is suitable and free of adhesions.  Fig. 15.3    Stoma position marked on the abdomen       

  Fig. 15.4    Room setup 
demonstrating monitor sites       
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   If the previously selected right iliac fossa stoma site is 
acceptable, a 12-mm port is then placed after making a 2.5- 
cm incision at the predetermined stoma site, excising the 
skin and subcutaneous fat as a cone of tissue down to the 
anterior rectus sheath and then dividing the sheath in a cruci-
ate fashion. The fi bers of the rectus muscle are then split lon-
gitudinally by opening an instrument perpendicular to the 
line of the fi bers. This procedure results in little or no bleed-
ing unless the deep inferior epigastric vessels are encoun-
tered and divided deep to the rectus muscle. After the rectus 
muscle is split, the posterior rectus sheath is incised to 
accommodate the 12-mm trocar. The 12-mm trocar provides 
the ability to accommodate a laparoscopic stapler for intra-
corporeal division if creating an end ileostomy, rather than 
exteriorizing the intestines for extracorporeal division. If the 
ileum requires further mobilization not possible with a single 
working port, additional 5-mm trocar(s) may be placed either 
in the left lower quadrant, lateral to the rectus muscle and 
above the pelvic brim, or suprapubically. 

 The terminal ileum is located, and a point on the small 
bowel about 15–20 cm proximal to the ileocecal valve is 
identifi ed laparoscopically. Visualization of the ligament of 
Treves, located on the antimesenteric border of the terminal 
ileum just proximal to the ileocecal valve, is also helpful in 
identifying the anatomy (Fig.  15.6 ). The terminal ileum is 
inspected for any pathology as well as length of mesentery 
available for loop stoma creation. The terminal ileum is 
 usually supplied by two arcades of vessels, which join the 
ileocolic vessels adjacent to the cecum. These arcades must 

be divided as close to the ileocolic vessels as possible to 
 preserve blood supply to the terminal ileum.

   The proximal side (1 serosal thermal burn) and distal side 
(3 serosal thermal burns) of the selected point on the small 
bowel are marked by using laparoscopic electrocautery. 
Alternatively, the future ileostomy site may be marked with 
different colored sutures for orientation. Once mobilized, the 
ileum can be grasped and divided with a laparoscopic stapler 
through the 12-mm port and brought through the abdominal 
wall or exteriorized through the fascial defect and divided 
extracorporeally (for an end stoma). If constructing a loop 

  Fig. 15.5    Ileostomy and port sites       

  Fig. 15.6    Terminal ileum with fold of Treves visible       
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ileostomy, the ileum is grasped and brought through the  fascia 
with attention to maintaining proper orientation. To exterior-
ize the ileum in both cases, the fascial defect within the pos-
terior rectus sheath must be opened and enlarged over the 
trocar. Because the ascending colon usually tethers the ileo-
colic vessels to the right lower quadrant, optimal positioning 
of the stoma requires the placement of the proximal end along 
the inferior aspect of the stoma site in a loop ileostomy. 

 The ileostomy is then matured in the usual fashion 
(Fig.  15.7 ). The surgeon places an index fi nger both along the 
side of the stoma down to the fascia as well as into the stoma 
itself and beneath the peritoneum to ensure the fascial open-
ing is not excessively tight and the stoma is not angulated.

   For single-port laparoscopic ileostomy construction, a 
2.5-cm incision is made in the right iliac fossa at the prede-
termined stoma site (Video  15.1 ). The incision is carried 
down to the anterior rectus sheath, which is then divided in a 
cruciate fashion. The skin and subcutaneous fat are excised 
as a cone of tissue down to the anterior rectus sheath 
(Fig.  15.8 ). The rectus abdominis muscle is spread in the 
direction of its fi bers exposing the posterior rectus sheath 
and peritoneum, which are then divided in a cruciate fashion 
over a distance of 2.5 cm, wide enough to accommodate 2 
fi ngers (Fig.  15.9 ).

    The single-port access system is then inserted through 
this incision (Figs.  15.10  and  15.11 ). The abdomen is 
insuffl ated with CO 2  to 15 mmHg. A 5-mm laparoscope 
with a fl exible steerable tip is used to visualize the abdo-
men. Single-incision laparoscopic instruments may be 
used, but standard laparoscopic instruments are suitable in 
most cases.

    The terminal ileum is located, and a point on the small 
bowel about 15–20 cm proximal to the ileocecal valve is 
identifi ed laparoscopically. The proximal side (1 serosal 
thermal burn) and distal side (3 serosal thermal burns) of this 

  Fig. 15.7    Completed stoma       

  Fig. 15.8    Anterior sheath       

  Fig. 15.9    Posterior sheath: dissection down through the subcutaneous 
tissue, anterior rectus sheath, and rectus muscle, exposing the posterior 
rectus sheath       

  Fig. 15.10    Single-port access system       
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point on the small bowel are marked by using laparoscopic 
electrocautery (Figs.  15.12  and  15.13 ). With a laparoscopic 
grasper (e.g., Babcock clamp), the bowel is delivered through 
the ileostomy incision and exteriorized, with particular atten-
tion directed to maintaining proper orientation. Because the 
ascending colon usually tethers the ileocolic vessels to the 
right lower quadrant, optimal positioning of the stoma 
requires the placement of the proximal end along the inferior 
aspect of the stoma site.

    The single-port access system is removed (Fig.  15.14 ). 
The ileostomy is then matured in the usual fashion. The sur-
geon places an index fi nger both along the side of the stoma 
down to the fascia as well as into the stoma itself and beneath 
the peritoneum to ensure the fascial opening is not exces-
sively tight and the stoma is not angulated.

      Technique: Laparoscopic Colostomy 
[ 1 ,  2 ,  20 ,  21  ]  

 Variations in multi-port placement positioning and sequence 
have been described; however, most approaches use 2 or 3 
ports, taking advantage of the principle of trocar triangulation 
to facilitate exposure and mobilization. The fi rst trocar inserted 
is a 5-mm cannula placed just inferior to the umbilicus 

  Fig. 15.11    Single-port access system inserted through stoma site       

  Fig. 15.12    Marking distal and proximal ileum to maintain orientation 
of future stoma       

  Fig. 15.13    Ileum with laparoscopically created thermal burns indicat-
ing superior (distal) and inferior (proximal) orientation. The head of the 
patient is directed toward the  top  of the photo       

  Fig. 15.14    Ileum exteriorized from single-access port site       
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(Fig.  15.15 ). Once 15-mmHg pneumoperitoneum is estab-
lished, a (30°) laparoscope is inserted to inspect the abdomen 
and direct the remaining port positions. The patient is placed 
left side up in the Trendelenburg position. The surgeon can 
visually ensure that the planned ostomy site is suitable and 
free of adhesions.

   If the previously selected left iliac fossa stoma site is 
acceptable, a 12-mm port is then placed after making a 2.5- 
cm incision at the predetermined stoma site, excising the skin 
and subcutaneous fat as a cone of tissue down to the anterior 
rectus sheath and then dividing the sheath in a cruciate fash-
ion. The fi bers of the rectus muscle are then split  longitudinally 
by opening an instrument perpendicular to the line of the 
fi bers. After the rectus muscle is split, the posterior rectus 
sheath is incised to accommodate the 12-mm trocar 
(Fig.  15.16 ). The 12-mm trocar provides the ability to accom-
modate a laparoscopic stapler for intracorporeal division if 
creating an end colostomy, rather than exteriorizing the intes-
tines for extracorporeal division. A bowel grasper placed 
through the 12-mm trocar assesses bowel mobility by pulling 
the colon toward the abdominal wall. If the sigmoid or 
descending colon requires further mobilization not possible 
with a single working port, additional 5-mm trocar(s) may be 
placed either in the right lower quadrant, lateral to the rectus 
muscle and above the pelvic brim, or suprapubically.

   The additional trocars allow for countertraction while the 
lateral attachments are mobilized using laparoscopic scissors 
connected to an energy source. Mobilization commences at 
the peritoneal refl ection in the left paracolic gutter, and the 
dissection is carried medially in the avascular plane anterior 
to the gonadal vessels and the ureter. Mobilization should be 
suffi cient to enable several centimeters of bowel to protrude 
without tension through the abdominal wall. 

 Once mobilized, the colon can be grasped and divided 
with a laparoscopic stapler through the 12-mm port or exte-
riorized through the fascial defect and then divided 
 extracorporeally (Fig.  15.17 ). To exteriorize the colon in 
both cases, the fascial defect within the posterior rectus 
sheath must be opened and enlarged over the trocar. The 
opening in the abdominal wall should allow two average-
sized fi ngers to pass through to the second phalanx. Before 
maturing the colostomy, pneumoperitoneum is reestablished 
to verify proper orientation and absence of twisting.

   For single-port laparoscopic colostomy construction, a 
2.5-cm incision is made in the left iliac fossa at the predeter-
mined stoma site. The incision is carried down to the anterior 

  Fig. 15.15    Placement of the initial 5-mm laparoscopic trocar at the 
umbilicus to enter and visualize the abdomen.  Blue marks , from medial 
to lateral, represent the midline, the anticipated location of the colos-
tomy, and the border of the rectus sheath       

  Fig. 15.16    After the rectus muscle is split, the posterior rectus sheath 
is incised to accommodate the 12-mm trocar at the pre-marked ostomy 
site       

  Fig. 15.17    Once mobilized, the colon can be grasped and exteriorized 
through the 12-mm port site, with the fascial defect within the posterior 
rectus sheath opened and enlarged over the trocar to easily accommo-
date the colon       
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rectus sheath, which is divided in a cruciate fashion. The skin 
and subcutaneous fat are excised as a cone of tissue down to 
the anterior rectus sheath. The rectus abdominis muscle is 
spread in the direction of its fi bers exposing the posterior 
rectus sheath and peritoneum, which are then also divided in 
a cruciate fashion over a distance of 2.5 cm, wide enough to 
accommodate 2 fi ngers. 

 The single-port access system is then inserted through 
this incision, and a 15-mmHg pneumoperitoneum is estab-
lished. A 5-mm laparoscope with a fl exible steerable tip is 
used to visualize the abdomen. Single-incision laparoscopic 
instruments may be used, but standard laparoscopic instru-
ments are suitable in most cases. 

 Using laparoscopic scissors connected to an energy 
source, the lateral attachments are mobilized as needed. The 
proximal side (1 serosal thermal burn) and distal side (3 sero-
sal thermal burns) of the chosen point of colon are marked 
using laparoscopic electrocautery. When an end stoma is 
indicated, intracorporeal mesenteric division may be per-
formed either with laparoscopic clips or an endoscopic vas-
cular linear stapler, if necessary. 

 To avoid stapling of the afferent limb, the lithotomy posi-
tion allows for intraoperative proctosigmoidoscopy and air 
insuffl ation, which can identify the distal colon by disten-
tion when the colon at the site of the anticipated stoma is 
occluded. With a laparoscopic grasper, the colon is deliv-
ered through the stoma incision and exteriorized, with atten-
tion to maintaining proper orientation in the case of loop 
colostomy. 

 The single-port access system is removed. The colostomy 
is then matured in the usual fashion, either as an end or loop 
ostomy. The surgeon places an index fi nger along the side of 
the stoma down to the fascia to ensure the fascial opening is 
not excessively tight and down the stoma to ensure the bowel 
is not angulated.  

   Gaining Length When It Would 
Not Reach [ 4 ]  

 If standard mobilization fails to create a tension-free colos-
tomy, several operative maneuvers can help to obtain left 
colon length. Following division of the lateral attachments, 
the splenic fl exure should be completely mobilized. Further 
measures include transection of the medial peritoneal attach-
ments at the base of the colon mesentery, transection of the 
inferior mesenteric artery proximal to the left colonic arterial 
takeoff to decrease tethering, and creation of “windows” in 
the peritoneum overlying the colonic mesentery just below 
the stoma to gain mesenteric length. If an end stoma was 
initially intended, but unable to easily reach the proposed 
stoma site, a loop stoma can be constructed to provide addi-
tional length, if necessary.  

   Pearls and Pitfalls 

•     Pearls to ensuring adequate mobilization include full 
mobilization of sigmoid attachments in the pelvic, suffi -
cient incision of the lateral peritoneum of the descending 
colon, and suffi cient medial mobilization sigmoid colon. 
Before exteriorization, the proposed site of the stoma 
should be pulled up to the site of the stoma on the abdom-
inal wall. If the bowel reaches this site without tension, 
there will be more than adequate length to reach the skin 
once the pneumoperitoneum is released.  

•   Prior to ligating any major vessels, ensure you have ade-
quate collateral blood fl ow to avoid ischemia of the stoma.  

•   Prior to maturing the stoma, it is recommended to laparo-
scopically visualize the stoma to ensure proper orienta-
tion of the proximal and distal limb and that there is no 
twist in the mesentery.  

•   For a diverting-loop ileostomy, ensure you are not too 
close to the ileocecal valve. This will lead to the subse-
quent anastomosis being adjacent to the valve at the time 
of takedown.     

   Summary 

 Laparoscopy is well suited for stoma creation, as neither 
extensive dissection nor specimen extraction is usually 
 necessary. Although a variety of laparoscopic techniques 
have been described, the basic tenets remain the same— 
visualizing the appropriate intestinal segment, mobilizing 
the segment, and ultimately exteriorizing through the abdom-
inal wall in a proper orientation. When considered relative to 
a conventional, open technique, laparoscopic stoma con-
struction appears to be as safe and encourage quicker 
recovery without compromising functional outcomes.      
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          Key Points 
•     Laparoscopic surgery is now widely used in performing 

colectomies both for benign and malignant conditions.  
•   Laparoscopic colorectal surgery has short-term benefi ts 

over open colorectal surgery.  
•   Laparoscopic and open stoma reversals are challenging.  
•   Laparoscopic reversal of Hartmann’s procedure may be 

associated with shorter hospital stay.  
•   The authors endorse preoperative bowel preparation for 

laparoscopic Hartmann’s reversal.  
•   Preoperative fl exible sigmoidoscopy reveals useful infor-

mation regarding the length of the distal segment and thus 
facilitates operative planning.  

•   Initial access is gained by mobilizing the stoma from the 
surrounding tissue and placing a purse-string suture in the 
proximal bowel, which also helps to prevent stool or 
mucous from spilling through the end of the bowel.  

•   The utilization of the hand-assisted approach is an alterna-
tive to a primary technique or to a conversion to manage 
intra-abdominal adhesions and diffi culties with visualiza-
tion that would preclude the straight laparoscopic approach.     

    Introduction 

 Since the introduction of laparoscopic surgery for the man-
agement of symptomatic cholelithiasis, the surgical approach 
for many intra-abdominal diseases has dramatically changed. 
Laparoscopic colectomy, for both benign and malignant 

 conditions, is now widely performed. The collective experi-
ence with laparoscopic colon surgery has demonstrated that 
patients who undergo laparoscopic procedures have less 
pain, decreased incidence of ileus, and a shorter hospital 
stay. These trends have led some experienced surgeons to 
apply their laparoscopic skills to colostomy closure after 
Hartmann’s procedure, in an attempt to decrease operative 
trauma—and possibly hospital stay as well—in this select 
group of patients. Additionally, some advanced laparoscopic 
surgeons have begun to apply their skills and available 
 technology to performing minimally invasive re-operative 
surgery, including both complex lysis of adhesions and ileos-
tomy takedown, with ileocolonic or ileorectal anastomosis. 

 Laparoscopic stoma reversal is technically demanding 
due to intraoperative diffi culties caused by existing abdomi-
nal adhesions and, in many cases, a diffi cult pelvis. This 
added challenge can lead to longer operative times and a 
potential increase in complications, especially if such proce-
dures are performed by inexperienced laparoscopic sur-
geons. By using laparoscopy, however, the operative trauma 
usually associated with laparotomy can be minimized and 
postoperative hospital stay potentially reduced. For example, 
colostomy closure after Hartmann’s procedure is associated 
with a high morbidity of 15 to 34 percent and a prolonged 
hospital stay of 13 to 15 days [ 1 ,  2 ]. If complication rates 
after Hartmann’s procedure could be reduced, then it is likely 
that the percentage of patients left with permanent stomas 
would decline (Fig.  16.1 ). Therefore, Hartmann’s reversal 
may benefi t from a laparoscopic approach.

       Preoperative Planning 

    Proper patient selection is crucial to preoperative planning, 
and patients should be both medically fi t and able to tolerate 
laparoscopy. All patients should undergo a detailed history 
and physical examination, including a thorough review of 
their surgical history. Such preparation is especially impor-
tant if the original stoma creation was performed in a different 
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center from where the reversal will be performed. Physical 
examination can reveal important hints regarding the poten-
tial severity of intra-abdominal adhesions. A soft abdomen, 
with good anterior abdominal wall mobility as determined by 
bimanual examination, is usually indicative of a more favor-
able anatomy. On the other hand, a massive midline scar that 
is found to be sunken and possessing minimal mobility on 
bimanual examination    is classically associated with underly-
ing dense adhesions and restriction of the abdominal wall to 
accommodate. Patients in the latter group are usually not 
good candidates for the laparoscopic approach. 

 Preoperative colonoscopy and fl exible sigmoidoscopy is 
especially recommended for high-risk and IBD patients or 
those who had a previous bowel perforation due to diverticu-
litis. Flexible sigmoidoscopy reveals useful information 
regarding the length of the distal segment (i.e., a rough esti-
mation of above or below the promontory) and thus facilitates 
operative planning. As part of the preoperative preparation, 
patients with a colostomy should undergo a mechanical bowel 
preparation, ensuring the distal stump is clear of stool with 
one or two enemas. In our practice, however, patients under-
going ileostomy closure with bowel anastomosis are not usu-
ally given a mechanical bowel preparation. Preoperative 
intravenous antibiotics are given within 30–60 min of the 

incision time, to ensure adequate concentration at the outset, 
and later readministered in cases taking longer than 3–4 h. 
Deep venous prophylaxis should include the use of sequential 
compression devices as well as chemical prophylaxis (preop-
erative heparin).  

    Procedure 

    Setup 

 After informed consent is obtained, IV induction is given, 
followed by endotracheal intubation. A Foley catheter and an 
orogastric tube are placed. The patient is routinely placed in 
the modifi ed lithotomy position (Fig.  16.2 ), which allows 
access to the anus. This position also allows an intraoperative 
CO 2  colonoscopy to be performed with ease, when required. 
The lithotomy position also provides additional space for the 
surgical team, especially when operating in the upper 
 quadrants of the abdomen, by standing between the patient’s 
legs (Fig.  16.3 ). Padded stirrups or yellow fi ns are used, and 
attention is given to preventing peroneal nerve injury. Both 
arms are tucked at the patient’s sides. A gel pad on the oper-
ating table can provide additional decubitus support and sta-
bility against gravity with tilting. Additionally, we prefer to 
secure patients on the operating table with a strong tape 
placed over the chest to prevent patients from sliding during 
steep Trendelenburg and right or left tilt. For closure after 
Hartmann’s procedure, the operating surgeon stands on the 
patient’s right side, with the assistant either on the opposite 
or same side, as needed. Two monitors are placed on both 
sides of the table.

        Procedure Steps 

    Laparoscopic Reversal of Colostomy After 
Hartmann’s Procedure 
   Port Placement 
•     Initial access: Usually, the colostomy site can be taken 

down fi rst. An incision is made at the mucocutaneous 
junction, and the colostomy is freed from the surrounding 
attachments. A purse-string suture is placed in the proxi-
mal bowel and the anvil is secured. This technique also 
helps to prevent stool or mucous spillage from the end of 
the colon (Fig.  16.4 ). After the colostomy has been com-
pletely mobilized, the bowel segment proximal to the 
anvil is returned to the abdomen and peritoneal access is 
gained. However, it is often necessary to place the anvil in 
the proximal bowel after adequate mobilization is per-
formed. If so, the proximal colon can be closed with 
sutures or staples prior to returning it to the abdomen. 
In this approach, sealing can be achieved in different 
ways: Our general preference is to use Alexis bundle 

  Fig. 16.1    Hartmann’s procedure.  With permission from Cleveland 
Clinic Foundation        
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wound protectors with “a cap” (Alexis laparoscopic sys-
tem with Kii Fios First Entry, Applied Medical, Rancho 
Santa Margarita, CA), which helps maintain the pneumo-
peritoneum (Fig.  16.5 ). A 5–12-mm port is situated in the 
middle of the cap, which also enables a laparoscopic 
approach before and after specimen retrieval. This 
approach thus converts the stoma site into an additional 
working port, with 12-mm trocar. This port can subse-
quently be used as an access port for endoscopic staplers 
as well as a port site where specimens can be removed 
when necessary. Additionally, the operating surgeon can 

utilize this trocar by standing between the patient’s legs 
and take down the splenic fl exure when needed. 
Alternatively, single-port access laparoscopic Hartmann’s 
reversal can be performed. When using this approach, a 
similar circumferential incision around the colostomy is 

  Fig. 16.2    Modifi ed lithotomy position       

  Fig. 16.3    Room setup for a laparoscopic stoma reversal.  With permis-
sion from Cleveland Clinic Foundation        

  Fig. 16.4    Initial port placement and peritoneal access.  With permission 
from Cleveland Clinic Foundation        

  Fig. 16.5    Alexis bundle wound protectors with “a cap” and trocar       
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made, followed by disconnection of the stoma from the 
mucocutaneous border. After the proximal bowel with the 
anvil is returned to the abdomen, a single-port access 
device (GelPOINT, Applied Medical, Rancho Santa 
Margarita, CA) is inserted into the abdomen (Figs.  16.6  
and  16.7 ).

•         Alternatively, an open Hasson technique may be used and 
access to the peritoneal cavity gained through an incision 
just above the umbilicus, in cases where initial stoma 
takedown is not preferred.  

•   After insuffl ation, two 5-mm trocars (Fig.  16.8 ) can be 
placed under direct vision on the right side, lateral to the 
rectus. A minimum of a fi st-sized distance is left between the 
5-mm ports. This room provides superior freedom to each of 
the instruments during dissection and manipulation.

•      Hand-assisted approach: The utilization of the hand- assisted 
approach allows the surgeon the ability to assess the intra-
operative fi ndings prior to committing to the costs of open-
ing the laparoscopic equipment. A hand port can be created 
in the suprapubic position, and via the open incision, the 
presence of adhesions and the state of the pelvis can be 
assessed (Fig.  16.9 ). If favorable, the laparoscopic equip-
ment can be opened and the case can proceed. If conditions 

are not favorable, the incision can be extended and the case 
approached in an open fashion.

•      Establishment of pneumoperitoneum: This step is achieved 
via insuffl ation through either the umbilical port or colos-
tomy side port. Following adequate pneumoperitoneum, 
the camera is inserted fi rst through the colostomy side 
port, and then, according to the density of adhesions, 
more space is created through further adhesiolysis or with 
the insertion of additional trocars as described above. All 
four quadrants of the abdomen are then explored and any 
abnormalities noted.  

•   Optional trocars: A 5-mm trocar may be placed in the left 
paramedian position, lateral to the edge of the rectus in 
the left upper quadrant. This placement can assist both 
with sigmoid retraction and small bowel adhesiolysis on 
the right side of the abdomen.     

   Mobilization of the Proximal Colon 
•     Once the adequate pneumoperitoneum is established and 

the peritoneal cavity is adequately assessed, the proximal 
colon needs to be mobilized. The decision to perform a 
lateral-to-medial or medial-to-lateral approach is depen-
dent upon the surgeon’s preference and the intraoperative 
conditions. A lateral-to-medial dissection is usually satis-
factory for mobilizing the remaining descending colon. In 
cases where, during the initial operation, perforectomy 
alone (i.e., resection of the perforated segment only) was 
performed and a long distal sigmoid colon was left behind, 
a more extensive descending colon mobilization will be 
required. At this stage the distal sigmoid colon will be 
mobilized down to the rectum. We generally prefer a 
medial-to-lateral approach; however, depending on the 
comfort level of the surgeon, a lateral approach can also 
be utilized. The superior rectal/inferior mesenteric vessels 

  Fig. 16.6    Single-port access laparoscopic Hartmann’s reversal.  With 
permission from Cleveland Clinic Foundation        

  Fig. 16.7    Side view of the single-port access device.  With permission 
from Cleveland Clinic Foundation        
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can be identifi ed and ligated after the left ureter is visual-
ized and preserved. Ligation of the inferior mesenteric 
vein just below the level of the pancreatic body gives 
additional mobility to the proximal colon segment. Once 
the colon is adequately mobilized, it will need to be exte-
riorized for resection and insertion of the stapling anvil. 
The colon can be exteriorized via the stoma site or a 
suprapubic incision.     

   Mobilization of the Hartmann’s Pouch and Rectum 
•     The goals of this step are to achieve visualization of the 

pelvis and mobilize both the descending colon and the 
Hartmann’s pouch. Laparoscopic adhesiolysis may be 
required, in order to free the left lower quadrant small 
bowel of adhesions. Additional mobilization of the 
descending colon or rectal stump may be required. The 
goal here is to create a tension-free anastomosis; however, 
any remaining sigmoid colon on the colostomy or rectal 
stump must be resected if the Hartmann’s procedure was 
initially performed for perforated diverticulitis. Resection 
should be extended all the way down to the top of the 
rectum. In these cases, a formal splenic fl exure takedown 
may be required before a tension-free reach and anasto-
mosis can be achieved.  

•   In our experience, we prefer to implant the rectal stump 
above the fascia and just under skin, at the lower aspect of 
the incision, at the time of the primary operation. This 
practice makes fi nding the rectal stump signifi cantly eas-
ier, and the potential for rectal scarring and small bowel 
adhesion formation around the stump itself is minimized 
(Fig.  16.9 ).     

   Resection of the Distal Sigmoid Colon 
•     Distal division of the sigmoid colon: If the distal sigmoid 

colon is not resected during the index operation, this step 
must be completed, since this area is usually described as 
the “high-pressure zone” and recurrent diverticulitis 
attacks may be observed if this bowel segment is left 
behind. Therefore, a distal division point is chosen where 
the taenia splays, ensuring that transection is performed 

  Fig. 16.8    Port sites for straight 
laparoscopic or hand-assisted 
stoma reversal.  With permission 
from Cleveland Clinic 
Foundation        

  Fig. 16.9    Hartmann’s procedure with implantation of the rectal stump 
above the fascia.  With permission from Cleveland Clinic Foundation        
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on the rectum. The bowel is then transected at this point, 
utilizing a laparoscopic linear cutting stapler. Endocutter 
stapler can be introduced either through the right lower 
quadrant or the stoma side port. Usually, one fi ring of the 
stapler is satisfactory to staple and cut across the bowel at 
this level of the rectum, provided the mesentery is meticu-
lously prepared.  

•   Extra-corporealization of the distal sigmoid colon: Once 
the distal portion of the bowel is transected, the resected 
bowel segment is removed from the previous colostomy 
side or Pfannenstiel incision, through the wound protector 
(Fig.  16.10 ). If the remaining rectal stump is short and pre-
vious resection of the bowel was performed right at the top 
of the rectum, further stapling may not be required. In these 
circumstances we usually prefer to use “rectal sizers” and 
make sure the stump is adequately mobilized from the pel-
vic adhesions. This step also allows us to advance the circu-
lar stapling gun easily to the end of the bowel.

         Anastomosis Creation 
•     Creation of the anastomosis: A curved circular stapler is 

advanced through the anus to the level of the rectal stump. 

We generally bring the spike of the stapler to one corner 
of the rectal stump (Video  16.1 ) .  This way, only one 
 corner is left behind on the rectal stump, rather than two, 
which could potentially act as “dog-ears.” The spike por-
tion is then engaged with the anvil. This step is best 
achieved by using the special disposable or reusable anvil 
graspers, for easier stapler-anvil engagement. Prior to 
closing the stapler, the surgeon should confi rm that the 
proximal bowel is not twisted and that the mesentery is 
straight. The small bowel should also be retracted from 
the retroperitoneum and should not be trapped under the 
mesentery, which is best achieved by placing the patient 
in the Trendelenburg position and tilting the operating 
table to the right. The stapler is then fi red and tissue 
doughnuts removed and closely inspected, to confi rm the 
circumferential integrity of the staple line.  

•   Inspection of anastomosis and leak test: We routinely use 
CO 2  colonoscopy to carefully inspect the anastomosis and 
perform a leak test. The proximal bowel is clamped using 
an atraumatic bowel grasper and the pelvis is fi lled with 
saline. A leak test is performed by CO 2  insuffl ation. If any 
visible or pulsating vessel is seen, immediate endoclip-
ping can be performed until absolute hemostasis is 
reached.  

•   Closure of the abdomen: After achieving complete hemo-
stasis, all port sites larger than 10 mm are closed using 
absorbable suture. We do not routinely use abdominal or 
pelvic drains. The orogastric tube is removed at the time 
of emergence from anesthesia. The Foley catheter is dis-
continued on postoperative day one.      

    Laparoscopic Reversal of Ileostomy 
with Ileorectal Anastomosis 
   Port Placement 
•     Initial access: Disconnection from the skin is usually 

accomplished with a circumferential mucocutaneous 
junction incision around the ileostomy similar to the pre-
viously described with the colostomy. The surrounding 
attachments are sharply and bluntly freed and access to 
the peritoneal cavity gained. A purse-string suture is 
placed in the proximal bowel and the anvil is secured. 
This technique prevents ileostomy contents or mucous 
from spilling from the end of the stoma. After the ileos-
tomy has been taken down, the proximal bowel segment 
with the anvil is returned to the abdomen, and the perito-
neal opening is sealed. Sealing can be achieved in differ-
ent ways. Our preference is to use Alexis bundle wound 
protectors (Alexis laparoscopic system with Kii Fios First 
Entry, Applied Medical, Rancho Santa Margarita, CA), 
which can be caped to maintain pneumoperitoneum. This 
device provides a good seal, and a 5–12-mm trocar in the 
middle can be used as an access port. This port can subse-
quently be used as an access port for endoscopic staplers, 

  Fig. 16.10    Maintaining pneumoperitoneum using wound protector at 
the Pfannenstiel incision.  With permission from Cleveland Clinic 
Foundation        
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as well as a port site, where specimens can be removed as 
needed.  

•   After insuffl ation, a 5-mm trocar is placed under direct 
vision in the right upper quadrant, lateral to the rectus. 
A minimum of a fi st-sized distance (Fig.  16.7 ) is left 
between the old ileostomy side port and the 5-mm ports. 
If the ileostomy was in the left lower quadrant, two 5-mm 
ports are placed on the right side of the abdomen, lateral 
to the rectus muscle. A minimum of a fi st-sized distance 
is then left between the two 5-mm ports, which enables 
superior freedom of movement    during dissection and 
manipulation, for each instrument.  

•   Optional hand-assist device placement and rectal stump 
mobilization: For surgeons who prefer to use a hand- 
assist device, this may be placed at the Pfannenstiel or 
midline position. For ileostomy reversal cases, the rectal 
stump may be implanted under the Pfannenstiel incision 
and above the fascia during the initial operation. This 
practice is our preference for patients with complex IBD, 
in whom subtotal colectomy with end ileostomy is cre-
ated. We prefer to implant the rectal stump above the fas-
cia to potentially avoid stump blowout within the pelvis. 
In these circumstances, at the time of the reversal opera-
tion, adding a hand port can ease surgical complexity and 
signifi cantly shorten operative time. Additionally, if the 
incision where the rectal stump was implanted is too 
small to place a hand port, an additional XS or small 
wound protector can be added to achieve a seal and main-
tain pneumoperitoneum.  

•   Establishment of pneumoperitoneum: This step is 
achieved via insuffl ation through either the umbilical port 
or colostomy side port. Following adequate pneumoperi-
toneum, the camera is inserted. All four quadrants of the 
abdomen are explored and any abnormalities noted.  

•   Optional trocars: A 5-mm trocar may be placed in the left 
paramedian position, lateral to the edge of the rectus, in 
the left lower or upper quadrant, as needed. This added 
measure can assist both with distal sigmoid colon retrac-
tion as well as mobilization of the rectal stump. The assis-
tant surgeon can utilize this trocar by standing on the left 
of the patient and using it to assist with retraction, or to 
further dissect the rectal stump.  

•   Alternatively, single-port access laparoscopic ileostomy 
reversal can be performed. For this purpose, a similar cir-
cumferential incision around the ileostomy is made, fol-
lowed by disconnection of the stoma from the 
mucocutaneous border (Video  16.2 ). After the proximal 
bowel with the anvil is returned to the abdomen, a single- 
port access device (GelPOINT, Applied Medical, Rancho 
Santa Margarita, CA) is inserted into the abdomen 
(Fig.  16.11 ). Intra-abdominal adhesions are then divided 
using the GelPOINT system and three trocars. Laparoscopic 
adhesiolysis is then performed to obtain suffi cient access to 

the abdominal and pelvic cavities. For the purpose of 
 ileorectal anastomosis, the rectal stump is mobilized. A 
tension-free ileorectal anastomosis is ensured with a stan-
dard circular stapling device, which is inserted transanally 
and then tested for leaks. Single-port access may offer cos-
metic advantages beyond the well- recognized benefi ts of 
multi-port laparoscopic surgery and can be performed with 
the use of standard straight instruments.

         Mobilization of the Small Bowel 
•     Once adequate pneumoperitoneum is created and the 

abdomen is evaluated, the small bowel needs to be mobi-
lized to ensure reach into the pelvic and proper orienta-
tion. This usually requires that most intra-loop adhesions 
be lysed and the small bowel mesentery be mobilized off 
the retroperitoneum. This often requires the superior mes-
enteric artery to be mobilized up to the level of the duode-
num. To ensure there is no twisting of the small bowel 
mesentery, the small bowel should be placed in the left 
side of the abdomen and the cut edge of the mesentery 
should face the patient’s right side.     

   Mobilization of the Rectum 
•     The goals of this step are to achieve pelvic visualization 

and mobilize the rectal segment where the anastomosis 
will be created. Adhesiolysis may be needed, in order to 
free the bowel segment (Video  16.3 ). If ileorectal anasto-
mosis will be created, the left gutter and the pelvic brim 
must be free of any small bowel.     

  Fig. 16.11    Laparoscopic ileostomy reversal with ileorectal anastomo-
sis using single-access port: external view.  With permission from 
Cleveland Clinic Foundation        
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   Rectal Resection 
•     Division of rectal stump: If the end of the rectal stump is 

not even and hard, the top of the rectum may need to be 
freed up from pelvic adhesions and then stapled in order 
to ensure a safer anastomosis. The bowel can be tran-
sected utilizing either a laparoscopic linear cutting stapler 
inserted through the GelPOINT port or, if the rectal stump 
is long enough, can be pulled through a small Pfannenstiel 
incision and stapled using a TX stapler (transverse sta-
pler), in an open fashion.     

   Creation of the Anastomosis 
•     Creation of the anastomosis: A curved circular stapler is 

advanced through the anus, to the level of the rectal 
stump. We again generally bring the spike portion of the 
stapler to one corner of the rectal stump. This    placement 
allows us to leave only one of the rectal stumps behind, 
rather than two, which could potentially act as “dog-
ears.” The spike portion is then engaged with the anvil. 
This process is best achieved by using disposable or reus-
able anvil graspers. Prior to closing the stapler, the sur-
geon should confi rm that the proximal bowel is not 
twisted and that the mesentery is straight. The small 
bowel should also be retracted from the retroperitoneum 
and should not be trapped under the mesentery. The sta-
pler is then fi red and tissue doughnuts should be removed 
and closely inspected to confi rm circumferential integ-
rity of the  staple line.  

•   Inspection of anastomosis and leak test: We routinely use 
CO 2  colonoscopy to carefully inspect the anastomosis and 
perform a leak test. The proximal bowel is clamped using 
an atraumatic bowel grasper and the pelvis is fi lled with 
saline. An air leak test is performed by CO 2  insuffl ation. If 
any pulsating vessel is found, endoclipping is performed 
immediately or a vasoconstrictive agent is injected.  

•   Closure of the abdomen: After complete hemostasis is 
achieved, all port sites larger than 10 mm are closed using 
absorbable sutures. We do not routinely use abdominal or 
pelvic drains. The orogastric tube is removed at the time 
of emergence from anesthesia. The Foley catheter is dis-
continued on postoperative day one.        

    Postoperative Care 

 Early ambulation and enteral feeding are part of our standard 
postoperative management. Most patients are started on a 
clear liquid diet on the day of surgery and advanced to solid 
food on postoperative day one, as tolerated. Pain control is 
usually achieved by narcotic, intravenous patient-controlled 
analgesia (PCA). Narcotic use in patients with ileus should be 
limited, and nonnarcotics such as ketorolac, acetaminophen, 
and ibuprofen should instead be administered parenterally. 

Foley catheter is usually removed on postoperative day one. 
Prophylactic antibiotic usage is limited to 24 h postopera-
tively. DVT prophylaxis consists of early ambulation, sequen-
tial compressive devices, and chemical prophylaxis (SQ 
heparin) until the patient is discharged from the hospital. 
Patients with laparoscopic stoma reversal and bowel anasto-
mosis are typically discharged 3–4 days postoperatively, with 
planned clinic follow-up 4 weeks after the day of discharge.  

    Complications 

 The use of the laparoscopic technique for the reversal of osto-
mies appears to offer distinct advantages over the open 
approach. In a comparative analysis between laparoscopic 
and open colostomy reversal, Rosen et al. found that the lapa-
roscopic technique resulted in less operative blood loss, 
decreased complications, quicker return of bowel function, 
and a shorter hospital stay [ 3 ]. Patients with ostomies may 
have signifi cant intra-abdominal adhesions. As a result, gain-
ing access to the peritoneal cavity may cause inadvertent 
bowel injury. These adhesions are often centered under the 
previous midline incision as well as within the pelvis. During 
open stoma reversal, the previous midline incision is typically 
reentered, which may increase the likelihood of bowel injury, 
as these adhesions are most dense at the site of the previous 
incision. In the laparoscopic approach, however, the abdomen 
is entered at a site remote from any previous intra- abdominal 
scarring. As described above, the abdomen is entered through 
the stoma, and an incision at the previous scar site is thus 
avoided. Initial trocar placement is conducted at the stoma 
site by mobilizing the colostomy or ileostomy, and the perito-
neum is accessed with an open cut-down technique, a maneu-
ver that decreases the risk of bowel injury. Additionally, 
eliminating the laparotomy incision can decrease the inci-
dence of postoperative wound complications. 

 Other complications may include inadvertent enterotomy 
or colotomy at the stoma site, ureteral injury, trocar place-
ment injury, and vascular injury. Enterotomies and coloto-
mies should initially be repaired, if possible, and conversion 
to an open procedure undertaken only if the injury cannot be 
safely repaired laparoscopically. Unexpected conversion to 
an open procedure is not a failure and should be considered 
an option if the procedure cannot be performed safely due to 
dense adhesions or an injury that cannot be managed laparo-
scopically. Open procedure instruments should be kept at 
hand, in the event that conversion is required. If found, ure-
teral injuries should be repaired intraoperatively and typi-
cally require the consultation of a urologic surgeon. Vascular 
injury is rare but can occur at several locations: epigastric 
vessels during trocar placement, gonadal and iliac vessels 
during dissection and mobilization prior to resection, and 
mesenteric vessels during mobilization and resection. 
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Damage to the epigastric may be avoided by transilluminat-
ing the abdominal wall during trocar placement or by placing 
the trocars lateral to the rectus muscles. If damage does 
occur, direct pressure and electrocautery can be implemented 
with good success. Refractory bleeding can be stopped tem-
porarily by the tamponade effect of a Foley catheter balloon 
introduced via the offending port site. Because the gonadal 
and iliac vessels are retroperitoneal structures, they may be 
avoided by early identifi cation and careful dissection. If 
damage to these vessels does occur, direct manual pressure 
should be used and conversion to open should be considered, 
depending on the extent and location of the injury. 

 Early postoperative complications include hemorrhage, 
deep space infections, anastomotic leak, urinary tract infec-
tion, surgical site infection, and respiratory infection 
(Table  16.1 ). Urinary tract infections can be minimized by 
implementing sterilization techniques and removing the 
Foley catheter by postoperative day one. Respiratory infec-
tions can be prevented by introducing early postoperative 
respiratory exercises. Atelectasis may also be avoided with 
the use of incentive spirometry, deep breathing, coughing, 
and early ambulation. Unfortunately, surgical site infections 
are not an uncommon complication in any colorectal proce-
dure, but their incidence can be minimized with the appropri-
ate use of preoperative antibiotics and wound protectors and 
by adopting a culture of operative infection prevention, 
which includes rules such as changing gloves prior to skin 
closure, irrigation of the wound with saline, etc. If a wound 
infection occurs, it should be treated in the standard fashion, 
with wound culture obtained to guide proper antibiotic treat-
ment, as necessary. Anastomotic leakage, although a feared 
complication, has a low incidence. Anastomotic leaks can be 
avoided by ensuring a tension-free, non-twisted anastomosis 

with an adequate blood supply. If the anastomosis appears 
tenuous during the procedure, it should be taken down and 
re-created. If there is suspicion for a leak postoperatively and 
the patient is stable, a CT scan with PO or rectal and IV con-
trast should be completed, to determine the presence and 
location of the suspected leak. All patients with suspected 
leaks that are unstable should undergo fl uid resuscitation and 
initiation of broad-spectrum antibiotics and return to the 
operating room for exploration.

       Outcome 

 Open Hartmann’s reversal is technically challenging and 
has been associated with signifi cant morbidity (13–50 %) 
and mortality (5–10 %). Once the Hartmann’s is created, 
intestinal continuity may be restored but, due to its high 
perioperative risk and complication rates, up to 60 % of 
patients never have their stomas reversed [ 4 – 7 ]. A recent 
study from the UK, regarding trends in the Hartmann’s pro-
cedure and Hartmann’s reversal, showed that only 23 % of 
patients had their stoma reversed within a 4-year period 
after their primary operation. Increasing age and the pres-
ence of comorbid disease are the most common risk factors 
for nonreversal. If complication rates after open Hartmann’s 
procedure could be reduced, it is likely that the number of 
stoma reversals after Hartmann’s procedure would increase 
and the percentage of patients left with a stoma would 
potentially decrease. 

 Open stoma reversal has also been associated with a hos-
pital stay of 13–15 days [ 8 ,  9 ]. Studies examining the results 
of laparoscopic colon resections have shown that the laparo-
scopic approach results in less postoperative pain, decrease 
postoperative ileus rates, and reduced length of hospital stay. 
These fi ndings have led some surgeons to believe that 
patients may benefi t from a minimally invasive approach, 
and performing laparoscopy for the purpose of stoma rever-
sal was explored. The role of laparoscopy in colostomy 
reversal, however, has been little studied since it was fi rst 
reported [ 10 ]. A small case series reported conversion rates 
as high as 25 % because of multiple and dense adhesions and 
diffi culty in identifying the rectal stump. Such a procedure is 
indeed technically challenging and requires an experienced 
laparoscopic surgeon. Generally, the main reported reasons 
for conversion were dense abdominal and pelvic adhesions 
secondary to diffuse peritonitis at the time of the primary 
operation, as well as diffi culties with identifying the rectal 
stump. In our experience, we prefer to implant the rectal 
stump above the fascia and just under skin, at the lower 
aspect of the incision, at the time of the primary operation. 
This practice makes fi nding the rectal stump signifi cantly 
easier, and the potential for rectal scarring and small bowel 
adhesion formation around the stump itself is minimized. 

   Table 16.1       Complications of laparoscopic stoma reversal   

 Intraoperative 

 • Enterotomy 
 • Colotomy 
 • Ureteral injury 
 • Trocar placement injury 
 • Vascular injury 

 Postoperative 
 • Early 

 ⚬ Early Ileus 
 ⚬ Surgical site infection 
 ⚬ Urinary tract infection 
 ⚬ Respiratory tract infection 
 ⚬ Anastomotic leak 
 ⚬ Organ space infection 
 ⚬ Hemorrhage 
 ⚬ Small bowel obstruction 

 • Late 
 ⚬ Bowel obstruction 
 ⚬ Stoma closure side hernia 
 ⚬ Incisional hernia 
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 Hand-assisted techniques have also been described with 
good results [ 11 ]. During laparoscopy, the operating surgeon 
may be surprised to fi nd how few adhesions exist, especially 
when the time interval between the procedures is more than 6 
months. Therefore, we feel it is worth introducing a laparo-
scope in all patients, to assess the feasibility of a laparoscopic 
approach. This conclusion was confi rmed by a meta-analysis 
analyzing 8 studies with a total of 450 patients. In this study, 
193 patients had laparoscopic surgery and 257 had open sur-
gery. Laparoscopic reversal resulted in signifi cant reductions 
in complication rates, intraoperative blood loss, and length of 
hospital stay, when compared to the conventional approach. 
No difference was found in leak rates [ 12 ].  

    Pearls and Pitfalls 

•     Do not be afraid of converting early if the adhesions are 
too dense.  

•   The most diffi cult part of the case is often locating the 
staple line in the pelvis. Many times, it is stuck down to 
the sacrum posteriorly. Beware of the adjacent venous 
plexus when attempting to mobilize the stump.  

•   Placing an EEA sizer though the anus can aid in identify-
ing the proximal end of the stump. Additionally, in 
women, a sizer in the vagina can help identify the poste-
rior vaginal wall and plane between the rectum and 
vagina/vaginal cuff.  

•   Excessive force with the EEA stapler may traumatize the 
rectal stump. If stapling gun cannot be advanced easily 
further, mobilization and resection of the rectal stump be 
required.  

•   The hand-assisted approach allows for preliminary 
 assessment of intra-abdominal adhesions and the condi-
tion of the pelvis in cases of concern for a hostile abdo-
men. It also offers an alternative for conversion to full 
laparotomy.     

    Summary 

 Laparoscopic reversal results in decreased morbidity and 
mortality. The published studies so far have shown that lapa-
roscopic reversal is associated with less intraoperative blood 

loss, shorter hospital stay, lower wound infection rates, less 
postoperative pain, and lower incidences of pelvic abscess, 
anastomotic leak, and incisional hernia, when compared to 
open reversal. Further advantages include faster patient con-
valescence, time to the fi rst bowel movement, and return to 
oral feeding. 

 The laparoscopic reversal of stomas therefore seems to 
not only be safe but also to result in fewer complications than 
open surgery. However, randomized controlled trials are 
needed to strengthen the growing body of evidence, which 
seems to point in favor of this approach. In conclusion, the 
laparoscopic approach for stoma reversal and the restoration 
of intestinal continuity may be the procedure of choice for 
select patients requiring stoma closure with an anastomosis.      
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          Key Points 
•     Have a solid plan in place ahead of time to decide on local 

repair, relocation, use of mesh, as well as the ability to 
convert to open, if necessary.  

•   Safe entry into the abdomen is the initial key step with 
this approach.  

•   Expect to have to perform an extensive lysis of adhesions 
around the hernia sac.  

•   You must carefully reduce all of the hernia sac contents. 
Avoid the urge to simply start pulling bowel loops out of 
the sac, as this will often lead to inadvertent serosal tears 
or full-thickness bowel injury.  

•   Prior to repair or relocation, you should only be looking at 
the afferent limb of the stoma and the fascial defect (i.e., 
all of the other loops of bowel must be reduced).  

•   You will need both tacking and transfascial sutures for a 
successful repair.     

    Background 

 Parastomal hernia occurs when abdominal contents herniate 
across the fascial defect through which an ostomy passes. The 
incidence of parastomal hernia (PH) ranges from 5 to 80 %, 
and the rate variance is due to differences in the classifi cation 

of PH. Factors impacting the classifi cation depend on whether 
the diagnosis is made clinically, radiographically, or at the 
time of surgical repair [ 1 ]. As of 2003, there were nearly half 
a million ostomates living in the United States, with 120,000 
new stomas created annually [ 2 ]. Stoma presence alone has a 
signifi cant impact on quality of life, and this impact may be 
exacerbated when a PH is present. Symptoms associated with 
PH include abdominal pain, inability or impaired ability to 
apply stoma devices, bulging, and intestinal obstruction or 
strangulation. 

 Risk factors for the development of PH include obesity, 
smoking, nutritional impairment, steroid use, emergent 
nature of case at stoma creation, infection, underlying 
infl ammatory bowel disease or malignancy, and chronically 
elevated intra-abdominal pressure (COPD, BPH). Of these, 
obesity is likely the greatest risk factor (Fig.  17.1 ) [ 3 ]. 
Indications for surgical repair include pain, diffi culty or 
inability to pouch the stoma, and obstructive symptoms 
such as acute incarceration or strangulation (Fig.  17.2 ). 
Surgical repair can be technically diffi cult and plagued 
with high recurrence rates. As a result, asymptomatic her-
nias are often carefully watched after appropriate patient 
counseling. Options for repair of the PH include local or 
primary repairs, mesh repairs, and re-siting the stoma. 
Primary or local repairs with or without the use of mesh 
have largely fallen out of favor due to unacceptably high 
recurrence rates on the order of 70 % [ 4 ]. Historically, open 
repairs with mesh had a 30 % recurrence rate and carried 
the risks of a major operation and mesh infection. However, 
with the widespread adoption of laparoscopic approaches 
to parastomal hernias, the risk of recurrence has decreased 
signifi cantly. The more commonly used mesh repair tech-
niques include the Sugarbaker and keyhole techniques 
using either synthetic or biologic mesh implants. The 
Sugarbaker technique has had the best results with recur-
rence rates ranging from 9 to 15 %. In this chapter, we will 
review the technical aspects and potential challenges asso-
ciated with a laparoscopic repair of parastomal hernias.

      Laparoscopic Parastomal Hernia 
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        Preoperative Planning 

 As with most surgical procedures, patients offered PH 
repair should have an appropriate surgical indication and 
should be cleared as good operative candidates from a 

 cardiopulmonary risk standpoint. Physical examination 
often reveals the presence of a hernia, and this may be better 
defi ned by asking the patient to Valsalva. It is important to 
note if the hernia is reducible. Cross-sectional imaging is 
often helpful in preoperative planning, especially in defi n-
ing hernia anatomy, elucidating presence of hernia in 
patients whose exam is limited due to habitus, as well as 
accounting for the presence of other hernias in the vicinity 
of the PH that may impact the repair or size of mesh used 
(Fig.  17.3 ). In addition, patients should be up-to-date on 
their colonoscopic screening, as well as any cancer surveil-
lance that might impact the operative plan. Controllable her-
nia risk factors should be emphasized when PH repair 
occurs in the elective setting to optimize success of the 
repair and decrease recurrence risk. These factors may 
include smoking cessation, weight loss, cessation of ste-
roids (if possible), and control of medical factors that cause 
frequent Valsalva such as benign prostatic hyperplasia 
(BPH) and chronic cough or obstructive pulmonary disease. 
In preoperative holding, deep venous thrombosis chemopro-
phylaxis and broad-spectrum intravenous antibiotics to 
cover both skin and enteric fl ora within one hour of incision 
are given. A thorough discussion with the patient should 
occur regarding the operative plan and the risks of conver-
sion to an open repair, need for relocation, or substitution of 
biologic for permanent mesh. A successful laparoscopic 
approach is dependent upon safe access to the peritoneal 
cavity, adhesiolysis, and reduction of the hernia contents. 
The presence of an associated incisional hernia also 
increases the risk of conversion or need for relocation.

  Fig. 17.1    Stoma in a patient with morbid obesity. Notice the large 
bulge around the stoma indicating the possible presence of a parastomal 
hernia       

  Fig. 17.2    Strangulated parastomal hernia with associated cellulitis       

  Fig. 17.3    CT demonstrating a large fascial defect with a moderate- 
sized parastomal hernia       
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       Procedure 

    Setup 

 After induction and intubation, an orogastric tube and Foley 
catheter should be placed. The patient may be positioned at 
the discretion of the operating surgeon either in supine or in 
low lithotomy position. Generally, the arms should be tucked 
with pressure points padded, but this may not be necessary 
on all cases. The patient should be well secured to the operat-
ing room table to allow for intraoperative positioning changes 
such as Trendelenburg position that may be necessary during 
the procedure. 

 The operating surgeon stands on the contralateral side of the 
PH to allow maximal working room in the abdominal cavity. 
The assistant may stand either on the same or opposite side. 
Two monitors should be utilized—one directly across from the 
operating surgeon to allow for in-line tissue manipulation and 
visualization and a second for the assistant to view. The 
approach to PH repair is quite variable as stomas may be right 
or left sided and have associated incisional hernias. Principles 
described here are general guidelines, but the operating sur-
geon must be comfortable with some variation in monitor and 
port placement to allow for variation based on patient anatomy. 
All equipment for both a laparoscopic and open procedure 
should be in the room in the event that the procedure must be 
converted. The abdomen should be shaved and prepped and 
draped in the usual standard fashion. The stoma appliance 
should be removed and the stoma prepped into the fi eld and 
then covered with gauze and an occlusive dressing to control 
effl uent during the case (Fig.  17.4 a, b ). This will help mini-
mize the exposure of enteric contents and contamination to the 
mesh while it is being introduced into the abdomen.

       Procedure Steps 

    Insuffl ation and Port Placement 
 After the patient has been prepped and draped, and the 
 laparoscopic equipment has been passed onto the fi eld and 
situated, a time-out is completed, and intraperitoneal access 
is established. This is accomplished based on surgeon prefer-
ence, typically with a 12 mm camera port placed fi rst either 
with an open Hasson technique or after insuffl ation with a 
Veress needle usually placed in an abdominal quadrant 
deemed to have the fewest adhesions and is far enough away 
from the hernia to provide good visualization for dissection 
and mesh placement (Fig.  17.5 ). The abdomen should be 
insuffl ated to a pressure of 15 mmHg. The working ports are 
typically 5 mm in size, and generally 2–3 ports are required. 
Ports should be triangulated to the location of the hernia. 
A third port for the assistant is not always necessary, but can 
facilitate tissue retraction for the operating surgeon. This 
also helps if an extensive adhesiolysis is necessary prior to 
hernia reduction, and often some adhesions must be taken 
down to facilitate port placement. It must be kept in mind 
that the dissection of the hernia and its contents requires 
exposure of all 360° around the stoma and hernia.

       Adhesiolysis and Hernia Reduction 
 Once adequate space has been cleared to facilitate port place-
ment, attention is directed at completing an intra-abdominal 
survey for unexpected pathology, extent of adhesions, and the 
hernia and its contents. The hernia should be identifi ed 
(Fig.  17.6 ) and reduced, taking care to protect the stoma. If 
adjacent small bowel or omentum is within the hernia, this 
can often be reduced with fi rm traction. However, fi rst ensure 
that any adhesions to the stoma or the hernia sac are lysed, 
which may be accomplished sharply with laparoscopic 

  Fig. 17.4    Prepping and draping of the stoma. ( a ) The appliance is removed and the area around the stoma is cleaned. ( b ) The site is covered with 
a gauze and occlusive dressing.  Courtesy of Joshua Bleier ,  MD ,  with permission        

 

17 Laparoscopic Parastomal Hernia Repair



192

scissors with or without monopolar cautery or an alternative 
energy device can be used. Care should be taken to identify 
the bowel proximal to the stoma as well as to avoid any enter-
otomies. Omentum and small bowel may often be adherent to 
the stoma limb and adhesions in this area may be dense, so 
sharp dissection without energy is preferred in this scenario. 
The hernia contents should be reduced completely, and the 
limb to the stoma should be mobilized as completely as 
 possible. Once this is complete, all that should remain is the 
afferent limb to the stoma and the fascial defect (Fig.  17.7 ).

       Mesh Measurement and Preparation 
 At this point, the size of the hernia defect should be mea-
sured. This may be accomplished intracorporeally using a 
measuring device or with an open grasper as an estimate of 
size (an open grasper is typically 3–4 cm). Alternatively, a 
spinal needle can be passed transabdominally at the medial, 
lateral, cephalad, and caudad aspects of the defect and size 
measured in this fashion (Fig.  17.8 ). Once the defect has been 
measured, a piece of mesh should be selected to allow for 
4–5 cm of overlap in all directions of the defect. If additional 

  Fig. 17.5    Port placement and patient positioning for laparoscopic parastomal hernia repair       

  Fig. 17.6    Initial appearance of hernia following port placement         Fig. 17.7    Hernia appearance after reduction of hernia contents and 
adhesiolysis       
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defects are present, the mesh must be enlarged to accommo-
date coverage of all defects. Any mesh shape may be used 
(round, oval, square, or rectangular), but it is crucial to ensure 
that the overlap is adequate. As long as no enterotomies have 
been made, synthetic mesh may be used. If synthetic mesh is 
used, it should have an anti-adhesion barrier on the dorsal 
side of the mesh that will be exposed to the abdominal con-
tents. If an enterotomy is made, the risk of mesh infection is 
increased, and synthetic mesh should be avoided. In this case, 
a biologic mesh is an acceptable alternative.

   Once the mesh has been selected, it should be prepared 
according to the manufacturer’s package insert if it needs to 
be manipulated prior to use (i.e., saline hydration). Once 
ready for use, the mesh should be laid fl at extracorporeally, 
and the transfascial sutures should be placed. For the 
Sugarbaker technique, transfascial sutures should be placed 
at the cephalad and caudad aspects of the lateral side of the 
mesh far enough apart to allow the stoma to exit the from the 
mesh, and then circumferentially from there approximately 
every 5 cm. Generally a nonabsorbable monofi lament suture 
(1 Prolene) is used, and these should be tied in the mid-point 
of the suture to allow for long tails of equivalent length on 
each side. For a Sugarbaker repair typically six to eight 
transabdominal fi xation sutures are used. On the lateral 
aspect of the mesh, the gap should be left large enough to 
allow the stoma limb to pass between the mesh and anterior 
abdominal wall without causing obstruction. Once all trans-
fascial sutures have been placed, the sutures are laid in the 
middle of the mesh and the mesh is rolled like a cigar and 
inserted through the 12 mm camera port. It is often helpful to 
label the fi xation sutures and mark the anterior surface of the 
mesh to help facilitate intraperitoneal orientation.  

   Mesh Securement 
   Sugarbaker Technique (Videos  17.1  and  17.2 ) 
 Once inserted, the mesh should be unrolled and oriented in 
its planned position. At this point, it is helpful to desuffl ate 

the abdomen to a pressure of around 10 mmHg to take ten-
sion off the abdominal wall and allow the mesh to lay as it 
will when the abdomen is completely desuffl ated. If the 
mesh is secured at full insuffl ation pressure, it will become 
undulated upon desuffl ation, often leading to mesh laxity 
and the appearance of a hernia recurrence over time. The lat-
eral sutures are fi xated fi rst. Starting with the caudad-most 
suture to the stoma (Fig.  17.9 ), a suture-passing device (i.e., 
Carter-Thompson needle) is placed transabdominally 
through a small stab incision. One of the tails is passed intra-
corporeally into the suture device and it is extracted and 
secured with a clamp. This is repeated for the second tail of 
the suture, with care taken to pass the suture-passing device 
through the same skin stab wound but a separate fascial 
puncture site. This second tail is delivered and secured with 
a clamp but not tied. Attention should then be directed to the 
cephalad-most suture to the stoma on the lateral side of the 
mesh (Fig.  17.10 ), which should be secured next. By secur-
ing the cephalad and caudad sutures, this allows for proper 
mesh orientation, making the remainder of the sutures more 

  Fig. 17.8    Measurement of hernia defect with needle to determine 
mesh size       

  Fig. 17.9    Placement of fi rst transfascial suture (lateral side, caudad to 
stoma)       

  Fig. 17.10    Placement of second transfascial suture (lateral side, ceph-
alad to stoma)       
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easily positioned, and sets the gap where the stoma exits the 
mesh. It is of utmost importance that the transfascial sutures 
closest to the afferent limb of the stoma not be too close or 
tied so tight that it causes an obstruction of the stoma at the 
level of the mesh. If need be these sutures can be adjusted to 
give stoma adequate space between the mesh and abdominal 
wall (Fig.  17.11 ). This may be checked by ensuring a grasper 
can fi t between the mesh and the stoma while maintaining 
tension on the transfascial sutures (Fig.  17.12 ). Once the 
cephalad and caudad sutures are placed, the remainder of 
sutures are secured starting farthest from the camera position 
and working circumferentially around the mesh leaving the 
sutures closest to the camera position for the end (Fig.  17.13 ). 
The mesh should be oriented so that the stoma deviates 
around the lateral side of the mesh and then back medially 
towards the stoma fascial defect in a Sugarbaker fashion. At 
any point if an undesirable suture position has been created, 
the sutures can be delivered back into the abdomen, and a 
separate position chosen by repeating the same procedure. It 
is important to note that none of the sutures are tied until all 

have been passed transabdominally. This allows for ensuring 
adequate coverage and tension on the mesh and avoidance of 
buckling or areas of poor coverage. Once all sutures are 
delivered, traction can be placed on each suture simultane-
ously to check for optimal mesh positioning as well as to 
ensure that neither the sutures nor mesh will cause a bowel 
obstruction. If the mesh is acceptably positioned, each suture 
can be tied at this point (Fig.  17.14 ). Once each suture has 
been tied, the remainder of the circumference of the mesh 
can be secured approximately every centimeter with a lapa-
roscopic tacking device with care taken to avoid the afferent 
limb of the stoma. Either metal or absorbable tacks may be 
used based on surgeon preference. Some surgeons also pre-
fer to tack in the middle portion of the mesh as long as care 
is taken to avoid both the stoma and the hernia defect.

           Keyhole Technique 
 For the keyhole technique, a slit is created in the middle of 
the cephalad border of the mesh. Again, a sublay position is 
utilized with a mesh that consists of an anti-adhesive barrier 

  Fig. 17.11    Mesh appearance while maintaining traction on the two 
transfascial sutures closest to stoma       

  Fig. 17.12    Checking suture placement with a grasper to ensure ade-
quate space for stoma to pass lateral to mesh       

  Fig. 17.13    Securing remaining transfascial sutures       

  Fig. 17.14    Final appearance of mesh with all sutures tied       
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on the intra-abdominal side. The slit is carried to the middle 
of the mesh where a cruciate incision is made to allow for a 
large enough opening for the stoma. The transabdominal 
fi xation sutures are placed circumferentially around the mesh 
as previously described. Once the mesh is passed intracorpo-
really, it is positioned so the slit is passed around the stoma. 
The fi xation sutures are passed transabdominally in the same 
fashion as the Sugarbaker technique, and the gaps between 
the sutures are closed with an endoscopic fascial tacking 
device. The slit in the mesh is then closed by intracorporeal 
suturing using a heavy, monofi lament, permanent suture. 
The fi rst stitch is placed to create an appropriate opening for 
the stoma to pass through the mesh. Given that this stitch sits 
in the hernia defect, it cannot be fi xated to the fascia. 
Additional sutures are then placed to close the slit in the 
mesh in the same fashion.     

    Repairing the Hernia with Stomal Relocation 

 A laparoscopic approach may also be utilized even if the 
stoma is relocated. If this is planned, one method to do this is 
to initially lyse the adhesions and reduce the contents of the 
hernia sac laparoscopically as previously discussed. An 
endoscopic stapler may then be used to divide the bowel at 
the level of the fascia (i.e., leaving the matured portion that 
runs through the abdominal wall intact). The bowel is then 
mobilized to ensure adequate length is available for the 
stoma to reach its new location. The skin is opened at the 
new site and (after opening the subcutaneous tissue and 
bluntly dividing the rectus muscles as described in the chap-
ter by Dr. Fleshner in Chap.   15    ) the bowel passed through the 
abdominal wall for maturation at the completion of the case. 
The abdomen is then desuffl ated, the remaining portion of 
the “old” stoma is resected from abdominal wall, and an 
“open” incisional hernia repair with mesh is performed per 
the operating surgeon’s preference. We then re-insuffl ate, 
evaluate the repair, ensure adequate hemostasis and mesh 
coverage of the hernia defect, and inspect the abdomen for 
proper orientation of the new stoma and any other abnor-
malities. After the trocars are removed, the new stoma site 
can be matured in standard fashion.  

    Postoperative Care 

 Patients progress along our institution’s standard postopera-
tive care pathway, including early ambulation and full liq-
uids the night of surgery. Nasogastric tubes are not routinely 
used, and the Foley catheter is removed postoperative day 1. 
Diet is advanced to regular diet on postoperative day 1 pro-
vided that the patient has tolerated liquids without issue. 
Depending on the amount of adhesiolysis, these patients may 

be more prone to ileus, and their diet should be advanced 
accordingly. Early and frequent ambulation is important, and 
we also utilize standard chemoprophylaxis for deep venous 
thrombosis. 

 Pain control is a major factor in the postoperative setting 
and usually contributes to the ultimate length of stay require-
ments. Given that these patients may be prone to ileus, pain 
adjuncts to minimize narcotics including ketorolac and acet-
aminophen should be employed. In addition, regional pain 
control may be considered in the form of an epidural, liposo-
mal bupivacaine, or regional pain catheters if desired. We 
routinely utilize a narcotic patient-controlled anesthetic 
device and transition to oral narcotics once the patient toler-
ates oral intake.  

    Complications 

 Intraoperative complications are relatively infrequent (<5 %) 
and may occur in the form of enterotomy or bleeding. 
Enterotomy may occur if an extensive adhesiolysis is 
required and can usually be repaired primarily if present. 
Depending on surgeon comfort, this can usually be done 
laparoscopically, but if conversion to open is required, this 
should be performed. Consideration should also be given to 
utilization of biologic mesh rather than synthetic in this situ-
ation. Bleeding is usually rare but may occur during adhe-
siolysis or due to injury of the epigastric vessels during port 
or transfascial suture placement. Injury to the epigastric ves-
sels may occur with trocar placement or with the transfascial 
suture device. It is normally successfully managed laparo-
scopically by performing suture ligation with the suture- 
passing device. 

 Postoperative complications may be grouped into early and 
late categories. Early complications include ileus, surgical site 
infection, respiratory and urinary tract infections, and hemor-
rhage. If with postoperative    hemorrhage, the patient should be 
taken back to the OR for identifi cation and control of the 
bleeding source if determined to be necessary. Ileus may be 
managed with limitation of narcotics through the use of pain 
adjuncts, and if emesis occurs, nasogastric decompression 
may become necessary. Ileus will resolve with time and nar-
cotic limitation but should raise the question as to if the mesh 
or sutures may be causing iatrogenic bowel obstruction. This 
situation may be further delineated with cross- sectional imag-
ing to look for a mesh-level obstruction with decompressed 
distal bowel between the mesh and the stoma site or a contrast 
study through the stoma. Deep surgical site infection is rare 
with this procedure provided that no enterotomies are made. 
Superfi cial surgical site infection may be treated with opening 
and packing of surgical wounds, with or without antibiotics. If 
the stoma is relocated as part of the procedure, the wound from 
the old stoma site may simply be packed daily with dry gauze 
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to heal by secondary intention. Another option is to approxi-
mate the skin loosely with 2–3 skin staples, with Telfa wicks 
placed in between (Fig.  17.15 ). These wicks are removed prior 
to hospital discharge (usually by postoperative day 3). Urinary 
tract infection may be avoided with careful Foley placement 
sterile technique, as well as early removal. Respiratory tract 
infection may be mitigated with early ambulation and incen-
tive spirometer use, as well as effective pain control to avoid 
limited or shallow breathing due to pain.

   The most common late complication is hernia recurrence. 
There is a wide range reported in the literature (6–46 %) 
depending on the type of repair, mesh used, comorbidities of 
the patient (i.e., obesity, COPD), and experience of the sur-
geon. Additionally, a number of factors can limit this, starting 
with patient selection. While parastomal hernias may be com-
mon in ostomates, surgeons must carefully weigh risk and 
benefi t of repair coupled with the patient characteristics. 
Modifi able factors should be controlled to the extent possible, 
such as encouraging patient weight loss and smoking cessa-
tion. Utilization of mesh rather than primary repair will also 
limit hernia recurrence. Most surgeons will limit patient activ-
ity and lifting for 6–8 weeks after surgery, and some surgeons 
routinely employ abdominal binders in the postoperative set-
ting, although data on benefi t of binders has been lacking. 
Meticulous technique in mesh placement is critical to recur-
rence prevention, ensuring adequate overlap on all sides of the 
defect. Mesh infection is relatively rare but can be a devastat-
ing complication, as it requires the mesh to be excised.  

    Outcomes 

 Multiple techniques have been described for parastomal her-
nia repair. These repairs have traditionally been done open, but 
with the advent and ever-increasing utilization of laparoscopic 
surgery, laparoscopic parastomal hernia repair has been shown 
to be safe and technically feasible, with the added benefi ts of 
laparoscopic over open surgery. The benefi ts of laparoscopic 
surgery have been shown to translate to PH repair, to include 
shorter operative time and length of stay, as well as to lower 
overall morbidity and surgical site infection [ 5 ]. 

 Repair options include open primary repair, stoma re- 
siting, and laparoscopic keyhole and Sugarbaker techniques. 
Although little prospective randomized data exist, several 
meta-analyses and cohort studies have shown that mesh 
repair is superior to primary repair, with primary repair 
nearly nine times more likely to recur [ 4 ]. Data comparing 
keyhole versus Sugarbaker techniques are variable, with 
some studies showing no difference in recurrence rates 
between the two [ 1 ], although most studies show lower 
recurrence rates with the Sugarbaker technique (Sugarbaker 
0–29 % recurrence rate vs keyhole 58–72 %) [ 3 – 8 ]. Over 
40 % of patients undergoing PH repair also have incisional 
ventral hernias, which have been shown to be simultaneously 
successfully repaired [ 9 ]. Data on the use of biologic mesh in 
PH repair show similar recurrence rates to synthetic mesh; 
however, data are limited by their small retrospective nature 
and short length of follow-up [ 10 ]. No study has demon-
strated a superior type of biologic over another (cross-linked 
vs non-cross-linked, bovine vs human scaffolding). 

 Given the incidence of parastomal hernia and diffi culty in 
their repair, many surgeons have looked to a means of pre-
vention. There are some data from a meta-analysis of several 
randomized trials to suggest biologic mesh reinforcement at 
the time of permanent ostomy creation may decrease recur-
rence rates [ 11 ]. Other prospective randomized trials have 
not shown benefi t to this technique. While encouraging, this 
technique has not been widely adopted and should be studied 
in larger randomized prospective trials.  

    Pearls and Pitfalls 

 Several key points may optimize PH repair. Preoperative 
identifi cation of other ventral hernias is critical in operative 
planning and mesh selection. This will allow for successful 
repair of the PH, as well as any concomitant incisional her-
nias. Additionally, it cannot be overstated that utmost care 
must be taken to ensure that the lateral aspect of the mesh 
provides adequate overlap of the defect, yet not be so tight so 
as to occlude the afferent limb of the stoma. Mesh selection 
and appropriate suture placement on the mesh are imperative. 

  Fig. 17.15    Stoma site after relocation closed with staples and wicks 
between staples       
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This should always be assessed prior to fi nal tying of the 
transfascial sutures. Finally, ensuring the mesh remains ster-
ile and is not contaminated is of paramount importance to the 
success of the repair.  

    Conclusion 

 Parastomal hernia is a common problem in ostomates and is 
challenging to repair. Laparoscopic repair of PH is safe and 
effective, with numerous benefi ts compared to open repair to 
include shorter length of stay and decreased overall morbid-
ity and surgical site infection. Surgical technique is a critical 
component of successful PH repair, and the Sugarbaker tech-
nique may provide the lowest recurrence rate compared to 
other techniques.      
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         Key Points 
•   Gravity is an ally in laparoscopy. Exploit it to your 

advantage.  
•   Don’t be afraid to add a port. Assistance with traction/

countertraction is invaluable in laparoscopy.  
•   Use of hand assistance may avoid conversion to an open 

procedure.  
•   Splenic fl exure mobilization can be challenging. Be familiar 

with several techniques and be prepared to combine them.  
•   Transverse colon mobilization and division of the middle 

colic vessels can be the most challenging part of laparo-
scopic colectomy.  

•   High ligation of the main blood supply to the colon facili-
tates mobilization, requires less division of the mesentery, 
and is sound from an oncologic standpoint. Take care to 
preserve the marginal artery to ensure adequate blood 
supply to the distal colon/anastomosis.    

   Introduction 

 The utilization of laparoscopy in colorectal surgery has 
increased exponentially since the publication of the COST 
trial in 2004 [ 1 ]. While laparoscopy was beginning to become 
mainstream in general surgery in the early 1990s, the tech-
nique didn’t immediately catch on with colonic procedures. 
There are several reasons for this, not the least of which was 
the technical diffi culty associated with performing a colonic 
resection using laparoscopic instruments. 

 Patients come in all shapes and sizes, and the presence 
of obesity, large amounts of intra-abdominal adipose 
 tissue, and diffi cult anatomy can make a laparoscopic 
approach quite challenging. These factors, coupled with a 
lack of technique familiarity, a lack of data, and some poor 
initial outcomes, slowed the adoption of laparoscopy in 
this setting. While techniques and instrumentations have 
improved over time, laparoscopic colectomy continues to 
present several challenges and pitfalls. The learning curve 
of the surgeon also plays a big part in the successful utili-
zation of the laparoscopic approach. This is a twofold phe-
nomenon, as the initial phase is ascending the learning 
curve and the second phase is the more comfortable the 
surgeon feels, the more willing they become to take on 
more diffi cult cases. It is the aim of this chapter to assist 
the reader in these specifi c areas.  

   Positioning and Restraining the Patient 

 Performing effective laparoscopic surgery depends heavily 
on the use and exploitation of gravity. Because nature has 
only equipped us with two hands and we are handling organs 
of signifi cant mass with 5- and 10-mm instruments, we must 
allow gravity to assist us with retraction during the proce-
dure. Clever use of gravity may allow a surgeon to operate 
with fewer ports, or it may ensure that we are not forced to 
convert a case to a laparotomy. The surgeon must use 
Trendelenburg and reverse Trendelenburg positions with 
both right and left tilt. Often, many or all of these positions 
are used in a single case to ensure adequate exposure. The 
low lithotomy position not only provides access to the 
perineum and anus, but it also allows the surgeon or assistant 
to stand between the patients legs to operate, which may ease 
fl exure mobilization and aid in ergonomics by keeping the 
surgeon and assistant in line with the direction of dissection 
and camera point of view. 

 It is not infrequent for very steep positioning to be 
required. Placement of a beanbag on the operating table 
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prior to positioning the patient assists in securing the patient 
so that steep positioning may be used. This is very impor-
tant, especially when using the low lithotomy position, as 
the patient may slide up or down the table when steep posi-
tions are utilized. This can easily lead to nerve compression 
against a stirrup and its attendant morbidity. Many surgeons 
utilize two- or three-inch silk tape and wrap it around the 
patient’s chest three times to secure them to the operating 
table. This is helpful, but care must be taken when wrapping 
the chest to ensure that the wrap is not too tight. There is at 
least one proprietary device designed to prevent patient slip-
page during steep positioning. Tucking the arms at the 
patient’s side allows both the surgeon and assistant to stand 
on one side of the patient, typically away from the site of 
pathology for unilateral disease. Often, however, the sur-
geon and assistant may need to switch to the other side of 
the table. It is important not to be fi xed in one location, as 
simply moving locations may signifi cantly improve dissec-
tion. Increasing the hip angle or extending the hip so that the 
thigh is parallel to the fl oor will assist in ensuring that 
instrument motion is not limited by the patient’s knee. 
“Setting the table” well will place the surgeon in the best 
position to get the most out of their instruments during the 
procedure.  

   Traction/Countertraction 

 One of the biggest challenges of laparoscopy is taking a 
2-dimensional image and converting it to a 3-dimensional 
working space. This is most evident when providing expo-
sures. It is important to ensure the use of adequate traction 
and countertraction during any laparoscopic procedure. This 
is particularly important during the steps of transverse colon 
and splenic fl exure mobilization. When exposure and visual-
ization are poor, it is likely related to a lack of adequate trac-
tion. Take action to improve the traction on the structure of 
interest. Often all that is required is a change in the vector of 
retraction, which can be in any of the three dimensions (up, 
down, right, left, toward the camera, or away from the cam-
era). If changing the direction of traction/tension does not 
improve exposure, do not hesitate to insert an additional 
5-mm port. It adds little additional morbidity and can make 
all the difference in easing the diffi culty of the procedure. 
Surgeons in training are often reluctant to use adequate trac-
tion on the abdominal viscera. Concern for possible injury to 
a hollow viscous is sound, but one is often able to use more 
traction than they consider safe. When grasping bowel, take 
a large bit as the pressure of the jaw is distributed over a 
larger area and the risk of tearing the serosa or bowel is much 
less than with a small bit. This is a skill that is developed 
over time.  

   Hand-Assisted Laparoscopy 

 The use of hand-assisted laparoscopic surgery (HALS) was 
greeted with the same resistance seen by pure laparoscopy in 
its early days. As devices were developed and improved by 
industry, HALS began to see common adoption. Despite 
resistance from some purists, studies confi rmed that out-
comes for HALS colectomy were no different than those 
performed purely laparoscopically [ 2 ]. The hand is essen-
tially the best atraumatic retractor that we have in laparos-
copy, and it can be the difference between performing a case 
laparoscopically or openly. 

 Because the hand is large in relation to laparoscopic 
instruments and occupies quite a bit of working space, the 
surgeon must learn to position the hand such that it becomes 
a low-profi le structure. This typically involves fl exing, 
extending, or rotating the wrist at angles that can be some-
what uncomfortable (Figs.  18.1 ,  18.2  and  18.3 ). Not only is 
the hand a great retractor, it is also useful for fi nger dissec-
tion (Video  18.1 ), thinning out soft tissue structures, and pal-
pating structures that are not easily seen on camera. The 
hand can be a tremendously useful tool with some of the 
challenging tasks that will be discussed.

        The Diffi cult Splenic Flexure 

 There are several factors that make splenic fl exure mobiliza-
tion a challenging task. The following are common variants 
that increase the technical diffi culty associated with fl exure 
takedown: a very high fl exure, a fl exure intimately attached 

  Fig. 18.1    This image shows the hand after placement through the 
HALS port in a natural anatomic confi guration. This position will 
rarely be used       
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to the spleen via a short and vascular lienocolic ligament, 
association with a very fatty and heavy omentum, associa-
tion with extensive congenital omental attachments to the 
left colon, and complex fusion between the omentum and the 
transverse mesocolon. For all of these reasons, it is helpful to 
get as good of an understanding of the anatomy or course of 
the splenic fl exure before beginning a dissection. 

 There are a few approaches available to the surgeon, and 
often the use of a combination of approaches may be the 
easiest method to achieve a safe fl exure mobilization. Often 
taking a “splenic fl exure fi rst” approach can be helpful. 
Especially if you know the fl exure will defi nitely have to be 
taken down. Since this is often a more challenging portion of 
the case, saving it for the end can lead to the temptation to 
cut corners and perhaps omit this step in cases where the 
need for fl exure takedown is questionable. Starting fl exure 

takedown prior to violation of other planes may be helpful. 
For those that prefer a medial-to-lateral approach to the left 
colon, this approach can simply be extended up to the splenic 
fl exure. The patient is initially positioned in Trendelenburg 
and tilted toward their right side. The mesocolon is grasped 
and elevated toward the anterior abdominal wall, and dissec-
tion continues in a lateral and cephalad direction. This will 
bring the surgeon underneath the inferior mesenteric vein 
(IMV), which affords one the opportunity to perform a high 
ligation of this vessel (Fig.  18.4 ). This serves to assist in 
gaining length on the left colon for anastomosis, it aids in 
ensuring an adequate lymphadenectomy, and it brings the 
surgeon underneath the splenic fl exure itself.

   Another option, if the medial approach is not continued, is 
to turn your attention to the lateral and cephalad attachments 
of the fl exure. At this point, positioning is changed to reverse 
Trendelenburg, while tilt toward the patient’s right side is 
maintained. Because a signifi cant amount of medial mobiliza-
tion has been performed, a “darker” color (Fig.  18.5 ) can be 
seen through the lateral and cephalad attachments. These 
attachments can easily be divided in the proper plane and 
direction using the medial dissection as a guide. Because of 
potential vascularity in the lienocolic ligament and surround-
ing tissues, it is often helpful to use an advanced bipolar or 
ultrasonic energy device in dividing these tissues (Video  18.2 ).

   A third alternative is to start at the mid-transverse colon 
and separate the omentum from the transverse colon to enter 
the lesser sac. Once the lesser sac is accessed, the dissection 
continues out toward the splenic fl exure to separate the 
omentum from the transverse colon and divide any adhe-
sions of the omentum to the transverse colon mesentery in 
the lesser sac. All of these maneuvers increase the mobility 
of splenic fl exure, so it is often helpful to incorporate all of 
them to get it mobilized safely. 

 Care must be exercised at the cephalad portion of the dis-
section when choosing the “sub-IMV” approach, as dissec-
tion in this area will be very close to the inferior border of the 
pancreas. It is very easy for those less familiar with this ter-
ritory to fi nd oneself underneath the tail of the pancreas, 
often heralded by dissection behind the splenic vein. This 
occurs because of the peritoneum overlying the pancreas and 
transverse colon mesentery on the lesser sac side. It may be 
diffi cult to visualize the pancreas, especially in an obese 
patient, and the structure may be injured during this dissec-
tion. If the pancreas is encountered and injury is suspected, it 
is wise to leave a closed-suction drain behind in the pancre-
atic bed. To avoid this, once the IMV is dissected, the sur-
geon should look “up” at the backside of the left colon and 
distal transverse mesocolon mesentery to identify the subtle 
avascular plane between the pancreas and mesocolon. 
Dissection in this plane will keep the pancreas down in the 
retroperitoneum, avoid damage and any resultant morbidity, 
and allow access to the lesser sac. 

  Fig. 18.2    The wrist has been fl exed or extended to place the hand in a 
useful position that will facilitate a better camera view       

  Fig. 18.3    The wrist has been fl exed or extended to place the hand in a 
useful position that will facilitate a better camera view       
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 Complete splenic fl exure mobilization requires dissection 
onto and mobilization of the distal transverse colon. If one 
encounters diffi culty with the “sub-IMV” or lateral and retro-
grade approach to the fl exure, it is often helpful to abandon these 
approaches and begin dissection of the transverse colon 
(Fig.  18.6 ). The omentum can be refl ected cephalad over the 
anterior surface of the stomach. Changing position again to 
Trendelenburg will allow gravity to assist in maintaining cepha-
lad positioning of the omentum. A window is then created where 
the omentum attaches to the transverse colon. This line of dissec-
tion can be extended toward the splenic fl exure, effectively 
detaching the omentum from the distal transverse colon. This 
opens the lesser sac and allows better defi nition of the transverse 
mesocolon that can now be divided from its retroperitoneal 
attachments. If dissection becomes diffi cult, the surgeon may 
work back and forth between the medial, lateral, and transverse 
colonic approaches dissecting what seems easy until complete 
mobilization has been achieved. If required, hand assistance can 
be invaluable in mobilizing a diffi cult splenic fl exure and can be 
utilized in all of the above-described techniques.

  Fig. 18.4    ( a ,  b ,  c ) In these images the inferior mesenteric vein is shown after being approached from the medial side. The vessel is elevated and 
placed on gentle traction       

  Fig. 18.5    When a previously dissected plane is encountered after 
being approached from another direction, the surgeon will be able to 
appreciate this darker appearance. It often assists in confi rming that the 
dissection plane is correct       
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      The Transverse Colon 

 The transverse colon is a relatively mobile structure at its 
midpoint and can be quite redundant. Mobilization of the 
transverse colon and division of its vasculature can be one of 
the most challenging tasks to perform laparoscopically. In 
most scenarios, the transverse colon is approached after 
mobilization and division of the vasculature of the left or 
right colon as a part of an extended right or left colectomy, as 
a method of colonic mobilization to perform a tension-free 
anastomosis, or as a part of total abdominal colectomy or 
proctocolectomy. It is unusual to perform an isolated seg-
mental transverse colectomy, and that will not be discussed.  

   From the Right 

 The approach to the transverse colon is typically determined 
by whether a left- or right-sided resection is being performed. 
If approaching from the right, it is wise to take down the 
hepatic fl exure of the colon (Video  18.3 ) and gain access to 
the lesser sac by dividing the lesser omentum. This is more 
easily achieved on the right than the left. Because of the vas-
cularity of these areas, it may be easiest to divide these tissues 
with an advanced energy device. Locating the middle colic 
artery can be challenging, especially in the obese patient. This 
can be performed from above or below the transverse meso-
colon—or via a “medial-to-lateral” approach versus a classic 
approach. If the ileocolic artery has already been divided 
from a medial approach, one can simply continue this 
approach medially and cephalad until encountering the 

 middle colic vessels. The middle colic can then be divided 
with a stapler or energy device, which will result in a highly 
mobile segment of transverse colon. One potential pitfall of 
this approach occurs when the patient has a true right colic 
artery arising from the superior mesenteric artery (SMA), 
which is rare and is seen in only 10 % of individuals [ 3 ]. In 
this case, the right colic would be divided with the middle 
colic only being encountered during continued dissection 
across the transverse colon. While this would tend to be a 
necessary step in the operation anyway, it can lead to confu-
sion about vascular anatomy and concern for division of the 
SMA itself. Another potential pitfall for the medial approach 
to the middle colic vessels is the adhesions or attachments of 
the omentum to the transverse colon mesentery in the lesser 
sac. This can make isolation and visualization of the middle 
colic vessels challenging. Completely opening up the lesser 
sac by dividing the lesser omentum or separating the omen-
tum from the transverse colon before approaching the vascu-
lature can be helpful. By having the lesser sac completely 
open, the potential for obscure bleeding or inadvertent injury 
to adjacent structures is minimized. 

 Approaching the middle colic vessels from above the 
transverse colon is more consistent with the classically 
described open procedure and is relatively simple from the 
right-hand side. One must take care to beware of injuring the 
duodenum, head of the pancreas, and gallbladder during this 
step. Again, once the lesser sac is entered, the transverse 
mesocolon can be divided by lifting it off of the retroperito-
neal structures, clearly visualizing the anterior and posterior 
surfaces, and properly using a stapler or energy device. As a 
note of caution, if utilizing an energy device, take care to 
clearly visualize the entire extent of the vessel being divided, 
and apply the device completely across and perpendicular to 
the vessel (Video  18.4 ). Failure to perform these steps may 
result in signifi cant delayed bleeding (Video  18.5 ). Because 
the middle colic vessels may be short with a high origin, a 
loss of control of these vessels can be problematic. This is a 
high rent district with the pancreas, stomach, duodenum, and 
superior mesenteric vessels all in this area, so great caution 
must be used to prevent and control bleeding.  

   From the Left 

 If the approach is associated with a left-sided resection, the 
anatomy may be a bit more challenging. The advantage here 
is that one may not have to deal with the middle colic ves-
sels. Because the fusion plane between the omentum and the 
transverse mesocolon tends to complex near the splenic 
fl exure, it tends to be easier to begin to develop this plane at 
the mid-transverse colon. As mentioned earlier, the omen-
tum may be retracted cephalad, exposing its attachment to 
the transverse colon. This attachment is opened and the 
lesser sac is entered. If there is a desire to preserve the 

  Fig. 18.6    In this image, the splenic fl exure is approached along the 
transverse colon from a medial direction. The greater omentum has 
been opened along the border of the colon and the lesser sac is entered. 
The posterior wall of the stomach and the pancreas are clearly seen       
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greater omentum, it should be detached completely from the 
transverse colon in this same plane. In this case, the attach-
ment is right adjacent to the bowel wall, though there is a 
clear avascular area to begin dissection. If omental preserva-
tion is not a goal, then the omentum can be divided above 
the transverse colon using an energy device once the lesser 
sac is entered. This dissection can also begin above the 
transverse colon by opening the lesser omentum and con-
tinuing to the left. It is wise to mobilize as much of the left 
colon as possible prior to performing the above. If the 
splenic fl exure can be taken down with ease, then one will 
already be in the proper plane to perform this dissection, 
and the surgeon can simply continue to progress from the 
patient’s left to as far medial as necessary. Often, because of 
diffi culty with omental fusion proximal to the splenic fl ex-
ure, this area is approached from both sides until it is com-
pletely freed from surrounding tissues. 

 When performing a true extended left colectomy, the mid-
dle colic vessels will be divided and the majority of the 
 transverse colon will be resected. This may present diffi culty 
with gaining enough colonic length to reach the upper rec-
tum for a tension-free anastomosis. A useful technique in 
this setting is to mobilize the hepatic fl exure completely, cre-
ate a window in the mesentery of the small bowel/right colon 

between the ileocolic artery and the last major branch of the 
SMA, and bring the colon through for anastomosis (Fig.  18.7 ) 
[ 4 ]. This will reliably facilitate reach without tension.

      Gaining Colonic Length/Mobilization 

 Many of the strategies used to gain colonic length have been 
described above, but this topic deserves recognition on its 
own. We speak of gaining colonic length in three typical sce-
narios: gaining length to perform an extracorporeal anasto-
mosis during a right-sided resection, gaining length to mature 
a stoma, and gaining length to perform a tension-free 
colorectal or coloanal anastomosis. 

 Gaining length on the right is needed so that enough colon 
can be exteriorized through the extraction incision such that 
an adequate resection can be performed while leaving 
enough length of colon and small bowel for extracorporeal 
anastomosis. This tends to rely on three key maneuvers: ade-
quate mobilization of the right colon off of the retroperito-
neum from the right iliac fossa to the duodenum (Fig.  18.8 ), 
mobilization of the hepatic fl exure, and mobilization of the 
terminal ileum from the right iliac fossa and occasionally the 
right pelvic sidewall.

  Fig. 18.7    This drawing shows how a window is created in the right colonic mesentery under the ileocolic artery facilitating a shorter path for the 
proximal transverse colon or hepatic fl exure to reach the pelvic brim in order to perform a colorectal anastomosis       
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   High ligation of the ileocolic artery facilitates right 
colonic mobilization and should be performed in the major-
ity of cases. For cancers of the right colon, ligation of the 
right branch of the middle colic vessels is required. In a thin 
patient, this can easily be ligated extracorporeally, but for an 
obese patient, it is safer to ligate it intracorporeally to avoid 
avulsion during extraction. It is not uncommon to encounter 
signifi cant congenital adhesions of the terminal ileum to the 
right iliac fossa and right pelvic sidewall (Fig.  18.9 ). These 
must be taken down to ensure that the small bowel will reach 
an extraction incision. If the colon has been extracted and 

there is not adequate mobilization of the transverse colon, 
separation of the omentum from the distal transverse colon 
often provides enough extra mobilization for resection and 
anastomosis. Gaining length on the left is required in the set-
ting of colostomy creation and colorectal/coloanal anasto-
mosis. There are several maneuvers that assist with this that 
include: high ligation of the inferior mesenteric artery (IMA), 
high ligation of the IMV at the base of the pancreas, mobili-
zation of the splenic fl exure, detachment of the omentum 
from the transverse colon, and division of the transverse 
mesocolon near its retroperitoneal attachments. It is essential 
during any of these steps to stay high or central on the 
 vessels/mesentery such that the marginal artery remains 
intact, thereby ensuring a healthy blood supply to the distal 
colon. It is best to ensure adequate length before making an 
extraction incision. If one is faced with inadequate length at 
the time of extraction, then the fascia has to be closed to 
resume laparoscopic mobilization, or a hand port must be 
employed to maintain a pneumoperitoneum.

      Potpourri 

   Conversion 

 It goes without saying that we will all encounter a situation 
where we must convert to an open procedure. Sometimes 
this occurs emergently, but many times it is simply a result of 
a failure to progress in the case. In this particular scenario, it 
is often helpful to pause and consider what parts of the case 
can be completed laparoscopically before converting. Many 
hurdles of dissection can be overcome by alternating the 
approach of dissection to the medial, lateral, inferior, or 
superior directions. If some of the diffi cult portions of the 
case can be completed prior to conversion, you may ulti-
mately be able to use a smaller incision and still confer some 
of the benefi ts of laparoscopy to the patient. Always remem-
ber, patient outcomes are better with preemptive conversion 
rather than reactive conversions for bleeding or injury to 
adjacent structures.  

   Avoiding the “Twist” 

 It is imperative when creating an ileocolonic anastomosis 
that the free edges of the ileal and colonic mesentery line up 
from the root of the mesentery to the mesenteric edge of the 
bowel. This ensures that no volvulus is present. While this is 
easy to do in an open procedure, it can be challenging when 
creating an extracorporeal anastomosis after laparoscopy. 
While exposure of the root of the mesentery may be limited 
through an extraction incision, it is usually possible. This is 
one disadvantage to the use of a Pfannenstiel incision as an 

  Fig. 18.8    This image shows the right colon after complete mobiliza-
tion up to the level of the duodenum. The colon is retracted anteriorly 
and cephalad with the duodenum in clear view       

  Fig. 18.9    This image shows the normal congenital attachments of the 
terminal ileum to the right iliac fossa. These must be taken down to 
facilitate mobilization of the right colon and TI. They can sometimes 
extend down into the pelvic with intimate attachments to the right pel-
vic sidewall       
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extraction site. If clear visualization is not possible through 
the incision, then the bowel edges may be opposed with 
Lembert sutures, the bowel can be returned to the peritoneal 
cavity, and laparoscopy can resume to ensure no volvulus is 
present. It is unusual to require this step. Occasionally, the 
use of a hand port and hand assistance will simplify this situ-
ation (Video  18.6 ). The anastomosis should be inspected 
laparoscopically after completion, again to ensure the 
absence of a volvulus. While it is not required to close the 
remaining mesenteric defect [ 5 ], this is often easily achieved 
through the extraction incision and is another way to ensure 
the absence of volvulus.  

   Bloody Operative Field 

 Despite one’s best efforts, the operative fi eld may become 
bloody. Even a small amount of blood can impair the sur-
geon’s view and it “soaks” up the light from the laparoscope 
making the operative fi eld appear darker. It can be diffi cult to 
clear the fi eld of blood using a suction-irrigation device, not 
to mention the effect on the pneumoperitoneum. It can be 
very helpful to insert a small sponge or “Ray-Tec” through a 
12-mm port that can be used for absorptive purposes or for 
tamponade. When using a hand-assist device, it is easy to 
insert minilaparotomy pads into the fi eld, which have even 
better absorptive capacity. As with any device inserted into 
the peritoneal cavity, we must account for what is used and 
ensure operative counts are correct at the time of closure.  

   Sparing the Sympathetics 

 As the medial-to-lateral/vascular ligation fi rst approach has 
gained popularity in laparoscopic colectomy, we have had to 
become more aware of protecting the lumbar sympathetic 
nerve plexus (Figs.  18.10  and  18.11 ). Typically the mesosig-
moid is scored/opened just beneath the superior rectal artery 
when performing a sigmoid or left colectomy. The superior 
rectal artery (SRA) is retracted anteriorly, and dissection is 
carried under the sigmoid mesentery (Fig.  18.12 ). Dissection 
proceeds in a cephalad direction and the IMA is ligated 
highly (Fig.  18.13 ). The sympathetic plexus can be injured 
during any portion of this dissection—as well as dissection 
into the pelvis. Typically the SRA is pliable and can be easily 
retracted anteriorly. If it is diffi cult to lift the vessel, it is 
likely because the dissection began closer to the retroperito-
neum than it should have. If this occurs, abandon the plane of 
dissection and march slightly closer to the SRA. Once a clear 
plane is entered, it can be followed up to the IMA without 
placing the nerves in jeopardy and risking retrograde ejacu-
lation in the male patient. One potential approach that may 
assist in avoiding nerve injury is to start dissection under the 

SRA at the pelvic brim. If the upper presacral plane is entered 
early, it can be easier to continue in the correct plane of dis-
section in the cephalad direction.

         Finding the Ureter 

 Clear visualization and protection of the ureter is most 
important on the left side. This should be done early in the 
course of dissection. The technique differs based on the 
approach, aka medial or lateral. When taking a medial 
approach, as stated above, the retroperitoneum is entered 
beneath the SRA. The left ureter should come into view 

  Fig. 18.10    This image is a drawing that depicts the lumbar sympa-
thetic nerve plexus and its relationship to surrounding structures       

  Fig. 18.11    Image showing the SRA retracted toward the anterior 
abdominal wall in order to expose for dissection in the presacral space. 
The left and right branches of the lumbar sympathetic nerve plexus can 
be seen       
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quickly if dissection proceeds in the appropriate plane. If the 
psoas muscle is seen before the ureter is visualized, dissec-
tion has gone too far and should be stopped. Most likely the 
ureter and gonadal vessels are superior to the dissection 
plane, and the camera should be positioned to view a more 
superior plane. Back up and begin to sweep the overlying 
tissues downward toward the retroperitoneum, and the ureter 
will come into view. The ureter and gonadal vessels should 
be swept downward, and then dissection can continue in a 
lateral direction. The ureter should be clearly visualized 
prior to and when ligating the IMA to ensure its safety. If the 
ureter is still not identifi ed, access the retroperitoneum at the 
level of the IMV. Once the correct plane is accessed, the dis-
section can then be carried caudad to the previous plane of 
dissection. 

 When taking a lateral approach, dissection is carried 
along the white line of Toldt. Avoid moving lateral to the 
white line. In fact, it is best to err just slightly on the colonic 
side of the line of Toldt. The ureter crosses the iliac artery at 
the pelvic brim and may be just beneath the lateral colonic 
attachments. Congenital fi xation of the colon to the retro-
peritoneum results in the formation of a structure known as 
the intersigmoid fossa (Fig.  18.14 ). It is a small depression 
that is actually part of the white line and often goes unno-
ticed. The sigmoid will often be adherent to the left iliac 
fossa through attachments that are not part of the white, but 
must be taken down in order to truly visualize the line of 
Toldt. If the intersigmoid fossa is viewed, the ureter will reli-
ably be located just beneath it, unless the area has been dis-
torted by tumor or prior surgery. If there is preoperative 
concern about diffi culty with locating the ureter, presence of 
severe infl ammation, or concern for tumor adherence, place-
ment of ureteral stents can be employed [ 6 ]. Some of these 
stents are colored or lighted to assist with their identifi cation 
during laparoscopy.

      Fatty Mesentery 

 Mesentery that is very fatty or thick from infl ammation can 
make standard laparoscopic techniques diffi cult. The mesen-
tery is typically divided using staplers or advanced energy 
devices. A mesentery that is markedly thickened secondary to 
Crohn’s disease can make these devices useless. When the 
problem is simply obesity, the mesentery may be divided with 
an energy device, layer by layer, ultimately exposing the  vessels 

  Fig. 18.12    Image showing the SRA retracted anteriorly to expose the 
left ureter and the root of the IMA       

  Fig. 18.13    Image showing the IMA divided at its origin       

  Fig. 18.14    This image depicts the intersigmoid fossa—a structure that 
is often overlooked. It can be more apparent in some individuals—but 
typically appears as a dimple lateral to the rectosigmoid colon near the 
pelvic brim. It is created by congenital fusion of tissue planes and is sim-
ply a part of the distal white line of Toldt. It is a useful anatomic structure, 
as it marks the site of the ureter in those with unaltered anatomy       
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so they can be divided under direct vision. Infl amed mesentery 
in the Crohn’s patient often cannot be addressed with staplers 
or available energy devices. The only viable option in this set-
ting is either laparoscopic mobilization of the bowel with extra-
corporeal division of the mesentery using traditional clamps 
and ligatures or simply an open procedure. Blind stapling of the 
mesentery or division using an energy device will almost cer-
tainly result in immediate bleeding in this setting.  

   Reoperative Surgery (Prior Colectomy, 
Vascular Anatomy) 

 A history of prior surgery or colectomy is no longer a con-
traindication to laparoscopic colectomy, and it is not unusual 
to encounter the patient who requires a second resection. It 
is imperative to have a defi nitive understanding of the details 
of their prior operation, especially as they pertain to the 
remaining vascular supply to the colon. CT scanners have 
become so good that a scan with intravenous contrast can be 
reconstructed much like an angiogram, clearly defi ning the 
remaining vascular supply. When prior ligations of major 
vessels like the ileocolic, middle colic, and IMA have been 
performed, we must ensure that one major vessel remains to 
provide adequate blood fl ow after a second resection. Solid 
preoperative planning and imaging as well as intraoperative 
attention to the vasculature are required. There are newer 
proprietary systems being marketed that facilitate intraop-
erative confi rmation of perfusion in the bowel [ 7 ]. These 
systems are reported to be more accurate than measurement 
of Doppler fl ow as well as visualization of fl uorescein with 
a Wood’s lamp—both of which are diffi cult to perform lapa-
roscopically. The above methods may augment simple 
observation of the bowel in this complex circumstance.  

   Intraoperative Colonoscopy 

 In some cases, it may be required to perform a colonoscopy 
during a laparoscopic procedure. This will result in bowel dis-
tention that may obscure the view and make laparoscopy quite 
diffi cult. If this is required, it is helpful to use CO 2  to obtain 
gaseous distention of the colon. This requires a specifi c CO2 
insuffl ator, which is not always available. Carbon dioxide is 
highly soluble and is rapidly absorbed from the bowel lumen 
resulting in near total decompression of the colon in minutes.   

   Pearls and Pitfalls 

•     Have a variety of tools at your disposal during a laparo-
scopic case. Not all of them have to be open, but varying 
lengths, different cameras, and especially options to 

 control bleeding (clips, ENDOLOOP) should be readily 
available if needed.  

•   While you may be a “straight-lap only” surgeon, the hand 
remains the best tool we have, and you may need it one 
day. Develop the skills and become comfortable—it may 
mean the difference between continuing laparoscopically 
and a semi-urgent open procedure.  

•   The transverse colon is a diffi cult portion of the case. 
Even trying to mobilize the omentum, it is easier than you 
think to inadvertently divide the mesocolon. Understand 
the anatomy, especially of the middle colic vessels, and 
take your time during this part of the procedure.  

•   There is a generally straight plane from the avascular area 
underneath the IMV to the sacral promontory when per-
forming a medial approach that can often help in identify-
ing the proper plane of dissection for the IMA. Starting by 
the ligament of Treitz and working caudally will take you 
on the superior (cephalad) portion of the IMA, while 
starting at the sacral promontory and working superiorly 
will take you on the inferior portion of the IMA pedicle. 
By dissecting from both sides, this often not only helps to 
identify the proper plane of dissection and vessel but also 
the left colic branch as well.  

•   Do not hesitate to alter the approach of the dissection as it 
often requires multiple angles to tackle a diffi cult dissection.     

   Summary 

 Laparoscopic colon resection can be one of the most chal-
lenging procedures to perform in the realm of minimally 
invasive surgery. A detailed understanding of colonic anat-
omy and its variations is essential to achieving success in 
these procedures. As with most tasks that surgeons perform, 
there are multiple approaches that can be utilized. 
Understanding of several approaches as well as potential pit-
falls associated with the most challenging aspects of these 
procedures will ensure a high likelihood of success with the 
minimally invasive approach.      
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         Key Points 
•   Defi ning the anatomy is crucial to staying out of trouble 

in the pelvis.  
•   The sacral promontory is a great landmark even in patients 

with higher BMIs.  
•   Beware of the hypogastric nerves at the pelvic inlet.  
•   Key structures (i.e., ureters) tend to medialize with prior 

pelvic surgery.  
•   When you cannot fi nd the ureter, use a systematic 

approach fi rst to identify it starting with ensuring you 
have not inadvertently kept it elevated with the mesentery 
to the left colon.    

   Introduction 

 With the advent of improved instrumentation and refi nement 
of surgical technique, minimally invasive approaches to pel-
vic pathology are commonplace [ 1 – 3 ]. In contrast to abdom-
inal exploration, working within the fi xed pelvic space and 
adjacent to major vascular and pelvic anatomic structures 
makes laparoscopic pelvic surgery more challenging. Despite 
that, the same basic principles of exposure and precise ana-
tomic defi nition common to both open and laparoscopic sur-
gery are consistent [ 4 ,  5 ]. This chapter will review techniques 
for left colon mobilization, vascular division, and rectal 
dissection.  

   Accessing the Abdomen/Port Confi guration 

 A myriad of different techniques for accessing the  peritoneum 
and port placement to facilitate dissection have previously 
been described. Access to the peritoneal cavity can be gained 
with either the Veress needle “closed” technique or the 
“semi-open” technique using the Hassan trocar, based on the 
operating surgeon’s preference. Although not defi nitively 
proven, blind placement of instruments within the peritoneal 
cavity risks inadvertent injury to abdominal structures and 
should be minimized, or better yet avoided. For mobilization 
of the left colon, the modifi ed “anchor” confi guration is 
commonly utilized with an infraumbilical Hassan trocar and 
two 5-mm trocars in the RLQ and suprapubic abdominal 
space (Fig.  19.1 ). An additional 5-mm trocar can be placed 
in the LLQ for added retraction and can be helpful for the 
obese abdomen or when adhesive disease is encountered. 
While these confi gurations provide excellent access for 
colonic mobilization, an additional 5-mm trocar in the 
midaxillary line of the RUQ of the abdomen is often needed 
for rectal dissection. Specimen extraction can be performed 
via either a low midline or preferably a Pfannenstiel incision 
through the suprapubic 5-mm trocar site (Fig.  19.2 ). 
Considerably better pelvic exposure can be had by utilizing 
the Pfannenstiel incision.

    An angled video or fl exible-tip laparoscope is required for 
adequate exposure of relevant anatomic structures during left 
colon and rectal mobilization. Atraumatic instruments 
should be used, though careful vigilance for inadvertent inju-
ries to abdominal structures even with these instruments 
should be maintained. The dissection can be accomplished in 
a number of different methods but is most commonly per-
formed with a bipolar energy device or monopolar electro-
cautery and vascular staplers or clips. What is used is 
probably less important than the surgeon consistently using a 
technique that is reproducible, reliable, and comfortable. 
One important pearl to keep in mind in choosing a dissecting 
instrument is selecting one instrument that allows for both 
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dissection and vascular division that will signifi cantly ease 
the case fl ow and increase the speed of the procedure by 
minimizing the number of instrument exchanges.  

   Medial-to-Lateral Left Colonic Dissection 

 The most common and easiest technique employed for mobi-
lization of the left colon is the medial-to-lateral approach and 
will be discussed in detail. Many other techniques have been 
described including the lateral-to-medial and sub-IMV to 
accomplish the same goals. As the surgeon becomes facile 
with the medial-to-lateral approach, it is benefi cial to add 
these other techniques to the surgical repertoire. There will 
be occasions, especially as the surgeon gains experience and 
begins to utilize minimally invasive techniques for more 

 diffi cult cases, where these other techniques may provide the 
only approach that can allow successful completion of a lap-
aroscopic procedure.  

   Retroperitoneal Exposure/Critical Anatomy 

 The initial step in the medial-to-lateral dissection is identifi -
cation of the inferior mesenteric (IMA) and superior rectal 
arteries (SRA), as this will allow entry to the avascular retro-
peritoneum. Grasping the mesenteric edge of the mid- 
sigmoid colon and elevating it superiorly and caudally most 
easily accomplish this (Fig.  19.3a–c ). The video laparoscope 
can be angled inferiorly (down) to best expose this anatomy. 

  Fig. 19.1    Modifi ed anchor trocar placement for pelvic surgery       

  Fig. 19.2    Extraction site with wound protector in place         Fig. 19.3    Medial-to-lateral mobilization. ( a ) Elevation of the IMA/
SRA toward the abdominal wall; ( b ) scoring the peritoneum overlying 
the vessel; ( c ) caudal (i.e., pelvic) traction places the vessel on stretch 
and allows it to be clearly seen to identify the correct plane       
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The base of the sigmoid mesentery can then be incised 
accessing the retroperitoneum (Fig.  19.4a–c ).

    After incising the retroperitoneum, the next step is identi-
fi cation of the hypogastric (sympathetic) nerves and left ure-
ter and gonadal vessels. The hypogastric nerves are typically 
apparent running just inferior to the superior hemorrhoidal 
artery. These structures can be bluntly dissected inferiorly 
into the retroperitoneum away from this vessel and the root 
of the IMA (Fig.  19.5a, b ). After this is performed, the sur-
geon then identifi es the left ureter and gonadal vessels 
(Fig.  19.6 ). It is important to remember that the retroperito-
neum curves anteriorly or away from your line of vision as 
the dissection progresses laterally. The surgeon must sweep 
the retroperitoneal tissue off the inferior aspect of the colonic 
mesentery to avoid mobilizing the ureter and gonadal vessels 
superiorly with the colon. The exposure, visualization, and 

dissection is facilitated by creating as large of an opening as 
possible underneath the SRA, as this greatly increases the 
mobility of the SRA and sigmoid colon mesentery. The video 
laparoscope can be angled superiorly (upward) to peer 
under the SRA and expose this plane. Additionally, the 

  Fig. 19.4    Base of the sigmoid mesentery. ( a ) Scoring over mesentery, 
( b ) broad opening of a plane toward the sacral promontory, ( c ) deeper 
medial-to-lateral dissection       

  Fig. 19.5    ( a ) Hypogastric nerves ( arrow ) swept posteriorly to the ret-
roperitoneum near the base of the IMA. ( b ) Another view of the hypo-
gastric nerve at the base of the IMA.  With permission from Jeffrey 
W. Milsom, Bartholomäus Böhm, and Kiyokazu Nakajima. Laparoscopic 
Anatomy of the Abdominal Cavity. In: Jeffrey W. Milsom, Bartholomäus 
Böhm, and Kiyokazu Nakajima, eds. Laparoscopic Colorectal Surgery. 
Springer, New York, 2006:pp104. © 2006 to Springer        

  Fig. 19.6    Left ureter ( arrow ) coursing medially to the gonadal vessels       
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proper technique to minimize trauma and bleeding in the 
 retroperitoneum is to dissect in the superior-inferior plane 
and not laterally. Dissecting in the lateral plane (i.e., tangen-
tial to the retroperitoneum) often results in tearing of retro-
peritoneal structures and causes nuisance bleeding.

    Utilizing these techniques often results in easy identifi ca-
tion of the relevant retroperitoneal structures; however, on 
occasion the left ureter can be diffi cult to fi nd. In this case, 
several maneuvers can be helpful. First, carefully examine 
the inferior aspect of the colonic mesentery to ensure that the 
left ureter has not been mobilized off the retroperitoneum. 
Second, clear the lateral aspect of the base of the IMA and 
then carefully dissect laterally away from this vessel in the 
retroperitoneum. Finally, carry the dissection inferiorly to 
the pelvic brim to the level of the common iliac artery bifur-
cation and identify the ureter as it crosses this vessel. If the 
ureter cannot be identifi ed using these maneuvers, the dis-
section can be altered to access the retroperitoneum at the 
level of the inferior mesenteric vein or by the lateral-to- 
medial approach. Finally, if the ureter still cannot be identi-
fi ed, then conversion to open is likely indicated.  

   Vascular Pedicle Division/Proximal 
Colonic Mobilization 

 After the left ureter and gonadal vessels are identifi ed, safe 
vascular division can be performed. This is most typically 
performed with bipolar electrocautery, vascular staplers, or 
endoclips. Angling the video laparoscope to peer leftward 
often facilitates this exposure. The majority of surgeons use 
the bipolar energy device to both dissect and divide vascula-
ture, thereby speeding the overall procedure (Fig.  19.7 ). 
Once the IMA is divided, then the mesentery can be elevated 
off the retroperitoneum with blunt dissection in the superior- 
inferior plane. The anatomic structure guiding this dissec-
tion is Gerota’s fascia (Fig.  19.8 ), which can be bluntly 
dissected inferiorly to ensure that the left kidney is not 

mobilized off the retroperitoneum. Importantly, as the sur-
geon develops the plane over the superior aspect of the left 
kidney, it is important to consciously continue the dissection 
superiorly and not follow the curve of the kidney inferiorly. 
This will ensure that inadvertent injury, i.e., bleeding, result-
ing from injury to the left adrenal gland or its vasculature 
does not occur. Additionally, it ensures that the dissection 
will continue superiorly to the pancreatic tail (Fig.  19.9 ), 
thus dividing the retroperitoneal attachments to the splenic 
fl exure, which is important for gaining colonic length and 
avoiding problematic bleeding in the retro-pancreatic space. 
Also, the plane should be developed lateral to the body of 
the colon to facilitate detachment of the colon from its lat-
eral attachments performed later in the procedure 
(Fig.  19.10 ). Maintaining tension is the key to this dissec-
tion as it is an avascular plane and separates easily with 
adequate tension.

      During proximal mobilization of the colonic mesentery 
off the retroperitoneum, the mesentery is typically divided 
concomitantly to facilitate exposure. It is important to con-
sciously divide the mesentery at its root and not stray supero-
laterally toward the mesenteric edge of the left colon 
(Fig.  19.11 ). This will facilitate gaining added colonic length 

  Fig. 19.7    Division of the IMA pedicle using an energy vessel sealing 
device       

  Fig. 19.8     Arrows  marking the line of dissection between the retroco-
lonic mesentery and the retroperitoneum and Gerota’s fascia       

  Fig. 19.9    Cephalad mobilization from a medial approach. The pancre-
atic tail can be seen in the  blue oval . The proper plane of dissection is 
highlighted by the  arrow  and the instrument       
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by ensuring dissection in the proper plane and not risk 
 inadvertent devascularization of the left colon by damaging 
the marginal artery.

      Inferior Mesenteric Vein Division/Splenic 
Flexure Mobilization 

 After division of the inferior mesenteric artery, the next 
major vascular structure encountered is the inferior mesen-
teric vein (IMV), which can be identifi ed coursing laterally 
beneath the ligament of Treitz (Fig.  19.12 ). It can be argued 
whether this vessel needs to be divided or whether the splenic 
fl exure even needs to be mobilized as a routine maneuver 
during left colonic dissection. There are three main advan-
tages to routine performance of this maneuver. First, an anas-
tomosis at or below the peritoneal refl ection will be diffi cult 
to construct due to inadequate colonic length if this is not 
done. Second, once the incision for extraction is made and 
diseased bowel resected, the surgeon may fi nd that even a 
more proximal colorectal anastomoses may still be under 
tension without splenic fl exure mobilization. While it is not 
impossible to gain additional length at this point without 
converting to an open procedure, it is more diffi cult and 
time-consuming and often requires positional changes and 

loss of exposure. Finally, like everything we do, our skills 
depend upon repetition. Routine division of the IMV and 
splenic fl exure mobilization ensure that this skill is available 
to the surgeon when it is critical to performance of the proce-
dure. After division of the IMV, the splenic fl exure is next 
mobilized starting by incising the medial aspect of the lieno- 
colic ligament just superior to the midbody of the pancreas 
thereby entering the lesser sac (Fig.  19.13 ). The remainder of 
the lieno-colic ligament is then divided laterally, mobilizing 
the pancreatic tail inferiorly (Fig.  19.14 ).

  Fig. 19.10    Dividing the lateral attachments of the left colon       

  Fig. 19.11    Division of the mesentery to the left colon       

  Fig. 19.12    Progression of dissection. The ligament of Treitz can be 
seen by the  black arrow  while the  white arrow  points to the IMV       

  Fig. 19.13    Attachments of the splenic fl exure overlying the pancreas 
are divided allow access into the lesser sac       

  Fig. 19.14    Completion of the medial dissection of the splenic fl exure 
demonstrating the division of all the retroperitoneal attachments       
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     The medial-to-lateral mobilization is now complete, and 
the colon can then be mobilized away from its lateral perito-
neal attachments. Attention is directed back to the mid- 
sigmoid colon, which can be grasped and pulled medially. If 
the retroperitoneum has been mobilized lateral to the body of 
the colon, then the surgeon will see the proper dissection 
plane identifi ed by a dark hue beneath the white line of Toldt 
(Fig.  19.15a, b ). The peritoneum is then divided superiorly 
up to the splenic fl exure. If the lieno-colic ligament has been 
adequately mobilized, the remaining attachment of the 
splenic fl exure is only the greater omentum. The greater 
omentum can then either be mobilized away from the fl exure 
and transverse colon, or the gastrocolic omentum can be 
divided taking the omentum inferiorly with the colon 
(Figs.  19.16  and  19.17 ). Finally, it is important to go back 
and ensure you don’t have any last fi bers that will need to be 
divided to allow for complete mobilization of the splenic 
fl exure (Fig.  19.18 ).

         Rectal Mobilization/Bowel Division 
(Video  19.1 ) 

 After the proximal colon has been mobilized, attention can 
be turned to mobilization of the rectum. This can either be 
accomplished intra- or extracorporeally according to sur-

geon’s preference. With either approach, this is accomplished 
by gaining access to the presacral space by refl ecting the rec-
tum anteriorly and under direct vision mobilizing the rectum 
respecting the mesorectal envelope. As in open surgery, this 
can be accomplished with either sharp dissection or monop-
olar cautery, and blunt dissection is discouraged. The video 
laparoscope can be angled superiorly (upward) to facilitate 
this exposure, and the dissection can be quite easily carried 
posteriorly to the levator ani if needed. Importantly, the 
three-dimensional anatomy of the sacrum needs to be kept in 
mind. The proper anatomic plane will initially be in the ante-
rior-posterior projection and curve caudally in its inferior 
extent at the level of the upper coccyx just prior to the levator 
ani coming into view. Proper attention to exposure and 
t raction-countertraction usually facilitates this anatomy and 
avoids injury to pelvic vascular structures. 

   Identifying and Avoiding Damage 
to the Nerves 

 The hypogastric nerves typically course anterolaterally 
around the rectum just below the pelvic inlet and as they 
had previously been indentifi ed superior to the sacral 
 promontory are usually readily identifi ed (Fig.  19.19 ). 

  Fig. 19.15    Division of the lateral attachments. Notice the  dark hue  
demonstrating the avascular plane due to prior medial dissection       

  Fig. 19.16    Splenic fl exure with omental attachments still in place       

  Fig. 19.17    Omental attachments to the transverse colon ( black arrow )       

  Fig. 19.18    Final attachments of the splenic fl exure ( black arrow ). The 
spleen can be seen in the background ( oval )       
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As these structures are mobilized laterally, the lateral peri-
toneal attachments of the rectum can then be divided with 
monopolar cautery down to the lateral rectal stalks. As the 
dissection begins, the rectum is retracted anteriorly toward 
the abdominal wall. This pulls the retroperitoneal struc-
tures up with the mesorectum, and as a result, the correct 
plane of dissection is higher than generally appreciated. As 
a result, if the dissection is started too low, the hypogastric 
trunks can be injured or divided while trying to access the 
presacral plane.

   The nervi erigentes are encountered just below the ante-
rior peritoneal refl ection at the 10 and 2 o’clock positions. 
The key to good exposure in the pelvis is creating tension 
that is perpendicular to the energy source so the vectors of 
force are anterior to posterior and medial to lateral. 
Avoiding pulling the rectum out of the pelvis will facilitate 
better exposure. This is most evident when performing the 
anterior and lateral dissections. After the anterior refl ection 
is incised, the rectum is retracted posteriorly and the refl ec-
tion is retracted anteriorly. This tension will expose the 
avascular plane anteriorly. This plane is divided sharply, 
and the rectum can be rolled to the right to expose the left 
side and then rolled left to expose the right side. As mobil-
ity is created, the rectum is grasped further down in the 
pelvis. The correct plane is just on the shiny surface of the 
rectum—too lateral, the risk of injuring the parasympa-
thetic nerves is higher and too medial, the risk of injuring 
the mesorectum increases. Creating adequate tension will 
greatly facilitate the visualization and dissection deep in 
the pelvis.  

   Lateral and Anterior Mobilization 
of the Rectum 

 The video laparoscope can be angled to the left to mobilize 
the right aspect of the rectum and to the right for the left 
aspect of the rectum to ensure adequate working space for 
the surgeon. At this point, it is advantageous to incise the 
anterior peritoneal refl ection and dissect the rectum posteri-
orly away from the genitourinary structures. In females, the 
uterus can fall down, fi lling much of the pelvis and making 
exposure diffi cult. The uterus can be suspended to the ante-
rior abdominal wall with a trans-fascial fi xation suture. 
A heavy suture on a straight needle is passed transabdomi-
nally and can be passed through the fundus of the uterus or 
from broad ligament to broad ligament. It is then passed back 
through the abdominal wall and cinched down with a clamp 
to suspend the uterus out of the way. 

 Just as described above, the vector of retraction should 
be with the rectum directed posteriorly and the cervix/
vagina or prostate anteriorly. By gently rotating the rectum 
to the right and left, the lateral aspects of the dissection are 
facilitated. As each layer is divided, the rectum should be 
grasped more distally. There is limited space in the pelvic 
so the rectum should be grasped as close to the point of 
dissection as possible to maximize tension. Angling the 
video laparoscope superiorly (upward) facilitates this 
exposure.  

   Dealing with the Genitourinary Structures 

 The genitourinary structures are refl ected anteriorly to 
expose this plane. This can typically be accomplished with 
manual retraction via the suprapubic 5-mm port. In the 
female pelvis, gaining exposure in the setting of a bulky 
uterus can be facilitated by transcutaneous suture fi xation 
to the anterior abdominal wall. Additionally, placing a vag-
inal manipulator can aid in identifi cation of the proper 
plane and provide countertraction to aid in dissection. In 
the male pelvis, the seminal vesicles are fi rst encountered 
laterally as the peritoneal refl ection is incised, and it is 
important to carry this dissection just inferior to these 
structures to their lateral extent to avoid nuisance bleeding 
and for preservation of the parasympathetic nerve supply 
(nervi erigentes). The dissection is then carried caudally 
indentifying Denonvillier’s fascia and again conducting the 
dissection just inferior to this structure to preserve peri-
prostatic structures. Once the anterior dissection is com-
menced, it allows exposure and division of the lateral rectal 
stalks and bringing the lateral dissection plane anteriorly to 
complete the rectal mobilization.  

  Fig. 19.19    Hypogastric nerves seen in the pelvis       
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   Dividing the Rectum 

 Once mobilization of the bowel is complete, attention is 
turned to division of the bowel and anastomosis creation. 
This can be accomplished intracorporeally with endoscopic 
staplers or more typically extracorporeally with open sta-
pling techniques. The limitations in the size of the pelvis 
and the length and angulation of the laparoscopic staplers 
can make dividing the rectum diffi cult. The current endo-
scopic stapling technology is lacking particularly in distal 
rectal division limiting its utility. Having an assistant pro-
viding perineal pressure can bring the distal rectum further 
up into the pelvic to facilitate division. Also, utilizing the 
suprapubic port can facilitate division as close to a right 
angle as possible. Division of the rectum should be limited 
to no more than 2 fi rings of an endoscopic stapler as more 
fi rings are associated with an increased risk of anastomotic 
complications. It is imperative to ensure an adequate distal 
margin, which is more diffi cult with distal tumors. Finally, 
in women the posterior wall of the vagina needs to be 
inspected to ensure it is free from the stapler prior to fi ring 
it. Strict adherence to the principles of anastomosis creation 
(adequate mobilization and bloody supply, healthy bowel, 
and technically perfect technique) is required regardless of 
technical approach.  

   Pelvic Bleeding 

 Pelvic bleeding can range from a nuisance to massive hemo-
dynamically compromising hemorrhage. For nuisance bleed-
ing that obscures visualization, a small sponge can be passed 
via a 10-mm port and used to soak up bleeding. If this does 
not provide adequate clearance of blood and improve visual-
ization, a suction-irrigation device can be used. The most 
common areas of bleeding are deep in the pelvic along the 
lateral sidewalls and anterior around the seminal vesicles or 
posterior wall of the vagina. It is of utmost importance to 
have adequate visualization, prior to attempting to control 
active bleeding. Often bleeding results from partial injury to 
a vessel, so completely dividing the vessel will facilitate 
visualization and hemostasis. Once the bleeding is isolated, 
it can often be controlled with monopolar electrocautery or 
an alternative energy source. Presacral bleeding from a sacral 
vessel can often be diffi cult to control. These vessels 
often retract into the sacrum, and angle of the sacrum relative 
to the port sites contributes to challenges of gaining 

 hemostasis. If bleeding is signifi cant and cannot be 
 controlled, packs should be placed in the pelvis to tampon-
ade the bleeding prior to conversion to an open approach.   

   Pearls and Pitfalls 

•     Find the ureter prior to dividing the IMA at its base. 
Although you may be “sure” that it is out of the way, if 
you haven’t seen it, take the time to fi nd it.  

•   In the pelvis, often another grasper may help hold the small 
bowel out of the way and the uterus up or provide improved 
traction-countertraction. It may make all the difference 
between struggling and having things go much easier.  

•   In thin male patients, when you open the anterior perito-
neal refl ection, the seminal vesicles may be right there.  

•   Provide perineal pressure when performing a low pelvic 
transection at the pelvic fl oor. It often will help the sta-
pling and allows you to get lower.     

   Conclusion 

 Minimally invasive techniques are available to manage a wide 
range of pelvic pathologic conditions. Whether the condition is 
approached in an open or laparoscopic fashion, the same prin-
ciples of exposure, anatomic identifi cation, and traction- 
countertraction to facilitate dissection are consistent. Technical 
considerations discussed in this chapter will allow for consis-
tent and successful laparoscopic approaches to pelvic surgery.      
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          Key Points 
•     Proper patient selection and timing of surgery are key in 

reoperative minimally invasive colorectal surgery.  
•   Distorted anatomy, adhesions, and the need for prolonged 

adhesiolysis and dissection are the key differences in 
reoperative surgery.  

•   Gaining entry to the abdominal cavity is the most com-
mon cause of abdominal organ injury in laparoscopic 
surgery.  

•   Most injuries during laparoscopic entry occur due to 
adhesions or previous abdominal surgery.  

•   Electrocautery is the second most common cause of 
injury during laparoscopy, and extreme care must be 
taken during reoperative lysis of adhesions.  

•   Understanding your limitations, especially when approach-
ing a reoperative case laparoscopically, is a necessary 
component to success.     

    Introduction 

 Minimally invasive surgery for colorectal disease, including 
cancer and infl ammatory bowel disease (IBD), has become 
well accepted due to equivalent or improved long-term out-
comes [ 1 – 3 ] and better short-term outcomes related to faster 
recovery, lower complications [ 4 – 7 ], and improved quality 
of life [ 8 ]. However, most trials examining the use of mini-
mally invasive surgery have excluded patients with previous 
surgery or signifi cant adhesive disease, questioning the 
degree of applicability of these benefi ts to this patient popu-
lation. As patients live longer, the global population ages, 
and as surgical outcomes continue to improve, the likelihood 
of patients returning for second or third major abdominal 
operations inevitably increases. With more surgeons becom-
ing comfortable with laparoscopic techniques and more 
patients expecting the associated improved cosmetic and 
short-term outcomes, the use of minimally invasive surgery 
for reoperative colorectal cases has become an important 
clinical and technical challenge. 

 Yet, this does not necessarily translate to easier surgical 
procedures. Distorted or altered anatomy and adhesive dis-
ease make reoperative cases challenging, whether using an 
open or laparoscopic approach. The potential complications 
are not different from more typical surgery; however, the 
risks of these complications may be elevated. Although some 
studies have indicated that prior abdominal surgery makes 
little difference in intraoperative or postoperative complica-
tions during laparoscopic colorectal cases [ 9 ,  10 ], reopera-
tion is often cited as a risk factor for worse outcomes in these 
patients. In an analysis of 1,000 consecutive laparoscopic 
colon resections for cancer, Franko and colleagues [ 11 ] 
found a conversion rate of 19 % for prior abdominal surgery 
cases compared to 11 % for virgin abdomens. This difference 
appeared to be driven by a history of prior pelvic surgery, 
where conversion rates were 23 % (Fig.  20.1 ). Other compli-
cations that were elevated among laparoscopic reoperations 
included enterotomy (1.4 % vs. 0.2 %), ileus (6.6 % vs. 3 %), 
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and the need for reoperation (2.3 % vs. 0.2 %). Of note, 
 mortality, wound infection, ureteral injury, and anastomotic 
leak rates were similar between groups.

   When considering specifi c metrics, the rate of enterotomy 
varies between studies, with Binenbaum et al. [ 12 ] reporting 
a rate of nearly 0.6 %. A systematic review by van der Voort 
and colleagues [ 13 ] found a smaller incidence of intestinal 
injury during laparoscopy (0.13 %); however, nearly 70 % of 
intestinal injuries were associated with adhesions or prior 
abdominal surgery. In laparoscopic cases dedicated exclu-
sively to lysis of adhesions, enterotomy rates have been 
reported between 3 % and 17 % [ 14 ]. Although a rare com-
plication in most studies, accidental enterotomy can have 
disastrous consequences, with mortality rates of greater than 
3.5 % in these cases [ 13 ]. Mortality rates increase to between 
20 % and 50 % if the enterotomy is not recognized at the 
time of surgery [ 15 ,  16 ]. 

 Adhesions are thought to occur almost universally after 
transperitoneal surgery. The density of adhesions and the 
clinical ramifi cations appear to worsen with the number of 
previous surgeries [ 17 ] and other infl ammatory processes, 
such as bowel injury, intra-abdominal abscess, locally 
advanced cancer, or IBD. While the potential for dense adhe-
sive disease in reoperative patients poses an additional chal-
lenge for the minimally invasive surgeon, it increases the 

degree of diffi culty rather than creating a unique set of 
 problems. We feel that laparoscopic surgery can be per-
formed safely and effi ciently when adequately trained sur-
geons follow basic steps (Table  20.1 ) and maintain a low 
threshold for conversion to an open approach in especially 
complex cases.

   When thinking about the reoperative laparoscopic case, it 
helps to break the procedure down into steps. These smaller 
components help to concentrate the surgeon on immediate 
goals, and each step is focused on setting the surgeon up for 
success in the following step. Gaining safe entry into the 
abdominal cavity is the fi rst step. The goal of this step is the 

  Fig. 20.1    Conversion rate of laparoscopic colorectal surgery by type 
of previous operation. Figure represents data from Franko et al. [ 11 ]; 
820 patients were evaluated. * represents conversion rates that were 
signifi cantly different from patients without prior surgery by Pearson’s 
chi-squared test.  With permission from Franko J, O’Connell BG, 

Mehall JR, Harper SG, Nejman JH, Zebley DM, et al. The infl uence 
of prior abdominal operations on conversion and complication rates 
in laparoscopic colorectal surgery. JSLS: Journal of the Society of 
Laparoendoscopic Surgeons 2006;10(2):169-75 © Society of Laparo-
endoscopic Surgeons  2006 [ 11 ]       

   Table 20.1    Steps in the reoperative minimally invasive colorectal case   

 1. Abdominal entry 
 • Initial transperitoneal entry 
 • Insuffl ation and inspection 
 • Safe placement of ports for Step 2 

 2. Anterior abdominal wall clearance 
 • Adhesiolysis of abdominal wall 
 • Optimal placement of ports for Step 3 

 3. Dissection and isolation 
 • Adhesiolysis, mobilization, and isolation of structures for Step 4 

 4. Resection and reconstruction 
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safe placement of adequate ports to continue adhesiolysis of 
the anterior abdominal wall. The fi rst step involves initial 
port placement, insuffl ation, visual examination, and fi nally 
the safe placement of additional ports. The second step is 
a focused adhesiolysis. The goal of the second step is not a 
complete takedown of all intra-abdominal adhesions. Rather, 
this is an abdominal wall adhesiolysis for optimal placement 
of ports in order to continue the dissection and isolation of 
the structures of interest. Once ideal port placement has been 
achieved, the surgeon can begin the third step—dissecting 
out the structures needed to complete the case. Mobilization 
and isolation of these structures is key in setting up the resec-
tion and reconstruction, the fi nal step of the procedure. 
Having a clear understanding of the anatomy prior to com-
mencing a diffi cult dissection is critical as this will help 
frame the procedure and increase one’s understanding of the 
anatomy as the dissection progresses. 

 In this chapter, we will examine the challenges involved 
in minimally invasive colorectal surgery for reoperative 
patients and focus on preoperative, operative, and postopera-
tive strategies to minimize complications and achieve opti-
mal outcomes despite the added diffi culty posed by these 
cases.  

    General Considerations 

 As with any surgery, appropriate patient selection is the key 
to achieving optimal outcomes. While most of the consider-
ations for laparoscopic surgery in the reoperative patient are 
identical to those for any patient undergoing laparoscopic 
surgery, the reoperative patient may require additional atten-
tion centered around the potential for adhesions. In patients 
with a signifi cant amount of expected adhesions, two differ-
ences between them and typical patients should be consid-
ered. First, the risk of injury during entry into the abdominal 
cavity may be increased compared to typical patients. This 
additional level of risk may alter the risk-benefi t ratio of a 
given case and tip the scales in favor of nonoperative man-
agement (when appropriate) or open surgery. 

 In addition, laparoscopic adhesiolysis may be a signifi cant 
portion or even the majority of a complex reoperation. Studies 
of open surgery have indicated that abdominal entry and time 
for adhesiolysis in reoperative surgery can extend the range 
of operative times by 20 min to several hours [ 18 ]. Although 
data examining operative time for abdominal entry and adhe-
siolysis in laparoscopic reoperation is lacking, the potential 
for extended times in laparoscopy is likely even greater than 
in open surgery. The additional time involved for this aspect 
of the case should be considered, and cases should be sched-
uled for extended blocks to avoid time  constraints in the 
 operating room (OR). Patients potentially unable to tolerate 

the increased fl uid shifts and stress of prolonged anesthesia 
due to added length of surgery should be considered for an 
open procedure or nonoperative management. 

 While the emergent status of an operation is generally a 
contraindication for laparoscopic surgery, urgent operations 
are often performed laparoscopically. Even in cases consid-
ered to have a low likelihood of laparoscopic completion, 
practitioners feeling comfortable with laparoscopic entry 
fi nd little disadvantage to starting an operation with a diag-
nostic laparoscopy. With a low threshold for conversion to 
an open procedure in the urgent setting, diagnostic laparos-
copy adds little time to the procedure and may provide 
important visualization for diagnosis or surgical planning. 
In some cases, a procedure may be completed with the mini-
mally invasive technique, sparing the patient the larger 
 incision and associated complications. The reader is referred 
to Dr. Haas’ excellent review of the use of a laparoscopic 
approach for colorectal disease in the emergent setting in 
Chap.   27    .  

    Preoperative Evaluation 

 Preoperative evaluation in the reoperative patient differs 
from the evaluation of other patients preparing for surgery 
due to the focus on the past surgical history. While consider-
ations of the patient’s disease and indicated procedure are 
important, the patient’s surgery may be dominated by aspects 
related to his previous surgeries. The patient’s surgical his-
tory should be thoroughly reviewed, with attention paid to 
the number and types of previous operations and resultant 
anatomy. Furthermore, especially in Crohn’s patients, con-
sideration should be given to determining the length of 
 residual bowel to avoid a short bowel syndrome. Abdominal 
complications such as mesh placement, intra-abdominal 
abscesses, fi stulas, bowel injuries, and other infl ammatory 
processes that may lead to increased abdominal adhesions 
should be directly questioned. 

 A visual inspection of the abdomen may reveal scars from 
previous surgeries that the patient forgot or considered unim-
portant (Fig.  20.2 ). They can also be more signifi cant and 
should cause reconsideration regarding whether or not you 
should undertake a minimally invasive approach (Fig.  20.3 ). 
These scars may also provide a road map of locations to 
avoid during entry, as adhesions to previous incisions or tro-
car sites will increase the risk of bowel injury. If possible, 
previous operative notes should be reviewed to help identify 
potential areas of dense adhesive disease to be avoided dur-
ing laparoscopic entry. Areas of potential adhesion may also 
determine port placement, as lysis of adhesions may be the 
most diffi cult portion of the case, requiring the addition of 
dedicated ports.
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    Indicated imaging, such as a barium enema to establish 
anastomotic patency or colonic anatomy for stoma reversal, 
should be performed in accordance with usual practice for 
any surgery. A computed tomography (CT) scan may be of 
additional aid in determining the potential site of adhesion in 
obstructive disease, and areas of the abdomen with espe-
cially dilated loops may be avoided during laparoscopic 
entry. In general, however, dilated loops of the bowel are not 
static, and minimal reliance can be placed on preoperative 
imaging in this regard. 

 Although not regularly practiced at our institution, several 
reports in the literature have indicated the utility of preopera-
tive ultrasonic or cine-MRI evaluation of abdominal wall 
adhesions to minimize injury during laparoscopic entry into 
the abdominal cavity (Fig.  20.4 ) [ 19 – 21 ]. These techniques 
use spontaneous and induced visceral slide to detect loops of 
bowel or other organs adhered to the anterior abdominal 
wall. While these techniques have shown excellent correla-
tion to intraoperative fi ndings, they have not been tested for 
improvement in clinical outcomes and their widespread 
application in the non-research setting is unclear. Finally, 
determining both the date and results of a previous colonos-
copy can be useful to avoid missing pathology or making 
intraoperative decisions such as the need for an en bloc 
resection, diversion, or intraoperative endoscopy.

       Timing of Surgery 

 While the timing of certain operations is out of the surgeon’s 
control (i.e., perforation, complete obstruction, sepsis), most 
cases can be performed electively and provide an early oppor-
tunity to optimize the chances of success after previous opera-
tion. As with any surgery, patient nutrition and cardiopulmonary 
status should be optimized before undergoing a complex proce-
dure. In the case of previous operation in the distant past, timing 
may make little difference to the surgery performed. However, 
in cases of a recent operation, the diffi culty of adhesiolysis can 
be dramatically altered by the appropriate timing of surgery. 

 Adhesions form within 5–8 days of surgery [ 22 ,  23 ]. 
These initial adhesions are more vascular and diffuse, mak-
ing adhesiolysis signifi cantly more diffi cult and dangerous. 
The ability to delay surgery by 3 months beyond the previous 
operation (such as an ileostomy closure) will allow time for 
these adhesions to become better defi ned, with less density 
and vascularity [ 24 ,  25 ]. This delay may decrease complica-
tions, blood loss, and operative time. 

 For cases where delay is not possible, the surgery should 
be undertaken with extreme caution. In conjunction with 
anesthesia, a brief risk assessment can still be easily per-
formed. In addition, consideration for the potential need for 
diversion is crucial, and patients should be appropriately 
marked in the preoperative holding area. Extended operative 
times and increased blood loss should be expected and 
planned for accordingly. Managing expectations for the 
patient, family, and surgical team is important, as these cases 
are often complicated. Blunt dissection may be less 
 appropriate in this setting, as vascular adhesions will bleed 
more often, obscuring the operative fi eld and causing 
increased blood loss. While laparoscopy still holds the poten-
tial for fewer postoperative complications, the risk-benefi t 
ratio may be dramatically different in these patients and 
should be considered carefully.  

  Fig. 20.2    Abdomen demonstrating subtle previous scars throughout       

  Fig. 20.3    “Hostile” abdomen suggesting that a minimally invasive 
approach may be contraindicated.  Courtesy of Brad Davis, MD, with 
permission        
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    Gaining Access 

 The fi rst step in any minimally invasive abdominal procedure 
is entry into the abdominal cavity, and safe performance of 
this step is critical in reoperative colorectal surgery. In a 
review of the reasons for enterotomy during laparoscopic sur-
gery, nearly 42 % of injuries were caused by Veress needle or 
trocar placement, making entry into the abdominal cavity the 
most treacherous period of laparoscopic surgery [ 13 ]. While 
the incidence of these injuries is low (0.18 %), more than half 
of these injuries occur in patients with a  previous operation 
[ 26 ], demonstrating the importance of caution during abdom-
inal entry and the need for careful choice of entry technique. 
Large meta-analyses of laparoscopic entry have shown no 
difference in major complication rates between open and 
closed techniques [ 27 ]. The Hasson technique, which allows 
direct visualization as the abdominal cavity is entered, has 
generally provided the safest results, particularly when used 
away from previous surgical sites [ 28 ,  29 ]. 

 The Veress needle technique is often preferred by sur-
geons due to speed and prevention of gas leakage at the 
 trocar site. For reoperations in patients without a previously 
violated left upper quadrant (LUQ), Veress needle entry into 
this area may be a reasonable alternative and has demon-
strated comparable outcomes in reoperative surgery with an 
intestinal injury rate of 0.4 % [ 30 ]. Veress needle entry into 
the LUQ has become our preferred method of abdominal 
entry, as most prior surgeries are performed in the lower 
quadrants or right upper quadrant (Fig.  20.5 ) [ 11 ]; however, 
prior LUQ surgeries, such as splenectomy or gastric 
 resection, must fi rst be excluded. Optical trocars (Fig.  20.6 ; 

Video  20.1 ) have been suggested as another possible alternative, 
allowing visualization with rapid abdominal access even in 
reoperative cases [ 31 ]; however, reports have indicated that 
optical trocars cannot prevent injury during abdominal entry 
[ 15 ,  32 ].

    The “peek-port” technique [ 33 ] has been promoted as a 
rapid and less costly method for evaluating the potential for 
laparoscopic completion of a reoperative case. In this 
method, a small midline incision is made and used to evalu-
ate the intra-abdominal cavity for the appropriateness of 
laparoscopy. In patients with a previous midline incision, an 
off-midline incision should be used for entry to avoid adhe-
sions. If the patient is considered an appropriate candidate, 
then a hand-assist port is placed and the laparoscopic equip-
ment is opened for a hand-assisted, laparoscopic case. If the 
abdomen is considered unfavorable for laparoscopy, then the 
midline incision is lengthened to continue the case as a lapa-
rotomy. Results from a single-institution series using this 
technique demonstrated 32 % rate of immediate conversion 
to laparotomy and a 5 % rate of late conversion after 
attempted laparoscopy. In cases where the peek-port tech-
nique was not used, the conversion rate to laparotomy was 
2 %, potentially due to patient selection [ 33 ].  

    Identifying Important Anatomy 

 Due to dense adhesions and distorted anatomy from previous 
resection, fi nding critical landmarks to guide surgery and 
avoid serious injury can be diffi cult in reoperative cases. 
Attempting to perform an extensive lysis of adhesions in an 
unfamiliar operative fi eld can be a dangerous and unnerving 

  Fig. 20.4    Midsagittal MRI showing adhesion ( arrow ) between abdomi-
nal wall ( a ) and small bowel(s) during inspiration ( a ) and expiration ( b ). 
 With permission from Zinther NB, Zeuten A, Marinovskij E, Haislund M, 

Friis-Andersen H. Detection of abdominal wall adhesions using visceral 
slide. Surg Endosc. 2010;24(12):3161-6 © Springer in 2010  [ 21 ]       
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experience; therefore, the use of aids or alternate techniques 
may provide assistance in orienting the surgeon and decreas-
ing the risk of injury. 

    Ureters 

 Although identifying and preserving the ureters is always a 
concern during colorectal surgery, special consideration 
needs to be given to this topic for reoperative cases with a 
laparoscopic approach. Although studies have not demon-
strated increased rates of ureteral injury during reoperative 
colorectal surgery [ 11 ], adhesive disease, distorted anatomy, 
and increased dissection make the safety of the ureters a spe-
cial concern during these cases. In general, the ureters tend 
to be more medially located than normal, especially in the 
pelvis, following prior surgery. However, this may not always 
be the case, and it is important to have several options to fi nd 
them if you cannot do it via standard medial and lateral 
approaches. One method is to start at the splenic fl exure 
(assuming this is relatively undisturbed anatomy) and locate 
the ureter as it courses from the kidney along the retroperito-
neum and track it caudally into the pelvis. 

 Another method for identifi cation is ureteral stenting, 
which has a well-established history in colorectal surgery. 
Although studies have not demonstrated decreased rates of 
ureteral injuries during typical or complex surgery [ 34 ,  35 ], 
many surgeons advocate the utility of intraoperative injury 
recognition with stenting. With the advent of laparoscopic 
colorectal surgery, the tactile feedback provided by ureteral 
stents was replaced with lighted stents that could be 

 visualized during surgery (Video  20.2 ). While no signifi cant 
improvements in outcomes have been detected, rates of ure-
teral visualization greater than 80 % have demonstrated the 
potential utility of this technique [ 36 ]. Prophylactic bilateral 
stenting of the ureters before complex reoperative colorectal 
cases that involve pelvic dissection may improve ureter iden-
tifi cation and recognition of intraoperative injuries. We strongly 
advocate the routine placement of lighted stents in purely lapa-
roscopic cases due to the loss of tactile feedback.  

    Bladder 

 Bladder catheters should be placed in all complex colorectal 
cases involving the pelvis to decompress the bladder, improve 
exposure, and decrease the chance of a bladder injury. The 
catheter can also allow for monitoring of urine output and an 
assessment of intraoperative fl uid status, an important con-
sideration in reoperative cases that may be prolonged due to 
extensive adhesiolysis. Finally, the catheter balloon can pro-
vide a landmark in the lower pelvis for the location of the 
bladder to help orient the surgeon and safeguard against 
bladder injury.  

    Major Blood Vessels 

 Colorectal surgery is often performed in close proximity to 
several large vessels in the pelvis; however, the most com-
monly injured are the epigastric vessels during trocar place-
ment in the anterior abdominal wall. Avoidance of these vessels 

  Fig. 20.5    Rates of previous 
surgery type in reoperative 
laparoscopic colorectal surgery. 
Figure represents data from 
Franko et al. [ 11 ]; 347 patients 
undergoing laparoscopic 
colorectal surgery were identifi ed 
with prior operations.  With 
permission from Franko J, 
O’Connell BG, Mehall JR, 
Harper SG, Nejman JH, Zebley 
DM, et al. The infl uence of prior 
abdominal operations on 
conversion and complication 
rates in laparoscopic colorectal 
surgery. JSLS : Journal of the 
Society of Laparoendoscopic 
Surgeons 2006;10(2):169-75 © 
Society of Laparoendoscopic 
Surgeons 2006  [ 11 ]       
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can be managed in several ways. Initial entry in a midline 
 position may allow for intra-abdominal examination for vessel 
identifi cation. Transillumination of the anterior abdominal 
wall using the laparoscopic light source can help to identify the 

location of the epigastric vessels. In the case of dense  adhesions 
or an obese patient, the surgeon can avoid the epigastric artery 
by remaining close to the midline or well lateral to the midcla-
vicular line for port placement. Inserting the working trocars 
lateral to the rectus muscle will also minimize the risk of injur-
ing these vessels. Finally, the visual inspection of the port sites 
both at the time of placement and removal will insure that any 
injury will be promptly recognized and treated. 

 Although damage to other major vessels such as the iliac 
arteries is rare, these injuries can be catastrophic. Extreme 
care must be exercised during a redo pelvic dissection, as 
normal anatomic landmarks may be missing or diffi cult to 
identify. The surgeon must be cognizant of energy sources 
used in dissection because the optics for these cases may be 
altered, leading to missed identifi cation of normally seen 
pulsating structures.  

    Rectum 

 Whether for ostomy reversal, cancer, diverticular disease, or 
IBD, rectal cases can be particularly diffi cult due to their 
location deep in the pelvis. To aid in identifi cation of the 
rectum during dissection, the proximal aspect of the rectal 
stump near the staple line can be tattooed during  preoperative 
colonoscopy. An additional technique that we have found 
useful intraoperatively is manipulation of the rectal stump 
using an EEA sizer or proctoscope to aid in visual or tactile 
identifi cation of the rectum. Beyond simply orienting the 
surgeon, manipulation can be used to create tension, help 
identify tissue planes, or adjust the rectal position during dis-
section. If the sacral promontory can be accurately identifi ed, 
an incision anterior to this point should facilitate entry into 
the presacral plane. The wider the incision, the more easily 
the plane will be visualized. The extent of the original dis-
section around the rectum directly impacts the diffi culty of 
accessing this plane.   

    Lysis of Adhesions (Videos  20.3 , 
 20.4 , and  20.5 ) 

 As has been previously described, lysis of adhesions can be 
a major part of a reoperative case, extending operative times 
and becoming an important consideration for abdominal 
entry, port placement, and patient positioning. The ability to 
achieve adequate exposure for visualization and instrument 
placement will often determine whether a surgery can 
be completed laparoscopically. As previously mentioned, 
the goals of adhesiolysis are to gain adequate access for the 
working ports and to clearly identify and understand the 
anatomy associated with the planned procedure. While ade-
quate adhesiolysis is an important determinant of being able 
to complete a case, safe adhesiolysis is critical to patient 
 outcomes. Avoiding organ injury during adhesiolysis is 

  Fig. 20.6    Abdominal entry techniques. ( a ) Trocar through upper mid-
line abdominal entry point using Hasson technique. ( b ) Veress needle in 
left upper quadrant. ( c ) Optical trocar in left upper quadrant. Clear tro-
car tip allows light to pass from camera lens for visualization       
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important for preventing prolonged procedures requiring 
additional resection or reconstruction as well as avoiding 
the added morbidity and mortality brought by these injuries. 
In the case of injury made during lysis of adhesions, early 
recognition and treatment are critical to achieving optimal 
patient outcomes. 

 Adhesions can be taken down using monopolar or bipolar 
electrocautery, ultrasonic shears, or blunt or sharp dissection. 
Electrocautery is the second most common cause of bowel 
injury during laparoscopic surgery after Veress needle or 
 trocar placement [ 13 ]; therefore, we recommend the use of 
electrocautery only when a clear plane can be established 
between bowel and adhesive tissue. In addition, adequate 
space must separate any hollow viscus from the site of elec-
trocautery in order to assure that thermal spread does not 
inadvertently damage the wall of the bowel or other organ. 
While bipolar electrocautery poses a lesser risk of injury due 
to thermal spread and capacitance, the need to grasp tissue 
between the forceps of the instrument make it of limited util-
ity in a case with dense adhesions and minimal space between 
important organs and the tissue to be cut. Although studies 
have not demonstrated decreased rates of organ injury [ 37 ], 
animal models have suggested that ultrasonic shears have 
reduced thermal spread and injury than electrocautery. 
Unfortunately, these instruments have the same limitations 
as the bipolar electrocautery. 

 Gentle, blunt dissection using the camera, endoscopic 
kittner, suction irrigator, or other blunt instrument may 
quickly and safely release fi lmy adhesions and create space 
for further port placement. Most cases, however, require the 
use of nontraumatic graspers to develop tension between 
organs adhered to each other and the abdominal wall. Once 
this tension is developed, the surgeon can use sharp dissec-
tion with a laparoscopic scissors to release adhesions. 
Working from areas of good visualization toward areas of 
less exposure, the surgeon can remain confi dent in the differ-
ence between scar tissue and bowel or other organ. In addi-
tion, the surgeon should come back to areas of diffi cult 
dissection and lysis after attacking easier areas that will 
improve exposure. This technique maximizes the safety and 
effi ciency of the diffi cult dissection. Moving the camera to 
different ports to achieve more optimal views and allow 
instrumentation from better angles can also be a key maneu-
ver in making steady progress in a diffi cult case. 

 Ventral hernias from previous abdominal operations can 
pose a signifi cant challenge to structure identifi cation and 
surgical dissection. One technique that has proven useful to 
aid in orientation and safe lysis of adhesions in these cases is 
the external manipulation of the hernia contents to improve 
visualization and tension for dissection. The simple applica-
tion of downward abdominal pressure on the hernia contents 
can create angles and visualization that may be useful during 
a diffi cult dissection. With external manipulation, multiple 

ports for camera view changes and instrumentation placement, 
and careful dissection adhering to the principles above, these 
hernias can usually be fully reduced, or adequate lysis can be 
achieved to allow for continuation of the case without full 
reduction. 

 If adequate time has passed since the prior operation 
(at least 3 months), adhesions should be avascular; therefore, 
blunt or sharp dissection should not result in signifi cant 
bleeding and allow for safe and effi cient adhesiolysis. When 
vasculature is identifi ed in the adhesions, care should be 
taken to assure the proper identity of the structure and con-
sideration given to the use of a hemostatic device, such as 
electrocautery, ultrasonic shears, or a clip. If structures can-
not be confi dently identifi ed or the difference between bowel 
and scar cannot be assured despite application of several 
 different techniques, strong consideration of conversion 
to an open procedure should be considered. Proceeding lapa-
roscopically, especially with blunt dissection, runs the 
increased risk of either a full- or partial-thickness iatrogenic 
injury to the bowel and its associated increase risk of poten-
tial morbidity. If a bowel injury is created and identifi ed, the 
decision to repair this laparoscopically or to exteriorize it 
and perform an open repair must be made. For exterioriza-
tion, the injured segment must be clearly marked so it can be 
identifi ed later. Also, proper documentation of clear or sus-
pected injuries must be included in the operative report 
because lack of documentation increases the risk of success-
ful litigation if a complication occurs.  

    Hand-Assist Port 

 Many surgeons use a hand-assist port for colorectal surgery, 
particularly in patients with increased BMI, cases that 
involve deep pelvic dissection, or for a total abdominal col-
ectomy. For surgeons comfortable with this technique, it can 
provide improved ability to dissect bluntly and palpate ves-
sels, ureters, ureteral stents, or catheter balloons. Studies 
have indicated no difference in short-term outcomes between 
hand-assisted and fully laparoscopic cases while showing a 
signifi cant decrease in operative time (30 min for sigmoid 
colectomy and nearly 1 h for total colectomy) [ 38 ,  39 ]. While 
data is limited in the setting of reoperative cases, a surgeon 
may fi nd the hand-assist port to be a good compromise, 
allowing for shorter surgery and better blunt dissection, 
mobilization, and retraction without putting the patient at 
increased risk for the complications of open laparotomy. 

 Several systems are available, including the GelPort ®  
(Applied Medical, Rancho Santa Margarita, CA; Fig.  20.7 ) 
and HandPort ®  (Smith & Nephew, Inc., Endoscopy Division, 
Andover, MA) system and DEXTRUS device (Ethicon, Inc., 
Cincinnati, OH), all of which utilize a 7–9 cm lower midline 
or transverse (Pfannenstiel) incision. In cases of previous 
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incision or potential adhesions, this location can be altered. 
This site can either be opened as the initial entry point into 
the abdomen or after laparoscopic adhesiolysis of the ante-
rior abdominal wall. The hand-assist port is placed in the 
incision and the abdomen is insuffl ated. The surgeon’s hand 
can then be used for blunt dissection, retraction, palpation, or 
hemostasis.

   In especially complex cases where the surgeon continues 
to struggle despite placing a hand-assist port, the abdomen 
can be desuffl ated, and the port removed. The dissection can 
then be continued in an open fashion through the hand-assist 
port incision. After diffi cult adhesions have been lysed, the 
hand-assist port can be replaced, the abdomen re-insuffl ated, 
and the procedure continued laparoscopically. If, after using 
these methods, the surgeon still does not feel comfortable 
with the safety of his dissection, the hand port incision can 
easily be incorporated into the midline laparotomy incision, 
and the case can be completed using an open approach.  

    Conversion to Open Procedure 

 Conversion to an open procedure has a known association 
with increased blood loss, operative time, time of return of 
bowel function, anastomotic insuffi ciency, and reoperation 
[ 40 ]; however, these results are likely confounded by the dif-
fi cult anatomy of these patients and not necessarily related to 
the decision to convert. Limited data exists on the impact of 
early versus late conversion or the impact of starting laparo-
scopically in a diffi cult case that is eventually converted to an 
open procedure. However, it is clear that the outcomes are 
better if the conversion is preemptive rather than reactive to 
an intraoperative complication. 

 With a lack of evidence in this area, we fall back on 
classic surgical teaching, which would suggest that an early 
decision to convert to an open procedure when a lack of visu-
alization or exposure make a laparoscopic approach hazard-
ous is important to avoid prolonged operative times and 
elevated potential for abdominal organ injury. Although 
there are no clear guidelines about when to convert to an 
open procedure, factors such as operative time, blood loss, 
visualization, safety of future port placement, progress and 
diffi culty of adhesiolysis, cardiopulmonary status of the 
patient, and the ability to perform an oncologically sound 
operation should all be frequently reevaluated during a com-
plex surgery that is progressing slowly. 

 Although early conversion to an open procedure is recom-
mended when the risks of laparoscopic abdominal entry or 
adhesiolysis are considered excessive, the conversion to an 
open approach will not necessarily solve the problems of a 
diffi cult procedure. Specifi c advantages of an open proce-
dure, such as increased exposure and the ability to palpate 
structures and use fi ngers for blunt dissection, should be 
 considered when contemplating a conversion to a laparot-
omy. If the open approach does not offer specifi c advantages 
to improve dissection in the case, then it may be prudent to 
continue cautiously with laparoscopic mobilization where 
the enhanced visualization of the camera can be advanta-
geous. Especially in the morbidly obese patient, conversion 
to an open laparotomy does not necessarily translate to 
improved exposure, easier dissection, or improved outcomes, 
though HALS may provide specifi c advantages compared to 
straight laparoscopy in this select population [ 41 ].  

    Specifi c Cases 

    Ostomy Reversal 

 Ostomy reversals are obligatory reoperative cases. The advan-
tages of laparoscopic approach have been well documented 
and include decreased blood loss, hospital stay, and rates of 
complications [ 42 ]. The complications of ostomy reversals 
are also well described. While laparoscopy may mitigate 
these complications, it does not eliminate them. With rates of 
morbidity that range from 10 % to 25 %, careful expectations 
must be set [ 42 – 44 ]. 

 The visualization provided by the laparoscope can be 
helpful for all aspects of an ostomy reversal, from identify-
ing blind ends of the bowel from a previous Hartmann’s pro-
cedure to performing effi cient, well-visualized takedown of 
the stoma. Once adhesions have been lysed and the bowel 
mobilized, the anastomosis can be performed in an intracor-
poreal fashion using a stapled or hand-sewn technique. 
Alternatively, if the anastomosis reaches the stoma site, 
the stoma can be taken down and the anastomosis performed 

  Fig. 20.7    GelPort ®  (Applied Medical, Rancho Santa Margarita, CA) 
for hand-assisted laparoscopic surgery.  With permission from Applied 
Medical        
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in an extracorporeal manner. As previously described, we 
recommend liberal use of ureteral stents for these cases, due to 
the common need for extensive dissection and mobilization. 

 Alternatively, the surgeon can begin the case by taking 
down the stoma in the standard, open fashion. Using the 
stoma site as a safe port of entry, the practitioner can lyse 
adhesion to the anterior abdominal wall around the site. 
Once adequate exposure has been achieved, the GelPOINT ®  
Advanced Access Platform (Applied Medical, Rancho Santa 
Margarita, CA; Fig.  20.8 ) or similar device can be introduced 
to allow a seal for insuffl ation. Its ports allow for the introduc-
tion of laparoscopic instruments, and the case can be com-
pleted through the single incision. Additional trocars can also 
be placed as needed, and the stoma site converted to a hand-
assist port for surgeons who feel more comfortable complet-
ing the case with a hand for dissection and retraction. The 
anastomosis can be performed laparoscopically or after sim-
ple exteriorization of the specimen through the ostomy site.

   Even in cases of prior anastomosis and loop ostomy, some 
practitioners advocate the use of a laparoscopic approach 
to visualize the adhesions around the stoma for safer 
 adhesiolysis, citing decreased wound infection and bowel 
obstruction rates, although similar overall complication rates 
[ 45 ]. In these cases, the bowel can be anastomosed in an 
extracorporeal fashion after the bowel is freed from the 
abdominal wall using direct visualization with the laparo-
scope. For more on the use of laparoscopy for stoma rever-
sal, Dr. Gorgun provides a complete overview in Chap.   16    .  

    Colorectal Cancer 

 Because colorectal cancer cases are usually done in the 
absence of signifi cant adhesive disease, substantial adhe-
siolysis during a cancer resection in reoperative cases can be 

a foreign experience for surgeons. In cases of previous 
 non- colorectal surgery (i.e., low anterior resection after 
remote hysterectomy), the main complicating factor is the 
presence of adhesions and the way these adhesions alter 
the normal anatomy. As described above, great care must be 
taken in abdominal entry and adhesiolysis. Once adhesions 
have been taken down and the operative fi eld has been appro-
priately exposed, mobilization of the specimen can remain 
challenging, due to the distortion of normal landmarks that 
allow identifi cation of structures such as the ureters. 
Increased scarring may also make lymph node dissection 
more diffi cult. In addition, the reliability of using tattooing 
performed during colonoscopy to identify a lesion may be 
diminished if adhesions are dense in the area. 

 Another surgical challenge in colorectal cancer is the 
 re- resection of a previously removed area of the colon or 
 rectum. In the case of removing an area of positive margins 
or local cancer recurrence, all the previously mentioned chal-
lenges are present. In these cases, however, the anatomy is not 
just distorted but also is dramatically altered. Particularly if the 
surgeon who performed the original operation is no longer 
involved, orientation can be very challenging. Identifi cation of 
prior resection and anastomosis sites may be a lengthy pro-
cess, and mobilization of these areas particularly time- 
consuming. Additional mobilization may be required to allow 
for a tension-free anastomosis after resection, and this factor 
should be taken into consideration when planning the mobili-
zation. Once the site has been identifi ed and mobilized, sur-
gery can proceed in the normal laparoscopic fashion.  

    Diverticular Disease 

 Due to often repeated and sometimes prolonged episodes of 
infl ammation associated with diverticular disease, these 
cases often involve considerable adhesions even without pre-
vious operation. While reoperative cases can pose the typical 
challenges associated with laparoscopic entry, adhesions, 
and anatomic distortions, literature supporting the use of 
minimally invasive techniques for this disease process is 
substantial, even in complicated cases such as stricture, 
abscess, or fi stula [ 46 – 49 ]. Again, we strongly advocate the 
routine use of ureteral stents, particularly lighted stents for 
purely laparoscopic cases, in order to aid in ureter identifi ca-
tion and injury recognition.  

    IBD 

 In Crohn’s disease, the presence of adhesions, even in the 
absence of prior surgery, makes the original and subsequent 
operations more alike. Numerous studies, including some 
with signifi cant numbers of reoperative patients, have 
 demonstrated the advantages of laparoscopic resection of 

  Fig. 20.8    GelPOINT ®  access port (Applied Medical, Rancho Santa 
Margarita, CA) seals the abdominal wall for insuffl ation and allows 
introduction of laparoscopic instruments, converting an open case to a 
minimally invasive technique.  With permission from Applied Medical        
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Crohn’s complications, with shorter hospital stays and faster 
 resumption of bowel function [ 6 ,  50 – 53 ]. Precautions for 
reoperative, minimally invasive surgery in these patients 
include those taken for any Crohn’s patient, any reoperative 
patient, and any laparoscopic case. 

 In ulcerative colitis (UC), many patients will undergo an 
expected reoperation to establish bowel continuity after total 
proctocolectomy. Reports of laparoscopic ileoanal pouch 
anastomoses (IPAA), often performed in 2- or 3-stage proce-
dures, have shown equivalent or improved outcomes, includ-
ing improved rates of fertility [ 2 ,  5 ,  54 ]. Consideration of 
previous factors increasing the likelihood or density of adhe-
sions, such as previous anastomotic leak or intra-abdominal 
abscess, is important for cases of reoperative laparoscopic 
IPAA or ostomy reversal to prove it is feasible and safe.  

    Prior Hernia Repair 

 Prior ventral hernia repairs pose three challenges, the poten-
tial for dense adhesions to the mesh, diffi cult entry into the 
abdominal cavity, and possible contamination of incorpo-
rated mesh. While there is little data in the medical literature 
to guide decision-making in this patient population, it is 
preferable to avoid exposure of permanent mesh in these 
cases, due the possibility of contamination leading to infec-
tion and requiring subsequent excision. Unfortunately, cases 
with large sheets of mesh covering much of the anterior 
abdominal wall usually necessitate port placement (and 
sometimes specimen removal) through incorporated mesh 
(Fig.  20.9 ). Limited institutional experience would suggest 
that these cases can be accomplished successfully without 

the need for subsequent mesh excision due to contamination; 
however, the possibility of contamination should be dis-
cussed with the patient and form part of the risk-benefi t 
 analysis for surgery. As previously described, the abdomen 
should be inspected and the previous operative note reviewed 
in order to understand the size, position, and type of mesh 
previously used. Biologic or absorbable mesh placed remotely 
should have little impact on operative planning other than the 
increased potential for adhesions to the anterior abdominal 
wall. While it is preferable for laparoscopic port entry to be 
made away from the site of mesh placement, the surgeon 
should not perform any operation with suboptimal ports that 
puts the patient at increased risk for operative complications.

        Summary 

 Once considered a contraindication to minimally invasive 
surgery, reoperative cases in colorectal surgery now com-
monly enjoy the shorter hospital stays and reduced pain and 
complications from laparoscopic surgery. As laparoscopic 
skills and technology continue to improve, the need for con-
version to an open approach will diminish. The use of lapa-
roscopy in challenging reoperative cases can be performed 
safely and effi ciently when the surgeon (1) selects patients 
and surgical plans with the aid of a careful history and physi-
cal examination, (2) breaks up the procedure into small steps 
with defi ned goals, (3) uses caution in planning and execut-
ing safe abdominal entry, (4) performs adhesiolysis with 
constant reassessment of potential structures in danger, 
(5) avoids the use of energy except on clearly defi ned struc-
tures, and (6) employs a variety of techniques to safely get 
through diffi cult parts of the procedure.      
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          Key Points 
•     The insertion of the initial trocar offers the biggest poten-

tial for injury, and reliance on only one technique has 
potential for harm. Knowledge of an open technique and 
a percutaneous technique will allow the surgeon the most 
versatility in accessing the abdomen.  

•   Enterotomy, serosal, and thermal injuries are a part of 
complex laparoscopy and a strategy must exist to deal 
with them. For enterotomies, the decision should be made 
immediately if the procedure needs to be converted to 
minimize contamination. Serosal and thermal injuries 
should be dealt with as soon as they are recognized, as 
they may not be able to be found later in the case.  

•   While several anastomotic techniques are utilized, adher-
ing to the traditional principles of proper tissue handling, 
ensuring adequate blood supply, and avoiding tension 
remain essential to optimizing outcomes.  

•   Methods for creating adequate length for a technically 
sound left-sided bowel anastomosis include proper mobi-
lization of the splenic fl exure and mesentery, division of 
the inferior mesenteric vein near the ligament of Treitz, 
ligation of the inferior mesenteric artery, and rectal mobi-
lization (when applicable).  

•   You should have a stepwise and thorough algorithm for 
troubleshooting the diffi cult anastomosis.  

•   With more operations being performed through mini-
mally invasive approaches, laparoscopic techniques for 
mobilizing the colon and maintaining optimal visualiza-
tion are vital to minimizing complications.  

•   Leak testing is a critical component to left-sided 
 anastomoses, and you should understand what to do with 
a positive leak test or incomplete doughnuts.     

    Introduction 

 The practice of surgery requires a broad skill set with 
 ever- increasing demands on our technical abilities. The 
application of advanced laparoscopic procedures in the man-
agement of colorectal disease has provided signifi cant oppor-
tunities for our patients while at the same time ongoing 
challenges in the operating room. The development of new 
technology is constant and pushes the surgeon to learn new 
things  regularly and perform procedures that may not have 
been part of initial surgical training. As a result, there are 
going to be instances when complications and technical mis-
adventures occur, but insight into prevention of these com-
plications remains the most effective strategy.  

    Trocar Insertion 

  Key Concept: The risk of injury is greatest with the initial 
trocar insertion, and the operator should be an expert with 
several different techniques for introduction of the initial 
trocar into the abdomen.  

 One of the earliest opportunities for injury occurs during 
trocar insertion into the abdomen. The initial trocar insertion 
will provide the greatest opportunity for a bad outcome, and 
as such several different techniques have been described [ 1 ]. 
These include an open technique, a blind technique using the 
Veress needle, and an optical technique using specialized 
trocars that allow visualization of the layers of the abdominal 
wall using the laparoscope (Video  21.1 ). Mastery of one of 
these techniques is essential for safe access to the abdomen, 
and knowledge of more than one is essential to keep the 
operating surgeon and the patient out of trouble; however, no 
one technique has been shown to be superior with potential 
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pros and cons of each [ 2 ,  3 ]. A recent review including 28 
randomized controlled trials with 4,860 individuals undergo-
ing laparoscopy demonstrated no advantage using any single 
technique in terms of preventing major vascular or visceral 
complications. Using an open-entry technique compared to a 
Veress needle demonstrated a reduction in the incidence of 
failed entry (OR = 0.12; 95 % CI 0.02 to 0.92). There were 
three advantages with direct trocar entry when compared 
with Veress needle entry, in terms of lower rates of failed 
entry (OR = 0.21; 95 % CI 0.14 to 0.31), extra-peritoneal 
insuffl ation (OR = 0.18; 95 % CI 0.13 to 0.26), and omental 
injury (OR = 0.28; 95 % CI 0.14 to 0.55). 

 Advocates of the open technique regard this as the safest 
and most effective means to place the initial trocar [ 4 ], 
although there are some limitations. It is very diffi cult to 
keep the skin incisions smaller than 1 cm, and larger trocars 
(11 or 12 mm) are generally needed to prevent loss of pneu-
moperitoneum during the case. It is not always desirable or 
necessary to have a 12 mm trocar, particularly in the midline, 
and placing a trocar using an open technique off midline is 
diffi cult in all but the thinnest patients. Additionally, while 
acute and chronic herniation can occur through trocars as 
small as 5 mm [ 5 ], it is generally acceptable to close the fas-
cial defect of trocars larger than 12 mm [ 6 ,  7 ] resulting in 
longer overall time using an open technique. Complications 
associated with the open technique include enterotomy, vas-
cular and solid organ injury, as well as acute and chronic 
herniation, which in the immediate postoperative period 
can result in bowel obstruction (Fig.  21.1 ) and need for 
emergent repair. In the obese patient, it can be very diffi cult 
to visualize the fascia through a small skin incision, and 
if necessary, it should be enlarged to ensure an adequate 
 closure. It’s probably best to avoid this technique altogether 
in the signifi cantly obese patients as the abdominal wall 
thickness will preclude adequate fascial visualization with-
out a generous skin incision.

   The Veress needle is an alternative to the open technique 
and can be used alone or in conjunction with an optical view 
technique. Traditionally, Veress needles are 14 gauge in size 
and are spring-loaded so that when resistance is met, the 
blunt end retracts into the needlepoint and tissues such as 
fascia and peritoneum can be traversed without signifi cant 
trauma. The operator must feel the needle insert into the peri-
toneal cavity and discontinue advancing once the requisite 
number of “pops” is felt and no further resistance is encoun-
tered. When centered on the midline, the operator will expe-
rience two points of resistance (the midline fascia and the 
peritoneum), with the latter causing the spring mechanism to 
“pop” as resistance is encountered and the needle abruptly 
discontinued (corresponding to the needle traversing the 
peritoneum and entering the peritoneal cavity). Confi rmation 
of safe access is determined by water drop test in which 
saline is introduced into the end of the Veress needle, which if 
correctly placed will passively fl ow into the abdomen due to 
the lower intraperitoneal pressure relative to the atmosphere. 
I fi nd this test to be fi nicky and prefer to simply connect the 
insuffl ation tubing set on a fl ow rate of 3 L/m and assess my 
opening pressures as determined by the insuffl ator. The ini-
tial opening pressure should be low single digit or zero 
mmHg but will correlate with the patient’s body mass index 
[ 8 ]. Anything higher in a patient who is not morbidly obese 
indicates that the needle is not in the correct location and 
insuffl ation should be terminated immediately and the nee-
dle repositioned or an alternative method of initial access 
should be pursued. Veress needles can be used in the midline, 
but for re-operative surgery (in which the midline has been 
used), an off-midline technique can be employed. Proponents 
of this technique recommend the left upper quadrant 
(Palmer’s point) as the preferred site [ 9 ] as there is relatively 
little that can be injured here. In contrast, the liver edge often 
obscures the right upper quadrant, while the lower quadrants 
risk bowel and vascular injury and are less desirable loca-
tions. Many surgeons will want to elevate the abdominal wall 
when using this technique, but this may make it more diffi -
cult by pulling up on the skin and creating a long distance 
between the underlying fascia and the skin entry site. Many 
bariatric surgeons recommend not elevating the skin and 
simply inserting the needle. The same haptic feedback is 
achieved irrespective of skin elevation, and it won’t be neces-
sary to insert the full length of the needle to gain access into 
the peritoneum in someone with a lot of subcutaneous fat. 

 Injuries associated with the Veress needle entry encom-
pass the entire spectrum of bad things that can occur with 
initial trocar injury—vascular, bowel, bladder, solid organ, 
and air embolism have all been described [ 2 ]. The key to 
 success in using a Veress needle is experience and discipline. 
Multiple passes should never be needed to gain access, and 
the entire length of the needle (usually 12–15 cm) should 
rarely be needed to reach the peritoneal cavity. 

  Fig. 21.1    CT scan demonstrating a port-site hernia       
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 The optical view technique or direct trocar insertion is 
newer than either the Veress or open Hasson techniques and 
relies on the clear plastic material of most modern trocars. 
A zero-degree laparoscope should always be used inside the 
trocar and the focus should be adjusted so that it is just 
beyond the tip of the trocar. Elevating the abdominal wall is 
not necessary and can be detrimental in an obese patient, as 
the trocar length will not traverse the abdominal fat. The lay-
ers of the abdominal wall can be visualized as the bladeless 
obturator passes through (Video  21.1 ). When used in con-
junction with the Veress needle, the operator will have no 
diffi culty identifying the peritoneal cavity as it will be insuf-
fl ated with gas (Video  21.1 ). If the optical view technique is 
to be used without establishing pneumoperitoneum before-
hand, the surgeon must be experienced in identifying the 
 layers of the abdominal wall as seen through the trocar [ 10 ]. 
Otherwise, even experienced surgeons who do not routinely 
use this technique can fi nd themselves below the omentum or 
pre-peritoneal (Video  21.2 ).  

    Enterotomy, Serosal, and Thermal Injuries 

  Key Concept: Enterotomies can and will occur during lap-
aroscopy. Initial trocar entry is a risk as is lysing adhesions 
in a re-operative abdomen. Immediate control and repair 
or resection is necessary to limit contamination.  

 Enterotomies can and will occur during the conduct of 
laparoscopic abdominal surgery. There is a risk of bowel 
injury associated with the initial trocar access which has 
been estimated between 0.5 and 0.7 % [ 11 ,  12 ]. Re-operative 
surgery also increases the risk of an enterotomy, and during 
re-operative colectomies, the risk is estimated to be less than 
1 %; however, this is still signifi cantly higher than the inci-
dence when operating on a virgin abdomen [ 13 ]. When deal-
ing with inter-loop small bowel and pelvic adhesions, the use 
of sharp dissection technique is preferred to avoid injury 
resulting from energy and heat (Video  21.3 ). Inadvertent 
bowel or serosal injuries can often be repaired if a result of 
sharp dissection when the true extent of the injury can be 
determined. It is imperative that once an enterotomy is made, 
it is identifi ed and repaired immediately (Video  21.4 ). This 
will avoid any unnecessary contamination and spillage as 
well as the risk of not being able to fi nd it later in the proce-
dure. If the surgeon is not comfortable evaluating and closing 
the enterotomy laparoscopically, a small abdominal incision 
can be made and it can be repaired extracorporeally. Prior to 
exteriorization, the bowel should be tagged to facilitate iden-
tifi cation of the injury. 

 Intestinal injury can also occur off-camera, and great care 
should be taken to avoid forcing an instrument into the oper-
ative fi eld as it may be caught up in the small bowel. This is 
particularly true when the patient is positioned in either 

extremes of Trendelenburg or airplaned in either direction. 
In addition, when using energy sources, heat is generated on 
the blade of the instrument that can cause small bowel injury 
both on and off the camera as the instrument is withdrawn. 
Care should be taken when removing any instrument that is 
potentially hot, and it is good practice to allow the instru-
ment to cool prior to removing. 

 A relatively common scenario during laparoscopy is an 
inadvertent serosal or thermal injury. It is our practice to 
repair serosal injuries irrespective of laparoscopy using a 3-0 
Vicryl Lembert suture. It is important that this be done as 
soon as they are recognized, as they can be diffi cult to relo-
cate after even a few minutes (Video  21.4 ). This is particu-
larly true during a laparoscopic case where inspecting the 
entire bowel can be much more labor intensive than in open 
surgery. The utility of oversewing serosal injuries is not well 
studied, but animal models have failed to identify any benefi t 
[ 14 ]. It is likely that very superfi cial injuries occur frequently 
and go unrepaired without detriment to the patient, but in 
the absence of demonstrable harm, we suggest repairing 
 recognized serosal injuries for fear of delayed intestinal per-
foration and leaks. It is also important to recognize thermal 
injuries (Fig.  21.2 ), which can occur during use of electro-
surgical devices and bipolar and ultrasonic energy devices. 
It is estimated that such injuries occur between 0.6 and 
3 times per 1,000 cases [ 15 ]. Electrothermal injury may 
result from direct application, insulation failure, direct cou-
pling, and capacitive coupling. Direct application is probably 
the most common and easiest to recognize. Once again, it is 
important to immediately evaluate the injury and decide if it 
necessitates repair. Finding the injury at a later time will 
prove diffi cult irrespective of laparoscopy. The decision to 
oversew these injuries will depend on the operator’s  judgment 

  Fig. 21.2    A thermal injury is identifi ed on the small bowel antimesen-
teric surface. Notice that there is a degree of blanching with some very 
small visible burn formation. This may not have created any problems 
but it is safer to be proactive when dealing with these types of injuries       
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as to whether the bowel wall integrity has been  compromised. 
Coagulation burns are deeper than those caused by a blended 
or cutting current [ 16 ], and injuries that blanch white have 
usually gotten hot enough to cause protein denaturation, but 
may not result in full-thickness injury. As a rule, if the injury 
is a result of a very short burst of energy and there is minimal 
tissue change, no further intervention is required.

       Bleeding: Intra-abdominal and Pelvic 

  Key Concept: There are a variety of options for ligating 
blood vessels intracorporeally, and the surgeon should 
master one of these instruments and then have a plan for 
when they fail. All methods for ligating blood vessels are 
capable of failing.  

 The development of reliable energy sources to ligate 
major vascular pedicles has been a critical step in moving 
laparoscopic colorectal surgery toward the mainstream. 
Surgeons now have a reliable method of dividing large (up to 
7 mm) vessels and with this the opportunity to encounter 
major bleeding, both during and following surgery which 
may challenge the laparoscopist more so than during open 
surgery. When major bleeding occurs, the laparoscopic sur-
geon must rely not only on their skill but also those of a 
 talented assistant. Certainly, silk and Vicryl ties can fall off 
of major arteries and veins, but controlling bleeding during 
an open surgery is generally less diffi cult when compared to 
laparoscopy, and the operator will need to have a skill set and 
a plan of action when major bleeding occurs during the con-
duct of a laparoscopic case. 

 The current choices for vascular ligation include laparo-
scopic staplers, clip appliers, bipolar energy, and radio-
frequency (ultrasonic) shears or some variation of these 
themes. In general, the bipolar products have similar perfor-
mance characteristics and are approved for 7 mm vessel liga-
tion [ 17 ]. Many authors have favorably compared ultrasonic 
devices with bipolar energy, although the vessel indication is 
smaller (5 mm) and may result in longer operative time 
and greater blood loss when compared to bipolar devices 
[ 18 – 20 ]. 

 The use of monopolar electrocautery is appropriate for 
dissecting in the avascular anatomic planes, but will not be 
effective in dealing with any vessel of signifi cant size. The 
use of clips on mesentery and vascular pedicles has largely 
been abandoned, as they are inferior to the other readily 
available options [ 19 ,  21 ,  22 ]. 

 It is preferable to be facile with one technology, as repeti-
tive use will result in less bleeding from erroneous applica-
tion. The cost-effectiveness of staplers vs. energy devices 
has been evaluated [ 20 ], and it is my practice to use staplers 
to divide the pedicle only if I plan to divide the bowel intra-
corporeally—a situation in which I would not open any 

energy device. All energy devices generate heat and have 
some degree of thermal spread. It is important to be mindful 
of this when exchanging instruments or when dividing tissue 
near important structures that are being preserved. It is also 
critical to avoid tension when ligating major vessels, as this 
can result in inadequate tissue sealing and bleeding. Arteries 
that are heavily calcifi ed may not seal with energy due to the 
inability of the proteins to coagulate and an alternate 
approach may be preferable in this situation. Fortunately 
when energy devices fail, they tend to do so immediately and 
delayed bleeding and take backs for vessels that were clearly 
sealed at the initial operation are rare [ 23 ]. 

 When bleeding does occur, the most important initial step 
is to gain proximal control—an attempt to clip or ligate a 
bleeding mesenteric or named arterial vessel without fi rst 
controlling the source will be unlikely to work and can result 
in injury to important structures (Video  21.5 ). A Maryland 
grasper works well for this purpose and it is a good  instrument 
to have on the Mayo stand at all times. It is good practice to 
abandon the technique that resulted in the bleeding and 
to proceed directly to an ENDOLOOP  ®   (3-0 PDS™ II works 
well in this situation, Ethicon Endo-Surgery, Cincinnati, 
OH). Reattempting to seal a vessel that is bleeding using 
energy may work, but if the proximal side is short and near 
the mesenteric root, the stakes for failure can be very high. 
This is particularly true when dealing with bleeding venous 
structures, as they can be very unforgiving. It is my practice 
to always divide the inferior mesenteric vein a few centime-
ters distal from the duodenum in the event that if it does 
bleed, it can be controlled. If it is ligated very short, it may 
retract behind the pancreas and can rarely be salvaged 
laparoscopically. 

 When bleeding is somewhat diffuse and the source is 
 diffi cult to identify, the operator has a few options—the lapa-
roscopic suction irrigator can be diffi cult to use for this pur-
pose, as it will often become occluded with tissue. Vaginal 
packing works well in this situation—cut to 15–20 cm strips, 
it can be introduced through a 12 mm trocar and act as a 
sponge and can be used in concert with the suction irrigator 
(Video  21.6 ). Additionally, nasal packing strips are a similar 
size and can be easily placed down a standard size trocar. 
Care should be taken to remove either right away. A sponge 
can also be used but will be more likely to fray and may not 
retain its radiopaque strip when cut. A laparotomy pad can be 
introduced through a hand port without much diffi culty and 
is also a nice way to clear the fi eld. It is imperative to remain 
calm during bleeding that is diffi cult to control. It is appro-
priate to attempt laparoscopic control because the time 
required to turn the lights on, get the nursing staff oriented, 
open the patient, and isolate the bleeding will typically result 
in more blood loss. Therefore, compress the site of bleeding 
with a sponge, and if it is not possible to isolate, then main-
tain the pressure to stem the bleeding during conversion. 
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 Pelvic bleeding can be a source of considerable 
 hemorrhage in both open and laparoscopic surgery. Control 
of presacral bleeding can be accomplished laparoscopically 
[ 24 ] through a variety of techniques (Video  21.7 ) including a 
welding technique using the rectus muscle of epiploic fat. 
The use of bovine pericardium has also been described 
applied to the bleeding site with a spiral tacker. The best 
strategy is to stay in the correct planes posteriorly and use an 
energy device laterally to divide the lateral stalks and perito-
neum. This will keep the fi eld dry and maintain the critical 
exposure, which can be diffi cult in a narrow pelvis. 

 On rare occasions when pulsatile bleeding strikes the 
camera, the operative fi eld will be totally obscured— creating 
a situation that is particularly unnerving. It is important to 
determine the signifi cance of the bleeding (omental vessel 
vs. IMA) and to deal with it as quickly as possible. Typically 
the camera operator is the least experienced surgeon or stu-
dent involved in the case, and the senior surgeon must 
quickly take control of the situation. There is no point in pro-
ceeding until the visualization of the fi eld can be restored; 
therefore, the fi rst priority is to clear the lens by removing 
the laparoscope. Blood in the trocar will frustrate any 
attempts at good visualization, and if it cannot be cleared 
quickly, therefore, an alternate trocar should be chosen for 
the camera as long as it provides good exposure to the bleed-
ing vessel. Alternatively, a 5 mm trocar can be upsized to 
accommodate a 10 mm laparoscope, which will be less tem-
peramental in the face of blood and debris. Once the opera-
tive view has been restored, an assessment of the bleeding 
can be made and dealt with appropriately. When necessary, 
an additional 5 mm trocar can be inserted to provide a point 
of entry for additional instruments or an ENDOLOOP  ®  . 
Never allow the lack of an additional 5 mm or 10 mm trocar 
to result in a conversion, advice that is often lost in the stress 
of the situation.  

    Anastomotic Leak 

  Key Concept: The most important intraoperative predictors 
of a healthy anastomosis are adequate blood supply and 
absence of tension. In the event that either of these is not 
achieved, the laparoscopic surgeon will need to decide 
if converting the case will offer a better chance of success. 
A technically perfect anastomosis requires intimate knowl-
edge of the tools being used.  

 There are innumerable studies looking at the risk factors 
and strategies to prevent anastomotic complications with 
some general themes that are consistent. Prevention of leak 
starts with a meticulous surgical technique, and surgeons can 
have the biggest impact on prevention of anastomotic com-
plications by ensuring that the blood supply to the anastomo-
sis is intact and that there is no tension across the anastomosis. 

While there is little in the way of data to support the latter 
assertion, there is a host of newer data correlating the oxygen 
tension in the mucosa of the bowel with rates of anastomotic 
leak. Testing the effect of tension across anastomosis has 
been done in animal models with demonstration of decrease 
of mucosal blood fl ow in the face of increasing tension. The 
presence of mechanical forces attempting to disrupt anasto-
mosis does not require a study to demonstrate poor out-
comes. The surgeon should do whatever is necessary to make 
sure that the bowel that is being joined together does so eas-
ily and without tension. The risk of leak for a right colon 
anastomosis should be very low, as blood supply and tension 
should never be an issue. Care should be taken to avoid the 
“180-degree twist” that is unfortunately easier to do than 
believed with side-to-side anastomosis and can result in 
kinking in the blood supply. For a left colectomy, both blood 
supply and tension can be problematic. The surgeon’s deci-
sion to ligate the inferior mesenteric artery at its origin will 
have an impact on the blood supply to the subsequent con-
duit. If the descending colon or transverse colon is to be used 
as the conduit, the impact is mitigated. With the sigmoid 
colon, the marginal blood supply off of the middle colic may 
not be adequate to perfuse such a long conduit [ 25 ,  26 ]. If it 
is necessary to use the sigmoid colon as part of the colorectal 
or coloanal anastomosis, the left colic artery should be pre-
served [ 27 ,  28 ]. Length can be achieved by completely mobi-
lizing the attachments of the left colon to the retroperitoneum 
and fl exure. The other critical aspect to obtaining adequate 
bowel length is mobilizing the mesentery, which will tether 
the left colon into the abdomen unless it is freed. To gain 
additional length, the inferior mesenteric vein (IMV) must 
be ligated adjacent to the IMA and a second time at the infe-
rior border of the pancreas just lateral to the ligament of 
Treitz (Fig.  21.3 ). Ligating the vein twice while carefully 
preserving the marginal artery at the splenic fl exure will add 
several centimeters to the length of the conduit while pre-
serving arterial blood supply. A common error in an effort to 
gain length is to divide the colonic mesentery up toward the 
splenic fl exure of the colon, with the end result cutting off 
the blood supply to the distal conduit, which is now based on 
the middle colic artery. If the marginal blood supply is com-
promised due to inadvertent injury while mobilizing the fl ex-
ure or wandering too close the mesenteric border during 
ligation of the mesentery, the conduit will become ischemic 
and very likely unusable. As a general rule, if the cut edge of 
the mesentery traversing the pelvic brim is too tight to allow 
a fi nger (or a laparoscopic 5 mm grasper) to easily slip under-
neath (Fig.  21.4 ), the anastomosis is at risk since the blood 
supply is under tension—even if the bowel ends appear to 
approximate easily without tension. Every effort should then 
be made to lengthen the mesentery, even if this has already 
been attempted, as often reassessment will identify a small 
adhesion to release. In general, if the mesentery is lax, there 
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is likely no tension at the anastomosis. In those cases where 
only a few centimeters would allow less tension on the anas-
tomosis, distal mobilization of the rectum to elevate it out of 
the pelvic hollow can also be a useful maneuver.

    There are unfortunately times when despite fully mobiliz-
ing both the mesentery and the left colon, the conduit simply 
won’t reach the pelvis. This can be due to a number of factors 
but is usually associated with a short fatty mesentery. You 
then fi nd yourself in a situation where gaining length means 
dividing more mesentery (often the transverse mesocolon), 
which can result in further ischemia to the conduit and need 
for more length. There are limited options when this occurs—
perform a total colectomy and an ileorectal anastomosis or 

rotate the right colon 180 degrees around the ileocolic 
 pedicle in an effort to preserve the ileocecal valve. The latter 
option referred to as the Deloyers procedure [ 29 ] has proven 
successful, although a comparison to an ileorectal anastomo-
sis has not been reported (Fig.  21.5a,b ). Presumably the sim-
plicity of an ileorectal anastomosis in cases where the entire 
rectum is preserved would outweigh the benefi ts of preserv-
ing the right colon. However, if part of the rectum has been 
resected, then the functional results of an ileorectal anasto-
mosis are likely to be poor, and the Deloyers procedure 
would obviate the need for a permanent ostomy. The blood 
supply for this procedure is dependent on the ileocolic artery, 
and all mesenteric attachments of the ascending colon should 
be divided, being careful to preserve the marginal vessel 
adjacent to the right colon. The colonic segment is then 
rotated clockwise and anastomosed to the rectum. A window 
in the ileal mesentery has also been described, but is not nec-
essary, as the colon will be situated anterior to the small 
bowel with this maneuver. Manceau et al .  described their 
experience with this procedure in 48 consecutive cases [ 30 ] 
with a median follow-up of 26 months. There were no anas-
tomotic leaks in this series, although 65 % of the patients had 
a temporary diverting ileostomy.

   An immediate test of an anastomosis to assess for an air 
leak is easily performed for colorectal and left-sided resec-
tions and may help prevent or identify anastomotic leaks 
[ 31 – 33 ]. Some authors advocate endoscopic evaluation as 
bleeding from the staple line can also be identifi ed [ 34 ], 
although the clinical signifi cance of this intervention is less 
clear than an air leak test [ 35 ]. The advantage of the endo-
scopic evaluation of the anastomosis during laparoscopy is 
the confi rmation that the bowel is in fact distended—this can 
be more diffi cult when occluding the bowel with a laparo-
scopic grasper as the haptic feedback will be missing and it 
is not always evident that the bowel is distended under pres-
sure. If an air leak is identifi ed or some other problem with 
the anastomosis (serosal separation, bleeding), then a laparo-
scopic repair is feasible [ 34 ,  35 ] if the surgeon has the skill 
sets (Video  21.8 ). Intracorporeal suturing can be accom-
plished more easily if the anastomosis is in the upper rectum 
and can be attempted before converting to an open or hand- 
assisted case. In addition to the air leak test, the anastomotic 
doughnuts should be inspected for completeness. Although 
the correlation between incomplete doughnuts and anasto-
motic integrity is uncertain, it will help the surgeon in the 
decision-making process when an air leak does occur. 
Regardless of the manufacturer, all of the staplers have a 
 failure rate, and more importantly, when device failure 
occurs, the surgeon must have a plan to salvage the anasto-
mosis. The exact incidence of failure is diffi cult to establish, 
but in 2007 Mardestein et al. reported on 1,188 stapler 
 misfi res reported to the FDA during a 12-month period [ 36 ]. 
Of the misfi res, 588 occurred during colorectal procedures 
with failure to form staples and an inability to remove the 

  Fig. 21.4    In this fi gure the conduit can be seen traversing the pelvic 
inlet and a grasper can easily slip below without tension       

  Fig. 21.3    The inferior mesenteric vein terminate in the splenic vein 
and will not be paired with the artery close to this location which can 
tether the conduit making it diffi cult for the anastomosis to be created 
without tension. The vein can be located in this location near the liga-
ment of Treitz and ligated with clips, staplers, or energy       
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stapler as the most common problem. From these adverse 
events, 266 occurred during rectal resections and 80 were 
considered major, resulting in 23 unplanned permanent osto-
mies. Stapler misfi re during a laparoscopic procedure was 
associated with a 43 % conversion rate. This high rate of 
conversion to open surgery following stapler misfi re was 
confi rmed by Pandya et al. in their analysis of 200 consecu-
tive laparoscopic colectomies [ 37 ]. 

 It is unknown how many of these failures were surgeon- 
related, but it is imperative that everyone involved in the case 
has intimate familiarity with the proper use of the device. The 
primary surgeon may not be the person deploying the stapler, 
and errors can occur when there is an assumption that a co-
surgeon or assistant knows how to properly deploy a given 
stapler. In our operating room, the surgery resident is often 
responsible for deploying the stapler, and it is not unusual for 
him or her to be doing so for the fi rst time. We have avoided 
this situation by focused education on the proper use of the 
various staplers prior to the operating room for trainees. This 
information can also be included into the time-out or preop-
erative briefi ng procedure so that proper orientation can occur.  

    Strictures 

  Key Concept: Strictures usually result from an ischemic 
conduit following an anastomosis; however, the use of 
improperly sized staplers can also contribute to their devel-
opment. Recurrence of IBD can also result in stricturing 
and may be mitigated by a stapled anastomosis.  

 Anastomotic stricture following a colon anastomosis is a 
well-known, but poorly defi ned, complication. What may 
be a “small” narrowing to some is a tight stricture or even 

“wide open” to others. Furthermore, outside of symptoms or 
 scheduled endoscopic follow-up, the anastomosis may not 
be evaluated for months or years. As such, it is diffi cult to 
determine the actual rate of stricture formation for colorectal 
anastomoses. In 2012, Neutzling and colleagues updated 
their Cochrane review that consisted of 9 randomized con-
trolled trials with 1,233 patients (622 stapled, 611 hand-
sewn) undergoing a colorectal anastomosis [ 38 ]. While there 
were no other signifi cant differences in evaluated metrics 
between the two methods, the authors did fi nd stricture was 
more common in a stapled anastomosis [risk difference 
(random- effects model) 4.6 %, 95 % CI; 1.2–8.1 %)]. 

 While little evidence exists to support one staple diameter 
over another, it is our practice to use the largest stapler that 
will safely fi t into the conduit and negotiate the rectal stump. 
For most adults this is usually 29 mm, and we rarely use the 
33 mm or 25 mm diameter stapler. There is some evidence to 
suggest that when stapling an ileal pouch to the anus, symp-
tomatic strictures occur more frequently when a 29 mm sta-
pler is used compared to a 33 mm [ 39 ]. Others have suggested 
that stenosis is a function of mechanical circular stapling 
regardless of the diameter [ 40 ]. We have not seen this in our 
practice and maintain like others that symptomatic stenosis 
is rare following stapled end-to-end anastomoses [ 41 ,  42 ] or 
side-to-end anastomosis, especially when careful attention to 
preservation of blood supply is maintained.  

    Converting: How and When 

  Key Concept: Conversions are a part of every laparoscopic 
case and surgeons should understand their personal rate of 
conversion and their outcomes. Converting proactively is 

  Fig. 21.5    Deloyers procedure. 
( a ) The attachments to the right 
colon are taken down and the 
vessels are divided as shown. 
( b ) The right colon is rotated 
180 degrees around the ileocolic 
pedicle in an effort to preserve 
the ileocecal valve, and 
anastomosis is performed       
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always the best strategy to preserve better patient outcomes. 
A hand port can often be used to bridge a straight laparo-
scopic case and a laparotomy.  

 Conversions are a part of every practice and will occur 
for different reasons including equipment malfunction, 
bleeding, obscure anatomy, advanced malignancy, and intra- 
abdominal adhesions. The overall experience of the operator 
also infl uences the incidence of conversion with a learning 
curve estimated between 30 and 50 cases [ 43 ]. The decision 
to convert is always diffi cult but should be made as expedi-
tiously as possible as a proactive conversion made early in 
the procedure will minimally affect the outcome when com-
pared to the patient who underwent an open procedure [ 44 ]. 
It is when the surgeon struggles for prolonged periods of 
time creating injury and bleeding that the patient will have an 
adverse outcome which will be worse than if the procedure 
had just been done open [ 45 ]. Converting from laparoscopy 
to open is usually accomplished through a midline laparot-
omy; however, for surgeons with experience using hand- 
assist techniques, alternatives to performing a midline 
laparotomy do exist. For many left-sided and pelvic proce-
dures, a Pfannenstiel incision can provide adequate to excel-
lent exposure when used in combination with hand-assisted 
laparoscopic techniques. However, the surgeon should be 
certain that the lower transverse incision will adequately 
accomplish what needs to be addressed. For instance, it 
would be risky to attempt to control bleeding from the infe-
rior mesenteric artery pedicle or upper abdominal sources 
using this approach. There will be times when a hand port 
placed in this location will require a midline extension, and 
based on very limited experience, it is advisable to maintain 
at least a 2 cm skin bridge between the Pfannenstiel and the 
midline incision to prevent total breakdown of the wound. 
When faced with a situation in which previous surgery 
increases the risk of conversion, the procedure should prog-
ress with minimal disposable equipment opened, and then a 
single trocar can be inserted to evaluate for suitability so that 
the amount of time and money spent for the laparoscopic 
procedure is minimized. An alternate approach would be a 
hand port placed in the midline to assess adhesions, again 
done with care to avoid opening a lot of disposables and 
avoiding unnecessary cost. The so-called “peek” port has 
been reported in the literature and was found to signifi cantly 
limit the number of unnecessary conversions to a totally 
open approach [ 46 ].  

    Pearls and Pitfalls: The Fatty Omentum, 
Small Bowel, and Maintaining 
Pneumoperitoneum 

  Key Concepts: Performance of colorectal laparoscopy requires 
unobstructed views of some very important structures. 
The establishment and maintenance of pneumoperitoneum, 

displacing the omentum and small bowel, and proper 
patient positioning are all critical to achieve this level of 
visualization.  

    Omentum 

 The omentum can be problematic when performing laparos-
copy due to its penchant to adhere to anything that has been 
infl amed or previously operated on as well as its capacity to 
store fat [ 47 ,  48 ]. It should be expected that when accessing 
the abdomen on a re-operative case, the omentum will adhere 
to any previous incision and can be broadly attached to the 
abdominal wall. This can result in the initial trocar insertion 
being through the omentum and will confuse the novice when 
the camera is inserted. Withdrawing the trocar and attempting 
to establish a plane between the abdominal wall and the 
omentum either through an open technique or an alternate 
trocar insertion can usually manage this (Video  21.2 ). 

 Obese patients can have very thick and stiff omentum 
making it diffi cult to get the perfect exposure. Given the 
increasing obesity problem in North America, surgeons will 
need to be able to deal with these obstacles if a laparoscopic 
approach is to be pursued. The basic problem is the competi-
tion for space within the insuffl ated abdomen with a fatty 
omentum occupying much more of the space that a surgeon 
needs to adequately visualize important structures. As an 
example, many surgeons approach a right colon by placing 
the patient in Trendelenburg with the intention of using grav-
ity to allow the small bowel to occupy the upper abdomen 
while the ileocolic pedicle is being exposed and ligated. 
However, with a fatty omentum the upper abdomen becomes 
congested and space is limited. The small bowel has nowhere 
to go and the visualization is impaired. My approach to the 
obese patient for a right colectomy is to take advantage of 
gravity and the cephalad location of the ileocolic pedicle. 
The patient is placed in steep reverse Trendelenburg and the 
small bowel passively hangs into the lower abdomen and 
pelvis. To allow visualization of the bare area of the right 
colon and the vascular pedicle, the omentum is literally 
stuffed into the upper abdomen and held there by the assis-
tant (on the patient’s right side). This is accomplished by lift-
ing directly up on the transverse colon toward the abdominal 
wall which then acts as a gate to keep the omentum tucked 
upward. An additional trocar may be necessary which is gen-
erally a good advice when dealing with diffi cult anatomy or 
obese patients. 

 It is generally less of a problem when dealing with 
 left- sided anatomy. However, the omentum can become 
problematic in attempting to mobilize the splenic fl exure, 
especially if attempting to do so by fi rst entering the lesser 
sac between the colon and the omentum. The same problem 
of limited space seen on the right will come into play when 
trying to lift the omentum out of the left upper quadrant. 
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An alternate approach, which again relies on gravity, is to 
leave the omentum on the colon by dividing it along the 
greater curve of the stomach and letting it hang down in the 
lower abdomen. 

 While it is generally desirable to preserve the omentum 
during a total colectomy, there are times when its size will 
become such a liability in terms of completing the procedure 
safely without converting to open surgery, that it is necessary 
to remove it. This can be done easily in the era of effective 
laparoscopic energy devices. This will likely prove to be nec-
essary in a very limited number of cases usually involving 
obese men who carry their weight centrally. These patients 
also tend to be shorter, which can signifi cantly limit the 
amount of space available to safely visualize the mesentery, 
the major vascular pedicles, and the at-risk retroperitoneal 
structures such as the duodenum and left ureter.  

    Small Bowel 

 Like the omentum, the small bowel can also be problematic 
when performing a laparoscopic colectomy and can be the 
difference in terms of being able to complete the procedure 
without converting to either hand-assist or open. It is often 
the obese patient that poses the biggest diffi culty in terms of 
the small bowel obscuring the operative fi elds due to the 
short nature of their mesentery. This is usually worse in men 
due to their tendency to deposit fat stores intra-abdominally. 

 For right-sided procedures, the small bowel can be 
directed toward the pelvis by placing the patient in steep 
reverse Trendelenburg, and this is usually not a problem. The 
lateral-to-medial approach will also be easier in cases when 
the small bowel is problematic, but my preferred approach 
for dealing with this particular issue is a hepatic fl exure down 
approach. The omentum can either be left on the colon or 
dissected off (it usually can be done even with the patient in 
this position) and the hepatic fl exure attachments can be 
divided using a bipolar or other energy device from the 
patient’s left side. The duodenum will be quickly identifi ed, 
and the remaining ascending colon can be mobilized from 
top down. It is not until the appendix and ileal attachments 
need to be mobilized that the patient will need to be tilted 
into Trendelenburg. Once the right colon is completely 
mobilized off the retroperitoneum, the decision can be made 
to take the vascular pedicle intra- or extracorporeal as it will 
be somewhat easier to identify once the colon can be lifted to 
the abdominal wall. 

 For left colectomies, the small bowel will need to go 
cephalad and the only good way to make this happen is steep 
Trendelenburg. It is often the distal ileum that obscures the 
visualization of the window below the inferior mesenteric 
artery. If this is a problem, take a moment to assess whether 
there are any adhesions that can be divided of the ileum and 
the right pelvic sidewall. Often patients have congenital 

adhesions of the ileum into the pelvis that will hinder your 
ability to completely displace the small bowel into the upper 
abdomen (Fig.  21.6 ). If the view remains compromised 
despite these maneuvers, then the operator has limited 
choices. My approach is to proceed with a lateral-to-medial 
approach and work the colon and fl exure in this way. The 
small bowel will rarely hamper your ability to mobilize the 
splenic fl exure. Alternatively, a hand-assisted left colectomy 
can be attempted as the proper use of the operator’s hand can 
signifi cantly increase the ability to retract the small bowel. 
In addition, a sponge can be brought in through the hand port 
and used to shield the small bowel from potential injury from 
cautery or energy.

       Airway Problems 

 One unique situation that can be very diffi cult to deal with 
is that of an inadvertent esophageal intubation. Just a few 
squeezes of an Ambu bag in the esophagus can completely 
fi ll the small bowel with air and little can be done to dissipate 
it. If a diffi cult airway is anticipated, a discussion with the 
anesthetist is warranted to minimize the chances of this com-
plication. With modern tools such as the glide scope, this 
type of complication should be minimal.  

    Pneumoperitoneum 

 Pneumoperitoneum is an essential part of every laparoscopic 
procedure, and while physiologic derangements occur in 
every patient subjected to positive intra-abdominal pressure, 
the clinical consequences are generally limited. These effects 
may be exacerbated by the use of steep head-down position-
ing [ 49 ,  50 ] and obesity [ 50 ,  51 ]. Decreasing the insuffl ation 

  Fig. 21.6    When the small bowel will not passively fall into the upper 
abdomen, the operator must assess whether there are any adhesions 
from the ileum to the right pelvic sidewall that may be tethering the 
bowel into the lower abdomen. Dividing these adhesions should free up 
the ileum enough to fall away passively with gravity       
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pressure may alleviate some of these changes, but short of 
gasless laparoscopy, there is little a surgeon can do to prevent 
these changes. Therefore, communication between the anes-
thesia team and the surgeons is critical to prevent untoward 
outcomes. Limiting the time spent in extreme positions and 
with pneumoperitoneum is an important consideration dur-
ing laparoscopy on patients with hemodynamic and respira-
tory compromise. The maintenance of pneumoperitoneum 
relies on an adequate seal between the trocars or hand port 
and the abdominal wall. In instances where pneumoperito-
neum cannot be maintained, the operative surgeon should 
assess for ongoing CO 2  losses through any of the incisions. 
Increasing the fl ow rate on the insuffl ator and selecting the 
largest trocar for gas delivery will help mitigate this problem. 
When attempts to seal a leaking trocar fail, sutures can be 
placed in the fascia or skin, or alternatively the trocar can 
be upsized. The use of trocars with a balloon tip that infl ate 
below the fascia (Kii Advanced Fixation, Applied Medical, 
Rancho Santa Margarita, CA) can prove benefi cial as a 
means to create a better seal.   

    Summary 

 Knowledge of the pitfalls and technical challenges that await 
surgeons attempting to perform laparoscopic colorectal pro-
cedures will allow for better success and fewer conversions 
throughout the learning curve. Trocar insertions can be made 
more diffi cult by thick abdominal walls and previous sur-
gery, and a variety of safe methods are available to establish 
the initial port. Bowel injury either from excessive traction or 
dissection will happen, and it will be an advantage for you to 
have laparoscopic suturing skills. This will also facilitate the 
management of serosal and thermal injuries. Bleeding is 
an expected problem, and a decision will need to be 
made quickly as to the best method of management. An 
ENDOLOOP  ®   will generally be successful if the proximal 
side can be controlled. Anastomotic leaks are generally 
related to tension and ischemia, and techniques to assess the 
blood supply and to lengthen the conduit will mitigate some 
of these factors. Exposure is a critical component to success 
which can be threatened in the obese patient or when adhe-
sions prevent the free movement of the small bowel and 
omentum.      
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          Key Points 
•        Single-incision laparoscopy is safe and feasible in major 

colorectal surgery.  
•   The learning curve is quite short and almost nonexistent 

for those already skilled in conventional laparoscopic sur-
gery and, more specifi cally, right hemicolectomy.  

•   Using different length instruments and a 30-degree 5-mm 
camera will aid in avoiding extracorporeal instrumenta-
tion collisions.  

•   A right-angled light cord adapter is a must.  
•   Do not sacrifi ce safety and adequacy of an operation for a 

limited approach.     

    Introduction 

 New surgical techniques are constantly being developed 
around the world. Yet, some interventions never gain traction, 
while others become an important part of a surgeon’s skill 
set. Single-port laparoscopy is one approach that has steadily 
gained popularity across various surgical disciplines, includ-
ing colorectal surgery, and is a frequent topic of discussion 
and investigation. It would appear that single-port laparos-
copy will remain a part of surgical therapy for some time. 

 As the fi eld of single-port laparoscopy grows, the trend in 
publications changes with it. To date, there have been a num-
ber of studies within the general, urologic, and gynecologic 
surgery literature looking at the feasibility and safety of the 
single-port laparoscopic approach to various operations [ 1 – 7 ]. 

Although the technique may vary, it would appear that nearly 
any surgery that can be done laparoscopically can also be 
done using a single-port approach [ 8 ]. 

 Colon and rectal surgery is no stranger to this trend and in 
recent years has seen a vast increase in publications about the 
use of single-port laparoscopy [ 9 ,  10 ]. Our group has published 
the largest series of single-port laparoscopic right hemicolecto-
mies to date and has since had a growing experience with more 
complex procedures using a single-port approach [ 11 ]. 

 It is important to keep in mind that when learning any new 
procedure, there is a learning curve that each person must 
complete in order to become profi cient. Single-port surgery 
is no different. Although the steps of a colectomy may be 
well engrained and the point of achieving competency using 
a laparoscopic approach is long past, bringing in the single- 
port dimension adds a degree of diffi culty to the mix. There 
has been some data addressing the learning curve for single- 
port laparoscopy [ 12 – 14 ]. However, there have been no spe-
cifi c studies examining the learning curve for performing 
single-port laparoscopic colorectal procedures, specifi cally. 
In this chapter we will address the technical aspects of 
single- port surgery for various colorectal operations and 
highlight tips to hopefully make this approach much easier, 
no matter where you are on your learning curve.  

    Indications 

 Laparoscopic surgery has been shown to have multiple 
advantages when compared to open surgery: decreased mor-
bidity, decreased pain, faster recovery, and shorter hospital 
stay [ 15 ,  16 ], as well as equivalent oncological results seen 
in the COST and MRC CLASICC trial [ 17 – 20 ]. Single- 
incision laparoscopic surgery (SILS) uses only one incision 
in the abdominal wall, allowing all operative work to be done 
in the same opening, but this does not change the fundamen-
tal tenants of laparoscopic surgery: proper exposure, triangu-
lation, and the use of instruments and devices tailored for 
in-line viewing. 
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 During the past years, numerous reports of SILS proce-
dures have been published showing the feasibility of this 
approach for even complex colon and rectal procedures [ 10 ]. 
To date, all types of colorectal procedures have been per-
formed through single-port laparoscopy, from a minimally 
invasive stoma to a total proctocolectomy and ileoanal pouch. 
It is not a result of a “landmark” randomized, prospective 
study but rather through experience that single-site outcomes 
have been shown to be equivalent to multiple-site laparoscopy 
and open laparotomy from all perspectives. In many cases, this 
approach has become the preferred technique for surgeons. 

 The most common single-site procedures will be reviewed 
here, including right colectomy, sigmoid colectomy, and 
total abdominal proctocolectomy with J pouch.  

    Preoperative Planning 

 Whether you are performing a procedure through an open, 
laparoscopic or single-incision laparoscopic approach, a 
good history and physical examination is mandatory. In addi-
tion, appropriate patients should have a complete blood 
count, chemistry, and carcinoembryonic antigen (CEA) lev-
els as indicated by their comorbidities and disease process. 
Additional assessment for staging and localization of a tumor 
includes CT scan and colonoscopy to confi rm the exact loca-
tion and mark the lesion with India ink. While still controver-
sial, a bowel preparation typically follows the preference of 
the individual institution and surgeon. In my institution, we 
do not routinely prescribe bowel prep for right colectomies 
and use oral laxative for the other colectomies. Also, intrave-
nous antibiotics are used perioperatively for all patients. 

 Appropriate patient selection cannot be overemphasized. 
During my initial experience, I selected patients with a low 
body mass index (BMI). In addition, I avoided patients with 
previous surgeries, due to the time-consuming lysis of adhe-
sions, as well as patients with large tumors that can be diffi -
cult to handle. 

 As my experience has grown, I now use single-incision 
laparoscopy for all my right colectomies as well as those under-
going a total abdominal colectomy with J pouch. Regar ding 
BMI or previous surgery, I perform single-site laparoscopic 
resection in selective cases for sigmoid and left colectomy 
when the cosmetic results are important to the patient.  

    Single-Incision Port Types 
and Port Placement 

 Multiple access devices have been developed and are 
 constantly changing in an attempt to improve this develo-
ping technique of minimally invasive single-port surgery. 
Among them is the recent addition of a robotic single-port 

platform. At present, the most popular are the following six 
systems including:
    1.    The platform most commonly used is the SILS port 

(Covidien, Inc. Norwalk, CT), which is made from an 
elastic polymer. It is hourglass-shaped and can be 
deployed through a 2-cm fascial incision. It contains four 
openings: one for insuffl ation via a right-angled tube and 
three that can accommodate trocars 5–15 mm in size.   

   2.    The GelPOINT ®  (Applied Medical, Rancho Santa 
Margarita, CA) port uses a wound protector that is also 
very helpful for retraction, accommodating multiple tro-
cars 5–12 mm. This platform allows for laparoscopic sur-
gery by providing a fl exible, airtight position for multiple 
trocars and multiple positions that allows an easy triangu-
lation and less collision. It’s large enough to allow bowel 
exteriorization for extracorporeal resection and anasto-
mosis using standard instrumentation. By offering an 
increased range of motion and maximum retraction and 
exposure, the GelPOINT platform provides the utmost 
versatility and access for a wide range of abdominal and 
transanal procedures.   

   3.    The TriPort ®  (Advanced Surgical, Co. Wicklow, Ireland) 
has three channels, allowing up to one 12-mm and two 
5-mm instruments.   

   4.    The QuadPort (Advanced Surgical) has four lumens, per-
mitting up to one 15-mm, two 10-mm, and one 5-mm 
instruments.   

   5.    The Uni-X single-port laparoscopic device (Pnavel 
Systems Morganville, NJ) is a system designed to allow 
the simultaneous use of three 5-mm laparoscopic instru-
ments through a single fascial incision. It requires fascial 
fi xation sutures and curved laparoscopic instruments. 
The Uni-X system seems to be used primarily in urology 
procedures [ 4 ,  21 – 23 ]. Initial technical notes are provided 
by Remzi et al. [ 10 ].   

   6.    Ethicon Endo-Surgery SSL Access System (Ethicon, 
Cincinnati, OH) consists of two 5-mm seals and a larger 
15-mm seal in a low-profi le design. Unique to the device 
is the 360-degree rotation of the seal cap that enables 
quick reorientation of instruments during procedures and 
reduces the need for instrument exchanges.      

    Right Hemicolectomy (Video  22.1 ) 

    Operative Technique 

 After anesthesia is induced, a Foley catheter and orogastric 
tube are placed. Then the patient is positioned supine on the 
table; the left arm is padded and tucked. Some kind of 
restraint device (beanbag or chest and leg straps) needs to be 
used to prevent the patient from falling from the table during 
position manipulation. 
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 The patient is prepped and draped in standard fashion. 
The surgeon and assistants are located on the left side of the 
patient. Visual monitors, as many as are needed, are posi-
tioned on the opposite side of the surgeon, which allows 
comfort and good visualization (Fig.  22.1 ).

   The operative technique starts with placement of the 
SILS™ port device placed in the umbilicus using an open 
technique. This provides an added degree of safety against 
inadvertent intra-abdominal injury [ 24 ], as well as a cos-
metic benefi t by hiding the future scar. A vertical incision is 
made in the fascia large enough to accommodate the single- 
port trocar (~2 to 3 cm; Fig.  22.2 ). A fascial opening bigger 
than the device will cause loss of insuffl ation during extreme 
movement of the instrumentation and can add time and frus-
tration to the procedure and the surgeon.

   Our preference is to use standard laparoscopic instrumen-
tation (i.e . , straight) including the scope. This decreases the 
learning curve and allows the surgeon to perform the proce-
dure with tools to which they are accustomed (Video  22.2 ). 
A standard 5-mm 30° laparoscope of bariatric length is then 
inserted (or rarely a 30° 10-mm laparoscope), followed by 
two 5-mm working ports with non-articulating instruments: 
(1) atraumatic bowel grasper and (2) an energy device with 
multifunctional capability such as the ENSEAL ®  (Ethicon 
Endo-Surgery, Inc, Cincinnati, OH) (Fig.  22.3 ).

   I prefer to orient the trocar with the gas port aimed toward 
the patient’s feet, helping to keep triangulation on the 5-mm 
port, as well as using the top of the triangle for the camera 
port (Fig.  22.4 ).

   The abdominal cavity is explored for adhesions, and 
most importantly when performing the surgery for colon 

  Fig. 22.1    Port placement for single-incision right colectomy. Note the left colectomy can be in the umbilicus or in the Pfannenstiel position       

  Fig. 22.2    Single-port and umbilical incision. Notice the small incision 
to accommodate the port to reduce air leaks       
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cancer, the peritoneum and liver must be inspected for met-
astatic disease. The patient is then positioned in 
Trendelenburg position and left side down. The omentum is 
grasped and placed on top of the transverse colon. My com-
mon approach is to begin medial-to-lateral dissection where 
the vascular pedicle is ligated before the mobilization of 
the colon or the tumor. I prefer to maintain the “no touch” 
technique and adhere to standard oncological principles 
[ 25 ] with gentle traction on the cecum. The ileocolic pedi-
cle is then elevated; the small bowel is positioned on the 
left side of the abdominal cavity, allowing visualization of 
the base of the mesentery. The peritoneum underlying the 
ileocolic pedicle and the base of the mesentery are opened 
(Fig.  22.5 ) using laparoscopic scissors or an energy device 
of the surgeon’s preference in order to dissect the colon off 
its retroperitoneal attachments and the duodenum in a 
medial-to-lateral fashion. Careful retroperitoneal dissec-
tion continues until the duodenum is completely identifi ed 
and the head of the pancreas is seen. Once this is complete, 
a mesenteric window is created and the ileocolic vessels are 
divided using an energy device.

   After the division of the vascular pedicle, this space is 
developed in cephalad direction, above the duodenum, 
between the fi rst portion of the duodenum and the transverse 
mesocolon. Identifi cation of the right branch of the middle 
colic vein and artery must happen while dissecting at the ori-
gin (Fig.  22.6 ). Then this can be ligated using an energy 
device. The mesenteric of the transverse colon is then divided 
to encircle a distal portion of the colon for the creation of the 
ileocolic anastomosis. The patient is then positioned into 
reverse Trendelenburg; the omentum is grasped and divided 
to be included in the en bloc resection from its attachments 
to the transverse colon. Next, the hepatic fl exure and the 
 lateral attachments are taken down from superior to inferior 
(Fig.  22.7 ). Careful dissection should be used when 
approaching the lateral attachment in the right lower quad-

rant to minimize the risk of ureteral injury. After confi rming 
the completed mobilization and division of the mesentery of 
the terminal ileum, the cecum is grasped with a locking 
instrument to help during extraction (Fig.  22.8 ). The fascial 
incisions are enlarged as necessary to exteriorize the speci-
men for division and anastomosis. The use of a wound 
 protector is recommended to prevent contamination of the 
wound, tumor seeding, and helping with the exposure. The 
colon is then exteriorized, ensuring you maintain proper ori-
entation of the specimen (Fig.  22.9 ). The previously selected 
area of the transverse colon and the terminal ileum is divided 
and the anastomosis is created according to surgeon’s prefer-
ence in either side-to-side or end-to-side fashion with 
staplers.

      After inspecting the anastomosis intracorporeally, I do 
not routinely close the mesenteric defect. Then the fascia is 

  Fig. 22.3    Instruments: 30-degree camera, energy device, bariatric 
length, and atraumatic bowel grasper. Different lengths will help 
decrease the extracorporeal collision       

  Fig. 22.4    ( a ) A vertical incision is made in the fascia large enough to accommodate the single-port trocar even in obese patients. ( b ) Diagram 
indicating the orientation of the port to allow triangulation of the instruments with the gas line port toward the patient’s feet       
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  Fig. 22.5    The ileocolic pedicle is elevated to allow tension to help 
open the peritoneum underlying the ileocolic pedicle. This is extended 
to the base of the mesentery       

  Fig. 22.6    Right branch of the middle colic artery and vein. Notice that 
division of the ileocolic pedicle decreases the visualization of the 
duodenum       

  Fig. 22.7    Takedown of hepatic fl exure and the lateral attachments in a 
superior-to-inferior fashion       

  Fig. 22.8    After complete mobilization and division of the mesentery 
of the ileum, the cecum is grasped with a locking instrument to help 
during extraction       

closed in either a running or fi gure-of-eight fashion 
(Fig.  22.10 ).

        Single-Port Left Colectomy 

 The indications for the SILS left colectomy are the same as 
the open colectomy or laparoscopy. Advantages of the SILS 
approach depend on the surgeon’s experience and the search 
for alternative operative techniques as well as better cos-
metic and highest patient satisfaction results [ 26 – 28 ]. Similar 
to a right colectomy, there is not an absolute contraindication 
for the use of single-port laparoscopy, as long as procedure 
meets the safe surgery criteria. Also, if needed, an additional 
trocar can be added for camera access or retraction. 

    Surgical Procedure 

 The patient’s preoperative evaluation is the same as previ-
ously described in this chapter including mechanical bowel 
preparation and intravenous pre-op antibiotics. After induc-
tion of the anesthesia, the patient is placed in lithotomy posi-
tion with arms tucked to the sides and protected. Special 
attention is focused to secure the patient to the anesthesia 
table to prevent falling or moving during extreme table posi-
tion changes. The routine use of the left ureteral stent for left 
colectomy may prevent any injury [ 29 ], though more likely 
may allow recognition of any intraoperative injury, as well as 
early identifi cation of the ureter itself to help expedite the 
procedure.  
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    Port at the Umbilicus 

 The surgeon and the operative assistant are positioned on the 
right side of the patient if the single-port trocar is placed in 
the umbilicus. The surgeon may also need to stand between 
the legs of the patient and the assistant on the right of the 
patient when the alternative port placement of a suprapubic 
location is used. This suprapubic port site hides the scar and 
can also be used for colon specimen extraction. The suprapu-
bic location is also over the rectal-sigmoid junction, allowing 
for direct vision, division of the rectum, and performing the 
anastomosis. 

 An open technique is used to make a 3-cm abdominal wall 
incision to accommodate the SILS port. After entering the 
peritoneal cavity and achieving adequate insuffl ation, explo-
ration of the abdominal cavity for adhesions and  metastatic 
disease should be performed if colon cancer is a preoperative 
diagnosis. If the indication is cancer, then specifi c identifi ca-
tion of the location of the tumor should be the next step. 
Ideally a previous, preoperative colonoscopy with intralumi-
nal colon marking with ink identifi es anatomic location or, if 
necessary, intraoperative colonoscopy with CO 2  to ensure the 
location. Both colonoscopy techniques are superior to intra-
operative manual palpation with instruments. 

 The patient is positioned in Trendelenburg, and the right 
side of table is lower than the left. This uses gravity retrac-
tion to position the bowel on the right side of the abdomen. 
Placement of the omentum on top/caudal to the transverse 
colon allows for identifi cation of the transverse colon and 
localization of the middle colic vessels and the inferior mes-
enteric vein (IMV) at the level of the ligament of Treitz. 
After scoring the mesentery along the medial aspect of the 
left colon from the inferior mesenteric artery (IMA) to the 
IMV, the surgeon may use a medial-to-lateral dissection 
approach with ureteral stents in place. 

 Surgeons may alternate between the next two steps. First, 
with the SILS trocar in the umbilicus, the area between the 
IMV and IMA can be easily accessed using a monopolar 
scissor. The peritoneum is opened; the longer the incision, 
the better the exposure of the retroperitoneum (Fig.  22.11 ). 
The retroperitoneal dissection is started under the descending 
mesocolon, which helps retraction by elevating the mesoco-
lon with a sweeping movement up and down. This allows 
the embryological plane to be identifi ed and bluntly sepa-
rated. This dissection should be bloodless (Fig.  22.12  a,b). 

  Fig. 22.9    Extraction of the colon with a cecal tumor through the 
wound protector. Notice the ileocolic pedicle seen at the tip of the 
instrument       

  Fig. 22.10    Final incision after single-incision right colectomy       

  Fig. 22.11    The peritoneum is opened between the inferior mesenteric 
vein and inferior mesenteric artery; the longer the incision, the better 
the exposure of the retroperitoneum will be       
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With elevation of the IMV and continued dissection of the 
retroperitoneum above Gerota’s fascia, you need to identify 
the inferior border of the pancreas. Dissection continues all 
the way to the lateral colon attachments with hand-over- hand 
instrument exchanges (Fig.  22.13 ).

     Caudal dissection is continued to visually encircle the 
IMA and identify the left ureter. Once this is performed, 
the dissection space around the IMA exposes the origin of the 
artery and sweeps the nerves around the IMA-aorta junc-
tion to prevent injury to the sympathetic and parasympa-
thetic nerve plexus. Division of the IMA can be done 
according to the surgeon’s preference using an energy 
device, stapler, or clip ligation (Fig.  22.14 ). Dissecting the 
IMV without division facilitates the medial dissection of 
the splenic fl exure and the lesser sac. Early division of the 
IMV will allow the heavy, fl oppy mesentery to fall on top of 

the camera and often create the need for an extra instrument 
to retract the mesentery. The extended dissection of the ret-
roperitoneum will make the dissection on the lateral left 
colon attachments easier.

   The next step involves opening the avascular area on top 
of the pancreas to enter the lesser sac. Identifi cation of the 
posterior wall of the stomach helps confi rm the correct loca-
tion (Fig.  22.15 ). Continued use of the energy device helps 
to divide the colon mesenteric attachments to the inferior 
border of the pancreas until the left lateral attachment to the 
abdominal wall is reached.

   Attention is now turned to the lateral attachments of the 
colon, starting with gentle retraction of the sigmoid medially. 
This will expose the lateral attachments at the level of the 
pelvic brim (Fig.  22.16a,b ). Using the monopolar scissors 
will facilitate this step. After an opening is created in the 

  Fig. 22.12    Retroperitoneal dissection. Notice the elevation of the mesocolon with left arm and bloodless plane ( a ) before IMA division and ( b ) 
after IMA division       

  Fig. 22.13    Retroperitoneal dissection without division of the inferior 
mesenteric vein. This dissection is lateral and superior, with identifi ca-
tion of the inferior border of the pancreas         Fig. 22.14    Division of the IMA using an energy device. Notice the 

in-line view and the triangulation with the crossover instruments       
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lateral attachment, visual identifi cation of the left ureter is 
easy. The left-hand instrument is used to keep the lateral 
attachment window open, and continued division of the 
attachments in a cephalad (toward the splenic fl exure) direc-
tion will mobilize the entire left colon (Fig.  22.17 ). The left 
lateral dissection meets the previous medial dissection at the 
splenic fl exure.

        Suprapubic Location of the Port 

 With the single access port in the suprapubic area, through a 
Pfannenstiel incision, the initial exploration is the same as 
described earlier, even with the view somewhat different 
from caudal to cephalic. The patient is rotated right side 
down to allow the small bowel to be placed in the right upper 
quadrant. The sigmoid colon or the descending colon is ele-
vated with the left-hand instrument, an atraumatic grasper 
(bariatric length), exposing the superior hemorrhoidal artery 
at the level of the sacrum promontory. A long incision is 
made in the peritoneum, medial and below the artery expos-
ing the retroperitoneum. The sigmoid mesentery is elevated 
and the dissection in the retroperitoneum is carried caudal to 
cephalic. The left ureter is recognized and dissection contin-
ues on top to the ureter and lateral as long as possible without 
division of the IMA. 

 After identifi cation of the left ureter, the IMA is encircled 
around the junction with the aorta. Exposure is created by 
elevating the sigmoid mesentery and dissection is continued 
to the medial aspect between the IMA and IMV. The artery 
can be ligated according to the surgeon’s preference: energy 
device, ligation, or stapler. 

 After ligation of the IMA, grasping the artery pedicle 
helps in the retroperitoneal dissection by continuing cephalad 
until identifi cation of the inferior border of the pancreas and 
the IMV. Lateral dissection is carried as much as possible to 

facilitate the lateral mobilization later. Careful  attention 
should be made to keep the ureter down in the retroperito-
neum and the dissection kept between Gerota’s fascia and the 
mesentery of the descending colon. 

 After identifi cation of the inferior border of the pancreas, 
the IMV should be isolated. This can be accomplished with 
traction at the level of the ligament of Treitz. The division of 
the IMV with an energy device should be accomplished 
to avoid tension. Recognize that it can become a source of 
quick and massive bleeding and diffi cult to control during 
single-port surgery. Do not hesitate to place an additional 
port if needed to control this. 

 The medial dissection should be completed by this point. 
Attention is now turned to the lateral attachments starting 
with gentle medial retraction of the sigmoid colon. This will 
expose the lateral attachments at the level of the pelvic brim 
(Fig.  22.16 ). Using the monopolar scissors facilitates this 

  Fig. 22.15    Opening the avascular area on top of the pancreas to enter 
the lesser sac. Identifi cation of the posterior wall of the stomach helps 
confi rm the location       

  Fig. 22.16    Takedown of the lateral attachments starting at the pelvic brim. Notice the in-line instruments. ( a ) The retroperitoneum with gonadal 
vein. ( b ) Tip of the instrument points at the left ureter       
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step. After an opening is created in the lateral attachments, 
visual identifi cation of the left ureter is easy. The left-hand 
instrument is used to keep the lateral attachment window 
open, and the right instrument continues division of the 
remaining lateral attachments along the white line of Toldt 
cephalad until the entire left colon is mobilized (Fig.  22.17 ) 
at the splenic fl exure. 

 My preference is to take down the colonic splenic liga-
ment using the ENSEAL ®  energy device. The lesser sac 
is entered laterally and the inferior border of the pancreas is 
identifi ed. The patient is now placed in reverse Trendelenburg 
to allow better exposure of the omental attachments to the 
transverse colon. Elevation of the omentum with the left- hand 
instrument provides traction, and by using the energy device, 
the gravity will keep the colon away (i.e., countertraction). 

 You should continue to separate the omentum until the 
middle transverse colon or the falciform ligament is reached. 
At this point, all of the colon should be retracted to the right 
side of the abdomen to complete exposure and allow dissec-
tion of the retroperitoneum. Dividing the peritoneal attach-
ments at the splenic fl exure will allow entry to the lesser 
sac. With continued dissection from the left side, all attach-
ments between the transverse colon and the inferior border 
of the pancreas are serially divided until the midline and the 
stump of the IMV are visualized. 

 The colon is then returned to normal anatomical position, 
and the patient is returned to deep Trendelenburg. A 12-mm 
trocar is placed through the SILS trocar to be able to place an 
endostapler, and the distal colon rectal juncture is divided. 
Alternatively, this can be done through the wound when in 
the suprapubic incision (although exposure through a small 
fascial opening is limited). The colon is exteriorized through 
the incision after careful placement of a wound retractor 

Alexis ®  wound protector, which will facilitate the extraction. 
The proximal area of the colon then is selected, and the 
 mesentery of the colon is divided between clamps or using 
the energy device. 

 The colorectal intracorporeal anastomosis is created by 
fi rst securing the circular anvil in the proximal colon and 
then returning the bowel into the abdomen. The single-port 
trocar is replaced in the incision. If the incision was enlarged 
to accommodate the specimen, the fascia can be approxi-
mated with a simple suture in each corner or as many as are 
needed to ensure an appropriate seal. If the wound protector 
is kept in place, a wet lap can be used to keep the airtight 
seal. Insuffl ation is obtained and the circular stapler is placed 
through the anal canal after dilatation of the anal sphincter. 
The spike is opened just inferior to the previous rectal stapler 
line, which will help if any anastomotic defect or air leak 
occurs, as the defect will potentially be anterior and is easier 
to visualize and repair. After the anvil and the spike of 
the stapler meet, the stapler is closed, inspected, and fi red. 
The stapler is removed and the anastomosis doughnuts are 
checked. An air-leak test is performed using a fl exible sig-
moidoscopy. Compression of the proximal colon is per-
formed while the pelvis is fi lled with fl uid, submerging the 
anastomosis, and the sigmoidoscope is advanced to the anas-
tomosis. This fi nal inspection is performed to ensure that the 
anastomosis is airtight. The abdomen is aspirated dry, and 
the small bowel is evaluated and should be on top to the cut-
ting edge of the colon mesentery to prevent internal hernias; 
then the trocar is removed, and the incision is closed.   

    Single-Port Laparoscopic Total 
Proctocolectomy with Ileal Pouch Anal 
Anastomosis Reconstruction Using Standard 
Laparoscopic Instrumentation (Video  22.3 ) 

 Single-port laparoscopic operations have recently gained 
attention and may extend and expand beyond the benefi ts of 
conventional multiport laparoscopy [ 26 – 28 ]. The cosmetic 
benefi t has been fairly straightforward to appreciate; how-
ever, any additional benefi ts, such as decreased hospital stay, 
morbidity, or cost, to the patient have yet to be confi rmed 
in large randomized studies. In the meantime, patients with 
ulcerative colitis and familial adenomatous polyposis that 
present in early stages of life who are often very concerned 
about cosmetic results may seek surgeons with a desire 
to improve patient outcomes and satisfaction and press on to 
explore the potential of single-port laparoscopy in smaller 
series. I will describe the steps of a multi-quadrant surgery 
performed through a single-port laparoscopy—the total 
proctocolectomy with J pouch—one of the most complex 
operations a colon and rectal surgeon performs. 

  Fig. 22.17    Division of the left lateral colonic attachments (white line 
of Toldt)       
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    Preparation and Positioning 

 The patient should be marked appropriately by an enterosto-
mal therapist for ileostomy placement in the right lower 
quadrant prior to proceeding to the operating room. Once on 
the operating table, the patient should be placed in a low 
lithotomy position using the Allen stirrups and both arms are 
tucked close to the patient with pads to protect for ulnar and 
radial nerve injuries and allow the operative team to rotate 
freely around the patient during the evolution of the proce-
dure (Fig.  22.18 ). The patient is strapped securely using 
a 3-inch silk tape around the chest in order to facilitate fre-
quent and pronounced bed movement throughout the case 
(Fig.  22.19 ). Ureteral stents are benefi cial and may be placed 

at this time [ 29 ]. As with other colon and rectal procedures, 
mechanical bowel preparation before the surgery and 
 appropriate intravenous antibiotics are given prior to the 
 initial skin incision.

    Single-port total colectomy can be accomplished by an 
experienced single surgeon. An assistant of any level may 
assist during most of the cases. The participation of the assis-
tant can vary throughout the procedure, but at a minimum, 
they be facile at operating the laparoscopic camera. 

 The operation is performed through a SILS™ port. I use 
a standard laparoscopic scope, 5-mm 30-degree angle, for 
the duration of the case. Many surgeons fi nd that a fl exible 
scope is useful in some portions of the procedure, allowing 
the camera holder to establish a farther distance away from 
the surgeon; however, at the same time, it adds a level of 
 diffi culty and requires experience in the use of the device. 
Instrumentation includes atraumatic bowel grasper; energy 
device with multifunctional capability, ENSEAL ®  (Ethicon 
Endo-Surgery, Inc); endostapler 60 mm with blue reloads for 
bowel resection and creation of the pouch; 25- or 26-mm 
circular stapler for end-to-end ileoanal pouch anastomosis; 
and Alexis ®  wound retractor (Applied Medical).  

    Position of the Patient and Single-Port 
Multi- trocar Access System Placement (SILS ™) 

 For the right-side part of the procedure, the patient will be in 
reverse Trendelenburg with the left side down to allow grav-
ity to locate the small bowel in the left side of the abdomen 
and facilitate in the identifi cation of the ileocolic artery. 
During the transverse colon mobilization, the patient is in 
Trendelenburg but leveling the table; then for the left side 
and rectal dissection, the table will go to Trendelenburg with 
right side down. 

 The surgeon should start by making a circular incision at 
the ileostomy site. After dissecting down to the level of the 
fascia, the rectus muscle is separated and the posterior fascia 
is opened; an incision is made in order to accommodate the 
single-port access system of the surgeon’s choice.  

    Colonic Dissection 

 Starting with the right colon, a window is made into the retro-
peritoneal space just below the ileocolic pedicle similar to the 
right colectomy earlier. Prior to ligating the vessels, mobiliza-
tion of the colon proceeds in a medial-to-lateral fashion. Next, 
the lateral attachments of the right colon are taken down from 
superior to inferior. When mobilizing and ligating the vessels 
to the transverse colon, the omentum is left in place. Once 
ready to take down the left and sigmoid colon, the inferior 

  Fig. 22.18    The left ureter is recognized at the tip of the instrument       

  Fig. 22.19    The patient secured to the table with a 3-inch tape, in a 
modifi ed lithotomy position       
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 mesenteric artery can be ligated early to allow medial-to-lateral 
dissection to proceed. In this case, the lateral attachments of 
the left colon are easier to remove working from inferior to 
superior (pedal to cephalic).  

    Proctectomy 

 The rectum is often better dissected using monopolar cau-
tery. We use endoscissors, as these are bloodless and expedi-
tious in dissection. It is important to identify the ureters at 
the pelvic brim and avoid injury to the nervi erigentes. The 
dissection of the rectum is carried out by staying in the cor-
rect planes between the layers of the fascia propria of the 
mesorectum and the presacral fascia (Fig.  22.20 ). The poste-
rior dissection is continued down in the midline between the 
rectal fascia and Waldeyer’s fascia to the level of the levator 
ani. It’s important to stay in this plane to prevent injury to the 
sacral venous plexus, which will result in major bleeding. 
One of the 5-mm ports must then be swapped out for a 
12-mm port in order to accommodate a large laparoscopic 
articulating GIA stapler. With a laparoscopic Allis clamp, 
traction is performed to the left side of the rectum, and the 
stapler is placed in the right side of the pelvis with a maxi-
mum articulation from right to left and up to down 
(Fig.  22.21 ). The key is to have good traction and use the 
stapler with a rotational component. Also, the previous dis-
section should be all the way to the anal canal to eliminate 
the extra fat of the mesorectum that can make the placement 
of the stapler more diffi cult. The rectal division is completed 
with the fewest number of staple loads as possible—usually 
two. On occasion, an extra trocar in the left quadrant can be 
placed and used as a drain site.

        Specimen Extraction 

 A wound protector is placed at the ileostomy site and the 
excised specimen is brought out. The terminal ileum can 
now be divided extracorporeally. The most important step in 
making an ileoanal pouch is to create a tension-free anasto-
mosis. These can be diffi cult to evaluate during the extracor-
poreal formation of the pouch. To create a tension-free 
anastomosis, we assess the potential for the pouch to reach 
the anus before the pouch is created. This is done by ensuring 
the pouch reaches the symphysis pubis externally, and then a 
standard 12- to 15-cm J pouch is created using the same 
Endo GIA stapler. The anvil of a circular stapler is secured 
to the distal aspect of the pouch and then returned to the 
abdomen.  

    Ileoanal Anastomosis 

 We perform a double-stapled anastomosis technique. After 
reestablishing pneumoperitoneum, we ensure that there is no 
tension or torsion of the pouch. Then place the circular sta-
pler through the anus and secure the anvil to the spike of the 
stapler. After fi ring, the anastomosis should be air-leak tested 
and the doughnuts checked for two complete intact rings of 
tissue (Fig.  22.22a–c ).

       Ostomy 

 After inspecting the abdomen a fi nal time, a loop of 
ileum is selected approximately 15–20 cm proximal to 
the pouch in order to form a temporary loop ileostomy. 

  Fig. 22.20    The dissection of the rectum is carried out by staying in the 
planes between the layers of the fascia propria of the mesorectum and 
the presacral fascia       

  Fig. 22.21    The laparoscopic stapler is placed from the right side to the 
left, anterior to posterior. The key is to have good traction and using the 
stapler with both articulation and rotation       
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This ostomy is matured in the standard fashion. No drains 
are placed, and the patient is left with a visible ileostomy-
only incision (Fig.  22.22d ).   

    Postoperative Care 

 All the patients get regional anesthesia with a transversus 
abdominal plane (TAP) block using bupivacaine liposome 
injectable suspension for postoperative pain control as well 
as intravenous acetaminophen. The patients are allowed 
to drink a clear liquid diet with a nutritional supplementa-
tion. If liquid diet is tolerated, the intravenous fl uid is discon-
tinued and they are advanced to regular diet. The Foley 
catheter is removed on postoperative day one in almost all 
the patients. When the patient is tolerating a regular diet, 

they are changed to oral pain medication. Once they are 
comfortable with the stoma, taking enough calories and 
 liquids, and passing fl atus, they may be discharged home.  

    Complications 

 In my experience, single-incision laparoscopic colectomy 
can be used as a safe and effi cacious approach to colorectal 
resections in patients eligible for traditional laparoscopy 
with minimal additional equipment. Single-incision laparos-
copy was undertaken without an increase in morbidity or 
mortality. All of the standard complications ranging from 
wound infections to abscesses may occur. Intraoperative 
bleeding is more diffi cult to control during a single-incision 
operation due to the lack of triangulation and space to place 

  Fig. 22.22    ( a – d ) Pouch leak test ( a ) pouch anastomosis in place, ( b ) air in the anal canal with proctoscopy anastomosis underwater, ( c ) pouch 
desuffl ated, ( d ) postoperative day one with only the ostomy visible       
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the additional instrument or suction. In this case, you can use 
clips, Endoloops™ (Ethicon, Cincinnati, OH), or an energy 
device or place another trocar.  

    Outcomes 

 Among the potential advantages of single-incision laparo-
scopic colectomy compared with the standard laparoscopic 
colectomy, cosmesis is an important factor. The perspective 
of body image is often very important in young patients, and 
single-incision approaches facilitate this trait. 

 Postoperative pain and recovery typically show to be 
improved by this approach. The patients typically demon-
strate a signifi cantly lower postoperative analgesic require-
ment, early ambulation, and early discharge.  

    Pearls and Pitfalls 

•     Single-port laparoscopic surgery allows common laparo-
scopic procedures to be performed entirely through the 
umbilicus and permits the surgeon to convert the proce-
dure to multiport laparoscopic surgery at any point during 
the operation.  

•   Modifi cation of the operative technique can allow a colec-
tomy to be performed without any additional access sites 
and without any minilaparotomy using the single-port 
access as extraction site.  

•   Operative time is probably longer in the single-incision 
laparoscopy in the beginning but will continue to decrease 
as additional cases are performed.  

•   The single-incision laparoscopic colectomy, as opposed 
to laparoscopic colectomy, can be harder to teach. Only 
one person can work at a time during a single-port lapa-
roscopy case. It is an ergonomic challenge to get the 
 cameraperson and the surgeon positioned so that the case 
can proceed.  

•   The division of the vessel during single incision should 
be accomplished with minimal tension. Recognize that it 
can become a source of quick and massive bleeding and 
diffi cult to control during single-port surgery.     

    Conclusion 

 Single-port laparoscopy is becoming a popular option in the 
fi eld of colorectal surgery. However, because it is a relatively 
new approach, many surgeons do not have any formal train-
ing in performing the operations with the new instruments. 
Those who are taking it upon themselves to learn this 
new technique do not yet know the number of cases it takes 
to become profi cient in safely performing this operation. 

Many surgeons have found that the learning curve is quite 
short and almost nonexistent for those already skilled in con-
ventional laparoscopic surgery and, more specifi cally, right 
hemicolectomy.      
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          Key Points 
•     Natural orifi ce translumenal endoscopic surgery (NOTES) 

involves passing instruments through a natural orifi ce 
(mouth, anus, vagina) then through a surgically created 
hole in a hollow viscous into the peritoneal cavity.  

•   NOTES surgery has several different categories: pure 
NOTES procedures, hybrid NOTES procedures, and nat-
ural orifi ce specimen extraction (NOSE).  

•   Colorectal surgeons possess the fundamental skill sets to 
perform NOTES surgery.  

•   NOSE of the sigmoid colon during laparoscopic sigmoid 
resection can safely be performed in experienced hands.  

•   Transanal NOTES surgery is currently in an investiga-
tional phase of development.  

•   Transanal total mesorectal excision is a favorable candi-
date for NOTES transanal surgery.    

    Introduction 

 Abdominal wall surgical skin incisions, purposely created 
through a highly sensate and mechanically important normal 
body part, provide no true benefi t to the patient, only harm. 
This impairment, however, has always been considered a 
necessary evil required to carry out the steps of the prescribed 
intra-abdominal operation. The transition to laparoscopic, 

minimally invasive surgery, however, has realized signifi cant 
short-term patient benefi t by minimizing surgical access 
trauma—all the while maintaining the established principles 
of open surgery. This dramatic avoidance of pain and morbid-
ity associated with large abdominal wall wounds led to 
the quick acceptance of laparoscopic surgical techniques in 
general surgery. 

 In 2004, work from Kalloo et al. heralded a new chapter 
for minimal access surgery. An intra-abdominal operation 
was wholly completed via instruments passed through a nat-
ural orifi ce (per oral) by means of a surgically created hole 
through the stomach into the peritoneal cavity of a swine [ 1 ]. 
This was soon followed by the fi rst human case reported by 
Rao and Reddy of an appendectomy performed transgastri-
cally utilizing an upper endoscope [ 2 ]. Such approaches her-
alded the prospect of surgery with no abdominal wall access 
trauma and the morbidity thereby associated. This new surgi-
cal paradigm has been coined natural orifi ce translumenal 
endoscopic surgery (NOTES ® ). 

 Immediately apparent to the early innovators of NOTES 
was that this represented a major paradigm shift, harboring 
many areas of real and potential concerns regarding patient 
safety and methods of clinical introduction of these novel 
techniques. A unique collaborative effort involving leader-
ship from the American Society of Gastrointestinal 
Endoscopy (ASGE) and the Society of American Gastro-
intestinal and Endoscopic Surgery (SAGES) convened a 
working group to formulate a plan for the safe adoption, 
research, and clinical introduction of NOTES. This group 
chose the name NOSCAR ® , Natural Orifi ce Surgery 
Consortium for Assessment and Research. Their discussions 
and recommendations for early research and clinical work 
have been laid out in the NOTES White Paper [ 2 ], created 
to promote a tempered, thoughtful, safe, and collaborative 
development of this new surgical paradigm. Parallel collab-
orative groups were quickly developed in Europe (EURO- 
NOTES, European Association for Translumenal Surgery, 
D-NOTES), South America (Natural Orifi ce Surgery 
Latin America, NOTES Research Group Brazil), and Asia 
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(India NOTES, Japan NOTES). Nomenclature has also been 
developed to assist in accurate and uniform reporting 
(Table  23.1 ).

   Following a few years of initial excitement and hype of 
NOTES, a more critical phase of grounded scientifi c investi-
gation ensued. Benchtop and clinical research confi rmed the 
safety and feasibility of a few focused procedures and dis-
pelled some early NOTES concerns, particularly in regard to 
the risk of peritoneal contamination, safe viscotomy creation 
and closure, and the technical steps. Hence, clinical efforts in 
NOTES have become increasingly focused on a few targeted 
applications based on the route of access, each in varying 
stages of development and clinical application. The most 
common transvaginal procedures are cholecystectomy, 
appendectomy, and hybrid laparoscopic colon resections 
with transvaginal specimen extraction [ 3 ,  4 ]. Per-oral and 
transgastric procedures have focused on per-oral endoscopic 
myotomy (POEM) for the treatment of achalasia and trans-
gastric resection of small gastric tumors. The least common 
NOTES access route, transanal, has (to date) been limited 
mostly to laparoscopic rectosigmoid resections with trans-
anal specimen extraction (NOSE) and hybrid transanal- 
laparoscopic rectosigmoid resection for benign and mali g nant 
diseases. The most mature of these procedures is a hybrid 
transanal and laparoscopic total mesorectal (taTME) exci-
sion for the treatment of rectal cancer.   

    GI NOTES 

 During GI NOTES surgery, the natural orifi ce can be utilized 
in three different ways. First, the orifi ce is utilized as a site of 
specimen extraction following a standard laparoscopic resec-
tion. This technique is called natural orifi ce specimen extrac-
tion (NOSE). An example would be a laparoscopic sigmoid 
colectomy with transanal specimen extraction instead of 
extracting the specimen through an abdominal wall extrac-
tion site. A second method is utilizing the natural orifi ce as a 
route of access to the peritoneal cavity in order to perform a 
diagnostic or therapeutic operation on a separate body part. 
An example of this is a transvaginal cholecystectomy. The 
third method involves natural orifi ce access to perform an 

operation on the access organ. Examples of this include a 
transgastric tumor resection or transanal total mesorectal 
excision. As current clinical applications in the transanal 
NOTES realm do not yet include transanal access for opera-
tions on non-colorectal organs, this chapter will focus on 
NOSE and taTME. 

    Natural Orifi ce Specimen Extraction (NOSE) 

 Laparoscopic rectosigmoid resection has become the pre-
ferred treatment for rectosigmoid cancer and diverticulitis. 
The key steps of the procedure—complete left colon and 
splenic fl exure mobilization, mesenteric vascular ligation, 
and intracorporeal anastomosis—can be safely completed 
exclusively through 5 and 10 mm trocars. Removal of the 
intact specimen, however, requires creation of a 5–10 cm 
abdominal wall incision. Several surgeons, in an effort to 
realize the greatest benefi ts of minimally invasive surgery, 
omitted this large abdominal extraction incision by using the 
open rectum through which to remove the colonic specimen 
(Video  23.1 ). This technique has come to be termed natural 
orifi ce specimen extraction (NOSE). Both transanal and 
transvaginal specimen (Videos  23.2  and  23.3 ) extraction 
have been described [ 5 ], but this section will focus on trans-
anal specimen extraction following laparoscopic rectosig-
moid resection. Interest in NOSE has signifi cantly increased 
over the past 10 years. 

 Franklin was the fi rst to report a large case series of NOSE 
during laparoscopic rectal and sigmoid resections dating 
back to 1991. He described delivering “the resected speci-
men out of the peritoneal cavity through an anatomic pas-
sage rather than through an abdominal incision” [ 6 ,  7 ]. This 
technique has subsequently been utilized and modifi ed by 
others [ 8 ,  9 ]. The key steps of the technique are listed 
in Table  23.2 . A standardized laparoscopic low anterior 
resection and mobilization is completed utilizing a total 
mesorectal excision technique. Intraoperative colonoscopy 
or proctoscopy is performed to confi rm location of the 
pathology. Prior to rectal division, the rectum is copiously 
cleansed with 5 % Betadine solution irrigation. The bowel is 
divided intracorporeally either sharply or with endoscopic 

   Table 23.1    Taxonomy and abbreviations   

  Hybrid NOTES : A primarily NOTES procedure assisted by addition of a secondary modality such as laparoscopy 
  NOSE : Natural orifi ce specimen extraction. The use of a natural orifi ce through which to extract a surgical specimen 
  NOTES : Natural orifi ce translumenal endoscopic surgery 
  Pure NOTES : Surgical procedure completed wholly via a natural orifi ce without assistance provided through skin incisions 
  taTME : Transanal total mesorectal excision. Total mesorectal excision performed via a combined abdominal (open or laparoscopic) and transanal 
endoscopic approach 
  Viscotomy : A full-thickness surgical opening through a hollow viscous into the peritoneal (retroperitoneal, thoracic, mediastinal) space used to perform 
a diagnostic or therapeutic procedure in the peritoneal (retroperitoneal, thoracic, mediastinal) space 
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linear stapling devices, ensuring adequate oncologic  margins. 
The specimen is then placed in a retrieval bag and passed to 
a ring forceps placed through the gently dilated anus. The 
specimen is extracted through the open rectum. The anvil of 
the circular stapler is then passed into the abdomen transrec-
tally and secured in the proximal bowel. The upper rectum is 
then closed with a laparoscopic linear stapling device. End-
to-end or side-to-end colorectal anastomosis is fashioned 
using a transanally delivered circular stapler. Finally, confi r-
matory air leak test is then performed.

   Franklin has reported remarkably good results in 277 
patients undergoing transanal specimen removal [ 7 ]. The 
anastomotic leak rate was 1.1 %, with a major complication 
rate of 3.6 %. Hospital length of stay, however, remained 
comparable to standard specimen extraction at 6.9 days. 
Some complaints of minor fecal soiling were reported, but 
signifi cant fecal incontinence has only occurred in three 
patients (1 %) [ 6 ]. They also do not report on what their 
specimen size cutoff was, as attempting to remove a large 
specimen transanally might damage the rectum or sphincter. 
Other groups have limited transanal specimen size to 4–5 cm, 
and larger specimens would then be delivered via an abdomi-
nal extraction incision. 

 Yet, in order to successfully utilize this approach, morbid-
ity (including infectious complications and anastomotic 
leak) must be kept to a minimum. A prospective study of 
peritoneal fl uid contamination following laparoscopic left- 
sided resections with and without NOSE demonstrated posi-
tive peritoneal cultures in 100 % and 89 % of patients, 
respectively. Only one of 17 patients in the NOSE group 
developed an anastomotic leak, and there was no difference 
in infectious complications between the two groups [ 10 ]. 

 Despite the success in using natural orifi ce specimen 
extraction at these selected institutions, this technique has 
not yet caught on in most centers due to the additional time 
and technical skills required to perform these increasingly 
complex operations. In addition, there are ongoing concerns 
regarding potential damage to the rectum and sphincter 
 complex, as well as fecal contamination of the peritoneum. 
As with the other complex laparoscopic procedures, more 
surgeons will likely adopt this technique over time as clinical 
experience and confi dence increase.   

    NOTES Transanal Rectosigmoid Resection, 
Transanal TME (taTME) 

       Development of NOTES Transanal 
Rectosigmoid Resection 

 Early NOTES procedures that made headlines involved 
operations performed transorally or transvaginally. Further 
development of transoral procedures, however, has been 
markedly hindered because of their exclusive reliance on 
fl exible instrumentation. To date, fl exible endoscopic plat-
forms fail to provide consistent and reliable traction and 
countertraction, visibility, hemostasis, and viscotomy clo-
sure capabilities compared to the laparoscopic corollary. 
In addition, the small diameter of the esophagus and pharynx 
limits specimen extraction size. Transvaginal access there-
fore became the most common NOTES access site as it 
 overcomes much of these limitations. Using this platform, 
fl exible instruments are replaced by the more familiar long 
laparoscopic instruments. Entry and closure of the viscot-
omy (i.e., colpotomy) is relatively simple and safe, and the 
vagina permits large specimen extraction with a low risk of 
complications. 

 Transanal NOTES was initially eschewed by many 
because of the obvious concerns over fecal contamination of 
the peritoneal cavity and the risk of a leak at the viscotomy 
site. These real concerns aside, the key components of 
NOTES are conceptually grounded in the training and prac-
tice of colorectal surgery. Colorectal surgeons regularly 
operate through the natural orifi ce (i.e., the anus) and are 
trained in the recognition and management of associated 
complications. Most colorectal surgeons are also adept at 
both advanced therapeutic endoscopy and advanced laparo-
scopic surgery. Lastly, intraperitoneal entry and closure via 
the anus occurs not infrequently during already established 
colorectal procedures such as an Altemeier perineal rectosig-
moidectomy for rectal prolapse [ 11 ] and transanal endo-
scopic surgery [ 12 ]. Anatomically, the rectum and anus share 
the potential benefi ts of vaginal access, including a viscot-
omy site located close to the natural orifi ce (15 cm or less) 
and a compliant organ that allows for insertion of larger sur-
gical instruments and permit extraction of large specimens. 
This collection of key skills and clinical experience provide 
the foundation from which the development of transanal 
NOTES surgery has occurred. 

 It is well known that total mesorectal excision (TME) 
remains the gold standard for rectal cancer surgery. The prin-
ciple behind a proper TME is sharp dissection, under direct 
vision, in the embryonic fusion planes between the mesorec-
tum and the surrounding parietal tissues continued down 
to the pelvic fl oor [ 13 ]. The TME plane of dissection also 
affords identifi cation and avoidance of the parasympathetic 

   Table 23.2    Steps of a laparoscopic sigmoid colectomy with natural 
orifi ce specimen extraction (NOSE)   

 1.  Laparoscopic mobilization of the left/sigmoid/rectum 
 2.  Confi rm location of the pathology (i.e., intraoperative endoscopy) 
 3.  Rectal washout with 5 % povidone-iodine solution 
 4.  Resection completed with intracorporeal division (i.e., energy, scissors) 
 5.  Bag the specimen 
 6.  Transanal specimen extraction (following gentle dilation of the anus) 
 7. End-to-end anastomosis 
 8.  Leak test 
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and sympathetic nerves innervating the urogenital regions. 
Despite its wide acceptance, TME does have its technical 
challenges related to exposure and dissection of the proper 
planes in the confi nes of the deep bony pelvis. The pelvic 
curvature makes visualization of the anterior structures dif-
fi cult, particularly in the obese or in males with an enlarged 
prostate. Long lighted retractors and/or headlights are 
required to gain visualization in the deep pelvis. Identifi cation 
of the distal oncologic margin is estimated by techniques of 
external palpation, digital rectal examination, or visualiza-
tion of a diffused tattoo—and this critical step is relegated to 
the end of the procedure. Even following successful pelvic 
dissection, current laparoscopic stapling devices utilized for 
rectal division have limited angulations, making a perpen-
dicular rectal division and seal with a single cartridge appli-
cation the exception rather than the rule. Hence, distal rectal 
division often necessitates several overlapping staple lines 
to complete the distal rectal transection, which may lead to 
increased risk of anastomotic leak [ 14 ,  15 ]. 

 While NOTES surgery is being performed in very select 
cases in specialized centers, in reality, it is proceeding 
through three overlapping phases of clinical development. 
The fi rst (and still ongoing) phase involves preclinical work 
identifying safety and effi cacy, appropriate procedures, tech-
nical factors, and instrument development. A second phase 
will be early adoption of hybridized procedures that are a 
combination of established laparoscopic and transanal pro-
cedures. This phase is also starting to gain traction, though 
still remains somewhat of a niche. With increasing experi-
ence and new instrument development, the laparoscopic 
components can be phased out, and the third phase of fully 
transanal NOTES procedures will transcend.   

    Phase 1: Preclinical NOTES Developments 

 Based on the tenets laid fourth by the NOTES White Paper 
[ 2 ] calling for preclinical laboratory investigations prior to 
clinical introduction, several investigators began laying the 
groundwork for transanal NOTES procedures. Radical trans-
anal sigmoid colectomy with intracorporeal anastomosis was 
initially performed in the cadaver model using off the shelf 
transanal endoscopic surgery instrumentation, demonstrat-
ing the feasibility and fundamental steps of this procedure 
[ 16 ]. This and other studies confi rmed the reproducibility of 
this technique for pelvic rectal dissection [ 17 – 19 ]. From 
these experiences, it seems that the primary technical limita-
tion of a pure NOTES rectosigmoid resection was not the 
pelvic dissection, but rather the sacral curvature and sacral 
promontory that limited current rigid and fl exible instru-
ments access and safe dissection higher in the abdomen. Key 
portions of the rectosigmoid resection such as high ligation 
of the inferior mesenteric artery and vein and left colon 

and splenic fl exure mobilization could not reliably be 
 accomplished with either currently available rigid or fl exible 
instruments [ 17 ,  19 ,  20 ]. To overcome these obstacles, a 
hybrid transanal proctectomy with laparoscopic assistance for 
the abdominal portions of the procedure was the initial 
 transanal NOTES procedure to break into the human clinical 
realm. 

 The potential benefi t of a hybrid transanal TME realized 
during these studies was that it allowed surgeons to over-
come some of the challenges of operating in the deep pelvis 
by performing the deep pelvic dissection from the bottom 
up. This includes better visualization of the mesorectal 
 envelope with easier retraction and dissection, as well as a 
more precise determination of the oncologic distal margin. 
The potential disadvantages include the learning curve in 
adopting this new point of view, the remaining underlying 
technical diffi culty of the procedure, and the potential risk of 
bacterial or tumoral peritoneal contamination. 

 Due to these limitations and obvious concerns over patient 
safety, the initial foray into transanal total mesorectal exci-
sion was performed in a hybrid fashion whereby the deep 
pelvic portion of the surgery was performed transanally, and 
the left colon mobilization, vascular ligation, upper pelvic 
dissection, and air leak test were all performed via standard 
laparoscopic techniques. What seems apparent is that for the 
foreseeable future, laparoscopic assistance will be required 
until technological advancements in surgical instrumentation 
permit reproducible facile performance of the abdominal 
steps of the operation in a safe, reliable, and cost-effective 
fashion.  

    Phase 2: Initial Clinical NOTES Developments, 
Hybrid Laparoscopic and Transanal 
Rectosigmoid Resection (Transanal Total 
Mesorectal Excision (taTME)) 

 The fi rst hybrid transanal total mesorectal excision was 
 performed by the team of Sylla and Lacy in 2009 [ 20 ]. This 
patient was a 76-year-old woman with node-positive rectal 
cancer treated with preoperative chemoradiotherapy. They 
performed a combined transanal, transvaginal, and laparo-
scopic total mesorectal excision. Since then, the number of 
case reports detailing various modifi cations of taTME is 
approaching 100 patients [ 3 ,  21 ]. The collective early experi-
ence for transanal total mesorectal excision in cancer patients 
has shown feasibility by demonstrating intact mesorectal 
specimens, negative circumferential radial margins, adequate 
lymph node harvest rate, and acceptable complication rates 
in properly selected patients [ 21 ]. Unfortunately, to date, the 
long-term oncologic results have yet to be reported, and 
future implementation of this method depends largely on 
these outcomes. 
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  Patient selection : Most clinical studies included patients preop-
eratively staged at T1-3, N0-1, M0, and with a negative pre-
dicted circumferential margin based on preoperative clinical 
examination and imaging. One study varied from this theme 
and included particularly high-risk patients with T4 tumors, 
recurrent cancers, and cancers with less than 1 mm circumfer-
ential radial margin [ 22 ]. Not surprisingly, they report an 
increased positive circumferential margin rate of 13 % and 
higher cancer recurrence rates. At present, these high-risk 
patients should be excluded from early investigations.  

    Transanal TME (taTME) Procedural Steps 
(Table  23.3 ) 

    The patient receives a mechanical bowel preparation, periop-
erative antibiotics, and pharmacologic thromboembolic pro-
phylaxis. Preferred positioning in the operating room is 
lithotomy prepped for synchronous abdominal laparoscopy 
and transanal endoscopic surgery (Fig.  23.1 ). The operation 
commences with placement of an anoscope to visualize the 
rectal lumen and the tumor. A suture purse string is then 
secured 1–2 cm distal to the tumor to mechanically occlude 
the proximal bowel from stool spillage during the case 
(Fig.  23.2 ). A circumferential, full-thickness, hemostatic 
incision is then created to transect the rectum just distal to 
the purse string. This step can be performed via traditional 
anoscope or via a transanal endoscopic surgery (TES) plat-
form. Several platforms have been described including TEM 
(transanal endoscopic microsurgery, Richard Wolf GmbH, 
Knittlingen, Germany), TEO (transanal endoscopic opera-
tions, Karl Storz GmbH, Tuttlingen, Germany), or TAMIS 
(transanal endoscopic minimally invasive surgery) dispos-
able platforms: SILS™ Port, (Covidien, Mansfi eld, MA) or 
GelPOINT Path (Applied Medical, Rancho Santa Margarita, 
CA) (Fig.  23.3 ). The remaining of the pelvic dissection is 
performed via the TES platform of choice.

     Dissection is initiated in a cephalad direction along the 
TME plane around the fascia propria of the mesorectum and 
along the levator muscles. The carbon dioxide pneumodis-
tention aids in identifying the proper planes. Dissection is 
initially established posterolaterally followed by following 
the plane around anteriorly. Digital vaginal examination can 
also facilitate anterior dissection in women. A dry dissection 
plane is maintained through the use of both monopolar and 
bipolar cautery devices and small gauze swabs. The para-
sympathetic nerve roots at S3–5 are swept laterally during 
the mid-pelvic dissection. The curvature of the sacrum is 
 followed posteriorly along the TME plane. Anteriorly, dis-
section continues between the rectum and Denonvilliers 
 fascia. As pneumodistention is instrumental in maintaining 
 adequate visualization and retraction during transanal endo-
scopic surgery, intraperitoneal entry, typically accomplished 
anteriorly, should be avoided until the majority of the pelvic 
dissection is completed (Fig.  23.4 ). Once connection to the 
peritoneum occurs, pneumodistention of the TME plane col-
lapses and visibility is markedly hampered.

   Several potential challenges exist during the transanal 
TME dissection. Particular care is required at the start of the 
pelvic dissection to correctly identify the TME plane on the 
surface of the mesorectal envelope. A plane too lateral or 
radial will risk injury to the pelvic nerves, sidewall struc-
tures, presacral vessels, urethra, prostate, or vagina. A plane 
too medial or central will risk violating the rectal wall and 
mesorectum. However, once the correct mesorectal plane is 
established, it has the same appearance of the plane when 
dissected from above in the standard fashion. 

 The abdominal portion of the procedure can be performed 
laparoscopically by a simultaneous team working from 
above (Fig.  23.5 ). Left colon and splenic fl exure mobilization, 

   Table 23.3    Procedural steps of transanal total mesorectal excision   

 1.  Transanal identifi cation of the distal margin and purse-string 
occlusion of the lumen 

 2.  Use of a rigid reusable transanal endoscopic surgical or disposable 
TAMIS platforms to perform transanal mesorectal excision 

 3.  Monopolar and bipolar energy utilized for transanal pelvic 
dissection 

 4.  Identifi cation and avoidance of the pelvic nerves 
 5.  Laparoscopic left colon, high vascular ligation, and (when needed) 

splenic fl exure mobilization. Usually performed synchronously 
with the transanal portion 

 6.  Transanal specimen extraction 
 7.  Coloanal hand-sewn or circular-stapled anastomosis 
 8.  Diverting-loop ileostomy (performed in majority of cases) 

  Fig. 23.1    Transanal total mesorectal excision (taTME) positioning in 
modifi ed lithotomy allowing perineal and abdominal access simultane-
ously.  Courtesy of Mark Whiteford, MD and Antonio Lacy, MD        
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mesenteric vascular ligation, ureteric identifi cation, and the 
proximal mesorectal dissection are all completed in the con-
ventional fashion. The laparoscopic and transanal surgeons 
typically join up anteriorly under direct vision, usually at or 

just below the peritoneal refl ection. Working together, they 
circumferentially complete the remaining TME mobilization. 
The mesentery proximal to the resection margin is then 
divided with a laparoscopic vessel-sealing device.

   The specimen is properly oriented then delivered and 
divided transanally. If the specimen is too bulky, then an 
abdominal extraction should be performed to avoid anorectal 
damage and tumor exfoliation. The specimen is then 
inspected for mesorectal grading and confi rmation of ade-
quate margins. The anastomosis can either be created as a 
hand-sewn coloanal or with a circular stapler. The latter 
involves securing the stapler anvil in the proximal bowel seg-
ment, placing a purse string on the open distal rectum, and 
completing the double purse-string circular-stapled anasto-
mosis. Leak test can then be performed followed by proxi-
mal fecal diversion in most cases. 

  Outcomes : A review of the fi rst 72 cases of taTME has 
demonstrated encouraging results [ 21 ]. What stands out is 
that the average BMI was less than or equal to 26 in all series. 
Most tumors were located in the mid and low rectum. 
Most patients underwent stage-appropriate neoadjuvant 

  Fig. 23.2    taTME setup and initial dissection.  Courtesy of Patricia Sylla, MD, with permission        

  Fig. 23.3    taTME perineal setup.  Courtesy of Mark Whiteford, MD and 
Antonio Lacy, MD        
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c hemoradiotherapy. Overall, operative times ranged from 
125 to 460 min, with most cases lasting 4–5 h. Nearly all of 
the intraoperative complications occurred in patients with 
locally advanced or recurrent tumors. These included two 
urethral injuries and two patients converted to open surgery. 
One study reported that two of fi ve patients experienced post-

operative urinary retention, thought to be secondary to tran-
sient parasympathetic nerve injury [ 22 ]. Short-term oncologic 
outcomes were also adequate. The quality of the mesorectal 
specimen was complete in all patients, and resection margins 
were negative in all patients preoperatively staged as having 
T3 or less disease. Lymph node harvest rates were likewise 
comparable to historical TME patients. As expected, long- 
term oncologic data have yet to be reported.  

    Phase 3: Initial Clinical Pure NOTES 
Transanal Resection 

 At present, two cases of transanal total mesorectal excision 
without the assistance of laparoscopy have been reported in 
the literature [ 23 – 25 ]. Both were performed using either a 
rigid or fl exible transanal platform, and primary anastomoses 
were performed in each case. Mesorectal excisions were 
graded as complete and lymph node harvest was adequate. 
Neither patient was diverted and the short-term outcomes 
were good. One patient had a postoperative hematoma 
requiring drainage. These cases did not require splenic fl ex-
ure mobilization. Obviously, further experience is needed to 
determine the ultimate role of this approach in the surgeon’s 
armamentarium.  

  Fig. 23.4    taTME anterior dissection with peritoneal entry and specimen extraction.  Courtesy of Patricia Sylla, MD, with permission        

  Fig. 23.5    Aerial view of port placement for taTME.  Courtesy of Mark 
Whiteford, MD and Antonio Lacy, MD        
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    Pearls and Pitfalls 

•     While NOSE and NOTES offer certain theoretical advan-
tages, they should be performed by experienced teams or 
special monitored circumstances.  

•   Patients deemed high risk for increased recurrence or 
inability to gain margins should be avoided until further 
experience is gained.  

•   Although the NOTES approach is unique and technically 
demanding, the principles of oncologic surgery and oper-
ating in the pelvis remain the same as open or standard 
laparoscopy.     

    Summary 

 A considerable foundation of benchtop research and clinical 
progress has occurred since the NOTES White Paper was 
published in 2006 and called for a safe and rational intro-
duction of this new surgical paradigm. It is likely that 
NOTES progress will continue in a gradual, stepwise fash-
ion, as did laparoscopic surgery, which had its humble 
beginnings near the start of the twentieth century, yet did not 
attain widespread use as a therapeutic modality until the 
1980s. The tipping point for laparoscopy was when the 
enabling technological advancement (the video chip) liber-
ated the procedure from that of a one-handed, solo operator 
tied to monocular scope to the multiport, multimember sur-
gical team now capable of working in a coordinated fashion 
to accomplish complex integrated tasks [ 26 ]. 

 Colorectal NOTES procedures are becoming a reality. 
Natural orifi ce specimen extraction of large colonic speci-
mens following laparoscopic resection can be performed 
safely in experienced hands. Early investigation and clinical 
experience of transanal total mesorectal excision has been 
met with excitement as a potentially easier method to per-
form the deep pelvic dissection during TME. With time and 
further experience, these techniques will become refi ned and 
applicable to more surgeons and situations. 

 Until that the elusive enabling technology declares itself, 
it is likely that colorectal NOTES procedures will gradually 
progress as modifi cations of hybrid laparoscopic, transanal, 
and natural orifi ce specimen extraction procedures for the 
foreseeable future. In the meantime, though, the dream of 
NOTES has inspired some secondary gains in the general sur-
gical realm. These include single-port surgery, the increased 
use of transanal minimally invasive surgery, and advanced 
endoscopic surgical procedures such as the per- oral endo-
scopic myotomy (POEM) as a scarless and fully endoscopic 
treatment for achalasia.      
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         Key Points 
•      The specifi c indications for the utilization of a robotic 

approach continue to evolve.  
•   Advantages of robotic surgery include better visualiza-

tion, surgeon-controlled camera, improved ergonomics, 
and overall dexterity.  

•   At present, pelvic, more than colonic, operations allow 
for a more wide application of the robotic advantages.  

•   A robotic approach allows an intracorporeal anastomosis 
during a right colectomy to be much more feasible.  

•   Left colectomy and pelvic operations can be performed 
via a hybrid or totally robotic approach using a one or two 
docking method.  

•   Robotic surgeons should be profi cient in advanced lapa-
roscopic surgery.    

   Introduction 

 Robotic surgery has been evolving since its fi rst introduction 
in 1994. The FDA approved the use of the da Vinci ®  robotic 
system (Intuitive Surgical Inc., Sunnyvale, CA, USA) as the 
fi rst telerobotic manipulation system for intra-abdominal 

surgery in 2000. An explosion of robotic surgery utilization 
has occurred mostly in the last decade with more than 
350,000 procedures done worldwide by 2011 (Fig.  24.1 ). 
This increase in robotic procedures has been mostly brought 
about from our other pelvic subspecialist colleagues, namely, 
urology and gynecology (Fig.  24.2 ). Robotic colorectal 
 surgery was fi rst reported in 2001 [ 1 ], and the fi rst of total 
mesorectal excision was reported in 2006 [ 2 ]. Although mul-
tiple case series and at least one randomized prospective 
study have demonstrated the feasibility and safety of robotic 
surgery in colorectal resections [ 3 – 12 ], its adoption in the 
colorectal surgical community has been increasing slowly. 
A recent study of national trends of robotic surgery in the 
United States showed that it is utilized in only 2.8 % of mini-
mal invasive colorectal surgery [ 13 ].

    This slow adoption is despite the many purported advan-
tages of robotic surgery including better visualization, 
improved ergonomics, and overall dexterity. The robot pro-
vides a steady camera with highly magnifi ed stereoscopic 
optics, which provides 3-D visualization and improved 
depth perception of the operative fi eld. Furthermore, the 
surgeon at the console has complete control of the camera, 
removing any potential distraction of an assistant that nor-
mally used in traditional laparoscopic surgery. The superior 
surgical dexterity provided by the robotic approach is due 
to the instruments having seven degrees of freedom, 180° 
articulation, and 540° rotation—all allowing for easier 
manipulation within small spaces. The robot also allows for 
motion scaling and tremor fi ltering, which again facilitate 
technically challenging laparoscopic procedures. Moorthy 
et al. reported that the robot was associated with an 
enhanced dexterity by 65 %, reduction in skill-based errors 
by 93 %, and reduction in time needed to complete a task 
by 40 % [ 14 ]. The robot also allows for superior ergonom-
ics [ 15 ], as the enhanced dexterity and superior visualiza-
tion are especially helpful in the narrow confi nes of the 
pelvis, and is very appealing for surgical subspecialties that 
deal with pelvic pathology such as urologists, gynecologists, 
and colorectal surgeons. 

      Robotic Surgery 
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 The disadvantages of robotic-assisted surgery can be 
attributed to lack of haptic feedback, longer operative time, 
and cost. The time-consuming aspect of robotic surgery is 
docking, especially in certain totally robotic colorectal 
approaches which can require multiple docking and/or reen-
gaging of instruments. However, it has been shown in rectal 
surgery that as experience is gained, operative time will 
improve [ 16 ]. Recent meta-analyses have suggested that 

operating time for robotic rectal procedures is similar to 
that for a conventional laparoscopic approach [ 12 ,  17 ]. The 
authors agree that with continued experience of an assem-
bled robotic surgical team, the operative times of robotic 
colorectal procedures will approach the times of similar lap-
aroscopic procedures. While there continues to be a debate 
regarding the cost-effectiveness of the robot, especially given 
the current lack of clinical evidence demonstrating its 

  Fig. 24.1    Total robotic 
procedures performed worldwide 
(2005–2011).  With permission 
from Intuitive Medical        

  Fig. 24.2    Robotic cases by specifi c procedure.  With permission from Intuitive Medical        
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superiority compared to the laparoscopic approach, there is 
no doubt it has an expanding role for colorectal surgeons. In 
this chapter, we will review the technical aspects of robotic 
use for colorectal surgery and share several tips and tricks we 
have found useful in our experience with robotic approaches 
to colorectal disease.  

   Indications 

    The specifi c indications for the utilization of the robot when 
compared to laparoscopy continue to evolve. To date, there 
are no large randomized controlled studies that demonstrate 
the benefi ts of the robotic approach with regard to colorectal 
surgery. In fact, the majority of data detailing robotic use 
comes from single institution cases series. Therefore, the spe-
cifi c indications for colorectal surgery are evolving as new 
evidence comes to light. The clinical outcomes of robotic and 
laparoscopic colorectal procedures have overall been similar. 

 The utilization of robotics for colorectal resection is at 
the discretion of the surgeon. As mentioned above, the use of 
robotics can increase operative time, but once the learning 
curve is overcome, this is not a hindrance to the use of the 
robot. During segmental resections, the robot will allow for 
easier intracorporeal suturing, given the EndoWrist ®  tech-
nology. However, intracorporeal suturing has not translated 
into superior outcomes [ 18 ]. In short, despite the technologi-
cal advantages afforded by the robot, and proven feasibility, 
there have been no tangible clinical improvements reported 
with the use of the robot for colon resections [ 13 ,  19 ,  20 ]. 
Rather, laparoscopic colon resection has the same clinical 
outcomes as robotic colon resection with a lower cost and 
shorter operative time. 

 Currently, however, there may be stronger indications for 
robotic rectal surgery given that studies have shown lower rate 
of conversion when robotic technology is used to facilitate 
total mesorectal excision (TME) [ 12 ,  13 ,  21 ]. The anatomical 
confi nes of the pelvis render rectal surgery more diffi cult 
compared to colon surgery, especially using a minimally inva-
sive approach. Total mesorectal excision demands a high 
degree of precision, since anatomic dissection of the mesorec-
tal envelope allows for the best oncological  outcomes for 
 rectal cancer. Moreover, the degree of diffi culty for TME is 
directly proportional to the size of the pelvis [ 22 ]. Laparoscopic 
TME can be very challenging, especially in males and in 
those with very low tumors and obese patients [ 23 ]. Using the 
nonarticulating laparoscopic instrumentation and obtaining 
an optimal surgical view can become very challenging and 
lead to higher rates of conversion [ 24 ,  25 ]. The abovemen-
tioned advantages of the robot can overcome these challenges 
and, in fact, lead to lower conversion rates [ 12 ,  13 ]. 

 We should point out that there are no absolute 
 contraindications to the utilization of a robot in colorectal 
surgery—only the experience and expertise of the surgeon. 

Similar to laparoscopy, the robot is a tool or approach used to 
complete the same operation as in an open case. The robot 
can be used for diverticular disease, infl ammatory bowel dis-
ease, and malignancy. The loss of haptic feedback may be 
more diffi cult in certain infl ammatory conditions, and extra 
care must be taken when handling infl amed tissue. However, 
the indication should rely mostly on the underlying disease 
process; then consideration should be given to whether or 
not the patient can tolerate a pneumoperitoneum, steep 
Trendelenburg for pelvic cases, and perhaps longer operative 
times that occur with a robotic approach.  

   Equipment 

 The equipment needed for a laparoscopic case, as described 
by Dr. Bafford in Chap.   1    , should be available for all robotic 
cases, especially when using the hybrid approach. Therefore, 
additional towers for insuffl ator, electrosurgical units, and 
extra monitors in rooms that are used for laparoscopic 
and robotic cases are necessary. The operating room setup 
should provide adequate space for staff and large equipment 
and allow the surgeon to have a direct view of the patient 
from the surgeon’s console. The room should also allow 
docking of the robot from several angles (Fig.  24.3 ).

     Robotic System 

 The da Vinci ®  exists in fi ve models: standard, streamline 
(S), S-high defi nition (HD), and S-integrated (i) HD. At the 
time of this writing, the new da Vinci Xi has just been intro-
duced into the market. This system features improved 
robotic arm movements and the ability to introduce the 
camera in any of the arms. The standard system originally 
was a three-arm robot. In 2006, the S-system offered numer-
ous improvements including motorized patient cart, color-
coded optic connection, easier instrument exchange, 
improved trocars, and increased range of motion and reach 
of instruments. The da Vinci ®  surgical system consists of 
three components: the surgeon’s console, the cart with the 
four robotic arms, and the electronic/vision tower 
(Fig.  24.3 ). The HD camera was an addition for the S-HD 
model, while the most recent version includes the enhanced 
HD vision at 1080i, upgrades to surgeon console and ability 
for dual console. 

 The surgeon operates at the console (Fig.  24.4 ); a three- 
dimensional image is obtained through the stereoviewer, 
which can be adjusted via the pod controls. The instruments 
are controlled using the master controllers and foot pedals. 
The surgeon’s instruments and console are only active when 
the surgeon’s head is at the stereoviewer. This allows for 
immediate deactivation of the surgical arms when the 
surgeon looks away from the surgical fi eld.
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   The surgeon controls the instruments via the master 
 controllers using the index fi nger and thumb. The robotic 
technology (without delay) scales, fi lters, and relays the 
information to the instruments. The surgeon should keep in 
mind the ergonomics while using the controllers and should 
be able to sit comfortably without overreaching. The robot is 
dual energy capable, and both monopolar and bipolar instru-
ments can be used simultaneously. 

 The patient cart has 3–4 arms, one of which is the camera. 
Each arm has multiple clutch buttons for gross and fi ne 
movements (Fig.  24.5 ).

      Camera 

 The endoscope is available as a 0° and 30° lens. Our prefer-
ence for robotic colectomy is to use a 30° lens, while 
we normally use a 0° scope for robotic TME. The camera 
system has digital zoom and allows for magnifi cations by 
pressing the left and right arrow keys on the left-side pod 
controls or depressing the camera pedal and moving the mas-
ters together or apart.  

  Fig. 24.3    Operating room setup should include ample room for robotic cart and laparoscopic and robotic towers. The system includes a robotic 
cart, console, and tower.  With permission from Intuitive Medical        

  Fig. 24.4    The da Vinci Si™ console, which includes master controls 
and pedals.  With permission from Intuitive Medical        
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   Instruments 

 As mentioned above, the EndoWrist® instruments allow for 
seven degrees of freedom, 180° of articulation, and 540° of 
rotation. Instruments are reusable but have a fi xed number 
of uses, and the system keeps track of the number. The 
S-model instruments are 57 cm in length with blue housing 
and are made up of release levers, instrument shaft, wrist, 
and tip. Instruments come in a 5 mm “snake joint” (Fig.  24.6 ) 
or an 8 mm “angle joint” (Fig.  24.7 ). The snake joint uses a 
larger radius for rotation when compared to the angle joint. 
Our preferred instruments for colon resection and total 
mesorectal excision include prograsper in Arm 3, fenestrated 
bipolar forceps in Arm 2, and monopolar scissors/hook in 
Arm 1. Given the decreased haptic feedback, caution must be 
used when grasping the tissue. The mesorectum should not 
be grasped since this may cause tearing and bleeding.

        Procedure-Specifi c Considerations 

   Positioning 

 Specifi c precautions as to patient positioning follow the same 
principles discussed in Chap.   2    . However, we will reiterate that 
patients should be secured to the table so that they may not slip 
during the procedures. The use of shoulder and neck restraints 
is strongly discouraged, as these have been reported to cause 

brachial plexus injuries. The authors have successfully used a 
variety of methods including beanbags, gel pads, and the Pink 
Pad™, a proprietary specialized pad specifi cally made for 
patient positing during laparoscopic and robotic cases. For rec-
tal cases, the patient should be positioned so that the operating 
room table and the robotic cart do not hinder access to the anus. 
The docking of the robot is procedure dependent.  

   Port Placement 

 In this chapter we will describe port placement that suits best 
the S/Si systems. It goes without saying that the new Xi plat-
form will considerably change robotic approaches in a variety 
of operations and allow greater freedom in port placement.

  Fig. 24.5    Four-Arm da Vinci Si™ robotic cart.  With permission from 
Intuitive Medical        

  Fig. 24.6    5 mm snake joint Maryland dissector.  With permission from 
Intuitive Medical        

  Fig. 24.7    8 mm angle joint bipolar dissector.  With permission from 
Intuitive Medical        
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The setup described in this chapter have been optimized for 
single and two quadrant surgery in most cases; the new Xi 
system will surely make multi-quadrant robotic surgery much 
more feasible in the near future, but the experience with this 
device is still too limited at the time of this writing to describe 
it in detail. As in laparoscopic surgery, trocars are placed as to 
optimize triangulation, avoid collision within the body, and in 
the case of robotics avoid collision of the robotic arms outside 
the body. The principles of triangulation are maintained by 
assuring that minimum distance between trocars is at least one 
handbreadth apart. Ports should be placed under direct vision, 
and the small bowel swept out of the surgical fi eld prior to 
docking of the robot. 

 We will describe port placement for each procedure below 
and will designate camera port (C), the three robotic trocars 
as R1, R2, and R3. Unless otherwise specifi ed, Arm 1 will be 
docked in R1, Arm 2 in R2, and Arm 3 in R3. Arm 1 will 
usually be the operating arm and will be connected to a 
monopolar scissors, hook cautery, and/or robotic vessel 
sealer. Arm 2 and Arm 3 will provide traction and counter-
traction to aid in dissection. Arm 2 will often be connected to 
bipolar energy. A laparoscopic-assistant port can be helpful 
in further traction and/or suction/irrigation. 

   Right Colectomy 
   Positioning 
 The patient can be placed supine and/or in modifi ed lithot-
omy position. Both arms should be tucked to allow standing 
room for the assistant and the cart. Once entrance into the 
abdomen is gained, and a laparoscopic view deems that 
patient anatomy is feasible to a minimally invasive approach, 
the table should be rotated to the left by approximately 
20–30°. The robotic cart is docked at the patient’s right fl ank, 
and ports placed in the left abdomen as described below. The 
surgeon’s assistant will stand on the left side of the patient.  

   Port Placement 
 The camera port (C) is placed about two fi ngerbreadth to the 
left of midline, midway between the xiphoid and the pubis. 
R1 is an 8 mm trocar that is placed one handbreadth cephalad 
and lateral to C. R2 is an 8 mm trocar be placed one hand-
breadth inferior and medial to C. R3 is placed at a subxi-
phoid position. A 12 mm assistant port can be placed midway 
between C and the left anterior superior iliac spine (ASIS) 
and can be used for stapling, additional retraction, and pass-
ing sutures (Fig.  24.8 ).

      Procedure 
 Once the ports are placed and the patient is appropriately 
positioned, the robot is docked as described above. We prefer 
a medial-to-lateral approach for our colonic resection. The 
right colon is elevated and retracted anteriorly via Arm 3 
(providing countertraction), and Arm 1 and Arm 2 are used 
for dissection and fi ne traction. The ileocolic pedicle is iden-

tifi ed by the tenting of the mesentery and is isolated using 
monopolar cautery via Arm 1, while traction is provided via 
R2. The retroperitoneal structures, the duodenum and the 
head of the pancreas, are carefully swept posteriorly using 
Arm 1 and Arm 2 (Fig.  24.9 ). Once the pedicle is isolated, 
it is divided using the daVinci EndoWrist ®  One™ Vessel 
Sealer, clips, and/or an appropriate laparoscopic vessel 
sealing device or stapling devices inserted via the assistant 
port (Fig.  24.10 ). Our preferred method includes using 
Weck® Hem-o- lok ®  clips and vessel sealing device to divide 
the vasculature. Be sure to take the ileocolic pedicle at its 
origin for cancer cases. Once the ileocolic pedicle is divided, 
the dissection will  proceed above the duodenum and head of 
the pancreas; the mesentery is gently stretched laterally, and 
the right branch of the middle colic artery is identifi ed and 
divided. The terminal ileum and right colon are freed from 

  Fig. 24.8    Right colectomy port placement:  C  indicates camera port; 
 L1  is a 12 mm laparoscopic assistant port.  R1 ,  R2 , and  R3  are 8 mm 
robotic ports.  MCL  midclavicular line,  ASIS  superior iliac spine.  With 
permission from Intuitive Medical        

  Fig. 24.9    The retroperitoneal structures, the duodenum and the head of 
the pancreas, are carefully swept posteriorly using Arm 3 for anterior 
retraction and Arms 1 and 2 for dissection       
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their attachment to the pelvic sidewall and abdominal wall. 
Arm 3 will retract medially, while Arm 2 creates countertrac-
tion and Arm 1 takes down the line of Toldt via monopolar 
cautery. Once the bowel is fully mobilized, it can be extracted 
via a minilaparotomy for extracorporeal anastomosis. 
However, our preferred method is to create an intracorporeal 
anastomosis and extract via Pfannenstiel incision (Fig.  24.11 ). 
This is accomplished by aligning the terminal ileum and the 
transverse colon in an isoperistaltic fashion, creating an 
enterotomy and a colotomy, and fi ring a single 60 mm linear 
stapler cartridge to create the side-to-side anastomosis. The 

enterotomy can then be closed robotically in a running fash-
ion using absorbable sutures (Fig.  24.12 ).

          Left Colectomy/Low Anterior Resection 
   Positioning 
 If a totally robotic approach is planned, the robot may need 
to be docked twice for left/sigmoid colectomy to allow for a 
full splenic fl exure mobilization and then re-docked for the 
left colon mobilization. The splenic fl exure mobilization will 
be most effectively conducted via the left shoulder approach, 
and the colon can be mobilized via the left hip approach. 

 The robot may also have to be re-docked for a fully robotic 
low anterior resection to allow for optimal visualization and 
triangulation during the case. However, our preferred approach 
for a low anterior resection is via a hybrid approach, utilizing 
a laparoscopic medial-to-lateral colonic mobilization and ves-
sel ligation followed by the docking of the robot for the low 
pelvic part of the operation. We fi nd this be to be a less cum-
bersome and more effi cient use of the robot. 

   Colonic Mobilization and Vessel Ligation 
 The patient is placed in modifi ed lithotomy position with 
both arms tucked. Once entrance into the abdomen is gained 
and the small bowel is swept out of the pelvis and packed in 
the right upper quadrant, the bed is rotated with the left side 
elevated by approximately 20–30°. The robotic cart is docked 
from a left hip approach. The assistant will stand on the right 
side of the patient.  

   Total Mesorectal Excision (Hybrid Approach) 
 After the completion of the splenic fl exure and colon mobili-
zation and vessel ligation, the patient is placed in Trendelenburg. 
The robot is docked from a left hip approach [ 26 ]. The robot 
can also be docked at the pelvis [ 10 ]. The placement of robotic 
cart at the pelvis will limit access to the anus for digital rectal 
exams, transanal stapling, and endoscopy during the case. The 
surgeon’s assistant will stand on the right side of the patient.   

   Port Placement 
   Left Colectomy 
 The camera port (C) is placed about two fi ngerbreadths to 
the right of the midline, midway between the xiphoid and the 
pubis. R1 is a 12 mm trocar placed midway between C and 
the right ASIS. The robotic or the laparoscopic stapler will 
use R1. R2 is an 8 mm trocar placed one handbreadth cepha-
lad to C. R3 is an 8 mm trocar, placed one handbreadth ceph-
alad to R2 in the left upper abdomen. Again, this will provide 
traction and countertraction. The assistant port (5- or 12 mm 
port) is placed in the right lateral mid-abdomen (Fig.  24.13 ).

      Low Anterior Resection 
 Camera port (C) is placed in the midline halfway between 
the xiphoid process and symphysis pubis. R1 is a 12 mm 
 trocar inserted in the midclavicular line (MCL) halfway in 

  Fig. 24.10    The robotic vessel sealer device is used to divide the ileo-
colic pedicle       

  Fig. 24.11    Intracorporeal anastomosis is created by aligning the termi-
nal ileum and the transverse colon in an isoperistaltic fashion and fi ring 
a single 60 mm linear stapler cartridge to create the side-to-side 
anastomosis       

  Fig. 24.12    The enterotomies are closed using an intracorporeal 
suturing       
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between C and the right anterior superior iliac spine (ASIS). 
This port can be used for ileostomy placement and is used for 
the stapler. R2 is an 8 mm trocar inserted as a mirror image 
of R1. R3 is an 8 mm trocar inserted 8–10 cm lateral to R2, 
usually directly above the left ASIS. A fi rst laparoscopic- 
assisted port (L1) is a 5 mm trocar inserted in the MCL about 
12 cm superior to R1 (this port can be converted to a 12 mm 
trocar for stapling a very low rectum if necessary at the com-
pletion of the proctectomy). A second laparoscopic port (L2) 
is a 5 mm port inserted halfway between the MCL and mid-
line about 12 cm superior to L1. R1, the two laparoscopic 
ports, and C are used during the laparoscopic section of the 
hybrid approach. The same port placement can be used for 
all rectal cases including pelvic mass excision, rectopexy, 
and abdominoperineal resection. We prefer a hybrid 
approach, which consists of laparoscopic medial-to-lateral 
dissection of the colon using R1, L1, and L2, followed by a 
robotic TME (Fig.  24.14 ).

       Procedure 
   Laparoscopic Splenic Flexure Mobilization and Medial-to- 
Lateral Dissection of the Left Colon 
 For a complete resection that will need the colon to reach 
toward the pelvis, dissection is usually begun at the inferior 
mesenteric vein (IMV), which is found lateral to the ligament 
of Treitz. Once the IMV is clipped, the left colon is elevated 
and retracted anteriorly, and the inferior mesenteric artery 
(IMA) is now tented within the mesentery. Using blunt dis-
section, the retroperitoneal structures are identifi ed and swept 
posteriorly. At this junction, care is taken to avoid injury to 
the hypogastric nerves. Once the left ureter is identifi ed, the 

vessel is ligated at its origin (for cancer operations) using 
clips, a vessel sealing device, or a stapler (Video  24.1 ). 

 The left colon is retracted medially, and the colon is mobi-
lized off the left abdominal sidewall. The splenic fl exure is 
then taken down by entering the lesser sac, and the colon 
attachments to the spleen are completely divided together 
with the gastrocolic ligament. Care should be taken to avoid 
injury to the tail of the pancreas. Mobilization should be tai-
lored to the procedure and the length of the colon needed to 
allow for a tension-free anastomosis.  

   Total Mesorectal Dissection 
 The robot is docked as described above, and dissection is 
begun posteriorly. The assistant retracts the rectum cephalad 
and anterior using L2 and provides countertraction via L1; 
the surgeon at the console will use Arm 3 for retraction and 
Arms 1 and 2 to develop the plane of dissection within the 
mesorectal space between the mesorectum and the presacral 
fascia. Dissection is carried fi rst posteriorly toward the coc-
cyx as distal as possible following the areolar plane between 
the fascia propria and the presacral fascia, then laterally, tak-
ing care to avoid injury to the pelvic autonomic plexus that 
resides in this location (Video  24.2 ). Dissection is lastly car-
ried anteriorly using Arm 3 to retract anteriorly and Arm 2 
to push the rectum posteriorly. Ultimately, Denonvilliers’ 
fascia/pouch of Douglas (rectovesical/rectovaginal pouch) is 
entered by incising the peritoneal refl ection between the 
anterior wall of the rectum and posterior wall of the vagina 
or the seminal vesicles. Dissection is carried below the level of 
the tumor. Separation of the low rectum from its attachments 

  Fig. 24.13    Left colectomy port placement:  C  indicates camera port; 
 L1  is a 5 mm or 12 mm laparoscopic assistant port.  R1  is a 12 mm 
robotic trocar.  R2  and  R3  are 8 mm robotic ports.  MCL  midclavicular 
line,  ASIS  superior iliac spine.  With permission from Intuitive Medical        

  Fig. 24.14    Robotic-assisted laparoscopic low anterior resection port 
placement for a hybrid approach.  C  indicates camera port;  L1  and  L2  
are laparoscopic 5 mm ports.  R1  is a 12 mm robotic port, and  R2  and  R3  
are robotic 8 mm ports.  MCL  midclavicular line,  ASIS  superior iliac 
spine.  With permission from Intuitive Medical        
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to the pelvic fl oor musculature can be carried out very 
 effectively secondary to the articulating robotic instruments. 
At the most distal end of the rectum, the mesorectum 
ends, and the naked surface of the rectum will become obvi-
ous. Several digital rectal examinations are necessary 
together with intraoperative endoscopy, if necessary, to 
assess the location of the tumor and ensure an adequate distal 
margin. Once clear distal margins are achieved, the bowel is 
divided via either R1 (using the robotic stapler or by the 
assistant using a laparoscopic approach) or R2 depending on 
the amount of retraction needed to expose the surface of the 
rectum (Video  24.3 ). 

 After undocking the robot, the bowel is extracted through 
a Pfannenstiel incision, and the proximal colon is divided 
extracorporeally. After insertion of the appropriate anvil, an 
anastomosis using an EEA stapler is then performed under 
laparoscopic vision. 

 Transanal extraction is also a possibility by placing 
a wound protector through the rectum. The specimen is 
 delivered via the anus, and extracorporeal resection can be 
achieved and the specimen placed back into the abdomen. 
Then using a PDS suture, the rectal stump is closed in a single 
layer around the stapling device spike, and the anastomosis is 
achieved via a single stapling technique (Video  24.4 ). 

 This approach can also be applied to abdominoperineal 
resections (APR). We prefer, in most cases, an extra-levator 
APR. Once the TME is completed, the dissection is carried 
distally, avoiding “coning” in at the level of the levators 
and its associated “waist” in the specimen. Rather, a wide 
resection of the levators near their origin is carried out prior 
to continuing the dissection distally into the ischiorectal fat 
as far as feasible just before encountering the perineal skin. 
Once this is accomplished, the robot is undocked, and a 
circumferential incision around the anus from the perineal 
body to the coccyx, and laterally to the tuberosities, is 
made from a perineal approach until the previous dissec-
tion plane is met. The perineal incision is then closed in 
three layers. The use of drains is at the discretion of the 
surgeon.    

   Hybrid Approach vs. Total Robotic Approach 
 The exact approach to robotic cases is again surgeon depen-
dent. There are no studies that would dictate one approach is 
superior to another. However, each approach has its inherent 
advantages and disadvantages. A total robotic approach can 
be used in a right and left colectomy, as well as a low anterior 
and abdominoperineal resections. For a total mesorectal 
excision with splenic fl exure mobilization, the total robotic 
approach can be disadvantageous in that it requires addi-
tional time for the surgeon to re-dock in order to facilitate the 
splenic fl exure mobilization. Also multiple re-docking will 
require precise port placement that will avoid collision of the 
operative confi guration of the robot as multiple quadrants are 
accessed. 

 The hybrid approach specifi es that a portion of the case be 
performed laparoscopically. This is mainly utilized in low 
anterior resections. For a low anterior resection, the mobili-
zation of the splenic fl exure, left colon, and vessel ligation 
is performed laparoscopically as described above. The robot 
is docked for total mesorectal excision. This approach allows 
for the robot to be used for its maximal benefi t, which 
becomes apparent in the narrow confi nes of the pelvis. 
Robotic surgeons should be profi cient in advanced laparo-
scopic surgery, and therefore, it may be easier to perform the 
portions of the operation that require change in patient posi-
tion via laparoscopy.    

   Pearls and Pitfalls 

 The robotic surgeon must become profi cient with the follow-
ing tasks:
    1.    Overcoming the loss of tensile and tactile feedback by:

   (a)    Recognizing visual cues with regard to tension and 
manipulation of the tissues.   

  (b)    Conceptualizing the spatial relationships of robotic 
instruments and reposition safely without direct 
visualization.   

  (c)    Minimizing external collision and optimizing range 
of motion of robotic arms by mentally visualizing the 
spatial relationships of the robotic arms and external 
clashing and optimizing maneuverability and range of 
motion.       

   2.    Expert laparoscopic skills prior to the utilization of the 
robotic technology can facilitate the acquisition of the above 
tasks.     

  Avoid Complications :
    1.    Keep in mind that the principles of laparoscopic surgery 

such as triangulation and visualization continue to apply 
with robotic surgery:
   (a)    Make sure you maintain adequate visualization of 

surgical fi eld. Instruments should always be in the 
fi eld of view.   

  (b)    Place ports at least one handbreadth or 10 cm apart to 
reduce the risk of arm collisions.       

   2.    Novices should familiarize themselves extensively and 
train with the robot, the instruments, as well as the con-
sole in a simulator setting prior to embarking on live 
surgery.   

   3.    The surgeon needs to be aware of the lack of haptic 
feedback:
   (a)    Extra care must be taken to handle tissue gently, espe-

cially when the bowel is friable as seen in acute ulcer-
ative colitis and Crohn’s patients.   

  (b)    During total mesorectal excision, avoid grabbing the 
mesorectum; rather, gently retract the rectum via the 
fenestrated bipolar graspers.       
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   4.    Make sure that you are aware of all instruments:
   (a)    Failure to keep activated instruments in view may 

cause inadvertent injury.   
  (b)    Be sure that the correct arms are activated and that the 

activated instruments are in view.   
  (c)    A good technique is to use the fourth robotic arm for 

retraction, deactivate this arm and keep in position, 
while using the two other active arms.       

   5.    The fourth robotic arm should be used for every case to 
aid in traction/countertraction.   

   6.    Choose the robotic cart position to best suit the 
operation.   

   7.    The hybrid approach is effi cient and allows for one 
docking.    

       Disclosure   Drs. Pigazzi and Rivadeneira serve as consultants for 
Intuitive Surgical (Sunnyvale, CA).  
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          Key Points 
•     TAMIS improves vision and accessibility when perform-

ing transanal procedures resulting in superior outcomes.  
•   Accurate preoperative evaluation of tumors is required to 

ensure good outcomes.  
•   The authors advise pre-dissection circumferential mark-

ing of dissection area around tumor.  
•   Standard laparoscopic equipment can be used with the 

TAMIS platforms; however, advanced innovative equip-
ment is available to simplify diffi cult steps, if required.  

•   Post-excision rectal defect closure is ideal but not 
essential.  

•   Peritoneal entry when excising high rectal lesions can be 
repaired simply by a combined laparoscopic and TAMIS 
approach.     

    Introduction 

 There has been a recent resurgence in the interest in transanal 
resections due to advances in technology and techniques, 
along with the efforts of pioneering surgeons. Traditionally, 
poor visualization and access, in particular when dealing 

with rectal lesions further than 5 cm from the anal verge, 
made conventional transanal resections unfavorable. How-
ever, the introduction of transanal endoscopic microsurgery 
(TEMS) in the 1980s dramatically advanced transanal visi-
bility and access, which contributed to improved postopera-
tive outcomes [ 1 ]. TEMS offers superior quality of resections, 
with decreased local recurrence and improved survival when 
compared to conventional transanal resections. 

 TEMS utilizes a fi xed platform with a 40 mm diameter 
and a varying length rigid sigmoidoscope that is attached to a 
fi xed articulating stabilizer arm. The TEMS scope has bin-
ocular vision or a standard laparoscope and additional work-
ing instrument ports. A specialized insuffl ator allows constant 
low-pressure distension in combination with  suction and 
 irrigation. This permits a single surgeon using specialized 
TEMS instruments to perform rectal surgery within a visual 
fi eld of 180–210°. Due to the steep learning curve, position-
dependent limitations, and costs, TEMS has been largely 
restricted to subspecialty units and surgeons worldwide. 

 The recent introduction of transanal minimally invasive 
surgery platforms has made transanal microsurgery more 
accessible to colorectal surgeons and led to a resurgence of 
this technique. Two FDA-approved surgical platforms, the 
GelPOINT path (Applied Medical, Rancho Santa Margarita 
CT) and the SILS™ port (Covidien, Samford, CT), exist in 
the United States [ 2 ,  3 ] (Fig.  25.1 ). In combination with 
these access devices, standard insuffl ators and traditional 
laparoscopic instruments afford excellent intraluminal visu-
alization of the rectum and proximal reach of tumors as high 
as 15 cm. In early studies, TAMIS has shown to confer all of 
the advantages of TEMS with improved excision of neo-
plasms when compared to traditional transanal excision [ 4 ]. 
Furthermore, the short learning curve compared to TEM, 
especially for surgeons already facile with basic laparoscopic 
skills, as well as the inexpensive initial cost makes TAMIS 
an attractive alternative [ 5 ].

   Traditionally, transanal resections were reserved for 
 treatment of benign lesions or malignant lesions in pati-
ents not otherwise suitable for classical oncologic resection. 
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With a growing understanding of colorectal tumor biology, 
disease progression, and advances in medicine, selected 
malignant tumors are preferentially being treated by local 
excision transanally to negate the morbidity and mortality 
of a major resection [ 4 ,  6 ]. As skills and instrumentation 
evolved, there has been an increasing interest in TAMIS as a 
key instrument in transanal total mesorectal excision of rec-
tum and in natural orifi ce tumor extraction (NOTES) proce-
dures; however, these are currently still in the early stages of 
development [ 7 ]. Anecdotal evidence suggests that the trans-
anal total mesorectal excision (ta-TME) of the rectum offers 
signifi cant advantages, particularly in patients with low-
lying tumors, internal sphincter involvement, and especially 
in the narrow, diffi cult pelvis typical of the obese male [ 8 ].  

    Indications for TAMIS 

 The indications for TAMIS in the resection of tumors are the 
same as for TEMS. This includes benign, premalignant, and 
selected malignant rectal tumors that are not suitable for endo-
scopic resection and otherwise would require low anterior 
resection with or without colostomy. Traditionally, lesions 
should not occupy more than 30 % of the luminal diameter. 
However, in the experience of the authors, larger lesions and 
even circumferential sleeve excisions have routinely been fea-
sible. Well-selected malignancies include tumors less than 
3 cm, well-to-moderately differentiated tumors, early submu-
cosal invasion (T1 sm1, sm2), and no evidence of lymphovas-
cular invasion or other poor pathologic features that increase 
the risk of lymph node metastasis. Patients with advanced dis-
ease have also been offered TAMIS for palliation instead of a 
larger non-curative abdominal procedure. The maximum height 
of lesions that can be readily accessed and subsequently 
removed from the rectum varies. However, from our experience 

of 125 patients requiring rectal tumor resections, we are able to 
successfully excise all lesions that could be visualized by offi ce 
proctoscopy without prohibitive patient discomfort. In the 
same series, several patients had rectal tumor excisions between 
14 and 16 cm from the anal verge [ 4 ,  9 ]. 

 The “gold standard” for rectal cancers has traditionally 
been the low anterior resection (LAR) or abdominoperineal 
resection (APR) [ 10 ,  11 ]. These operations carry with them 
signifi cant morbidity and mortality, including anastomotic 
leak, urinary and sexual dysfunction, fecal incontinence, and 
almost universally chronic functional changes or low ante-
rior syndrome [ 12 ,  13 ]. In well-selected T 1 N 0  cancers, where 
the risk of nodal spread is low, TAMIS offers local rectal 
excision with curative intent and signifi cantly reduced risk of 
morbidity and mortality. In fact, although several studies 
have demonstrated increased rates of locoregional recur-
rence, no comparison has ever demonstrated a survival 
advantage of radical resection over transanal excision. 
Ongoing randomized trials should further help delineate this 
controversial issue (TREC trail, Birmingham University 
Hospital, UK). 

 Current indications for TAMIS may also be broadened to 
include local excision of the “scar”—grossly negative lesions 
in patients with locally advanced rectal cancer after neoadju-
vant therapy—for the purpose of confi rming complete local 
pathological response (ypT0) [ 14 ]. Modern neoadjuvant 
chemoradiotherapy can offer up to 20–50 % of patients with 
rectal adenocarcinoma a complete pathological response 
[ 15 ,  16 ]. In this subset of patients, LAR or APR can be 
avoided with fairly low risk. If radical resection is ultimately 
required following transanal excision because of margin pos-
itivity, preoperative understaging, or adverse histological 
features, this can be performed with no negative long-term 
impact on survival or cure. Delay in surgery for 6 weeks or 
longer to allow the mesorectal defect to heal in order to 
maintain the “holy plane” is recommended.  

    Preoperative Work-Up 

 Optimal management of rectal tumors is dependent on 
obtaining accurate and detailed staging information at the 
time of diagnosis. Therefore, all patients should undergo 
adequate oncologic preoperative evaluation including full 
assessment of the colon by colonoscopy or other radio-
graphic means to rule out synchronous lesions. Digital    rectal 
assessment and proctoscopy/sigmoidoscopy should also be 
performed in order to determine sphincter tonicity, confi rm 
tumor height, and verify orientation. Local tumor and lymph 
node staging should be performed by endoanal ultrasound, 
MRI with endorectal endocoil, or 3-T MRI. Any of these 
modalities can provide detailed information about tumor 
depth and lymph node involvement, with MRI providing 

  Fig. 25.1    The port shown with instruments in the trocars       
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additional information regarding extramural vascular invasion 
(EMVI), threatened circumferential resection margin (CRM), 
and mucin deposits—all of which are negative prognostic 
markers and can infl uence treatment options [ 17 – 19 ]. For 
malignant lesions, metastatic workup with computed tomog-
raphy of the chest, abdomen, and pelvis is performed as well 
as consideration of combined CT/PET scan.  

    Technique (Videos  25.1  and  25.2 ) 

 Mechanical bowel preparation is recommend for all patients 
to maximize visualization of the rectum with minimal con-
tamination. The authors routinely have good results using 
only two phosphate enemas preoperatively. For inadequate 
bowel preparation, transanal lavage using a proctoscope or 
catheter system can be performed, but this technique is not 
ideal. If visualization is impaired in any way after these 
maneuvers, the procedure should be terminated and resched-
uled with a more thorough preparation. A single dose of 
intravenous antibiotic is given approximately 30 min before 
the procedure. TAMIS can be performed in any position. The 
authors fi nd the high lithotomy position most advantageous 
for the anesthesiologist and surgeon because it permits the 
surgeon to perform the operation while sitting comfortably 
and with minimal neck strain with the viewing monitor 
placed between the patient’s legs, while providing the anes-
thesiologist ready access to the airway (Figs.  25.2  and  25.3 ). 
The versatility of the TAMIS ports ensures the surgeon can 
gain good access to the lesion from the lithotomy position 
regardless the position of the tumor, unlike the TEM system. 
Positioning in Trendelenburg provides an advantageous view 
into the rectal lumen throughout the procedure, particularly for 
anteriorly based lesions that require challenging positioning 

when using traditional TEM. The authors have used lateral or 
prone position at times, but when using the TAMIS port, we 
have not found any intraoperative limitations due to the loca-
tion of the lesion when using the high lithotomy. In addition, 
the abdominal cavity may be easily accessed if the need 
arises intraoperatively.

    All current transanal access devices are deployed using 
similar techniques. Gentle two-fi nger dilatation is performed 
with or without a perianal block. The port is inserted into the 
rectum either by hand or ringed forcep with generous lubri-
cation until it seats at the anorectal ring. An obturator is often 
used to facilitate placement when using the GelPOINT path 
or Endorec port (Aspide Medicale, La Talaudiere, France). 
Confi rmation of the correct placement is followed by place-
ment of stay sutures through the port eyelets or port itself. 
Although port dislodgement in a properly deployed device is 
a rare event, stay sutures can prevent the port from rotating 
during the procedure and inadvertently changing the location 
of the camera and working ports, thereby also minimizing 
trauma to the anorectal canal. Newer-designed access devices 
permit some variation in port placement to minimize instru-
ment collisions; however, generally three 5 mm ports are 
placed in a triangular orientation. 

 Adequate insuffl ation is generally the most critical com-
ponent to a successful procedure and ideally achieves a 
tensely distended rectum for the duration of the procedure. 
The insuffl ation port should be placed on the top of the port 
so that you are not insuffl ating through any pooled blood. 
Insuffl ation is achieved with a standard laparoscopic insuf-
fl ator at 15 mmHg pressure on high fl ow, although the pres-
sure may be increased as needed. Pressures as high as 
25 mmHg have been attained using bariatric insuffl ators. 
To date, there have been no reports of barotrauma or other 
adverse events to the colon or rectum as a result of insuffl ation. 
Complete relaxation with general endotracheal anesthesia is 

  Fig. 25.2    The patient position is shown during the operation as well as 
the surgeon positioning       

  Fig. 25.3    The monitors are placed to provide the most comfortable view       
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critical to prevent collapse of the rectum or, subtler though 
equally distracting, bellowing during respiration, the effects 
of which are magnifi ed during excision of small neoplasms. 
Recently, spinal anesthesia has been described to perform 
TAMIS without diffi culty; however, any problems should 
prompt early conversion to a full general anesthetic [ 9 ]. 
Although nearly every surgeon performing TEM or TAMIS 
has at some point experienced diffi culty with poor insuffl a-
tion, a series of routine laparoscopic troubleshooting strate-
gies will almost always resolve this suffi ciently to allow 
completion of the procedure. 

 There are multiple options for instrument selection for the 
procedure. A 5 mm 30° camera is optimal because it pro-
vides high-defi nition visualization for the procedure with the 
ability to manipulate the angle of the scope based on tumor 
location. A larger camera and corresponding trocar may be 
used, but the smaller size is preferable in light of the already 
small working area and increasingly high-quality picture of 
smaller laparoscopes. Using a standard colonoscope to 
 provide a wider visual fi eld with more fl exibility has been 
described by Mclemore [ 20 ]. Articulating cameras have also 
been used, but this requires an experienced camera holder 
and, in most cases, additional expense. The authors have not 
found that the articulation benefi ts outweigh the grainier 
image quality. 

 In general, the basic instruments should function to grasp 
and bluntly dissect tissue, to provide cautery, and to evacuate 
smoke and any blood. The majority of procedures can be 
performed with a Maryland dissector for fi ne grasping and 
either a needle-tip or spatula cautery attached to a suction 
irrigator. If needed, cautery can be connected to the Maryland 
dissector for coagulation of a bleeding vessel which com-
monly occurs in the mesorectal fat. More troublesome bleed-
ing can often be controlled with ease using one of many 
bipolar energy devices or ultrasonic dissectors. This added 
luxury might be of signifi cant benefi t for more proximal 
lesions where retraction is limited and bleeding is more dif-
fi cult to stop. The use of extra-long instruments may prove 
benefi cial to some in minimizing instrument or hand 
collisions. 

 Whether using traditional TEM or newer transanal plat-
forms, the quality of resection is paramount. The true marker 
of outcomes for this procedure is the quality of the specimen. 
Given the increased rate of resecting malignancies of the rec-
tum with this technique, as well as the malignant potential of 
adenomas, an accurate, well-executed, technically correct 
operation with strict indications is imperative. The procedure 
begins by marking with cautery the intended resection mar-
gins on the mucosa 5 mm to 1 cm away from the tumor 
(Fig.  25.4 ). A mucosal or full-thickness incision is then per-
formed at the most distal marking (Fig.  25.5 ). As the tension 
changes, retraction is frequently adjusted by grasping the 
 tissue as close as possible to the dissection site and using 

short bursts of monopolar cautery. This is a very dynamic 
 procedure that requires frequent changes in laparoscope 
angulation and retraction angles. Also, there may be a benefi t 
to exchanging the instruments and camera into different 
ports to gain a better view or working angle as needed. Direct 
tumor grasping should be avoided to prevent tumor frag-
mentation and possible seeding. When performing a full- 
thickness excision in the correct plane just into the perirectal 
fat deep to the muscularis propria, the areolar tissue begins to 
pneumo-dissect from the insuffl ation pressure. Advancing 
and retracting the lesion proximally into the rectum while 
working “underneath” the tumor is the easiest technique. 
The lesion is slowly encircled while dissecting more proxi-
mal in the rectum, frequently reassessing the proximal 
 margin (Figs.  25.6 ,  25.7 ,  25.8 ,  25.9 , and  25.10 ). Finally, the 
proximal margin is divided and the lesion detached, again 
facilitated by retracting proximally into the rectum rather than 
pulling the lesion towards the camera and the port (Fig.  25.11 ). 

  Fig. 25.4    The tumor resection margins are outlined with cautery at the 
outset of the procedure. The margin of normal tissue that is included in 
the specimen will serve as a handle to grasp the tissue and provide 
traction       

  Fig. 25.5    The tumor outline is completed. The effects of the pneumo- 
dissection and the amount of contracture of the tissue start to be notice-
able at this point       
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Specimen extraction should be performed at completion of 
resection and prior to closure to maintain specimen integrity 
and avoid accidental proximal migration. The specimen is 
then pinned in place or marked per surgeon and pathologist 
preference (Figs.  25.12  and  25.13 ). The majority of plat-
forms accommodate extraction by allowing removal of the 
faceplate; however, some ports require removal of the entire 

device with reinsertion for closure. Irrigation of the excision 
bed with dilute betadine, presumably for its tumoricidal and 
bactericidal effects, is a common practice. However, no evi-
dence-based literature exists to support this technique.

            For tumors that are extremely low, in the distal rectum and 
even abutting the dentate line, a hybrid technique can maintain 
all the benefi ts of TAMIS and facilitate a superior resection. 

  Fig. 25.6       The tumor is cauterized in the full-thickness plane. The trac-
tion applied to allow easy cauterization of the tissue is well demonstrated       

  Fig. 25.7    Dissection continues on the medial side. Notice the full-
thickness dissection       

  Fig. 25.9    Continued full-thickness dissection on the inferior aspect of 
the lesion. Notice the excellent hemostasis       

  Fig. 25.8    As the dissection continues in the full-thickness plane, trac-
tion allow excellent visualization       

  Fig. 25.10    Dissection continues in the previously marked lateral 
boundary to complete the resection       

  Fig. 25.11    The size of the defect can be appreciated in this defect. 
It was approximately 40 % of the circumference of the rectum       
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Although these can be performed with traditional anorectal 
retractors to avoid additional expense, we believe that use of a 
transanal port is extremely advantageous in bulky friable vil-
lous tumors, circumferential or near circumferential tumors, 
or lesions that extend more proximally into the rectum. The 
distal incision is made prior to port insertion with dissection 
carried proximally a short distance. This is followed by port 
deployment and standard excision once the mass is above the 
anorectal ring, where the port will be seated. 

 Closure is performed by placing a suture for traction at 
the midportion of the proximal rectal wall followed by port 
removal and replacement with an anorectal retractor. Easy 
closure is permitted with perfect alignment of the rectal wall. 
There is no consensus as to whether it is necessary to close 
the remaining mural defect in the rectal wall. Certainly, this 
can be the most diffi cult component of the operation. 

Extraperitoneal full-thickness resections can be left to heal 
without closure of the defect. This technique almost certainly 
arose from the amount of diffi culty and time it took to close 
a defect with conventional transanal surgery, as well as the 
common belief that wound dehiscence and abscess are a 
regular occurrence. Aside from the aesthetic pleasure, the 
authors recommend closure of all defects with a 2-0 or 3-0 
absorbable sutures for postoperative hemostasis. In addition 
to minimizing bleeding complications, the wound usually 
remains closed at postoperative offi ce proctoscopy, and this 
facilitates quicker healing. 

 Laparoscopic suturing with traditional laparoscopic nee-
dle holders is challenging due to the ergonomic diffi culties 
of suturing within a confi ned space. Wound closure can 
be performed using interrupted, fi gure-of-eight, or running 
sutures. Initially, decreasing the insuffl ator pressure by 
3–5 mmHg can “shrink” a seemingly daunting defect to one 
that is more manageable. Defects should be closed from 
proximal to distal and not side to side to avoid narrowing of 
the lumen. Given the compliance of the rectal wall, it is 
uncommon to have to mobilize the proximal rectum to 
oppose the wound. Dividing the defect into two sections by 
re-approximating the midportion of the defect can be helpful 
(Fig.  25.14 ). Intracorporeal knot tying is time consuming 
and diffi cult and can be avoided using a standard 25 cm lapa-
roscopic knot pusher or an automated suture tying device. 
Alternatively, performing a continuous sutured closure with 
a barbed suture avoids the need to tie altogether. The use of 
modern laparoscopic suture devices endoluminally to close 
defects can dramatically shorten the learning curve and 
improve precision of closure, but requires increased procedural 
costs (Endostitch, Ethicon, Cincinnati, OH; LSI, Covidien, 
CT). With practice, given the minimal increase in operative 
time and technical diffi culty, the authors feel that closure is 
warranted to minimize any complications (Fig.  25.15 ).

    Entry into the peritoneal cavity is not an uncommon 
occurrence with anterior-based tumors, especially in women 
where the peritoneal refl ection is lower and is surrounded by 

  Fig. 25.12       A full-thickness specimen after extraction. The mesorectal 
fat is evident on the portion of the specimen that was not anterior       

  Fig. 25.13    Notice the perirectal fat on the posterior aspect of the tumor 
to confi rm full-thickness resection       

  Fig. 25.14    The defect is fi rst re-approximated at the midportion using 
an absorbable stitch       
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less perirectal fat (Fig.  25.16 ). This should be anticipated by 
tumor localization on preoperative proctoscopic evaluation 
and appropriate precautions and discussion with the patient. 
During the early history of TEM, this commonly necessi-
tated conversion to laparotomy with the need for resection 
and frequently colostomy. In addition, the potential for trans-
peritoneal seeding in the setting of malignancy was a com-
mon concern. More recently, Gavagan demonstrated this to 
be a low-risk event, which does not mandate conversion [ 21 ]. 
Obviously, a secure closure becomes mandatory. A two- layer 
closure of outer peritoneum fi rst followed by full- thickness 
closure of the rectal wall is recommended. In this scenario, 
some surgeons have suggested a water-soluble contrast study 
the following morning prior to discharge. In our experience 
with peritoneal entry during TAMIS, we have had two cases 
where insuffl ation failed to maintain distention of the rectum 
to permit adequate closure. In both of these instances, lapa-
roscopy with suture closure of the peritoneal defect from the 
abdominal side allowed reestablishment of the pneumorectum 

with completion of the closure endoluminally. These patients 
were discharged the following day without further studies.

   Minimal postoperative care with same-day discharge can 
be accomplished in most patients, except those with exces-
sive comorbidities. No postoperative antibiotics are required 
and patients may resume normal diet and activity immedi-
ately. Postoperative surveillance of adenomas over the initial 
postoperative year can be performed with proctoscopy at 
regular intervals. Small recurrences can often be removed 
with endoscopic techniques. Patients with malignancy 
should be followed by standard NCCN or locoregional 
guidelines with quarterly follow-up and CEA levels. Serial 
MRI or endoscopic ultrasound has been advocated for early 
detection of mural and mesorectal recurrences that tend to 
occur following local excision; however, no standard guide-
lines currently exist. If “salvage” operation is required for 
patients with more advanced lesions than suspected preop-
eratively or with later fi ndings of nodal disease, no negative 
prognosis has thus far been associated with the initial TAMIS 
approach followed by abdominal surgical resection in our 
experience.  

    Pearls and Pitfalls 

•     Select your patients wisely, especially at the beginning. 
Posterior, <3 cm, mid-rectal lesions are often the best can-
didates. Even if they can be performed by traditional 
transanal methods, use TAMIS for increased visualization 
and better instrumentation.  

•   Position the patient and set up the room to maximize 
ergonomics. These are complex operations, but will only 
become harder if you are uncomfortable with the instru-
mentation and straining (Figs.  25.17 ,  25.18 , and  25.19 ).

  Fig. 25.15    The wound is shown nearly closed, with only the last suture 
requiring a tie. The lumen is clearly visible and is not narrowed with the 
closure       

  Fig. 25.16    An anterior rectal mass leading to entry into the peritoneal 
cavity is shown from an abdominal perspective. The loss of pneumorec-
tum made closure not possible transanally and required placement of 
laparoscopic trocars. The peritoneal wound was closed with interrupted 
sutures, and the rectum was then re-insuffl ated and closed with inter-
rupted sutures as well       

  Fig. 25.17    The instruments are positioned at a comfortable height       
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•        Ensure you have adequate margins. Marking your bound-
aries of resection closer to 1 cm at the onset of the case, 
especially in your early experience, and ensuring you 
have a full-thickness excision are imperative. Although 
the defect will be slightly larger, it is better than the alter-
native of positive margins.  

•   It is imperative that your anesthesiology team has com-
pletely paralyzed the patient and continues to re-dose 
 during the procedure as needed. Failure to ensure this is 
done will compromise your visualization.  

•   Take care of the troublesome bleeding right away. Don’t 
let small nuisance bleeding obstruct your visualization.  

•   Although the lesion is fi xed, be active in changing angles 
of the camera and of changing which ports your instru-
ments and cameras use. Impossible angles typically 
become very easy when the perspectives are changed.  

•   Immediately prior to transecting the fi nal attachments on 
the specimen, ensure you have proper orientation prior to 
removal to assist in marking the boundaries for pathology. 
A grasper placed on the anterior (i.e., distal) midline facil-
itates this process.  

•   Attempt intracorporeal suturing in easy cases, but don’t 
waste time, effort, and frustration—use one of the described 
methods above to make things much easier.  

•   Preoperatively discuss with your patient the potential for 
an inability to complete the case purely via TAMIS and 
the possibility of abdominal exploration if peritoneal 
entry occurs.     

    Conclusion 

 Transanal minimally invasive surgery is a feasible technique 
that has maximized the advantages introduced by minimally 
invasive techniques and evolving laparoscopic instrumenta-
tion. The improved access to the rectum enhances visualiza-
tion, improves resection, and extends the upper limits of 
resection in comparison to traditional transanal excision. 
TAMIS should be a part of every colorectal specialist’s 
armamentarium.     

  Disclosures   Dr. Quinteros and Dr. Thiruppathy have no disclosures. 
Dr. Albert is a paid speaker, program director, and consultant for 
Applied Medical and is a speaker for Lifecell.  
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         Key Points 
•    The technique of combined endo-laparoscopic surgery is 

for patients with benign colon polyps that cannot be 
removed endoscopically.  

•   Colonoscopy report and pathology results should be 
reviewed at initial consultation.  

•   CO 2  colonoscopy should be employed in order for this 
technique to be more often successful.  

•   The polyp should be localized fi rst endoscopically and its 
location marked using dilute indigo carmine solution.  

•   The colon wall adjacent to the polyp can be manipulated 
laparoscopically to facilitate snare polypectomy.  

•   If a repair of the colon wall is performed, repair should be 
leak-tested with the colonoscope.  

•   Endoscopic-assisted laparoscopic wall excision may be 
necessary in some locations.  

•   If there are features of malignancy, the procedure can be 
converted to laparoscopic colectomy.  

•   If CELS is successful, but fi nal pathology reveals malig-
nancy, patients may go on to require colectomy in the 
postoperative period.    

   Background 

 Large colon polyps and those on or behind a haustral fold 
can be very challenging to remove endoscopically. Although 
endoscopic mucosal resection (EMR) and submucosal dis-
section (ESD) have been performed for these polyps, this 
technique is not widely available and does not provide a 
solution for certain polyps [ 1 ,  2 ]. For this reason, the most 
common recommendation for these patients who cannot 
have their polyps removed through endoscopic means has 
traditionally been segmental colectomy. There are many 
studies that demonstrate that laparoscopic colectomy has 
quicker recovery rates, faster return of bowel function, and 
earlier return to normal activities in comparison with open 
colectomy. However, while the laparoscopic approach can 
minimize the morbidity associated with colectomy, only a 
minority of the colon resections performed in the United 
States are being performed laparoscopically [ 3 ]. 
Furthermore, even if a minimally invasive approach is 
employed, it still entails a major abdominal operation with 
the potential for associated morbidities. In place of resec-
tion, combined endo-laparoscopic surgery (CELS) removal 
of the polyps has been described as an alternative in select 
patients [ 3 – 10 ]. 

 The technique of laparoscopic-assisted polypectomy was 
fi rst described in 1993 as a means to avoid the morbidities asso-
ciated with a major bowel resection [ 4 ]. Larger retrospective 
studies have since been published indicating that the technique 
is safe and effective [ 3 ,  6 ,  7 ,  10 – 12 ]. The benefi ts of CELS 
include mobilization of the colon to make the polyp easier to 
resect with the colonoscope, the ability to directly observe the 
wall of the colon laparoscopically to ensure there is not a full-
thickness defect, the capacity to repair an injury if there is one, 
and the option of converting directly to a laparoscopic resection 
if the polyp cannot be resected endoscopically or there are fi nd-
ings suspicious for malignancy (Fig.  26.1 ). Many different 
techniques and approaches have been described including lap-
aroscopic-assisted colonoscopic resection, endoscopic-assisted 
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laparoscopic wedge resection, and endoscopic-assisted 
laparoscopic resection [ 13 – 15 ]. The largest study to date was 
performed by Franklin et al., which included long-term fol-
low-up of 160 patients with 209 polyps. At a median follow-up 
of 65 months (range 6–196 months), there were no recurrences 
of completely resected polyps [ 16 ].

      Indications 

 Current indications for CELS include large benign colon 
polyps or polyps in a diffi cult anatomic location that are 
unable to be removed by colonoscopic snare polypectomy. 
In addition, a similar polyp that has been incompletely 
removed via traditional endoscopic techniques may be 
 considered for CELS. Patients should have a preoperative 
colonoscopic biopsy that is benign, although polyps with 
high-grade dysplasia can be included. If patients have other 
polyps, they should be able to be removed colonoscopically 
or with CELS technique. CELS should not be performed on 
patients with a known polyposis syndrome. Finally, relative 
contraindications for CELS would include a history of mul-
tiple previous abdominal surgeries or polyps that are too 
close to the ileocecal valve.  

   Preoperative Planning 

 A complete history and physical examination should be done 
including past medical and surgical history. If the patient has 
a history of multiple abdominal operations, then CELS may 
not be feasible. Generally, if the colonoscopy has been done 

elsewhere, it is important to obtain both the colonoscopy and 
pathology report, and frequently the pathology slides them-
selves for internal review. If the polyp is on the left side, it is 
often useful to evaluate the area in the offi ce with a fl exible 
sigmoidoscope to determine the exact location, polyp char-
acteristics, and feasibility of CELS. 

 Patients should undergo a preoperative workup as they 
would for any other abdominal procedure including blood 
work, electrocardiogram, and chest X-ray. Patients should 
receive a full mechanical bowel preparation the day prior to 
the procedure in order to aid in visualization of the polyp. 
When discussing the procedure, the patient should be 
informed that colonoscopic polypectomy would be 
attempted; however, if the polyp cannot be resected endo-
scopically or if there are fi ndings suspicious for malignancy, 
then laparoscopic colectomy will need to be performed. In 
addition, patients should be made aware that even if CELS is 
successful in completely removing the polyp, it is possible 
that the fi nal pathology may reveal a malignancy and that 
they may require a bowel resection at a later date.  

   Procedure (Video  26.1 ) 

   Setup 

 After the induction of general anesthesia, Venodyne boots, a 
nasogastric tube, and a Foley catheter are placed. The patient 
is positioned in modifi ed lithotomy, ensuring the legs are 
abducted and placed in padded yellow fi n stirrups to facilitate 
the insertion and manipulation of the colonoscope during the 
operation. Both arms are tucked at the sides, and the hands 

  Fig. 26.1    Combined endo-laparoscopic polypectomy. Laparoscopic manipulation of the bowel wall allows invagination of the bowel wall ( right ) 
facilitating polypectomy       
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and wrists are padded. All equipment should be available to 
perform colonoscopic polypectomy as well as laparoscopic 
and open colectomy (though only opened as needed) 
(Table  26.1 ). Subcutaneous heparin and intravenous antibiot-
ics are given prior to incision.

   Laparoscopic monitors will be placed depending on the 
location of the lesion. For right colon polyps, monitors are 
placed on the patient’s right side and toward the head of 
the bed (Fig.  26.2 ). For left colon lesions, the monitors are 
placed at the patient’s left and toward the foot of the bed. For 
transverse colon or fl exure lesions, the monitors are placed at 
the head of the bed as the surgeon may stand between the 
patient’s legs (as will the endoscopist).

   Endoscopic equipment may vary. Surgeons may prefer 
to use pediatric versus an adult colonoscope. In addition, we 
feel it is a prerequisite to have CO 2  colonoscopy available in 
the operating room. Simultaneous performance of laparos-
copy and colonoscopy with room air can present technical 
challenges. Insuffl ation using room air can signifi cantly 
obscure the laparoscopic view and compromise exposure. 
For institutions where this is not possible, a technique of 
laparoscopically clamping the terminal ileum to minimize 
bowel distention during laparoscopy has been described, but 
we have found that colonic distention alone still is a major 
impediment to this method [ 3 ,  4 ]. Since 2003, our group has 
been performing colonoscopy with the use of CO 2  insuffl a-
tion during laparoscopy. Because the bowel absorbs CO 2  gas 
approximately 150 times faster than room air, there is mini-
mal unwanted dilation of the colon and excellent simultane-
ous endoscopic and laparoscopic visualization. We have 
previously demonstrated that intraoperative CO 2  colonos-
copy is safe during laparoscopy and can be used to avoid 
excessive bowel dilation during CELS procedures [ 9 ,  17 ]. 

Therefore, if available, it is preferred to have CO 2  for 
insuffl ation during colonoscopy.  

   Procedure Steps 

   Endoscopy 
•     After the abdomen is prepped and draped in a sterile fashion, 

CO 2  colonoscopy is performed to locate the lesion (Fig.  26.3 ). 
We then use dilute indigo carmine solution (50 % dilution of 
indigo carmine with injectable saline solution) to mark the 
area directly under and surrounding the polyp.

         Port Placement 
•      Initial access : A periumbilical incision is made and the 

fascia is entered sharply. A 5 mm port is placed and pneu-
moperitoneum is established. A 5 mm, high-defi nition, 
fl exible-tip laparoscope is preferred for better visuali-
zation. The abdomen is explored and the site that was 
previously marked is located.  

•    Secondary trocars : Depending on the location of the 
lesion, typically two 5 mm trocars may be placed. For right 
colon lesions, trocars can be placed in the left lower quad-
rant and suprapubically. For left colon lesions, trocars can 
be placed in the right lower quadrant and suprapubically. 
For transverse colon lesions, trocars can be placed on both 
sides in both the lower and upper quadrants. If available, 
micro-laparoscopic (3 mm) instruments are used.  

•    Optional trocars : A 5–12 mm port may be needed for a 
stapler if a colonoscopic-assisted laparoscopic wall exci-
sion is anticipated.  

•    GelPort : For CELS, a hand port is not necessary. However, 
if converting to a segmental or formal colectomy, then 
some may elect to place a GelPort™ for hand-assisted 
laparoscopy.     

   Mobilization 
•     For laparoscopic-assisted colonoscopic polypectomy, the 

lesion is located by the endoscopist, and its position is 
confi rmed by laparoscopic visualization with the use of 
transillumination and/or by endoscopic visualization dur-
ing laparoscopic manipulation of the colon (Fig.  26.4 ). 
This maneuver can also expose areas that were not previ-
ously visualized because of mucosal folds or segmental 
kinks of the colon. The location of the polyp in relation to 
the peritoneum is important. Polyps that are located on 
the retroperitoneal side or mesenteric side require lateral 
mobilization of the colon for adequate exposure.

•      If the polyp is in a diffi cult location (i.e., at a fl exure or 
near the mesenteric border of the colon) and this area can-
not be manipulated, the colon will need to be mobilized. 
This is done as in any laparoscopic procedure. We prefer 
to use an energy device along the line of Toldt and carried 
in the native planes. Once the colon is mobilized ade-
quately, the polyp can then be manipulated.     

   Table 26.1    Equipment needed for CELS   

 Adult or pediatric colonoscope with monitor (CO 2  insuffl ation if available) 
 Indigo carmine diluted 50 % with injectable saline 
 Endoscopic injector needle 
 Endoscopic snare 
 Endoscopic Roth net ®  (US Endoscopy, Mentor, OH) 
 Suction trap 
 Bovie cautery 
 Laparoscopic monitors 
 High-defi nition, fl exible-tip laparoscope 
 Trocars: 5 mm × 4, 10 mm × 1, and 12 mm × 1 
 Laparoscopic bowel graspers and scissors 
 Laparoscopic needle driver 
 Laparoscopic energy device (surgeon preference) 
 Micro-laparoscopic (3 mm) instruments if available 
 Laparoscopic linear stapler (with appropriate loads) 
 Endo Catch bag (Covidien, Norwalk, CT) 
 Wound protector 
 Polysorb or vicryl sutures 

   CELS  combined endo-laparoscopic surgery  
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   Polypectomy 
•     As stated previously, the polyp is lifted with dilute indigo 

carmine solution. This aids in visualizing the polyp in 
comparison to the normal surrounding mucosa and also 
aids in seeing the location of the polyp laparoscopically. 
It also provides a “buffer” zone to facilitate endoscopic 
resection without causing a full-thickness injury.  

•   Polypectomy is performed using an electrosurgical snare. 
This can be done using a single attempt or in a piecemeal 
fashion. For polyps that are either fl at or situated in tough 
location, laparoscopic manipulation of the polyp during 
snare polypectomy can facilitate delivery of the polyp 
into the snare (Fig.  26.5 ).

•      During polypectomy, the serosal aspect of the colon 
should be monitored closely. If there is any subtle change 
to the area, this can be immediately recognized and then 

  Fig. 26.2    Patient positioning and room setup for a right-sided CELS procedure       

  Fig. 26.3    CO 2  colonoscopy to determine lesion location.  With permis-
sion from Yuko Tonohira        

  Fig. 26.4    Laparoscopic manipulation of the bowel wall helps to put 
the polyp in ideal position for endoscopic removal.  With permission 
from Yuko Tonohira        

  Fig. 26.5    Endoscopic snare is placed around the polyp while the wall 
is invaginated laparoscopically.  With permission from Yuko Tonohira        
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oversewn if needed (Fig.  26.6 ). Typically, seromuscular 
sutures are placed if a full-thickness thermal injury or per-
foration is noted. If there is some evidence of blanching or 
deterioration of muscle layers, the area can also be rein-
forced to avoid the evolution of partial-thickness to full- 
thickness injuries in the postoperative period. The ability 
to laparoscopically repair potential damage allows for a 
more aggressive polypectomy.

         Colonoscopic-Assisted Laparoscopic Wall 
Excision 
•     For polyps that are located in the cecum where the wall of 

the colon is the thinnest, one may elect for a laparoscopic 
sleeve excision of the polyp.  

•   Colonoscopy is used to locate the lesion and monitor ade-
quate surgical margins. It should be noted if polyps are 
located very close to the ileocecal valve in order to avoid 
injury to this structure. This can be monitored with the 
colonoscope.  

•   Sleeve resection is performed using a laparoscopic linear 
stapler through a 12 mm port (Fig.  26.7 ). Once the speci-
men is removed, it can be placed within an Endo Catch 
bag (Covidien, Norwalk, CT) and brought out through the 
12 mm port site. The specimen can be opened in the oper-
ating room to make sure there is a clear margin.

•      Oversewing of the staple line can be performed laparo-
scopically as needed.     

   Leak Test 
•     A leak test using CO 2  insuffl ation with the colonoscope 

and immersion of the bowel segment under saline (using 
gravity to make the correct area dependent) should be 
performed.     

  Fig. 26.6    Laparoscopic closure 
of the bowel wall.  With 
permission from Yuko Tonohira        

  Fig. 26.7    Sleeve resection of a polyp using CELS.  With permission 
from Yuko Tonohira        
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   Polyp Retrieval 
•     For polyp retrieval, an endoscopic Roth net ®  (US Endoscopy, 

Mentor, OH) can be used if the polyp is resected en bloc. 
For polyps that are resected piecemeal, a trap can be added 
to the suction device, and the polyp can be suctioned 
through the scope.       

   Postoperative Care 

 For patients that undergo standard snare polypectomy and 
there are no concerns intraoperatively, these patients may have 
a very short hospital stay and may even go home the same day 
as the procedure. Most groups report length of stay between 1 
and 2 days, although other large studies report a mean length 
of stay of 4–8 days [ 9 ,  12 ,  16 ]. Patients that have a partial- or 
full-thickness injury or undergo colonoscopic- assisted laparo-
scopic wall excision should be monitored in the hospital for 
observation and to await return of bowel function. These 
patients should be admitted to the hospital and treated like any 
patient that has had a laparoscopic abdominal procedure. 
Patients are encouraged to ambulate early and frequently and 
use incentive spirometry to avoid postoperative morbidity. 
Venous thromboembolism (VTE) prophylaxis is used consist-
ing of subcutaneous heparin and sequential compression 
devices. Diet is advanced as tolerated, and once patients have 
return of bowel function, intravenous fl uids and pain medica-
tions are discontinued. Patients will usually follow up within 
2 weeks after discharge for review of the fi nal pathology and 
determination if additional treatment is needed.  

   Complications 

 Intraoperative complications can be related to the endoscopic 
portion of the procedure or to laparoscopic port placement 
and mobilization. 

 In a large retrospective study, the risk of colonoscopic 
perforation for all comers was less than 1 % [ 18 ]. The benefi t 
of the laparoscopic and endoscopic combined approach is 
that any full-thickness injury to the colon from electrocau-
tery, barotrauma, or scope trauma can be immediately recog-
nized and repaired. Franklin et al. reported a 10 % rate of 
serosal suture placement [ 16 ]. Our group reported a higher 
rate of 43 %. However, in all of these patients, there was no 
evidence of a full-thickness injury, but rather concern that 
the wall appeared to have a partial-thickness compromise 
that could easily be prepared at the time [ 9 ]. The other ben-
efi t of doing a concomitant colonoscopy is that a leak test can 
be performed to assess the site of injury and repair. 

 The risk of laparoscopic complications should be similar 
to any other laparoscopic abdominal procedure and poten-
tially even less if no mobilization of the colon is required. 

There is risk of abdominal wall and intra-abdominal injury 
with port placement, bowel injury related to grasper trauma, 
or the use of an energy device and injury to surrounding vis-
cera such as the bowel, the ureter, or the gonadal or iliac 
vessels. 

 For patients that undergo a successful CELS procedure, 
postoperative morbidity is low as reported in the literature. 
Franklin reported a 9 % postoperative complication rate, with 
all complications being minor and mostly consisting of ileus, 
atelectasis, and seroma [ 16 ]. Our group reported an overall 
rate of 4.2 %, with postoperative complications including 
 urinary retention and wound hematoma [ 7 ].  

   Outcomes 

 There are few large studies that report on the combined 
approach of laparoscopy and colonoscopy for polyp removal. 
The longest follow-up for these patients is a median of 65 
months, which is reported by both our group and Franklin’s 
group [ 7 ,  16 ]. Overall, the long-term outcome of patients 
undergoing CELS is excellent. For patients with benign pol-
yps that are successfully resected with a CELS technique, 
there are variable recurrence rates in the literature. Our group 
reports a recurrence in fi ve patients (10 %). Four of these 
patients underwent a repeat colonoscopic polypectomy, and 
one patient had a subsequent laparoscopic segmental colec-
tomy, and all patients had benign pathologies [ 7 ]. Franklin’s 
group reports no recurrences over a median follow-up of 
65 months, but three patients were reoperated on for polyps 
in different locations [ 16 ]. 

 There is concern that with patients that ultimately are diag-
nosed with a cancer on fi nal pathology that there are potential 
risks associated with a potential perforated cancer. However, 
although follow-up is limited in patients that have had evidence 
of cancer on fi nal pathology and have then gone on to have 
formal resection, there are no reports of tumor recurrence [ 16 ].  

   Pearls and Pitfalls 

 In the preoperative workup of these patients with benign 
 polyps, there should be awareness that there can be discrep-
ancy in pathology. It is important to have pathology slides 
reviewed by pathologists at your own institution to make 
sure there is consensus. In addition, the colonoscopy report 
should be reviewed, as well as pictures of the polyp, to ensure 
that the polyp seems to be acceptable for CELS. 

 It is important to perform colonoscopy fi rst in the operat-
ing room prior to laparoscopic port placement. Intermittently, 
the polyp, which may have previously been deemed 
 unresectable by a referring gastroenterologist, may actually 
be amenable to traditional colonoscopic polypectomy alone. 
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 This combined technique can be technically demanding, 
and the surgeon must be profi cient in both laparoscopic and 
endoscopic techniques. For the fi rst several cases, it is useful 
to have an assistant that is profi cient in both of these tech-
niques in order to be successful. 

 During the CELS procedure, it is important to try and 
 recognize the signs of a potential malignancy. Many times, 
polyps that have been biopsied or previously had attempts at 
snaring may be scarred and diffi cult to lift with submucosal 
injection. These fi ndings must be contrasted with fi ndings of 
a possible cancerous polyp. These fi ndings include central 
umbilication, ulceration, vascular pattern on narrow band 
imaging, and fi rmness. If these fi ndings are present, options 
are to continue with CELS and perform an intraoperative fro-
zen section or to proceed to formal colectomy. We do not feel 
that it is necessary to perform frozen section on all polyps 
resected as this can add to the operative time and cost of the 
case. In our experience, the rate of cancer on polyps that 
were thought to be benign was only 2 % (1/48). Therefore, 
frozen section should only be done on patients with suspi-
cion of malignancy. In our experience, 12 patients underwent 
colectomy instead of CELS for suspected malignancy, 
and only 4 (33 %) of these patients actually had cancer. 7  
Although this is a low sensitivity, this may refl ect our overly 
cautious attempts to avoid performing CELS for potential 
malignancy.  

   Conclusion 

 Combined endo-laparoscopic surgery (CELS) appears to be 
a safe and effective for the treatment of benign colon polyps 
and may help to avoid laparoscopic colectomy in most cases.      
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         Key Points 
•   Laparoscopic    colorectal surgery is both safe and feasible 

in many emergent cases. Proper patient selection is cru-
cial to for optimal outcomes.  

•   Port placement is challenging, as the left upper quadrant 
is typically used for access however, if there is any ques-
tion of safety, the right upper quadrant may be used as the 
fi rst point of access, taking care to avoid liver injury.  

•   Optical trocars are preferred to gain abdominal access.  
•   For colonoscopic perforations, laparoscopic procedures 

range from primary single-layer repair to segmental resec-
tion—with or without ostomy creation.  

•   For perforated diverticulitis, emergent interventions range 
from laparoscopic lavage to resection with diversion, 
depending on the case.  

•   Small bowel obstruction are ideal emergent laparoscopic 
cases, since the majority require only a lysis of adhesions 
with no bowel resection.  

•   Managing malignant obstructions laparoscopically, can 
be fraught with major morbidity and intraoperative com-
plications intervention is often limited to proximal diver-
sion and distal decompression.    

   Introduction 

 Over the past two decades, laparoscopic colorectal surgery 
has gained acceptance and rates of adoption are increasing 
with proven clinical advantages. Recent reports demon-
strate nearly 45 % of elective colectomies are performed 
laparoscopically [ 1 – 3 ]; however, emergent laparoscopic 
colorectal surgery is less common. Current use in the emer-
gent setting is be than 10 %, refl ecting the complexity and 
challenges even in expert hands. 

 The ability to use laparoscopy for colorectal emergencies 
depends on both patient and surgeon factors. The most com-
mon utilizations include acute diverticulitis and malignant 
obstruction. In addition, emergent laparoscopy for colono-
scopic perforations has also been advocated [ 4 ]. However, 
each case is individualized to determine the safety, risk, and 
benefi ts for laparoscopy compared with open laparotomy. 
The ultimate success lies in proper patient selection. 

 In this chapter, we address the trends in utilization, indi-
cations, technical considerations, and pitfalls of emergent 
laparoscopic colorectal resection. The descriptions are based 
on generalities in the urgent setting; specifi c presentations 
may require alternative approaches.  

   Advantages and Disadvantages of Emergent 
Laparoscopic Colorectal Surgery 

 The principles of laparoscopic colorectal surgery can be 
employed in the emergency setting. The absolute contraindi-
cations for laparoscopy include an unstable patient who can-
not tolerate pneumoperitoneum, inability to safely access the 
abdomen, and insuffi cient laparoscopic experience. 

 Despite its challenges, laparoscopic colorectal surgery 
has many advantages in the emergent context. With initial 
laparoscopic intervention, the surgeon is able to thoroughly 
evaluate the peritoneal cavity and establish the most appro-
priate intervention without committing the patient to a large 
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incision. Often the pathology can be addressed maintaining a 
laparoscopic approach. Even if the condition requires an 
open incision, the laparoscopic exploration affords accurate 
identifi cation of the pathology, leading to a better localiza-
tion, smaller incisions, less subsequent pain, less postopera-
tive complications, and faster recovery. In some cases, the 
benefi ts of a minimally invasive approach can be salvaged 
when conversion is required by utilizing hand-assisted lapa-
roscopic surgery. 

 In the emergent setting, avoiding open laparotomy has many 
advantages. First, large incisions may be diffi cult to close, with 
a risk of abdominal compartment syndrome. The small incision 
size also has advantages in this patient population, where 
immunosuppression, sepsis, or shock are common and can 
jeopardizing healing and wound integrity. Laparoscopy lowers 
the risk of wound complications (e.g., dehiscence, evisceration, 
and infection), q major source of postoperative morbidity and 
mortality. Moreover, wound complications may result in hernia 
formation, which ultimately require further surgery. 
Consequently, wound complications result in  signifi cant 
increases in hospital resource utilization and cost. 

 Despite the advantages of laparoscopic emergent colorec-
tal intervention, there are several limitations. Safe abdominal 
entry may be compromised, risking injury to bowel, solid 
organs, and vascular structures. This may turn an already dif-
fi cult scenario into a disastrous one. We recommend exten-
sive experience with various laparoscopic entry techniques, 
especially direct visualization with optical trocars, such as 
with the OptiView ®  (Ethicon  Endo- Surgery, Cincinnati, OH) 
and Visiport™ Plus (Covidien, Mansfi eld, MA, USA). 

 Another important consideration is the hemodynamic 
instability that can result from decreased venous return and 
increased peripheral vascular resistance after establishing 
pneumoperitoneum. The surgeon and anesthesiologist must 
communicate about the patient’s condition; release of pneu-
moperitoneum facilitates prompt recovery of hemodynamic 
parameters and may allow fi nishing with through a the mini-
mally invasive approach. 

 Additional factors hampering the utilization of laparos-
copy in emergent colorectal surgery include the relative 
inability to place the patient in extreme positions as well as 
the lack of available instrumentation and trained staff during 
non-elective procedure times.  

   Approach and Abdominal Entry 

 Consideration to the minimally invasive technique to gain 
safe entry is crucial. Emergency patients often present with 
extreme abdominal distension and rigid abdomens, and cau-
tion must be taken during entry. Such presentations may 
deter from considering laparoscopic intervention; however, 
after anesthesia induction and ensuing relaxation of the 

abdominal wall muscles, laparoscopic approach may be very 
reasonable. Once abdominal entry is accomplished, the 
placement of the remaining laparoscopic ports may remain 
challenging, since in severe infl ammatory cases, the omen-
tum is friable and tends to adhere to the peritoneum 
(Video  27.1 ). We typically utilize either conventional multi-
port laparoscopy or hand-assisted laparoscopic surgery. The 
abdominal entry is commonly safely achieved through a port 
placed in the left upper quadrant along the costal margin 
(Fig.  27.1 ). Alternatively, when access to the left upper quad-
rant is unsafe, access through the right upper quadrant may 
be accomplished inferior to the costal margin to avoid liver 
injury. We favor direct visualization with an optical trocar for 
abdominal entry, as it provides a safer approach when com-
pared with blind access. This approach is also advantageous 
for patients with prior abdominal surgery or when the source 
or extent of pathology is unknown. An alternative is hand- 
assisted or single-incision laparoscopic surgery, though the 
abdominal laparotomy entry may still be diffi cult. These are 
most appropriate when it is safer to enter the abdomen 
through a direct  mini-laparotomy  incision.

      Indications 

   Colorectal Perforation 

   Acute Colonoscopic Perforation 
 Laparoscopic intervention can be a suitable approach for both 
acute and delayed colonoscopic perforations. The procedure 
depends on the degree and cause of perforation, timing fol-
lowing the event, degree of peritoneal contamination, and 
overall clinical condition of the patient. Nearly all cases can 
be managed laparoscopically, whether primarily repairing the 
perforation or resecting with or without ostomy creation. 

   Procedure Steps 
•     Abdominal entry: left upper quadrant port placement 

under direct visualization.  
•   Exploration: the abdominal and pelvic cavities are explored 

to assess the location, extent of injury, and presence of 
fl uid or fecal contamination. If fecal contamination is 
encountered, conversion to hand-assisted laparoscopic sur-
gery or laparotomy for lavage, bowel resection, and fecal 
diversion is recommended. Fecal washout cannot often be 
adequately performed with pure laparoscopic techniques. 
However, if minimal contamination is recognized, the 
bowel injury can often be primarily repaired. The entirety 
of the large bowel is examined to identify the perforation. 
Intraoperative colonoscopic assistance utilizing carbon 
dioxide may be required to aid visualization of the perfora-
tion. Once identifi ed, proximal bowel clamping is per-
formed to avoid further contamination.  
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•   Laparoscopic management alternatives:
   (a)    Laparoscopic colorrhaphy (Video  27.2 ): the perfora-

tion borders are defi ned and debrided if devitalized tis-
sue is encountered. The repair is achieved with a 
one-layer colorrhaphy with absorbable suture 
(Fig.  27.2 ). The use of multiple layer colorrhaphy may 
potentially result in lumen narrowing, especially in the 
sigmoid colon. Following the repair, an air insuffl ation 

test and direct intraluminal visualization of the perfo-
ration site should be performed to confi rm the integrity 
of the repair. Injuries extending into the mesentery 
may be more challenging to repair, and care must be 
taken to identify the entire extent of the perforation. 
The borders of the mesentery, which often bleed, may 
obscure the view and lead to failure to recognize and 
address the entire extent of the perforation.

  Fig. 27.1    Port placement alternatives for emergent colorectal surgery       

  Fig. 27.2    Intraoperative view of a colonic perforation following colonoscopy ( arrows ). The perforation was successfully repaired with single- 
layer primary colorrhaphy       
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      (b)    Segmental resection: after visualizing the perforation, 
if primary repair is not appropriate, laparoscopic seg-
mental colectomy may be performed with or without 
ostomy creation. The same principles of laparoscopy 
in the elective setting are followed and often a medial-
to-lateral approach is favored to avoid the infl amed 
bowel with associated adhesions and friable tissue.   

  (c)    Bowel diversion: in extreme cases, proximal diversion 
with colonic lavage may be a temporary measure. 
Concomitant diversion is also considered following (a) 
or (b) above, under the discretion and judgment of the 
surgeon at the time of the operation.          

   Acute Perforated Diverticulitis 
 The management of acute perforated diverticulitis varies 
depending on the clinical presentation of the patient and 
must be approached on an individual basis. Those who 
require emergent intervention typically present with free per-
foration, with an intra-abdominal abscess and/or peritonitis. 
Laparoscopic surgery in this setting can be both diagnostic 
and therapeutic. The therapeutic measures can include drain-
age of abscesses, lavage, primary closure of perforation, 
resection, and/or diversion. Although, it has been generally 
agreed that the presence of fecal peritonitis requires an open 
lavage, we have been successful using hand-assisted tech-
nique to effectively evacuate the contamination while main-
taining a minimally invasive platform. 

   Procedure Steps 
•     Abdominal entry: left upper quadrant optical trocar port 

placement under direct visualization.  
•   Abdominopelvic exploration: often, the omentum is 

infl amed and adhered to the peritoneal lining and pelvis 
requiring mobilization to explore the abdomen. The peri-
toneal cavity is then thoroughly examined to evaluate the 
nature of the contamination. For patients with Hinchey 3 
(purulent peritonitis), we perform laparoscopic lavage 
with or without over-sewing the bowel wall with place-
ment of drains through the port sites. It is important to 
evaluate for inter-loop abscesses, which may be a case 
for treatment failure if not identifi ed and adequately 
drained during the procedure. It is also important to 
locate the perforation site itself, as an occult abscess may 
be present at or adjacent to this area, which is often 
shielded by infl amed tissue (Video  27.3 ). For those pre-
senting with Hinchey 4 (fecal peritonitis), we typically 
perform hand- assisted laparoscopic technique, which 
allows evacuation of the fecal content as well as sigmoid 
resection with colostomy. A 5–7 cm umbilical or 
Pfannenstiel incision can be used to place the hand assist 
device. However, if this technique does not afford com-
plete evacuations of the fecal contents, an open laparot-
omy is required.  

•   Lavage: it is necessary to lavage all four quadrants includ-
ing perihepatic, perisplenic, right and left gutters, and 
 pelvis (Video  27.3 ). Often occult fl uid collections are 
identifi ed and attended to in this process. Although no 
standard volume of irrigation has been reported, we rec-
ommend lavage until the fl uid return is clear. The laparo-
scopic lavage is an excellent device to episode jet 
irrigation and allows litters of heated fl uid to be utilized in 
an expeditious fashion.  

•   Management of perforation site: the diverticular perfora-
tion is typically walled off; however, gentle teasing of the 
tissues around the perforation should be performed, as 
occult abscesses may lie around the perforation. In the 
case that the diseased sigmoid is densely adhered, aggres-
sive mobilization should be avoided, since this may result 
in an uncontained perforation. If perforation site is visual-
ized, some advocate over-sewing the perforation or 
 placing a tissue patch with adjacent epiploica or omen-
tum. There is, however, no consensus and these various 
maneuvers all warrant consideration on an individual 
basis. The fallback “conservative” approach, however, 
typically involves resection of the diseased segment.  

•   Bowel diversion: if diversion is considered, laparoscopic 
loop ileostomy or colostomy may be performed depending 
on the clinical presentation of the patient. The laparoscopic 
technique is accomplished in a conventional fashion (Chap. 
  15    ). In either case, if diversion is performed without bowel 
resection, on-table lavage of the distal segment should be 
performed to clear the intraluminal fecal content.  

•   Laparoscopic resection: in some cases segmental colectomy 
may be warranted during the emergent presentation. In such 
cases, a laparoscopic sigmoid colectomy is performed 
 utilizing a medial-to-lateral approach (Chap.   6    /Chap.   7    ) to 
afford early identifi cation and preservation of the critical 
vascular structures and the left ureter. Placement of ureteral 
stents and hand-assisted techniques should all be entertained 
in this scenario.      

   Postoperative Anastomotic Perforation 
 Anastomotic perforation may manifest with peri- anastomotic 
abscess and purulent or fecal peritonitis. An isolated abscess 
can often be managed with image-guided drainage, whereas 
peritonitis or the presence of multiple abscesses may require 
laparoscopic lavage and further interventions. Although such 
perforations are typically approached with open surgery, 
laparoscopic reoperation is a safe and feasible alternative for 
those with technical expertise [ 5 ]. 

   Procedure Steps 
•     Abdominal entry: left upper quadrant port placement 

under direct visualization.  
•   Exploration: as with any type of perforation, the entirety 

of the peritoneal cavity is explored. It is common to 
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 experience a hostile intra-abdominal environment with 
infl amed and adhered omentum and mesentery.  

•   Lavage: thorough peritoneal washout is performed to 
clear out the contamination.  

•   Anastomotic takedown and diversion: anastomotic resec-
tion should be contemplated in all cases with proximal 
diversion. In cases in which the anastomosis is not acces-
sible for resection—such as those deep in the pelvis—
diversion alone must be accompanied with on-table 
lavage.       

   Bowel Obstruction 

   Postoperative Small Bowel Obstruction 
 Small bowel obstruction is the ideal scenario for laparo-
scopic intervention. Since the majority of cases do not 
require bowel resection, a sizable incision of any length is 
usually not required. The general principles of management 
of bowel obstruction are followed including gastrointestinal 
decompression and fl uid/electrolyte replacement before 
operative intervention. Patients with small bowel obstruction 
may seem severely distended on clinical exam, causing many 
surgeons to abort the laparoscopic approach; however, upon 
induction of anesthesia, the distention diminishes signifi -
cantly, allowing safe laparoscopic entry. 

   Procedure Steps (Video  27.4 ) 
•     Abdominal entry: left upper quadrant access with an opti-

cal trocar. If the patient has prior scars in this region, right 
upper quadrant can be used. Once entered, a second trocar 
is placed at any location in which the laparoscopic visual-
ization permits. Often, placement of the second trocar is 
the most diffi cult. Once 2 trocars are placed, lysis of adhe-
sions can be initiated allowing for multiple ports. If one 
cannot safely gain entry in this fashion, a hand port can be 
placed through a midline infraumbilical incision. Hand- 
assisted laparoscopic surgery, however, is less useful in 
small bowel obstruction due to the loss of abdominal 
domain from the distended bowel.  

•   Exploration: Abdominal and pelvic exploration is per-
formed to identify the etiology of the obstruction.  

•   Resection: if the case warrants segmental resection, such 
as in severe strangulation with bowel infarction, the 
affected segment is mobilized and extracorporealized 
through a wound protector (Fig.  27.3 ). Resection and pri-
mary anastomosis can then readily be achieved 
extracorporeally.

          Malignant Obstruction 
 Malignant obstruction encountered in the emergent setting 
typically involves the left colon, and the disease is usually 
locally advanced. It is also commonly associated with massi-

vely dilated and fragile proximal colonic dilation. In this 
 setting, primary resection can be fraught with major morbid-
ity and intraoperative complications. Therefore, attempts at 
nonoperative intervention, such as intraluminal stenting for 
decompression should be strongly considered before com-
mitting to surgical intervention. Laparoscopic intervention is 
often limited to creation of proximal diversion to decom-
press the obstruction and allow resuscitation and recovery. In 
addition, this will allow the size mismatch to resolve that 
frequently would prevent creation of an anasto mosis in the 
acute setting. Therefore, distal decompression is required 
with either loop colostomy or end colostomy with mucus 
fi stula. 

   Procedure Steps 
•     Abdominal entry: laparoscopic abdominal entry is chal-

lenging in patients with bowel obstruction secondary 
to abdominal distention, with the risk for perforation 
especially high during laparoscopic access. For multiport 
approach, left or right upper quadrant access is preferred, 
depending on the location of the disease. For cases requir-
ing ostomy alone, a single-incision laparoscopic surgery 
with the single-access port placed at the proposed ostomy 
site is another option. In cases in which resection is 
 contemplated, hand-assisted laparoscopic surgery is the 
preferred approach in our institution. This approach affords 
safe abdominal entry and domain allowing for adherence 
to the principles of an oncologic resection. The incision 
depends on the location of the tumor: for right-sided and 
mid transverse colon tumors, a midline  mini-laparotomy  

  Fig. 27.3    Gangrenous bowel from bowel obstruction       
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incision is made, whereas for left-sided tumors, a 
Pfannenstiel incision is preferred.  

•   Bowel decompression: in cases in which there is severe 
distention and an ostomy is necessary, one can extracorpo-
realize the bowel, perform an enterotomy for decompres-
sion, and utilize this segment for further ostomy creation. 
Once decompressed, it is often possible to perform the 
resection while maintaining a minimally invasive platform, 
typically utilizing hand-assisted laparoscopic surgery.  

•   Segmental resection: a conventional laparoscopic tech-
nique for segmental resection in a medial-to-lateral  fashion 
with oncologic principles is performed (Chaps.   4    –  7    ). Even 
if laparotomy is required, we favor performing some por-
tions of the procedure (e.g., splenic and hepatic fl exure 
takedown) laparoscopically to minimize the incision length.        

   Pearls and Pitfalls 

•     Know your limitations and choose your patients wisely. 
Wasting time with a minimally invasive approach in a 
septic patient may result in more risk and worse outcomes 
than open laparotomy.  

•   Mobilization of a perforated diverticulum may identify 
occult abscesses, but avoid the urge to mobilize densely 
adhered bowel, as this may result in additional bowel 
injury and the need for resection.  

•   Gravity is your friend to help with visualization and 
   keeping the small bowel out of the way. However, as you 
may encounter infl amed bowel, dilated bowel, or intra- 

abdominal stool or purulence), have additional sponges on 
hand to keep the fi eld of view “clean.”  

•   The omentum is often adherent and restricts visibility; the 
adhesions must be released, especially those tethering 
the omentum to the pelvic structures. The omentum is 
mobilized caudally and fl ipped over the transverse colon 
for optimal exposure.  

•   The laparoscopic irrigator is essential, as it provides jet 
irrigation in an expeditious fashion. Irrigation is required 
in the perisplenic and perihepatic areas as well as the gut-
ters and pelvis to help minimize risk of postoperative 
abscesses.         
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           Key Points 
•     Assessment of the elderly patient is based on physiologic 

age rather than chronologic age.  
•   Preoperative assessment is based on a careful history and 

physical examination aimed at determination of high-risk 
comorbidities.  

•   Preoperative testing is based on functional assessment 
and presence of known comorbidities.  

•   Laparoscopic colectomy in the elderly is increasing com-
mensurate with the overall increase in laparoscopic 
colorectal surgery across all ages.  

•   Laparoscopic colectomy in the elderly seems to yield 
similar benefi ts when using an enhanced recovery proto-
col as seen in younger patients.  

•   Pneumoperitoneum induces myriad physiologic changes 
that may have more signifi cant effects in the elderly with 
comorbid conditions.     

    Introduction 

 Aging is, of course, defi ned chronologically; however, 
subjectively, physiologically, and medically, it is more often 
a function of “how old you feel.” 

 To a large degree, management of colorectal issues, 
whether benign or malignant, is pathology driven. In most 
instances, colon cancers that are resectable should be resected, 

metastatic disease is an indication for adjuvant therapy, mul-
tiple recurrent attacks of diverticulitis indicate resection, and 
low rectal cancers that don’t involve the sphincters may be 
treated by sphincter-sparing operations, including colo-anal 
anastomoses. However, the wise surgeon knows that indica-
tions are only part of the decision process. Pathology alone 
may provide the  indication  for surgery, but not necessarily 
the  decision  for it. Patient factors must be taken into consid-
eration. Every assessment of the potential surgical patient 
takes into account fi tness for surgery, as well as the assess-
ment of being able to tolerate the outcome. But where does 
age play into this equation? Age is a nonspecifi c factor that 
may provide predictive information about how well a patient 
will tolerate a procedure. In general, the older the patient, 
the more comorbidities, the higher the risk for healing prob-
lems, the worse the baseline continence and sphincter func-
tion, and the higher the risk for concomitant cardiovascular 
disease. Chronologic age is indisputable, but physiologic 
age is variable. Consider the unfortunate condition of proge-
ria, in which children succumb to the physiologic maladies 
of advanced age such as heart attack, stroke, and atheroscle-
rotic disease—and rarely live past the age of 13—to the 
100-year-old man who completed a marathon in Toronto in 
2011! The concept of physiologic age truly determines the 
assessment of the elderly patient. Determination of the physio-
logic age of the patient is an amalgam of all of the physiologic 
parameters that will be affected by the operation and its 
recovery. Prior dogma dictating age as a relative contraindi-
cation to surgery has been replaced by determination of 
fi tness. Advances in perioperative management have dem-
onstrated that mere chronologic age does not directly 
determine fi tness and the ability to recover from surgery. 
Rather, it merely informs us of the increased possible 
risks, while overall fi tness for intervention is determined 
by  factors that are projected to be affected by the surgery. 
The use of laparoscopic surgery has further redefi ned risks 
and must be incorporated into our decision-making pro-
cesses. This chapter will deal with these issues and the fac-
tors that affect them.  

      Laparoscopy in the Elderly Patient 
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    Evaluation for Surgery 

    Determination of Cardiovascular 
and Physiologic Risk Stratifi cation 

 The World Health Organization has broadly defi ned “elderly” 
as any patient who is eligible for pension benefi ts. However, 
given the varied standards across the world, anyone over the 
age of 50 may be loosely defi ned as “elderly.” In the USA, 
this defi nition is likely inappropriate, as the retirement age is 
most commonly 65, and health risks do not substantially 
increase in the sixth decade of life. Nevertheless, most 
screening standards do change in the age group over 50. 
After 50 it is recommended that all patients receive a preop-
erative chest X-ray and preoperative lab work. There is no 
mandatory age indicating preoperative cardiovascular test-
ing, rather this decision is the responsibility of the operating 
surgeon.  

    Preoperative Risk Assessment 

 Appropriate preoperative risk assessment is the surgeon’s 
responsibility when planning for surgery of any kind. This is 
more important in the elderly patient due to the increased 
incidence of signifi cant comorbidities associated with age. 
The most recent American Heart Association guidelines [ 1 ] 
delineate the recommended approach to risk stratifi cation. 
Not surprisingly, an appropriate history and physical exami-
nation provides most of the information that will be needed 
to identify risk factors. 

 The initial decision process should be aimed at identifying 
any cardiac condition that would increase the risk of an adverse 
cardiac event in the perioperative period. In general, any patient 
with active cardiac disease such as unstable  coronary syn-
drome, decompensated or worsening CHF, signifi cant arrhyth-
mia, or signifi cant valvular disease should receive cardiology 
evaluation and baseline cardiac testing (Table  28.1 ).

   In the absence of serious comorbidities, a rough assess-
ment of exercise tolerance may be all that is needed to deter-
mine if further testing is needed (Table  28.2 ). Age as a sole 
criterion defi nes only the need for EKG and chest X-ray for 
patients over 50 years. Advanced age alone is  not  an indica-
tion for further cardiac testing. In patients with good exercise 
tolerance (>4 METS) [ 2 ], further testing for any elective pro-
cedure is usually unnecessary. Of note, elective abdominal 
operations are considered intermediate-risk operations.

   Other signifi cant clinical risk factors include a history of 
ischemic heart disease, compensated or prior CHF, diabetes 
mellitus, renal insuffi ciency, and cerebrovascular disease, 
which all represent comorbidities that may require preopera-
tive evaluation. 

 Exercise tolerance is an excellent overall assessment 
of fi tness, and in the setting of good exercise tolerance, 
even with multiple clinical risk factors described above, 
often intermediate-risk surgery can be undertaken with 
acceptable risk. Perioperative heart rate control with beta-
blockade should be considered mandatory in anyone with 
any of the above risk factors since this has been shown to 
reduce cardiac morbidity and mortality [ 3 ]. 

 When a patient has any of these other signifi cant comor-
bidities, a specifi c workup may be indicated as per the AHA 
guidelines [ 2 ]: 

  Pulmonary Disease . The presence of restrictive or obstruc-
tive pulmonary disease signifi cantly increases the risk of 

   Table 28.1    Active cardiac conditions for which the patient should 
undergo evaluation and treatment before non-cardiac surgery   

 Condition  Examples 

 Unstable coronary 
syndromes 

 Unstable or severe angina (CCS class 
III or IV) a  
 Recent MI b  

 Decompensated heart failure 
(NYHA functional class IV, 
worsening or new-onset HF) 
 Signifi cant arrhythmias  High-grade AV block 

 Mobitz II AV block 
 Third-degree AV block 
 Symptomatic ventricular arrhythmias 
 Supraventricular arrhythmias (including 
atrial fi brillation) with uncontrolled 
ventricular rate (HR > 100 bpm at rest) 
 Symptomatic bradycardia 
 Newly recognized ventricular 
tachycardia 

 Severe valvular disease  Severe aortic stenosis (mean pressure 
gradient greater than 40 mmHg, aortic 
valve area <1.0 cm 2 , or symptomatic) 
 Symptomatic mitral stenosis 
(progressive dyspnea on exertion, 
exertional presyncope, or HF) 

   CCS  Canadian Cardiovascular Society,  HF  heart failure,  HR  heart rate, 
 MI  myocardial infarction,  NYHA  New York Heart Association 
  a May include stable angina in patients who are unusually sedentary 
  b The American College of Cardiology National Database Library 
defi nes recent MI as more than 7 days but less than or equal to 1 month 
(within 30 days) 
 Adapted from Fleisher LA, Beckman JA, Brown KA, Calkins H, 
Chaikof EL, Fleischmann KE, et al. ACC/AHA 2007 Guidelines on 
Perioperative Cardiovascular Evaluation and Care for Noncardiac 
Surgery: Executive Summary: A Report of the American College of 
Cardiology/American Heart Association Task Force on Practice 
Guidelines (Writing Committee to Revise the 2002 Guidelines on 
Perioperative Cardiovascular Evaluation for Noncardiac Surgery) 
Developed in Collaboration With the American Society of 
Echocardiography, American Society of Nuclear Cardiology, Heart 
Rhythm Society, Society of Cardiovascular Anesthesiologists, Society 
for Cardiovascular Angiography and Interventions, Society for Vascular 
Medicine and Biology, and Society for Vascular Surgery. J Am Coll 
Cardiol 2007 Oct 23;50(17):1707–1732. [ 1 ] With permission  
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perioperative pulmonary complications. In these cases, 
preoperative pulmonary testing to determine volume and dif-
fusion capacity, response to bronchodilators, and a baseline 
blood gas will help guide postoperative therapy. 

  Diabetes Mellitus . This is the most common metabolic dis-
ease associated with advanced age and is often associated 
with coronary disease. The presence of insulin-dependent 
DM increases the risk of perioperative myocardial ischemia 
and heart failure. Careful attention to glucose management 
with insulin infusions and tight glycemic control has been 
found to signifi cantly reduce postoperative wound infection 
in CABG pts, and this paradigm can be applied to major 
abdominal surgery. 

  Renal Failure . Renal failure is associated with an increased 
risk of perioperative cardiac morbidity. In addition, preopera-
tive levels of creatinine >2 mg/dl are associated with an 
increased risk of postoperative renal failure, cardiac compli-
cations, and increased mortality. 

  Hematologic Disorders . Preoperative anemia can impose 
cardiac stress, worsen ischemia, and exacerbate preexisting 
CHF. In one study looking at patients undergoing prostate 

and major vascular surgery, a hematocrit <28 % was associated 
with an increased risk of perioperative ischemia and postop-
erative complications.   

    Laparoscopy in the Elderly: 
What Are the Outcomes? 

 As improvements in health care and advances in medicine 
have led to an aging population, colorectal surgeons are now 
required to evaluate and operate on increasingly older 
patients. The use of a laparoscopic approach would seem to 
be an attractive alternative to traditional open approaches in 
this patient population in whom minimizing postoperative 
complications and enhancing postoperative recovery are 
likely to have signifi cant benefi t. A population-based study 
of laparoscopic colorectal cancer surgery in the United 
Kingdom from 2006 to 2008 showed that the use of laparos-
copy for colorectal procedures increased from 10.0 % in 
2006 to 28.4 % in 2008. Of 58,135 resections, 54.6 % were 
inpatients greater than 70 years of age. Age did not have an 
effect on whether laparoscopy was attempted; 18.5 % of 
resections in patients older than 70 years were performed 
laparoscopically, which was similar to the overall rate of 
18.8 % in all patients [ 4 ]. 

    Early Studies 

 Early in the experience with laparoscopic colorectal 
surgery, initial reports sought to establish safety, in terms of 
equivalency or improved morbidity and mortality, compared 
with open procedures. In 1995, Peters and Fleshman 
 published the results of a prospective study describing the 
outcomes of minimally invasive colectomy attempted in 103 
patients greater than 65 years old, 78.6 % of which were able 
to be completed laparoscopically. Complication rates were 
no different in patients who underwent successful laparo-
scopic resection compared with those who required conver-
sion to laparotomy. The length of stay was signifi cantly 
lower in patients who underwent successful minimally inva-
sive colectomy (5.3 vs. 8.1 days,  p  < 0.001) [ 5 ]. 

 In 1996, Reissman and Wexner published the results of a 
study looking at outcome in “older” patients, which they defi ned 
as age greater than 60 years. Thirty-six “older” patients (mean 
age 73) undergoing laparoscopic or laparoscopic- assisted 
colorectal procedures were compared with 36 younger patients 
(mean age 44). No differences were seen in rates of complica-
tions (11 % vs. 14 %), conversion (8 % vs. 11 %), length of ileus 
(2.8 vs. 4.2 days), or hospital stay (5.2 vs. 6.5 days) [ 6 ]. 

 More recently, a review of data from the Nationwide 
Inpatient Sample (NIS) database for 2009 showed that 
35.4 % of colorectal resections were performed laparoscopi-
cally [ 7 ]. Controlling for a number of factors, including age, 

   Table 28.2    Estimated energy requirements for various activities   

 Metabolic 
equivalent (MET)  Activity 

 1 MET  Eat, dress, use the toilet 
 Walk indoors around the house 
 Walk a block or 2 on level ground at 2–3 mph? 

 4 MET  Do light housework (dusting, washing 
dishes) 
 Climb a fl ight of stairs or walk up a hill? 
 Walk on level ground at 4 mph? 
 Run a short distance 
 Do heavy housework (scrubbing fl oors, lifting/
moving furniture) 
 Participate in moderate recreational activities 
(golf, bowling, dancing, double tennis, 
baseball or football catch) 

 >10 METS  Participate in strenuous sports (swimming, 
single tennis, football, basketball, skiing) 

  Adapted from Fleisher LA, Beckman JA, Brown KA, Calkins H, 
Chaikof EL, Fleischmann KE, et al. ACC/AHA 2007 Guidelines on 
Perioperative Cardiovascular Evaluation and Care for Noncardiac 
Surgery: Executive Summary: A Report of the American College of 
Cardiology/American Heart Association Task Force on Practice 
Guidelines (Writing Committee to Revise the 2002 Guidelines on 
Perioperative Cardiovascular Evaluation for Noncardiac Surgery) 
Developed in Collaboration With the American Society of 
Echocardiography, American Society of Nuclear Cardiology, Heart 
Rhythm Society, Society of Cardiovascular Anesthesiologists, Society 
for Cardiovascular Angiography and Interventions, Society for Vascular 
Medicine and Biology, and Society for Vascular Surgery. J Am Coll 
Cardiol 2007 Oct 23;50(17):1707–1732. [ 1 ] With permission  
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multivariate analysis showed improved short-term outcomes 
in the laparoscopy group, as well as decreased length of stay 
and lower cost.  

    Comparisons of Laparoscopic Outcomes 
in the Young vs. Elderly 

 A number of reports have shown equivalent short-term 
 outcomes in older patients when compared with 
younger patients undergoing laparoscopic colorectal surgery. 
Unfortunately, most of these are small case series or 
 case- control studies (Table  28.3 ).

   Sklow et al. published a retrospective review of patients 
greater than and less than 75 years of age undergoing laparo-
scopic colectomy who were case-matched with controls 
undergoing open colectomy. Complication rates were similar 
between the laparoscopy and open groups, and laparoscopy 
was associated with a faster return of bowel function and less 
narcotic usage postoperatively. Interestingly, faster postop-
erative recovery was seen with laparoscopic left colectomies 
in the older group compared to the open group, while faster 
recovery was seen with laparoscopic right colectomies in the 
younger group compared with the open group [ 8 ]. In 2008, 
Chautard et al. described a matched case-control study com-
paring 75 patients greater than 70 years old with 103 patients 
less than 70 years old undergoing laparoscopic colorectal 
surgery. While the older group had more frequent cardio-
pulmonary preoperative comorbidities (80 % vs. 33 %, 
 p  < 0.001), the groups had similar operative time (244 ± 89 
vs. 242 ± 80 min), complication rates (32 % vs. 26 %), and 
hospital stay (11 ± 8 vs. 10 ± 9 days) [ 9 ]. 

 Roscio et al. reported a series of 159 consecutive patients 
undergoing laparoscopic resection for colorectal cancer 
grouped by age less than or greater than 70 years and found 
no differences in terms of time to return of bowel function or 
postoperative complications. Older patients in this study had 
more comorbid conditions and had a signifi cantly longer 
length of stay [ 10 ]. 

 Looking specifi cally at rectal cancer, Akiyoshi et al. com-
pared 44 elderly patients greater than 75 years of age under-
going laparoscopic rectal resection (group A) with 228 
patients less than 75 years old undergoing laparoscopic proc-
tectomy (group B) and 43 patients greater than 75 years old 
undergoing open rectal resection (Group C). While group A 
had a higher ASA classifi cation than group B, the rate of 
postoperative complications did not differ between the two 
(13.6 % vs. 11.8 %). Complications were seen less frequently 
in group A than in C (13.6 % vs. 25.6 %), though this did not 
reach statistical signifi cance. Group A also demonstrated 
faster return to fl atus (1.3 vs. 3.7 days,  p  < 0.001), shorter time 
to liquid diet (2.2 vs. 7.0 days,  p  < 0.001), and a shorter 
 hospital stay (19 vs. 22 days,  p  = 0.002) [ 11 ].  

    Comparisons of Laparoscopic vs. Open 
Outcomes in the Elderly 

 Similar to comparisons of laparoscopy in the young vs. the 
elderly, most of the published data comparing laparoscopic to 
open procedures in the elderly is limited to case-control series 
(Table  28.4 ). In 2000, Stocchi et al. described a series of 42 
patients greater than 75 years old undergoing laparoscopic- 
assisted colectomies that were matched to 42 similar patients 

 Author  Year  Age   N  
 Conversion 
rate (%) 

 Hospital 
stay (days) 

 Morbidity 
(%) 

 Mortality 
(%) 

 Reissman [ 6 ]  1996  <60  36  8  5.2  11  0 
 >60  36  11  6.5  14  0 

 Delgado [ 39 ]  2000  <70  70  11.4  5 ± 2  15.6  0 
 >70  59  16.9  6 ± 2  21.4  1.6 

 Senagore 
[ 22 ] 

 2003  <60  181  3.9 ± 5.9  10.5  0 

 >70  50  4.2 ± 3.0  16  0 
 Sklow [ 8 ]  2003  <75  38  16  6.1 ± 0.4  29  0 

 >75  39  8  6.1 ± 0.3  31  2.6 
 Chautard [ 9 ]  2008  <70  103  16  10 ± 9  27  0 

 >70  75  21  11 ± 8  32  0 
 Akiyoshi 
[ 11 ] 

 2009  <75  228  0.4 %  15  13.6  0 

 >75  44  0  19  11.8  0 
 Fiscon [ 20 ]  2010  <75  50  4  9  8  0 

 >75  50  6  10  24*  0 
 Roscio [ 10 ]  2011  <70  101  2  8.1 ± 2.8  3.8  0 

 >70  58  1.7  10.8 ± 6.6*  3.4  1.7 

  * p  < 0.05  

   Table 28.3    Comparison of 
outcomes for laparoscopic 
colectomy in younger vs. older 
patients   
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undergoing open colectomy. Despite longer operative times 
(190 vs. 142 min,  p  < 0.001), the  laparoscopic- assisted group 
had fewer complications (14.3 % vs. 33.3 %,  p  = 0.04), less 
narcotic usage (2.7 vs. 4.8 days,  p  < 0.001), faster return to 
bowel movements (3.9 vs. 5.9 days,  p  < 0.001), and shorter 
hospital stay (6.5 vs. 10.2 days,  p  < 0.001). Additionally, inde-
pendent-living status was more frequently maintained 
 postoperatively in the laparoscopic-assisted group compared 
with the open group (35/37 vs. 29/38,  p  = 0.025)—a key fac-
tor in looking at outcome with elderly patients that many 
studies do not address [ 12 ].

   Stewart et al., in 1999, compared patients aged 80 years 
or greater undergoing elective laparoscopic ( n  = 42) and 
open ( n  = 35) colorectal procedures. The open group dem-
onstrated a higher incidence of cardiopulmonary complica-
tions, wound infections, postoperative ileus, and ICU 
admission; patients in the laparoscopy group had a shorter 
length of stay and were more likely to be discharged to 
home instead of to a rehabilitation facility or nursing home. 
At 6-month follow- up, 82 % of surviving patients in the 
laparoscopy group who were independent preoperatively 
were living independently postoperatively, compared with 
only 64 % of surviving patients in the open group, indicat-
ing that a fair number of elderly patients undergoing major 
open abdominal surgery never return to an independent 
lifestyle [ 13 ]. 

 Law et al. compared laparoscopic and open colectomy in 
patients greater than 70 years old and found that laparoscopy 
was associated with less operative blood loss, earlier return 

of bowel function, earlier resumption of solid diet, shorter 
hospital stay, and less cardiopulmonary morbidity [ 14 ]. 
In 2005, Vignali et al. published the results of a case-matched 
control study comparing 61 octogenarians undergoing lapa-
roscopic colectomy for cancer with 61 patients undergoing 
open colectomy, matched for gender, age, year of surgery, 
site of cancer, and comorbidities. Despite longer operative 
times in the laparoscopic group (220 vs. 171 min,  p  = 0.01), 
postoperative morbidity rates were similar (25.5 % vs. 
31.1 %,  p  = 0.30), and the laparoscopy group demonstrated 
faster return of bowel function (4.8 vs. 5.9 days,  p  = 0.005) 
and shorter length of stay (9.8 vs. 12.9 days,  p  = 0.001). 
Laparoscopy also allowed better preservation of postopera-
tive independence status compared with open surgery (98 % 
vs. 82 %,  p  = 0.02) [ 15 ]. 

 Feng et al., in 2006, compared 51 patients greater than 70 
years old with colorectal cancer undergoing laparoscopic 
resection with 102 matched controls undergoing open resec-
tion. Overall morbidity was signifi cantly reduced in the lapa-
roscopic group (17.6 % vs. 37.3 %,  p  = 0.013), suggesting a 
preferential benefi t to laparoscopy over open surgery in 
elderly patients [ 16 ]. Frasson and colleagues described a 
cohort of 535 patients with colorectal disease randomly 
assigned to laparoscopic or open resection, 37.6 % of 
whom were greater than 70 years old. In both the younger 
and the older groups, complication rates and length of stay 
were lower in the laparoscopic resection arm compared 
with the open resection arm. However, in terms of reduced 
morbidity and length of stay, the advantages were much 

 Author  Year  Open vs. lap   N  
 Conversion 
rate (%) 

 Hospital 
stay (days) 

 Morbidity 
(%) 

 Mortality 
(%) 

 Stewart [ 13 ]  1999  Lap  42  11.9  9  16.6  7.1 
 Open  35  17  42.8*  11.4 

 Delgado [ 39 ]  2000  Lap  59  16.9  6 ± 2  10.2  1.6 
 Open  67  7 ± 3*  31.3 %*  0 

 Stocchi [ 12 ]  2000  Lap  42  14.3  6.5 ± 4.0  14.3  0 
 Open  42  10.2 ± 4.4*  33.3*  0 

 Law [ 14 ]  2002  Lap  65  12.3  7  27.7  1.5 
 Open  89  9*  37  5.6 

 Senagore [ 22 ]  2003  Lap  50  4.2 ± 3.0  16  0 
 Open  123  9.3 ± 7.6*  37.4*  1.6 

 Sklow [ 8 ]  2003  Lap  39  8  6.1 ± 0.3  31  2.6 
 Open  39  7.8 ± 0.6*  31  0 

 Vignali [ 15 ]  2005  Lap  61  6.1  9.8  21.5  1.6 
 Open  61  12.9*  31.1  2.2 

 Feng [ 16 ]  2006  Lap  51  3.9  17.6  0 
 Open  102  37.3*  1.9 

 Frasson [ 17 ]  2007  Lap  89  4.5  9.5  18  4.5 
 Open  112  13*  42*  0.9 

 Akiyoshi [ 11 ]  2009  Lap  44  0  19  13.6  0 
 Open  43  22*  25.6  2.3 

 Lian [ 18 ]  2010  Lap  97  14.4  6  37.1  5.2 
 Open  97  7*  43.3  5.2 

   Table 28.4    Comparison of 
outcomes for laparoscopic vs. 
open colectomy in the elderly 
(* p  < 0.05)   
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more pronounced in the older group of patients, again 
 suggesting a benefi t to laparoscopy in this population [ 17 ]. 

 Lian and associates compared 97 patients more than 80 
years of age (mean age 82.8 years) undergoing elective lapa-
roscopic colectomy with similar case-matched patients 
undergoing open colectomy. The laparoscopy group demon-
strated shorter hospital stay (6 vs. 7 days,  p  = 0.001) and 
similar complication, readmission, and mortality rates. 
Contrary to other reported studies, the rate of discharge to 
home without assistance was not signifi cantly different 
between the two groups (63.9 % vs. 62.9 %,  p  = 0.88) [ 18 ].  

    Is Laparoscopy Not Benefi cial in the Elderly 
Population? 

    In contrast to the majority of published literature, there are 
some published series suggesting that elderly patients under-
going laparoscopic colorectal surgery may have poorer out-
comes. Kirchhoff et al. found in a multivariate analysis of 
risk factors associated with elective laparoscopic colorectal 
procedures that age greater than 75 was a signifi cant risk fac-
tor for intraoperative (OR 1.69, 95 % CI 1.09–2.62,  p  = 0.019) 
and postoperative (OR 1.57, 95 % CI 1.15–2.13,  p  = 0.004) 
complications [ 19 ]. Fiscon et al. reported that when a group 
of 50 patients greater than 75 years old (median age 79.7 
years) undergoing laparoscopic colorectal resection for can-
cer was matched by ASA score and operation with 50 
patients less than 75 years old (median age 62 years), there 
was a signifi cantly higher morbidity rate seen in the older 
group—24 % vs. 8 % ( p  = 0.05) [ 20 ].  

    Laparoscopic Colorectal Surgery in the Elderly: 
Enhanced Recovery Protocols 

 A number of published studies have shown a clear benefi t to 
the use of enhanced recovery, or “fast-track,” protocols fol-
lowing laparoscopic colorectal surgery. More recently, these 
have been expanded to apply to elderly patients with simi-
larly favorable outcomes. In fact, reports of discharge less 
than 24 h postoperatively following laparoscopic right colec-
tomy for cancer in octogenarians have been described [ 21 ]. 

 In 2003, Senagore et al. evaluated the short-term out-
comes in age-matched cohorts of patients undergoing lapa-
roscopic vs. open segmental colectomy managed with an 
enhanced recovery protocol. Length of stay was signifi cantly 
shorter for the laparoscopy groups in each cohort. Unlike 
prior studies, the authors also found a signifi cant reduction in 
direct hospital costs associated with laparoscopy in the older 
(greater than 70 years old) cohort ($3,920 vs. $6,448) but  not  
the younger (less than 60 years old) cohort ($3,616 vs. 
$3,804). Readmission rates were similar for laparoscopic vs. 

open procedures in older patients (6.0 % vs. 6.5 %,  p  = NS) 
but signifi cantly higher for laparoscopic procedures in the 
younger cohort (9.4 % vs. 4.1 %,  p  < 0.05). Postoperative 
complication rates were also signifi cantly reduced in the 
laparoscopy group for older patients (16 % vs. 37.4 %, 
 p  < 0.05) but not in the younger group (10.5 % vs. 13.1 %, 
 p  = NS). The authors concluded that laparoscopic colectomy 
managed with an enhanced recovery program offers particu-
lar advantages to older patients [ 22 ]. 

 In one of the few randomized controlled trials in the lit-
erature evaluating laparoscopic colorectal surgery in the 
elderly, Wang described the outcomes for 78 patients 
greater than 65 years of age (mean age 71) undergoing lap-
aroscopic colorectal resection who were randomized to a 
“fast-track” protocol vs. a “conventional care” group. The 
fast-track group had a faster return of bowel function as 
measured by three separate indices, including a shorter 
length of stay (5.5 vs. 7.0 days,  p  < 0.001), and fewer com-
plications (5.0 % vs. 21.1 %,  p  = 0.045) [ 23 ]. Pawa et al. 
published outcomes for 688 colorectal resections managed 
with an enhanced recovery protocol, 18.9 % of which were 
inpatients greater than 80 years old; 93.1 % of resections in 
the older cohort were performed laparoscopically, com-
pared with 97.1 % in younger cohort ( p  = 0.036). Both 
groups demonstrated similar lengths of stay and readmis-
sion rates; however, there was a higher complication rate 
(mainly cardiopulmonary and urinary) in the older group 
(26.2 % vs. 9.3 %,  p  < 0.0001). The authors noted that there 
was more diffi culty with adherence to the protocol in older 
group, particularly with timely discontinuation of urinary 
catheters and intravenous fl uids [ 24 ].  

    What Are the Long-Term Outcomes? 

 While short-term outcomes regarding outcomes for laparo-
scopic colorectal procedures in the elderly are well described, 
data regarding long-term outcomes is generally lacking. The 
COST trial, which proved similar oncologic outcomes in 
patients undergoing laparoscopic and open colectomy, did not 
stratify patients by age. However, keeping in mind that a num-
ber of studies defi ne “elderly” as greater than 70 years old and 
that the median ages in the open and laparoscopic groups in 
the COST trial were 69 and 70, respectively, one might sur-
mise from this that oncologic outcomes in elderly patients 
undergoing laparoscopic colectomy for cancer approximate 
those of patients undergoing open colectomy, at least in the 
setting of a strict, randomized controlled trial [ 25 ]. 

 In the one study specifi cally looking at long-term out-
comes, Cheung described a series of 101 octogenarians 
(mean age of 83 years) undergoing laparoscopic colorectal 
resection for cancer. At a median follow-up of 24 months, 
there were 22 recurrences. The overall 5-year survival rate 
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was 51 %, and 5-year disease-free survival rate was 49 % [ 26 ]. 
Determination of the true long-term benefi ts of laparoscopic 
colorectal surgery would require a randomized control trial 
incorporating quality of life measures to defi nitively answer 
the question of whether laparoscopic colorectal surgery in 
the elderly population offers a true advantage over open 
surgery.   

    Operating Room Considerations 

    Physiology of Pneumoperitoneum 

 The common theme in terms of the elderly patient’s ability to 
tolerate laparoscopy depends not on the chronologic age, but 
more so on comorbid conditions and suffi cient physiologic 
reserve. Laparoscopy in the elderly has previously been 
approached with reservation because of concerns over the 
possible adverse hemodynamic effects of pneumoperito-
neum in this population that perhaps may have a more lim-
ited cardiopulmonary reserve. With laparoscopic surgery, 
concerns have been raised regarding issues such as the dura-
tion of the procedure and extreme positioning which may 
exacerbate this limited reserve (Fig.  28.1 ).

   Insuffl ation of the peritoneal cavity to create pneumoperi-
toneum during laparoscopy induces a number of physiologic 
changes (Table  28.5 ). In a healthy patient with normal physi-
ologic reserve, standard insuffl ation to an intra-abdominal 
pressure of 15 mmHg produces relatively little in the way of 
clinically relevant changes. However, in elderly patients in 
whom this reserve may be limited due to underlying comor-
bid conditions, the physiologic changes induced by pneumo-
peritoneum can have profound effects [ 27 ].

       Acid/Base Effects 

 The most commonly used gas for insuffl ations is carbon diox-
ide (CO 2 ), which is very effi ciently eliminated. CO 2  is 
absorbed through the peritoneum and eliminated by respira-
tory exchange in lungs. Insuffl ation increases CO 2  delivery to 
lungs by as much as 50 %, and an increase in minute ventila-
tion of up to 16 % can be required to maintain normocarbia 
during pneumoperitoneum [ 28 ]. Elderly patients with severe 
chronic obstructive pulmonary disease, decreased cardiac 
output, or high metabolic and cellular metabolic rates 
(i.e., sepsis) may experience signifi cant hypercarbia if the 
end-tidal CO 2  and arterial pH are not monitored [ 29 ].  

    Pulmonary Effects 

 Abdominal insuffl ation during laparoscopy impedes dia-
phragmatic movement and results in decreased functional 
residual capacity (FRC) and an increase in alveolar dead 
space. Additionally, there is a rise in peak airway pressures 
with a decrease in pulmonary compliance [ 27 ]. Collectively, 
these factors can lead to signifi cant hypoxemia, which can 
be minimized by controlled ventilation, which minimizes 
alveolar atelectasis and the potential resulting ventilation/
perfusion mismatch [ 30 ]. Again, elderly patients with 

  Fig. 28.1    Steep reverse Trendelenburg may cause problems with phys-
iology in the elderly       

   Table 28.5    Physiologic effects of pneumoperitoneum   

 Parameter  Change 

 Respiratory 
 Functional residual capacity  Decrease 
 Alveolar dead space  Increase 
 Peak airway pressures  Increase 
 Pulmonary compliance  Decrease 
 FEV-1  Decrease 
 Force vital capacity  Decrease 
 Peak expiratory fl ow  Decrease 
  Hemodynamic    With 

hypercarbia  
  With increased 
abdominal pressure  

 Heart rate  Increase  Increase 
 Mean arterial pressure (MAP)  Increase  Increase or decrease a  
 Central venous pressure  Increase  Increase or decrease a  
 Stroke volume  Increase  Decrease 
 Cardiac output  Increase  Increase or decrease a  
  Renal  
 Urine output  Decrease 
 Glomerular fi ltration rate  Decrease 
 Renal blood fl ow  Decrease 
 Serum creatinine  Increase or 

no change 
 Vasopressin  Increase 

   a Increase or decrease depends on several factors. As preload falls, MAP 
may compensate as well as cardiac output. However, if continues or 
with large decrease in preload, cardiac output and MAP will decrease  
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underlying pulmonary disease may be more prone to the 
deleterious effects of pneumoperitoneum on pulmonary vol-
umes and oxygenation.  

    Cardiovascular Effects 

 Pneumoperitoneum affects cardiovascular physiology, both 
due to the effects of hypercarbia and the direct effect of the 
increase in abdominal pressure on the thoracic cavity. At a 
pCO 2  of 55–70 mmHg, hypercarbia and acidosis cause 
hemodynamic changes due to myocardial depression and 
vasodilation, effects that are countered by a centrally medi-
ated sympathetic stimulation that causes tachycardia and 
vasoconstriction, resulting in an increased heart rate, mean 
arterial pressure, cardiac output, and stroke volume [ 27 ]. In 
elderly patients with underlying pulmonary disease who 
have diffi culty clearing the hypercarbia produced by CO 2  
insuffl ation, these effects can be pronounced. 

 The hemodynamic effects attributed to the mechanical 
effect of increased intra-abdominal pressure are much more 
pronounced than the effects induced by hypercarbia. With 
decreased right atrial pressures, pneumoperitoneum com-
presses the inferior vena cava, leading to decreased venous 
return. With higher right atrial fi lling pressures, the vena 
cava is able to resist compression, and increased intra- 
abdominal pressure actually augments venous return [ 31 ,  32 ]. 
Additionally, increased intra-abdominal pressure results in 
compression of small capacitance vessels, further augment-
ing venous return. With hypervolemia, cardiac output is aug-
mented by an elevated mean systemic pressure and increase 
in venous return. With euvolemia or hypovolemia, increased 
systemic pressure is outweighed by caval compression and 
decreased venous return, causing a decrease in cardiac out-
put, the level which is directly related to the degree of 
increased abdominal pressure [ 33 ]. 

 Certain considerations should be taken into account when 
considering laparoscopy in elderly patients with underlying 
cardiac disease. Increases in heart rate and afterload have the 
potential to increase ventricular wall tension and subsequent 
myocardial ischemia. Inadequate left ventricular reserve can 
lead to transient cardiac decompensation during abdominal 
insuffl ation, decreasing oxygen delivery and causing refl exive 
increases in pulmonary arterial pressure. In patients with 
underlying cardiac disease undergoing laparoscopy, additional 
intraoperative monitoring, including direct measurements of 
arterial and central venous pressure, may be considered.  

    Renal Effects 

 Increased intra-abdominal pressure created by pneumoperi-
toneum decreases renal blood fl ow and glomerular fi ltration 
rate via a number of mechanisms. Decreased delivery of 

blood to the kidneys as a result of decreased cardiac output 
results in decreased renal blood fl ow. Animal studies have 
clearly demonstrated that increased intra-abdominal pres-
sure resulting from insuffl ation of the abdominal cavity also 
results in decreased renal blood fl ow [ 34 ,  35 ], presumably 
due to vascular and parenchymal compression, though the 
exact mechanism by which this occurs has not been clearly 
elucidated. There is also evidence that pneumoperitoneum 
increases secretion of vasopressin, promoting water resorp-
tion and decreasing urine output. When performing laparos-
copy on elderly patients with decreased baseline renal 
function, one should be mindful of maintaining adequate 
intravascular volume to promote renal blood fl ow. 
Fortunately, long-term deleterious effects of pneumoperito-
neum on renal function are rare; transient changes in serum 
creatinine, glomerular fi ltration rate, and urine output tend to 
return to baseline fairly quickly postoperatively.  

    Immune System Effects 

 Serum levels of several acute-phase reactants, proteins pro-
duced in response to tissue injury, have been shown to be 
elevated after laparoscopy. Probably the most widely studied 
of these is C-reactive protein (CRP), which rises 4–12 h after 
surgery, peaks at 24–72 h postoperatively, and remains ele-
vated for about 2 weeks [ 36 ]; after laparoscopy, CRP levels 
do not reach the same degree of elevation as those seen after 
laparotomy. Interleukin-6 (IL-6) is the major cytokine 
responsible for the acute-phase protein response and is an 
early marker for tissue damage. As with CRP, elevations in 
IL-6 after laparoscopy are less pronounced than those seen 
after laparotomy [ 37 ]. Insuffl ation of the abdomen with CO 2  
as opposed to room air has also been shown to be associated 
with a reduction in the IL-6 response. Similar associations 
have been seen with decreased release of TNF-α and IL-1 
from cells incubated in CO 2  compared with room air or nitro-
gen [ 38 ], suggesting that there is a modulation of the proin-
fl ammatory response with CO 2  insuffl ation.   

    Laparoscopic Surgery in the Elderly: 
Changes and Technical Points 

 The basic tenets of laparoscopy in general hold true when 
performing laparoscopic colorectal procedures on elderly 
patients—safe access to the peritoneal cavity, adequate visu-
alization and exposure of target tissues, triangulation of tro-
cars, and delicate tissue handling with appropriate traction/
counter-traction are all paramount to successful laparoscopic 
surgery. 

 Many older patients have undergone prior open abdominal 
surgery, raising challenges with access and intra- abdominal 
adhesions. Gaining access via a Veress needle or optical 
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laparoscopic visualization technique may risk inadvertent 
enterotomy if there are adhesions of bowel to the undersur-
face of the abdominal wall; in these circumstances a direct 
cutdown or Hasson technique may be preferred. In patients 
who have undergone previous abdominal surgery, extensive 
laparoscopic lysis of adhesions may be required in order to 
adequately visualize the target tissues. This can be very time-
consuming and tedious, with risk of inadvertent enterotomy, 
which can be technically challenging to repair laparoscopi-
cally. In elderly patients with signifi cant comorbidities, the 
benefi ts of laparoscopy must be weighed against the draw-
backs of a prolonged operative time if extensive adhesiolysis 
is required. 

 The cardiopulmonary effects of pneumoperitoneum, as 
previously described, can be more pronounced in elderly 
patients due to underlying disease. Additionally, extreme 
positional changes are often utilized during advanced laparo-
scopic procedures to facilitate exposure, which can further 
compound the hemodynamic effects produced by pneumo-
peritoneum. Elderly patients may not be able to tolerate the 
physiologic changes induced by pneumoperitoneum and 
may require lower levels of insuffl ation to decrease intra- 
abdominal pressures. Patients with pulmonary hypertension 
or right-sided heart failure may not be able tolerate steep 
Trendelenburg position due to increased venous return to the 
heart. If abdominal insuffl ation or extreme positional changes 
create unsafe hemodynamics, one should consider convert-
ing to an open procedure. 

 Positioning is another very important factor. Baseline 
coagulopathies, medications, or platelet dysfunction, along 
with “frail” skin, may lead to increased bruising. Additional 
padding on the bony prominences, sacrum, (Fig.  28.2 ), and 
legs (Figs.  28.3  and  28.4 ) while in the modifi ed lithotomy 
position is crucial.

     Changes in the postoperative management in elderly 
patients undergoing laparoscopic procedures may also be 

needed. The concept of early postoperative ambulation may 
be diffi cult to employ in this patient population, whose 
mobility may have been poor even preoperatively [ 24 ]. Early 
discontinuation of Foley catheters is often met with nursing 
resistance due to urinary incontinence or the need for rein-
sertion in elderly men with enlarged prostates or women 
with pelvic fl oor prolapse; Foley catheter reinsertion may 
increase the risk for postoperative urinary tract infections. 
Early enteral feeding post-laparoscopy should be employed 
judiciously in elderly patients, as this population may be 
more likely to have an aspiration event associated with epi-
sodes of nausea and vomiting, increasing the risk of pneumo-
nia and need for mechanical ventilation.    Fig. 28.2    Additional padding on the sacrum       

  Fig. 28.3    Added padding in the stirrups       

  Fig. 28.4    Additional padding at the calf. Mechanical compression 
devices are in place       
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    Conclusions 

 Management of the elderly patient with colorectal problems 
can be complex and may affect every aspect of the patients 
care. Every plan for operative intervention should begin with 
appropriate assessment of comorbidities and assessment for 
fi tness for surgery. The use of laparoscopy, while previously 
a contraindication in the elderly, has emerged to provide sig-
nifi cant advantages for the elderly patients similar to those in 
younger patients. The use of laparoscopy introduces unique 
and important physiologic changes perioperatively, of which 
the responsible colorectal surgeon must be aware, and must 
be taken into account in the context of common morbidities 
in the elderly. Nevertheless, with appropriate preoperative 
planning, laparoscopy seems to have proven advantages over 
open surgery in the elderly and may soon be considered stan-
dard of care.     
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          Key Points 
•     Obese patients suffering from colorectal diseases requiring 

surgery are common in general and colon rectal surgical 
practice.  

•   Laparoscopic colectomy in the obese patient is associated 
with increased operative time and higher conversion rates, 
indicating increased technical diffi culty and need for 
surgeon experience and expertise.  

•   Laparoscopic colectomy in the obese patient requires spe-
cifi c patient and surgeon preparation, unique technical 
strategies, and dedicated surgical instrumentation for safe 
and successful performance.  

•   Laparoscopic colectomy offers benefi ts to obese patients 
when successfully completed.     

    Introduction 

 The obesity epidemic represents one of the greatest health-
care challenges of our generation. According to the Centers 
for Disease Control and Prevention, 37.5 % of adult 
Americans are obese, with an associated annual fi nancial 
implication of 147 billion dollars [ 1 ]. Traditionally, obesity 
has been defi ned by body mass index (BMI), with a BMI 
greater than 30 kg/m 2  defi ned as obese and BMI greater than 
40 kg/m 2  as morbidly obese. While BMI serves as a useful 
snapshot to stratify patients, it does not acknowledge several 
important factors, including adipose distribution, muscle mass 
composition, and differences across race and gender [ 2 ,  3 ]. 
Emerging evidence suggests that alternate defi nition of 
obesity, such as visceral abdominal fat (VAT) and waist-to- 

hip ratio (WHR), may provide more accurate representations 
of the physiologic changes that accompany obesity and its 
health consequences [ 4 ,  5 ]. 

 For the surgeon, central obesity may represent the true 
challenge from both the technical and perioperative risk 
standpoints. Visceral adipose tissue (VAT), an alternate defi -
nition of obesity that uses CT imaging to measure central 
adipose tissue, plays a fundamental role in the development 
of multiple medical comorbidities, such as insulin resistance, 
diabetes, hypertension, cardiovascular disease, hyperlipid-
emia, and obstructive sleep apnea [ 4 – 7 ]. Various tools for 
measuring VAT have been described, including computed 
tomography (CT), ultrasonography (US), waist circumfer-
ence (WC), and waist-to-hip ratio (WHR). WHR and WC 
are anthropometric markers that indirectly describe VAT 
[ 8 – 10 ]. In contrast, CT offers a more precise measurement 
but is costly, time-consuming, and associated with ionizing 
radiation exposure. Ultrasonography may be more practical 
and affordable with comparable measurements of VAT by CT 
but without having the associated risk of radiation [ 11 – 13 ]. 
Thus, the take-home message remains that measuring and 
defi ning obesity evolves and will potentially improve strati-
fi cation of operative risk. 

 There exists variability in obese patients as well—“the 
healthy obese patient”—who tend to be younger and have yet 
to develop medical conditions so often associated with obe-
sity. Despite this perceived appearance of well-being, how-
ever, surgeons must scrutinize any obese patient for medical 
comorbidities. Surgeons contemplating any colorectal opera-
tion in the obese patient must ensure optimal medical man-
agement for cardiovascular disease, pulmonary conditions, 
hypertension, and diabetes to reduce operative risk and poten-
tial medical complications related to abdominal surgery—
especially when it may be occult. As a policy, you should 
have a low threshold for preoperative clearance and an active 
role of medical specialist during the perioperative period. 
This cannot be overstated nor overlooked. 

 In addition, the relationship between obesity and colorectal 
disease has been well described [ 14 – 16 ]. Obesity has been 
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linked to an increased incidence of colorectal neoplasia and 
adenoma formation, with insulin-like growth factors pro-
posed as a mediator in the oncogenic process [ 14 – 16 ]. 
Recent data also suggests that obesity may be linked to more 
severe disease presentations of diverticular disease [ 17 ] and 
earlier presentation of infl ammatory bowel disease [ 18 ]. 

 The increasing prevalence of obesity and its impact on 
colorectal pathology means that surgeons are now more 
often faced with identifying the optimal operative approach 
in these patients. The laparoscopic technique is an accepted 
alternative to open resection for colorectal disorders in both 
obese and non-obese patients, with comparable oncologic 
results to open resection [ 19 – 21 ]. Data also suggests that the 
proven benefi ts of laparoscopy in non-obese patients, includ-
ing accelerated recovery of bowel function, decreased post-
operative pain, and shorter hospital stay, similarly apply in 
the setting of obesity [ 22 – 25 ]. The technical challenge of 
this patient population, however, is apparent given the asso-
ciated longer operative times and higher conversion rates in 
obese patients undergoing minimally invasive colorectal pro-
cedures. The purpose of this chapter then is to provide read-
ers with a systematic and rational approach to performing 
laparoscopic colectomy in the obese patient.  

    Technical Considerations 

 When contemplating laparoscopic colectomy in the obese 
patient, one must consider the pragmatic situation fi rst and then 
the strategic. The “nuts and bolts” (so to speak) of the former 
includes those issues related to the implications of the size and 
weight of this patient cohort. Though mundane, you must fi rst 
address the necessary tools that must be specifi cally designed. 
Thus, the realities of weight restrictions of operating tables and 
stirrups, potential need for longer ports and instruments, and 
means of stabilizing and protecting the obese patient in severe 
degrees of positioning must be accounted for prior to consider-
ing actual operative strategies (Fig.  29.1 ). While there can be 
no doubt of the importance of the details of this aspect of a 
technical discussion, the evolution of such technology con-
tinues. Given the increasing numbers of obese patients 
requiring colectomy, thoughtful and purposeful innovation 
can be anticipated and surgeons must be cognizant of such 
advances. We will attempt to intertwine these two facets—
pragmatic and strategic—with the understanding that the 
emphasis of our discussion will favor operative strategies.

       Defi ning an Operative Plan and Precise 
Preoperative Localization of Pathology 

 A fundamental aspect of the preoperative phase of surgery 
involves developing the operative plan (Table  29.1 ). For an 
elective colectomy, this should include the preoperative 

diagnosis, the anticipated extent of resection, incision/port 
placement, exposure strategy, dissection and mobilization, 
vascular ligation, bowel resection, and anastomosis. 
Execution of the plan remains dependent upon the actual cir-
cumstances encountered at the time of operation. Surgeons 
must consider prior to surgery all of the potential variations 
that may be encountered and how such endeavors enable one 
to adapt and press on when the unexpected occurs. While it 
is impossible to anticipate every possible variation, reducing 
such variables improves operative effi ciency.

   One aspect of preoperative planning which requires addi-
tional consideration is the localization of the pathology to be 
resected and specifi cally when dealing with small tumors or 
polyps. In the case of infl ammatory conditions, imaging will 
generally identify the segment of bowel to be resected. For 
polyps or tumors, we use preoperative colonoscopy. The 
colonoscopic description of location identifi es the segment, 
while tattooing techniques enable intraoperative confi rma-
tion. Clearly, the experienced surgeon should maintain a 
healthy skepticism of the precision of colonoscopic descrip-
tions, as inaccuracies persist irrespective of the experience 
and skill of the endoscopist. The tattoo is often viewed as 
the “fail-safe” alternative at operation. However, in the obese 

  Fig. 29.1    Pigazzi patient positioning system™. Notice the steep posi-
tioning that is required       

   Table 29.1    Preoperative considerations   

 • Surgeon well experienced with laparoscopy 
 • Patient selection 
 • Preoperative expectations 

 – Increased likelihood for need for conversion 
 – Longer operative time 

 • Bowel prep 
 – May need longer bowel preparation 
 – When optimized, can improve exposure with decompressed 

bowel 
 • Antibiotic prophylaxis 

 – Appropriate weight-based dosing for preoperative administration 
 • Perioperative DVT prophylaxis 
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patient, failure to easily identify the lesion (even with 
preoperative marking) can become exasperating, and dissec-
tion may become paralyzed by the lack of confi rmation of the 
target lesion. A large omentum, enlarged appendices epiploi-
cae, and abundant retroperitoneal and mesenteric fat can all 
lead to the tattoo mark not being seen. This can be especially 
problematic when attempting to use a medial-to-lateral 
mobilization technique, which often involves initial proxi-
mal vessel ligation. One would be hesitant to perform this 
“point of no return” maneuver without fi rst identifying the 
tattoo. Tattoos in the region between the hepatic fl exure and 
the sigmoid colon are particularly at risk for such diffi culties 
given the size and weight of the omentum in the obese 
patient. Intraoperative colonoscopy certainly is often avail-
able in most operating rooms, but this can be time- consuming, 
has potential drawbacks related to sterility, and any bowel 
distension in the obese patient will be disastrous. As such, 
the surgical team can expend considerable energy and time 
that otherwise could be invested later in the case where it is 
truly needed. If intraoperative colonoscopy is used to help 
localize the tattoo marking, we recommend CO 2  instead of 
air insuffl ation, as this will dissipate from the bowel and 
cause less bowel distention. 

 Techniques for localization prior to operation include 
both imaging and endoscopic means. As said, larger lesions 
can be seen on barium enema or on CT scan. The operating 
surgeon can also repeat the colonoscopy to confi rm the lesion 
location, with two methods classically utilized for marking. 
First, an abdominal radiograph is taken with the tip of the 
scope at the lesion (Fig.  29.2 ). Second, an endoscopic clip 

can be placed at the lesion and abdominal fi lms performed 
immediately after colonoscopy (Fig.  29.3 ).

    Preoperative marking with abdominal radiographs also 
allows you to identify (prior to surgery) lesions that do not 
readily fi t into standard segmental resections (i.e., right or 
sigmoid colectomy). This would include lesions between the 
hepatic fl exure and the descending colon. In a challenging 
patient such as obese patients, this prepares the surgeon and 
the patient ahead of time and enhances the execution of the 
plan. Surgeons can also more accurately counsel patients both 
for what to expect in the operating room and potential changes 
in postoperative function. For example, if both are under the 
impression that a lesion is in the “sigmoid colon” and then to 
fi nd it in the proximal descending colon or splenic fl exure, this 
will demand an entirely new plan for resection which is tech-
nically much more diffi cult in the obese patient. In essence, 
the goal remains to pursue any means possible to reduce the 
likelihood of a preventable “surprise” at the time of operation 
that will impact the execution of the operative plan.  

    Alterations of Anatomy and the Technical 
Challenge of the Obese Patient 

 The fundamental difference in obese patients is the loss of 
abdominal domain with laparoscopy and increased abdomi-
nal wall thickness. In male pattern obesity or central obesity, 
the former can be expected to be more of a problem. This is 
the result of the abundant retroperitoneal fat as well as intra-
peritoneal adipose tissue that diminishes the volume of 

  Fig. 29.2    Localization of small tumor using radiograph with colonoscopy       

  Fig. 29.3    Localization of tumor by endoclip placement ( arrow ) and 
post-procedure radiograph       
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space created by pneumoperitoneum and reduces overall 
laparoscopic perspective and visualization. The larger and 
heavier bowel along with its associated bulky mesentery 
proves much more diffi cult to manipulate and retract with 
the miniature end effectors of laparoscopic instrumentation. 
In addition, retraction of the small bowel proves much more 
problematic, with limited “room” in the abdomen and 
requires systematic and disciplined techniques, as simple 
positional changes and the effect of gravity are less effective. 
Mesenteric thickness makes dissection and control of vascu-
lar structures much more tedious and stressful, as major ves-
sels are not only not readily identifi ed but also more diffi cult 
to control if bleeding occurs. Mesenteric obesity also short-
ens effective bowel length and impacts various anastomotic 
techniques. Essentially, every aspect of surgery is made more 
challenging in the obese patient, and you must prepare spe-
cifi cally for such an endeavor. 

 One such way to overcome this is to increase the pneumo-
peritoneum and create a more “doming effect.” Some have 
suggested using two insuffl ators to accomplish this. However, 
cardiopulmonary compromise, as indicated by hypercarbia 
or hypotension, can result due to decreased venous return. 
This must be anticipated and monitored closely by the surgi-
cal and anesthesia team with appropriate cardiovascular 
monitoring as indicated, taking into account underlying car-
diopulmonary conditions, effect of bowel preparation, 
expected blood loss, and duration of surgery.  

    Ergonomic Issues in Laparoscopic 
Colectomy in the Obese Patient 

 The man-machine environment of the laparoscopic operative 
suite presents certain ergonomic challenges for the operating 
surgeon and team. Design of instruments, monitor height and 
location, table height, and surgeon positioning and posture all 
affect the surgeon’s experience and as a consequence, the 
technical conduct of the operation. During laparoscopic oper-
ations, surgeons suffer from high levels of mental and physical 
stress. After a certain time—~4 h—the so-called surgical 
fatigue syndrome may occur. This syndrome includes mental 
fatigue, degradation of manual dexterity, and importantly a 
reduced capacity for good judgment results [ 26 ]. This can be 
further exacerbated when operating on the obese patient. 

 To help overcome this, you must consider specifi c ramifi -
cations of the girth of the patient: alterations in the vertical 
height of the operating fi eld (i.e., ventral surface of the 
patient), the increased lateral distance to the operative fi eld, 
and the consequences for surgeon position and posture. 
Surgeons must consider step stools to return hand and wrist 
height to the more comfortable posture with optimal height 
at level of elbows [ 27 ]. As the ports will be further away 
from the surgeon’s center of gravity, fl exion and adduction of 

the shoulder occurs. This again reduces ergonomic effi ciencies 
and exacts a physical toll. Seemingly trivial, these physical 
challenges will be magnifi ed over the course of a longer 
operation. Fatigue and mental stress contributes to frustra-
tion and intolerance of additional procedural diffi culties that 
are naturally expected to occur in a complex operation as 
laparoscopic colectomy. With obese patients, it is simply 
exacerbated. Therefore, as you prepare for this patient group, 
identifying means to reduce physical stress and improving 
ergonomics of surgical technique will enhance your comfort 
and physical experience, and as a consequence, improve 
patient surgical outcomes.  

    Learning Curve for Laparoscopic Colectomy 
in the Obese Patient 

 Another concept to consider is a learning curve that is spe-
cifi c to complex operations—in this case the obese patient. 
In general, the learning curve for laparoscopic colectomy has 
been well described as being longer than that for other lapa-
roscopic procedures, varying fi rst by specifi c procedure 
(right vs. left vs. total colectomy) [ 28 ]. In regard to patient- 
related factors, obesity presents a greater technical challenge 
and results in a longer learning curve to achieve profi ciency. 
Sarli et al. demonstrated that when operating on obese 
patients. Risk of conversion decreased with increased surgi-
cal team experience [ 29 ]. Yet the learning curve must also 
account for various pathologic conditions such as those 
related to infl ammation (i.e., diverticulitis or Crohn’s dis-
ease) as well as locally advanced cancer. Therefore, espe-
cially early in your practice experience and learning curve, it 
is imperative that you consider all factors which make an 
operation complex: (1) patient-related factors such as obesity 
or severe comorbid conditions; (2) disease-related factors 
such as severe infl ammation complicated by phlegmonous 
masses or fi stulas; (3) large neoplasms demonstrating local 
invasion; (4) complex resections such as left colectomy, 
extended resections, and total abdominal or proctocoloec-
tomy; or (5) acute emergent presentation of disease such as 
perforation, hemorrhage, or large bowel obstructions. Such 
factors should each be considered into the decision to attempt 
laparoscopic colectomy. 

 Given that over 1/3 of our patient population now presents 
with BMI > 30, the young surgeon unfortunately cannot avoid 
(for long) performing laparoscopic colectomy in this chal-
lenging group. To that end, the senior author (HDV) strongly 
encourages that any laparoscopic colectomy in an obese 
patient, even when straightforward on all other accounts 
(i.e., right colectomy, benign disease without infl ammation 
or fi stula), should be scheduled as an early fi rst case without 
a signifi cant number of cases to follow, whenever possible. 
In addition, it would be advisable for skilled assistants to be 
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present (preferably a more experienced laparoscopic surgeon 
or partner) for the duration of the procedure. Such assistance 
improves retraction and exposure, reduces surgeon stress, and 
undoubtedly leads to better intraoperative decision-making and 
clinical outcomes for patients.  

    Operative Details (Table  29.2 ) 

       Positioning and Securing the Obese Patient 

 The weight and proportions of the obese patient impact many 
practical issues of laparoscopic colectomy. The operating 
room bed and leg stirrups must accommodate the weight of 
the patient, as both components have specifi c weight restric-
tions, and manufacturers offer product models to accommo-
date extreme patient weights. The traditional tucking of the 
arms of the patient may not be possible due to the breadth of 
the torso, and arms may need to be placed outstretched and 
secured (Fig.  29.4 ). While arm sleds enable the arms to be 
placed alongside of the torso, such positioning forces the sur-
geon and assistants further away from the operative fi eld and 
causes the aforementioned ergonomic diffi culties for the 
operating team. Additionally, more padding and attention to 
proper securing to the arm boards is often required to reduce 
peripheral nerve injuries (Videos  29.1  and  29.2 ).

   A system for fi xation of the patient to the OR table must 
be reliable given the weight of the patient and the extremes 
of rotation and head down positioning of that must be per-
formed to allow gravity to assist in intraperitoneal exposure 

(Fig.  29.5 ). The senior author prefers taping around the 
patient’s chest and operating room table three times using 
3-in. wide cloth or silk tape to provide fi xation (Fig.  29.6 ). 
Others describe methods including beanbags and gel pads 
directly beneath the patient’s torso. In any case, we suggest 
that, irrespective of the method, prior to prepping the patient 
and draping, the patient should be placed in the anticipated 
table positions (extreme rotation, Trendelenburg) in order for 
all OR personnel to observe for any movement of the patient’s 
torso or extremities (Fig.  29.7 ).

         Ureteral Stent Insertion: Selective Use 

 On one hand, increased retroperitoneal adipose tissue may 
be protective of retroperitoneal structures such as the ureter; 

   Table 29.2    Intraoperative considerations   

 • Patient positioning 
 – Predisposed to increased risk of intraoperative nerve injuries 

from compression or traction 
 – More prevalent nerve injuries due to stretch or pressure sores 

in obese 
 • Experienced fi rst assistant(s) 
 • Additional trocar placement as needed 

 – 4 to 6 trocars to assist with retraction and exposure 
 • Longer ports and instruments 

 – Standard (100 cm) vs. longer versions (150 cm) 
 – Estimate by positioning the instruments on abdomen before 

actually making port site incisions 
 • Avoid umbilicus for hand port 

 – Umbilical location more caudal in obese population 
 • Early recognition for need for conversion 
 • Energy devices for intracorporeal vessel ligation 

 – Shortened, thickened mesentery 
 – EnSeal ®  or LigaSure ®  device 

 • Complete omental dissection as necessary to facilitate specimen 
extraction 

 • Low threshold to enlarge extraction site, due to larger specimen size 
 • Port site closure device 

  Fig. 29.4    Positioning in a patient with a BMI of 55. (Courtesy of 
Conor Delaney, MD)       

  Fig. 29.5    Preparing for operating table positioning with additional 
padding       
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yet, excess layers may also make visual identifi cation more 
challenging. Additionally, if dissection strays from the 
embryologic planes, meddlesome bleeding may occur 
obscuring the laparoscopic perspective. Generally, good 
practice dictates ureteral identifi cation prior to division of 
the inferior mesenteric artery or superior hemorrhoidal 
artery. In the case of a hand-assisted colectomy, you can pal-
pate the ureter. Ureteral stents can also be helpful in identify-
ing the ureter, as well as noticing a ureteral injury (should it 
occur) intraoperatively, but have not been shown to prevent 
one. A trade-off exists then with either additional time 
 inserting stents versus meticulous dissection to establish the 
proper planes and identify the ureter. We feel that insertion 
of ureteral stents should be considered optional; though early 
in your experience and learning curve, this may reduce stress 
regarding this critical step. Exceptions where you may more 
strongly consider stent insertion would be cases where 
infl ammation can be identifi ed adjacent to the path of the 
ureter and iliac vessels (e.g., Crohn’s iliopsoas abscess, 
posterior type diverticular abscess). In the case of prior radi-
ation, a previous left colectomy or history of pelvic surgery, 
you should anticipate distorted anatomy, dense adhesions, 
and an irregular course of the ureter. Lastly, in the case of a 
solitary kidney, you may be inclined to pursue preoperative 
ureteral stent insertion.  

    Ports and Exposure Techniques 

 Port sites must take into account the alterations in the ana-
tomic landmarks, specifi cally the umbilicus, in regard to port 
locations (Fig.  29.8 ). Due to the large pannus, the umbilicus 
may not correlate to the traditional mid-abdominal view you 
may be accustomed to in normal-sized patients. In fact, for 
morbidly obese patients, it is often best to ignore the umbilicus 
altogether. On the other hand, the bony prominences of the 
costal margin and the iliac crest, the symphysis pubis, and 

  Fig. 29.6    Chest Strap to secure the patient to the table. 3″ silk tape may 
be used as an alternative       

  Fig. 29.7    Reverse Trendelenburg demonstrating no shift in the patient 
with proper securing to the table       

  Fig. 29.8    Low-lying umbilicus in the obese patient [Waist-to-hip Ratio (WHR) 1.2]       
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the xiphoid process will not vary with abdominal girth or 
body mass index and will better provide guidance as to the 
intra-abdominal structures of interest and the best means of 
exposing such (Fig.  29.9 ).

    Care must also be taken when inserting ports to consider 
the trajectory and angle given the torque and levering phe-
nomena required for visualizing and working in different 
quadrants of the abdomen. Such torque may result in enlarge-
ment of the fascial defect and must be considered when clos-
ing the abdomen, as they may be a source of subsequent 
hernias and bowel obstruction. The ports themselves may 
also need to be extra long, especially with the super-obese 
(BMI > 50) patient. Generally, standard ports are of adequate 
length. Lastly, prior to incision and insertion, you should 
sketch out the port sites considered and simulate reach and 
position of instruments. You can then anticipate the function-
ality of ports and determine whether or not you have ade-
quate length of the instruments. 

 Generally, the number of ports will be greater when per-
forming a colectomy in the obese patient. Due to the less-
ened effect of gravity and lack of intra-abdominal room, 
exposure and retraction of the small bowel and its mesentery 
require more instruments to keep the bowel out of the way. 
You should have a low threshold to place additional ports to 
accomplish retraction of the small bowel to avoid inadvertent 
enterotomies, worse visualization, longer operative times, 
and increased frustration. In the case of left colectomy, Leroy 
et al. employed fi ve and six ports liberally with one port 
committed purely for retracting the small bowel mesenteric 
root [ 30 ]. In any case, fi ve to six ports would indicate that 
perhaps as many as two assistants would be required to help 
the operating surgeon in the case of a left colectomy. Most 
would agree that left colectomies present a higher degree of 
complexity than the simpler right colectomy, and studies 
examining the respective learning curves comparing right to 

left validate this notion [ 28 ]. Thus, when considering 
 performing a complex colectomy in a diffi cult patient, such 
as the obese patient, ensure adequate access and exposure. 

 Lastly, gravity and extreme patient positioning must be 
maximized and dynamic. One must constantly engage the 
anesthesia team to alter the table position facilitating the effects 
of gravity and exposure. The multiple quadrants of dissection 
and mobilization mandate continuous alterations in the table 
and patient position, and the team must anticipate such 
frequent changes along with the implications for other acces-
sories such as Mayo stands, instrument tables, and video 
monitors and towers.   

    Hand-Assisted Laparoscopic Colectomy (HALS) 

 Hand-assisted laparoscopic colectomy represents a distinct 
technical variation of laparoscopic surgery. This involves 
insertion of the surgeon’s hand into the abdomen through an 
incision that ultimately serves as the wound for specimen 
extraction. The variation of this technique offers a pragmatic 
approach in the obese patient given the technical limitations 
and challenges described. Specifi cally, the surgeon’s hand 
provides an effi cient and atraumatic means of retraction and 
exposure. In the case of a thickened mesentery, return of pal-
pation improves identifi cation of critical structures and 
enables safe dissection of the mesentery. Lastly, palpation 
restores one’s sense of proprioception and thus improves dis-
section in an abdominal cavity with diminished space and 
reduced visual cues. Diffi cult to validate and objectify, but 
perhaps the greatest attribute of the hand-assisted technique, 
it restores a surgeon’s confi dence and sense of control where 
typically the obese patient humbles and frustrates surgeons. 
Time motion analysis study and other studies [ 31 – 33 ] exam-
ining the hand-assisted effect using simulators [ 34 ] indicate 
technical advantages of this hybrid technique as compared to 
conventional laparoscopic colectomy technique. 

 In the obese patient, HALS may in fact be preferable, 
although data remains sparse regarding this specifi c patient 
group. The Cleveland Clinic compared HALS versus con-
ventional multiport laparoscopic (LAP) colectomy, fi nding 
the HALS cohort experienced signifi cantly fewer conver-
sions to open (3.5 % vs. 12.7 %) [ 34 ]. Additionally, incision 
size was larger in the HALS group, but by only 1.3 cm (7.0 
vs. 5.7 cm). Postoperative outcomes including length of stay, 
operative time, morbidity, and mortality did not differ 
between the two groups. Interestingly, patients converted to 
open experienced worse outcomes in terms of length of stay, 
blood loss, and OR time when compared to successfully per-
formed HALS or traditional laparoscopy. 

 However, you must also realize that HALS is unique when 
compared to conventional multiport laparoscopic colectomy. 
Specifi c to the obese patient, nuances exist in regard to the 
optimal port locations and specifi cally the hand port that 

  Fig. 29.9    Wound extraction site (hand port) based on bony promi-
nences. ( Arrow  indicates the distance between the lateral trocar site and 
the wound extraction site)       

 

29 Laparoscopic Colectomy in the Obese Patient



328

serves the additional purposes of specimen extraction and 
aid in performing the anastomosis. Most importantly, the 
surgeon’s hand must be inserted in the most ergonomically 
effi cient position thereby facilitating all aspects of operative 
technique: retraction, dissection, mesenteric isolation, and 
 all the while ,  preserving laparoscopic perspective . One of the 
greatest criticisms of hand-assisted surgery involves the poten-
tial compromise of the laparoscopic perspective, and in the 
obese patient where loss of domain already reduces laparo-
scopic views, the confi guration of hand port and laparoscopic 
camera location makes it all that more critical. For the occa-
sional practitioner, hand-assisted laparoscopic colectomy 
can be foreign and frustrating at a baseline, and it would be 
inadvisable to only attempt to perform a new technique in 
one of the most challenging circumstances (i.e., obesity). 

 First, placement of the hand port should enable you to 
reach to all quadrants of the abdomen (Fig.  29.10 ). This is 
particularly imperative as the size of the pannus makes a 
Pfannenstiel site challenging and in those patients with cen-
tral obesity (Fig.  29.11 ). Therefore, the senior author prefers 
the midline wound for hand port. Remember, the port must 
facilitate all aspects of the operation including exterioriza-
tion of the specimen, assessing the mesenteric blood supply, 
and ultimately anastomosis of the bowel. Remembering that 
the umbilicus inaccurately refl ects intra-abdominal anatomic 

structures including mesenteric position craniocaudally, it is 
crucial that this port be placed cranial to the umbilicus. In the 
case of right colectomy, this enables exteriorization of both 
the proximal (terminal ileum) and distal (transverse colon) 
limbs to reach the wound for anastomosis. Placed too infe-
rior, the middle colic and transverse colon mesentery will 
limit the reach of the transverse colon. You will thereby 
struggle and place on tension this part of the mesentery, 
which ultimately could prove disastrous and cause mesen-
teric venous bleeding. In the case of left colectomy, the mid-
line wound again allows for an easier exteriorization of the 
entire left colon, including the splenic fl exure, and again 
allows performance of all the important steps of assessing 
adequate perfusion of the marginal artery and the anastomo-
sis. In the case of left-sided colectomy—including low ante-
rior resection—I routinely divide the marginal artery with 
scissors  extracorporeally  and allow it to bleed freely verifying 
pulsatile fl ow. Attention to this detail assures well- perfused 
bowel for anastomosis.

    The supraumbilical abdominal wall generally is the 
thinnest in the obese patient, and by placing the hand port in 
this location, you do not have to work against the heaviest 
aspect of the pannus. A standard hand port can also traverse 
the subcutaneous fat to enter the peritoneum to maintain a 
good seal. This location is also more versatile. In the event 

  Fig. 29.10    Trocar and hand port placement for colectomy in the obese patient       
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   conversion occurs, extension of this wound can easily convert 
to a midline laparotomy. For all these reasons, I feel the midline 
wound for hand port placement facilitates all aspects of 
HALS colectomy and proves ergonomically effi cient. 

 This is not to say that surgeons should attempt a new tech-
nique under challenging circumstances such as obesity. Too 
often, surgeons resort to HALS only after conventional laparo-
scopic techniques have foundered. Unfortunately, existing port 
sites have not been optimally placed for HALS colectomy, add-
ing to the fatigue and frustrations. This failure to progress will 
(falsely) negatively infl uence impressions of the subsequent 
HALS portion of the procedure. For HALS to be successful, 
you must fi rst be willing to explore and practice the technique 
under less diffi cult circumstances and then consider its use in 
more challenging conditions such as the obese patient. Then 
when you progress onto HALS use in the obese patient, I would 
strongly recommend starting the case with the hand in place 
(versus straight laparoscopy) in order to consciously place the 
ports and the hand port in the optimal positions.  

    Dissection and Mobilization 

 In general, you must be familiar with the spectrum of mobi-
lization approaches when operating on the obese patient. 
Specifi cally, medial-to-lateral exposure, in spite of potential 
for additional ports and assistants, may still be challenging 
and inaccessible. Thus, in the case of right colon mobiliza-
tion, the inferior approach to the cecum and ileal mesentery 
may in fact be simpler. Similarly, lateral-to-medial dissec-
tion of the left colon often allows one to avoid the small 

bowel altogether, as the left colon mesentery acts as a shield. 
One must consider all mobilization techniques and assume 
that “one size does not fi t all,” and variations or combina-
tions of mobilization techniques may be necessary. 

 Dissection with energy devices reduces troublesome 
minor bleeding that further diminishes exposure due to 
absorption of light. The senior author prefers ultrasonic dis-
section (Harmonic Scalpel, Ethicon, Cincinnati, OH), while 
others prefer the LigaSure (Covidien, Samford, CT) or 
EnSeal (Ethicon, Cincinnati, OH). These instruments, while 
costlier than scissors and cautery, reduce minor bleeding and 
provide value to the surgeon in regard to performing a 
cleaner, less bloody dissection and thus better visualization. 
In addition, they allow for both dissection and hemostasis, 
thus minimizing instrument exchange and increasing effi -
ciency (Video  29.3 ). 

 Mobilization in the obese patient must be thorough and to 
a greater extent. You must be committed to “overmobiliz-
ing”—high ligation of vessels, complete mobilization back 
to the root of the mesentery, and dissection of more omentum 
off the transverse colon—as the obese patient’s mesentery by 
virtue of its inherent thickness becomes foreshortened. 
Tension on the anastomosis, especially when performing 
left-sided resection, becomes a much greater potential issue 
when operating on the obese patient. In addition, performing 
extracorporealization of the specimen, as well as segments of 
bowel that are used for the anastomosis, through a thickened 
abdominal wall is much more diffi cult if adequate mobiliza-
tion is not performed. This can result in poor visualization, 
inadvertent tearing of the mesentery in attempt to get the 
bowel to reach, and increased complications. 

  Fig. 29.11    Central obesity       
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    The Omentum 

 The greater omentum becomes yet another repository for 
excess calories and increased adipose tissue. The mass, 
volume, and complexity of the layers of this organ will chal-
lenge even experienced surgeons. The omental enlargement 
and the technical diffi culties one encounters when attempt-
ing to manipulate and dissect in these patients surprise and 
frustrate. Irrespective of the colectomy performed, right or 
left, you must confront and address the omentum. As usual, 
you must dissect the omentum off of the colon or divide the 
omentum during mobilization of the either of the fl exures, 
with division of some portion of the omentum generally 
occurring during right colectomy given the fusion at the right 
side of the gastrocolic ligament. However, invariably, the 
omentum develops adhesions to the ascending colon, to 
descending colon, and to other aspects of the peritoneum. 
This often occurs without yet considering the potential 
presence of adhesions due to a specifi c pathologic condition 
serving as indication for operation. These additional adhe-
sions generally are not particularly diffi cult to dissect but 
are more an issue of patience and persistence. Execution of 
the plan thus becomes the test of one’s conviction and skill. 
Furthermore, simply placing the omentum over the top of the 
transverse colon into the upper abdomen is often a diffi cult, 
if not impossible, task simply due to the loss of domain over-
lying the stomach and liver. 

 Be aware that given the size of the specimen and the size 
of the omentum, it is very diffi cult to exteriorize the ensem-
ble through a 6 cm incision; therefore, partial omentectomy 
is sometimes necessary just for the purpose of retrieving the 
specimen. It goes without saying that if the indication for 
surgery is neoplasia, you must perform en bloc resection and 
mandate enlargement of the incision. Lastly, if omentectomy 
is not the decision, you must be cognizant of preserving the 
blood supply to the remnant. The main blood supply for a 
pedicled omental graft should be based upon the left gastro-
epiploic artery. 

 In many respects, the intraoperative management of the 
omentum provides a microcosm of the entire endeavor of 
laparoscopic colectomy in the obese patient—surprisingly 
diffi cult and physically and mentally challenging—testing 
one’s commitment and skill.  

    Wound Extraction Site 

 The position of the specimen extraction wound should take 
into account the purpose of the wound. In addition to the 
retrieval of the specimen, this wound also enables some mes-
enteric division and anastomosis. While totally intracorpo-
real anastomosis has been described [ 35 ], the majority of 
surgeons still rely upon the wound extraction site to facilitate 

anastomosis, and thus, most exteriorize the mobilized bowel 
to be resected. This wound almost always will be larger in 
the obese patient merely because of the increased volume of 
the specimen (Fig.  29.12 ).

   In the obese patient, it is unlikely that the wound will eas-
ily accommodate both the proximal and distal bowel and 
their thickened mesenteries for resection, as is often the case 
in right colectomy. To deal with this, you can either divide 
one end intracorporeally or deliver sequentially the proximal 
then distal aspects of the bowel to be divided. In the case of 
left colectomy, generally surgeons divide the distal bowel 
intracorporeally and then delivering the left colon is less of 
an issue. 

 Major vessels must be divided intracorporeally to avoid 
tearing of the shortened mesentery upon exteriorization. 
In addition, invariably there will be some portion of the 
mesentery (especially near the margin of the bowel) to be 
resected that still must be divided. Importantly, this can 
be divided within the extraction site if the bowel is mobilized 
adequately. In the case of right colectomy, full mobilization 
of the hepatic fl exure with division of the right colic artery 
and the right branch of the middle colic artery will facilitate 
exteriorization and avoid the dreaded tearing of the mesen-
tery, which, if it involves venous branches of the middle colic 
vein, proves catastrophic and often necessitates urgent con-
version. In the case of left colectomy, we advocate full mobi-
lization of the splenic fl exure to the ligament of Treitz 
with high ligation of the IMA and often division of the IMV 
at the ligament of Treitz. Due to the shortened mesentery, 

  Fig. 29.12    Hand port (and wound extraction) for a right colectomy       
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“overmobilization”—i.e., more mobilization than what one 
would normally perform for a normal body habitus patient—
often will reduce the possibility of any issues related to ten-
sion and subsequent need to further dissect and mobilize 
after the specimen has been removed. 

 Lastly, the most critical element of the operation—the 
anastomosis—must then be accomplished, and the specimen 
extraction wound usually again plays a role. In the case of 
right colectomy, the two ends of bowel are exteriorized and 
anastomosed by the technique of choice. Again, thoughtful 
consideration should take into account that the umbilicus 
tends to be lower due to the effects of the weight of the pan-
nus (Fig.  29.13 ). Exteriorizing the transverse colon can 
therefore be diffi cult if the specimen extraction wound is too 
low. Surgeons will then be forced to extend the wound ceph-
alad to effect exteriorization of the transverse colon for 
anastomosis. To avoid this, the author bases his extraction 
wound on bony prominences: the midpoint of the specimen 
extraction wound is the midpoint between the costal margin 
and the iliac spine in the anterior axillary line.    This midline 
vertical wound will be positioned just caudal to the third 
portion of the duodenum facilitating exteriorization of the 
hepatic fl exure and transverse colon in the case of right col-
ectomy and serves the same purpose well for exteriorization 
of the splenic fl exure and transverse colon in the case of left-
sided resections. In the obese patient, the wound will tend to 
be cranial or cephalad to the umbilicus (Fig.  29.14 ). 
Undoubtedly, the wound is more conspicuous; however, 
issues related to cosmesis clearly remain secondary to the 

ultimate successful outcome of performing a complex operation 
with a small incision, which remains “dwarfed” by the size 
of the patient’s girth.

         Pelvic Operations 

    Essential Technical Adjustments 

 Pelvic dissections require additional exposure as the ura-
chus, bladder, uterus, prostate, and lateral retroperitoneal fat 
all conspire to limit visualization. Clearly, additional ports 
enable insertion of graspers and fan retractors to facilitate 
traction and countertraction for clarifi cation of the mesorec-
tal fascial plane. Sling retraction of the uterus and bladder 
using suspension sutures placed percutaneously using heavy 
suture on a straight needle facilitates anterior visualization 
(Video  29.4 ). In addition, a 45° angle laparoscope also pro-
vides superior imaging of the deep pelvis anteriorly. These 
two simple maneuvers have proven critical to conducting deep 
dissection.  

    Strategy for Deep Dissection 

 Generally, posterior dissection approaching the sacral prom-
ontory should be just dorsal to the superior hemorrhoidal 
artery, thereby avoiding traction and potential dissection of 
the superior hypogastric nerves. As one dissects onto the 

  Fig. 29.13    Notice the inferior umbilicus in this patient with a BMI 30 
and WHR of 1.2         Fig. 29.14    Hand-port incision superior to the umbilicus       
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mesorectum, this plane can be followed into loose areolar 
tissue posteriorly that is more familiar to pelvic surgeons. 
The maximal dissection of this plane should be performed 
undermining the lateral aspects of the spheroid-shaped 
mesorectum. The anterior dissection should then be under-
taken opening the cul de sac of the pouch of Douglas and 
identifying the mesorectal fascia anteriorly and dissecting 
between the leaves of Denonvilliers’ fascia. The demonstra-
tion of the plane in a female can be enhanced by having an 
assistant go to the perineum and place an intestinal-sizer 
instrument into the vaginal vault and displace the vagina 
ventrally. Once the plane is established, the author prefers 
placing the fan retractor onto the posterior aspect of the 
vagina and then retracting the anterior mesorectum posteri-
orly (Video  29.5 ). The dissection can then be carried distally 
to the anorectal ring. In the male patient, the fan retractor is 
positioned onto Denonvilliers’ fascia on the seminal vesicles 
and then subsequently the prostate gland. 

 Most importantly, the lateral aspects of the dissection are 
then undertaken using the planes developed anterior and pos-
terior to guide the dissection. The lateral mobilization of the 
mesorectum often remains underestimated and arguably rep-
resents the most challenging plane to demonstrate due to the 
redundancy of the lateral tissues. The retroperitoneal adipose 
tissues displace the mesorectal plane and diminish efforts for 
appropriate traction and countertraction. The tendency is to 
dissect more laterally, which oncologically is not necessarily 
worse; however, such dissection brings into play the branches 
of the hypogastric artery and anterolaterally the nervi erigen-
tes in a male and the uterine vessels in a female. For obvious 
reasons, this lateral dissection can prove consequential and 
potentially disastrous. As we know, the appropriate plane gen-
erally is bloodless. Nuisance bleeding suggests imprecise dis-
section and continued dissection will prove humbling. If this 
occurs, you should stop and redirect your dissection to another 
area to fi nd the right plane (e.g., if bleeding occurs while dis-
secting anterior to posterior in the lateral aspect, change to 
posterior to anterior or vice versa). Dissection to the pelvic 
fl oor and into the hiatus should be confi rmed by performing 
intraoperative digital rectal exam and palpating circumferen-
tially. Overall, the pelvic dissection in an obese patient and 
especially an obese male with a narrow pelvis represents one 
of the truly most diffi cult operations. This demands patience, 
persistence, meticulous method, and capable and experienced 
assistants. The reward remains a bloodless fi eld, an intact anal 
anastomosis and sphincter preservation.  

    Wound Management 

 Wound infections remain the bane of operations in the obese 
patient. While laparoscopic colectomy reduces wound 
infections when compared to open colectomy, there remains 

a linear increase in wound infections seen with increasing 
body mass index and may still range as high as 20 % accord-
ing to a recent NSQIP study [ 36 ]. Currently, means to reduce 
wound infections remain theoretic or anecdotal at best. The 
author utilizes wound protectors for the specimen extraction 
site and irrigates with pulse evac using a bacitracin-saline 
solution. The latter serves to debride necrotic fat and dilute 
bacterial contamination. Anecdotally, I have found a reduced 
infection rate and have noticed that when infections do occur, 
the magnitude appears much diminished. Wound abscess 
and dehiscences seem much more rare when this technique is 
employed. This is especially true of the obese patient with 
deep subcutaneous layer. While there is an increased cost of 
the bacitracin and the pulse evac device, wound infections 
remain costly and potential savings by avoiding infection 
easily will be avoided.  

    Postoperative Care and Enhanced Recovery 
Pathways (ERP) 

 Generally, postoperative care of the obese patient undergoing 
laparoscopic colectomy follows standard algorithms 
(Table  29.3 ). Although there is no standardized universal 
pathway, most ERPs involve the following facets of postop-
erative care: minimally invasive surgical technique, reduced 
perioperative fl uid resuscitation, strategies for reducing post-
operative nausea and vomiting, multimodal pain management 
with reduction in narcotic use, early postoperative feeding 
and avoidance of nasogastric tubes, early ambulation, and 
deep venous thromboembolism prevention. Enhanced 
recovery pathways have been shown to improve postopera-
tive outcomes of colectomy in regard to reduced ileus, post-
operative complications, length of stay, and reduced cost 
[ 37 ]. Essentially, there are no contraindications for imple-
mentation of ERPs for obese patients and exceptions should 
be made on a case-by-case basis.

       Venous Thromboembolism (VTE) Prophylaxis 

 One controversial area of postoperative care that requires 
attention is duration of VTE prophylaxis. Obesity, malig-
nancy, pelvic dissection, infl ammatory bowel disease, and 

   Table 29.3    Postoperative considerations   

 • Early ambulation 
 • Perioperative DVT prophylaxis 
 • Atelectasis 
 • Wound infection 
 • Cardiovascular dysfunction 
 • Pulmonary toilet 
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colorectal resections are well-described additive risk factors 
for the development of VTE. Furthermore, colorectal proce-
dures have been associated with a 4–10 % risk of deep vein 
thrombosis and fourfold higher rate of pulmonary embolism 
compared to other surgical patients. Therefore, optimizing 
VTE prophylaxis in the obese colorectal surgery patient is 
imperative. 

 Current recommendations regarding VTE prophylaxis in 
surgical patients have been published by the American 
College of Chest Physicians (ACCP) and are based on the 
modifi ed Caprini risk assessment model (Table  29.4 ). Based 
on this system, the majority of obese patients undergoing 
colorectal procedure are classifi ed into the moderate or high- 
risk group. While these guidelines recommend the use of 
mechanical (pneumatic compression devices) and chemo-
prophylaxis (unfractionated heparin or low molecular weight 
heparin) pre- and postoperatively, there is little consensus 
regarding the optimal prophylactic regimen dosing and 
duration of prophylaxis in high-risk patients. ACCP guide-
lines suggest that high-risk factors, including previous his-
tory of VTE and abdominal or pelvic surgery for malignancy, 
are indications for extended VTE prophylaxis (4 weeks) 
[ 38 – 43 ]. However, the role of obesity as a high-risk feature 
is unclear.

   Separate from the ACCP guidelines, the bariatric literature 
and American Society of Bariatric and Metabolic Surgery’s 
(ASBMS) position statement highlight the lack of consensus 
and insuffi cient data available to provide recommendations 

for the duration of VTE prophylaxis in the setting of morbid 
obesity [ 44 ]. Recently published studies, however, suggest 
decreased VTE complications without increased risk of 
bleeding when extended VTE prophylaxis is administered 
after laparoscopic bariatric procedures [ 45 – 47 ]. Of note, defi -
nitions of therapy duration are inconsistent in the literature, 
ranging from 10 to 30 days after discharge. The bariatric 
population clearly represents those with the most severe 
form of obesity. Although the bariatric data cannot be directly 
extrapolated to the colorectal obese population, these results 
nonetheless highlight the controversial nature and evolving 
recommendations regarding VTE  prophylaxis in the setting 
of obesity.   

    Outcomes of Laparoscopic Colectomy 
in the Obese Patient 

 The perception persists that perioperative outcomes are worse 
among obese patients compared to non-obese patients. 
Unfortunately, this infl uences many surgeons’ clinical 
decision- making. Such bias unfortunately often is reinforced 
by anecdotal experiences. In the case of laparoscopic colec-
tomy, the obese patient in fact benefi ts from a minimally inva-
sive approach over open colectomy. As is the case in non-obese 
patients, short-term perioperative outcomes such as return of 
bowel function, tolerance of a diet, pain, and complications 
are improved when laparoscopic colectomy is employed. 

   Table 29.4       Modifi ed Caprini risk assessment model for VTE in general surgical patients   

 1 Point  2 Points  3 Points  4 Points 

 • 41–60 years old  • 61–74 years old  • Age >75 years old  • Stroke (<month prior) 
 • Minor surgery  • Major open surgery (45 min)  • History of VTE  • Elective arthroplasty 
 • BMI >25 kg/m 2   • Laparoscopic surgery (45 min)  • Family history of VTE  • Hip, pelvis, or leg fracture 
 • Sepsis (<1 month)  • Malignancy  • Factor V Leiden  • Acute spinal cord injury (<1 month) 
 • Severe lung disease, including 

pneumonia (<1 month ago) 
 • Immobile (>72 h)  • HITT history 

 • Acute MI  • Central venous access  • Congenital 
hypercoagulable condition 

 • Infl ammatory bowel disease 
 • Congestive heart failure 

 Surgical risk category  Score 
 Estimated VTE risk in absence of pharmacologic 
or mechanical prophylaxis  Recommended prophylaxis regimen 

 Very low  0  <0.5  • Early ambulation 
 Low  1–2  1.5  • IPC 
 Moderate  3–4  3.0  • LMWH (30 mg BID or 40 mg daily) 

 • Or UFH (5,000 units subq TID) 
 • Plus IPC 

 High  5 or greater  6.0  • LMWH (extended duration) b  and IPC 

  Adapted from: Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in nonorthopedic surgical patients: antithrombotic therapy and preven-
tion of thrombosis, 9th ed: American College of Chest Physicians evidence-based clinical practical guidelines. Chest 2012;141: e2275S 
  VTE  venous thromboembolic disease,  BMI  body mass index,  MI  myocardial infarction,  HITT  heparin-induced thrombotic thrombocytopenia,  IPC  
intermittent pneumatic compression,  LMWH  low molecular weight heparin 
  a Extended duration (3–4 weeks) after postoperatively  
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Yet, when comparing to non-obese population, as expected, 
outcomes are worse. In a recent systematic review, Makino 
et al. examined results of prospective comparative trials of 
laparoscopic colectomy in obese and non-obese patients [ 48 ]. 
The analysis of this collective experience indicates that lapa-
roscopic colectomy in the obese patient represents a greater 
technical challenge requiring more ports, longer operative 
time and more often result in conversion to open laparotomy 
compared to non-obese patients. 

 In spite of such technical diffi culty, the other periopera-
tive outcomes pertaining to morbidity including blood loss, 
wound infection, anastomotic leak, and mortality were not 
conclusively shown to be higher in the obese patient popula-
tion undergoing laparoscopic colectomy [ 48 ]. In part, this is 
a result of differences in the defi nition of obesity, heteroge-
neous cohorts, and a few randomized prospective trials. 
What consistently has been shown is that there is no increased 
mortality. Future studies hopefully will be designed with 
improved methodology and provide more conclusive evi-
dence regarding the utility of laparoscopic colectomy in the 
obese patient and benefi ts validating the increased effort put 
forth by surgeons to perform this challenging operation in 
the obese patient. 

    Pearls and Pitfalls 

•     Expect longer, more technically diffi cult operations with 
attendant-increased conversion.  

•   Special attention must account for changes in the ergo-
nomics of laparoscopic colectomy in the obese patient.  

•   Bowel preparation reduces intestinal size and weight and 
should improve visualization and retraction.  

•   Reduced abdominal domain, along with larger and heavier 
organs, diminishes operative exposure requiring increased 
ports and skilled assistants to perform laparoscopic 
colectomy.  

•   In the obese patient, hand-assisted laparoscopic colec-
tomy potentially offers the benefi t of improved retraction, 
exposure, and dissection technique.  

•   Wounds remain at a high risk for infection mandating 
meticulous technique and decreased threshold to investi-
gate their presence.  

•   Prolonged prophylaxis to prevent deep venous thrombosis 
should be considered.      

    Conclusion 

 The obese patient represents a true technical challenge for 
the general and colorectal surgeon. Unfortunately, diseases 
often requiring colorectal surgery are impacted by the obese 
condition, and given the epidemic nature of obesity, you 

must anticipate increased frequency managing these patients. 
Laparoscopic colorectal surgery offers potential benefi ts for 
such patients. Increased technical diffi culty, however, hum-
bles even experienced laparoscopic surgeons. Specifi c prepa-
ration, additional skilled assistants, and operative strategies 
should be employed to enhance operative outcomes. Hand- 
assisted laparoscopic colectomy in particular offers practical 
technical advantages and should be considered part of the 
armamentarium of the surgeon attempting to apply a mini-
mally invasive approach in those with increased BMI. 
Finally, it is important to keep in mind that despite the poten-
tial struggles, when the colectomy is completed using mini-
mally invasive technique, the obese patient will benefi t from 
improved outcomes.      
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          Key Points 
•     Running the entire small bowel is necessary to prevent 

omitting skip lesions. Manual examination after exterior-
ization of the bowel is preferable.  

•   Do not hesitate to convert to hand-assisted or open proce-
dure in complex fi stulous condition.  

•   Advanced procedures such as laparoscopic total procto-
colectomy are associated with increased conversion rates 
and should be attempted only with increased experience 
and expertise.     

    Introduction 

 Since the early 1990s, a laparoscopic approach to colorectal 
surgery incorporating various surgical procedures has been 
applied to many colorectal diseases. Crohn’s disease (CD) is 
a good indication for laparoscopic surgery because it is a 
benign disease, meaning the challenges associated with 
oncological conditions, such as a proximal ligation of the 
vascular pedicle, lymphadenectomy, and direction of mesen-
teric dissection, do not apply. Furthermore, CD patients are 
usually young, socially active, and body-image conscious. 
Therefore, cosmesis and a rapid recovery and return to daily 
activities are crucial issues for this cohort. 

 CD is currently incurable, and more than half of surgically 
treated patients are destined to undergo further surgery. 
Minimally invasive (MI) surgery is an important consideration 

for the surgeon as well as the patient, as an MI approach can 
lead to less adhesion formation and faster recovery. 

 Although surgical procedures for CD patients are usually 
limited to refl ect the extent and location of the infl ammation, 
the most common laparoscopic procedures are ileocolic 
resection and stoma creation. A thickened mesentery, infl am-
matory mass or phlegmon, and enteric fi stula can make lapa-
roscopic surgery technically challenging (Fig.  30.1 ), with 
complex cases often regarded as relative contraindications. 
However, even these complex cases may be satisfactorily 
undertaken with surgical experience and expertise.

   The short-term benefi ts of MI surgery have been shown in 
randomized controlled trials and meta-analyses, although 
most trials had a limited sample size and were mainly con-
cerned with the surgical outcomes of ileocolic resections.  

    Indications and Contraindications 

 Although the vast majority of laparoscopic procedures in CD 
patients are for ileocolic resection, a variety of procedures, 
including total proctocolectomy, have been successfully 
attempted. However, these MI procedures may be associated 
with a high rate of conversion to open procedures, with the 
presence of a complicated fi stula or abscess and recurrent 
disease identifi ed as risk factors for conversion. 

 Schmidt et al. [ 1 ] analyzed 45 cases of conversion (40 % 
conversion rate) and found that palpable mass, complicated 
fi stula, preoperative malnutrition, extracecal colonic disease, 
and steroid administration were risk factors. Moorthy et al. 
[ 2 ], using multivariate analysis, found that surgery for recur-
rence and the presence of a clinical mass were risk factors for 
conversion to open procedures (Table  30.1 ).

   Interestingly, the majority of studies on conversion 
showed comparable postoperative morbidity to surgeries that 
did not require conversion. This implies, for the experienced 
surgeon, that laparoscopic surgery can be applied for almost 
all procedures and comorbidities in patients with CD. 

      Minimally Invasive Surgery in Crohn’s 
Disease Patients 

           Chang     Sik     Yu     
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 Obesity is a widely recognized challenge for both open 
and laparoscopic surgery. Canedo et al. [ 3 ] evaluated 213 
laparoscopic surgery cases in patients with CD or ulcerative 
colitis and found a conversion rate of 18 % when the body 
mass index (BMI) was between 18.5 and 24.9 kg/m 2  and 
22 % when the BMI was greater than or equal to 25 kg/m 2 . 
This difference was not statistically signifi cant. The authors 
also demonstrated comparable intergroup postoperative 
complication rates and hospital stays. This implies that being 
overweight or obese is not a contraindication for laparo-
scopic surgery for CD or ulcerative colitis.  

    Evidence in the Literature 

 Since the introduction of laparoscopic colorectal surgery, 
many authors have reported on the short-term outcomes of 
laparoscopic surgery in patients with CD. However, most 

studies were conducted at a single center and were case 
controlled rather than randomized. Furthermore, the vast 
majority of these studies used ileocolic resection as the 
operation type in which laparoscopic and open approaches 
were compared. In this chapter, a review of high-quality 
studies and more recent evidence is presented. 

    Laparoscopic vs. Open Surgery for Ileocolitis 

 There are only two randomized controlled trials (RCT) in the 
literature: Milsom’s study [ 4 ] from the Cleveland Clinic and 
Maartense’s study [ 5 ] from three centers in the Netherlands. 
In both studies, 60 patients were recruited: 31 laparoscopic 
vs. 29 open, and 30 laparoscopic vs. 30 open, respectively. 
Patients undergoing elective surgery with disease confi ned to 
the terminal ileum and cecum were included. Exclusion cri-
teria were emergency or urgent surgery, multiple disease 
sites, a history of prior surgery, and obesity (BMI > 32 kg/
m 2 ). Both studies showed fewer complications and shorter 
hospital stays in the laparoscopic group. Also, Milsom et al. 
[ 4 ] found faster recovery of pulmonary function, and 
Maartense et al. [ 5 ] showed an earlier return to diet and lower 
cost in the laparoscopic group. However, there was no sig-
nifi cant difference in the use of morphine or the Quality of 
Life Scale score. 

 The long-term outcomes of these two RCTs were reported 
by Stocchi et al. [ 6 ] and Eshuis et al. [ 7 ] with a median fol-
low- up of 10.5 and 6.7 years, respectively. They concluded 
that open surgery was more likely to lead to incision hernia 
and small bowel obstruction. The recurrence rate was com-
parable between the groups. Eshuis et al. noted better body- 
image ratings and cosmesis in the laparoscopic group. 

 Recently, Dasari et al. [ 8 ] in their Cochrane review ana-
lyzed these RCTs exclusively and found no difference in 
the perioperative outcomes and reoperation rate for recur-
rence. They argued that no reliable conclusions could be 
drawn regarding the benefi ts of laparoscopic surgery prob-
ably because of the limited data available from these two 
small RCTs. 

 Other meta-analyses, however, reported faster recovery of 
bowel function and oral intake, shorter hospital stay, and lower 
complication rates, with one meta-analysis noting a lower 
surgical recurrence in laparoscopic patients (Table  30.2 ). 
Excluding Dasari’s Cochrane review, which had limited 
inclusion criteria, the other meta-analyses showed a general 
consensus that there were short-term benefi ts associated with 
laparoscopic ileocecal resection for CD [ 8 – 12 ].

   Lesperance et al. [ 13 ] analyzed Nationwide Inpatient 
Sample (NIS) data between 2000 and 2004. Among 49,609 
resections in patients with CD, only 6 % were performed 
laparoscopically. They found that an age of less than 35 years 
old (OR 2.4), female gender (OR 1.4), ileocecal location 

  Fig. 30.1    Crohn’s disease of the terminal ileum       

   Table 30.1    Risk factors for conversion   

 Author  Year 
 No. of 
patients 

 Conversion 
rate (%)  Risk factors 

 Schmidt [ 1 ]  2001  110  40  Internal fi stula, 
smoking, steroid 
administration 
extracecal colonic 
disease, malnutrition 

 Moorthy [ 3 ]  2004  48 (26 
recurrent vs. 
22 primary) 

 42.3 vs. 13  Age, recurrent case, 
presence of a 
clinical mass 

 Alves [ 31 ]  2005  69  30  Recurrent medical 
episodes, 
intra-abdominal 
abscess or fi stula 

 Okabayashi [ 21 ]  2007  91  13.2  Vienna classifi cation 
B3L3/4 
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(OR 1.5), and undergoing the procedure in a teaching hospital 
(OR 1.2) were predictors of undergoing laparoscopic surgery 
for CD. Open surgery was an independent predictor of 
inpatient complications (OR 3.4). 

 Lee et al. [ 14 ] analyzed the National Surgical Quality 
Improvement Program (NSQIP) database (2005–2009). 
They identifi ed 1,917 cases of ileocolic resections for CD, of 
which 644 (33.6 %) were performed laparoscopically. They 
found that laparoscopy was associated with a signifi cantly 
lower rate of 30-day major and minor complications and a 
shorter hospital stay.  

    Laparoscopic Colon Resections 

 Evidence in support of laparoscopic surgery for Crohn’s 
colitis is lacking, and there are no RCTs for this condition. 
Instead, there are only a few limited retrospective case- 
control studies. 

 The largest series was conducted by Umanskiy and col-
leagues [ 15 ]. They analyzed the data of 125 prospectively 
collected cases, including 55 (44 %) laparoscopic proce-
dures. The most common procedures were total colectomy 
and total proctocolectomy with ileostomy. Surprisingly, they 
reported a shorter mean operative time (212 vs. 286 min, 
 P  = 0.032) in the laparoscopy group, which is a unique result. 
The authors suggested that this may be due to the high level 
of experience of the laparoscopic surgeons. Other short-term 
benefi ts of laparoscopy included less blood loss, early return 
of bowel function, and shorter hospital stay. 

 A case-matched study from the Cleveland Clinic [ 16 ] 
with 27 laparoscopic and 27 open colectomies showed that 
laparoscopy was associated with a longer operative time 
(240 vs. 150 min,  P  = 0.01), but no other short-term benefi ts 
were demonstrated. 

 Nakajima et al. [ 17 ] evaluated 38 patients with Crohn’s 
colitis who underwent subtotal or total colectomies divided into 
three groups (14 open, 18 hand assisted, and 6 laparoscopic). 
The operation time for the hand-assisted laparoscopic 
surgery (HALS) group was shorter than that for the laparo-
scopic group, but there was no difference in complication rates 
or blood loss. 

 The role of HALS in other diseases remains controversial. 
Orenstein et al. [ 18 ] reported favorable outcomes in a HALS 
group, while Cochrane review by Moloo et al. [ 19 ] showed 
only a decreased conversion rate in HALS groups. 

 There is no defi nitive evidence supporting the superiority 
of laparoscopic surgery or HALS in patients with Crohn’s 
colitis. This may be due to the diversity of disease extent, 
complexity of surgical technique, and lack of surgical cases 
in a particular center to enable an RCT to be performed.  

    Complex Crohn’s Disease 

 Infl ammatory conditions, such as abscess, phlegmon, or 
enteric fi stulas, are frequently associated with CD and make 
laparoscopic surgery more challenging. Some surgeons have 
regarded these conditions as relative contraindications for 
laparoscopic surgery, due to the high conversion rate and 
postoperative morbidity. 

 Goyer et al. [ 20 ] reviewed 54 cases of laparoscopic 
Ileocolic resections for complex CD in which 43 % had fi s-
tula, 30 % abscess, and 27 % recurrent disease. They reported 
that the presence of complex CD was signifi cantly associated 
with increased operation time (214 vs. 191 min,  P  < 0.05), 
increased conversion rate (37 % vs. 14 %,  P  < 0.01), and 
increased use of temporary stoma (39 % vs. 9 %,  P  < 0.001). 
Postoperative morbidity and hospital stay were comparable. 

 Okabayashi et al. [ 21 ] investigated the association of 
Vienna classifi cation with outcomes following 107 cases of 
laparoscopic surgery for CD. They found a signifi cant asso-
ciation between conversions and more complicated types of 
CD (B3, L3/4). However, there was no difference in the rate 
of complications. 

 Recently, a case-match study was published by Beyer- 
Berjot et al. [ 22 ]. They compared 11 laparoscopic ileocecal 
resections for fi stulizing CD with 22 matched controls. They 
found no signifi cant difference in operation time (120 vs. 
120 min), conversion rate (9 % vs. 0 %), postoperative mor-
bidity (18 % vs. 32 %), and hospital stay (8 vs. 9 days). 

 Recurrent CD is found in approximately 50 % of surgically 
treated CD patients who have had the disease for over 10–15 
years. Adhesion and the complex infl ammatory condition of 

 Author  Years 
 No. of 
study 

 No. of 
patients 

 Op. 
time 

 Recovery 
of bowel 
function 

 Hosp. 
stay  Morbidity  Recurrence 

 Dasari [ 8 ]  2011   2  120  –  C  C  C  C 
 Tan [ 9 ]  2007  14  881  ↑  ↓  ↓  ↓  C 
 Polle [ 10 ]  2006  14  729  C  ↓  ↓  C  – 
 Tilney [ 11 ]  2006  15  783  ↑  ↓  ↓  C  – 
 Rosman [ 12 ]  2005  16  840  ↑  ↓  ↓  ↓  ↓ 
  C, comparable; ↑, longer; ↓, shorter or lesser; –, nothing stated  

   Table 30.2    Meta-analysis of 
laparoscopic vs. open ileocolic 
resection for Crohn’s disease   

30 Minimally Invasive Surgery in Crohn’s Disease Patients



340

the bowel make these reoperations more diffi cult, although 
many surgeons have tried to perform various laparoscopic 
surgeries for recurrent CD. 

 Aytac et al. [ 23 ] performed a case-matched study to com-
pare the effectiveness of laparoscopic vs. open resection for 
recurrent CD. Twenty-six patients who underwent various 
laparoscopic procedures were compared with a matched 
control group. The conversion rate was 12 %, with adhesions 
cited as the primary cause. Comparable short-term results 
were reported except for a decreased wound infection rate in 
the laparoscopic group. 

 Pinto et al. [ 24 ] and Chaudhary et al. [ 25 ] compared pri-
mary and reoperative laparoscopy for CD and found similar 
perioperative and postoperative outcomes. They also found 
no intergroup differences in the effectiveness and feasibility 
of the resections. Holubar et al. [ 26 ] [ 27 ] reported a 20 % 
conversion rate in laparoscopic re-resection and no increased 
morbidity in converted cases (Table  30.3 ).

        Technical Considerations 

    Basic Surgical Techniques for Ileocolic 
Resection 

    Number of Ports 
 The standard ports are one camera port at the umbilicus and 
two 5 mm ports at the left iliac fossa and the left fl ank. Another 
5 mm port can be added at the right side for an assistant 
depending on the particular site of pathology (Fig.  30.2 ). 
Recently, single-port or single-incision laparoscopic surgery 
has been used successfully. The surgical outcomes of this sin-
gle-incision technique will be discussed in a later section.

       Running the Bowel (Video  30.1 ) 
 Despite the availability of contemporary preoperative imag-
ing modalities, such as CT or MR enterography, thorough 

  Fig. 30.2    Trocar placement for a laparoscopic ileocolonic resection       

 Author  Year  Control group 
 No. of 
patients  Conversion (%) 

 Op. time 
(min)  Complication (%) 

 Holubar [ 26 ]  2010  Converted  30 vs. 10  25  159 vs. 165  10 vs. 30 
 Pinto [ 24 ]  2011  Primary laparoscopic  50 vs. 80  32 vs. 18.7  201 vs. 182  40 vs. 36.2 
 Chaudhary [ 25 ]  2011  Primary laparoscopic  30 vs. 29  6.7 vs. 10.3  125 vs. 85  16.7 vs. 24.1 
 Aytac [ 23 ]  2012  Open  26 vs. 26  12  169 vs. 158  38.5 vs. 69.2 

   Table 30.3    Laparoscopic 
surgery for recurrent Crohn’s 
disease (case-control study)   
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intraoperative examination of the entire small bowel, from 
the Treitz ligament to the ileocecal value, is mandatory for 
all cases. 

 The careful application of an atraumatic bowel grasper 
to the mesentery is strongly recommended in intracorpo-
real evaluation. However, I recommend extracorporeal 
manual examination along the mesenteric border after 
mobilization of the right colon, as this is the best way to 
prevent omission of a skipped lesion. In particular, careful 
examination of terminal ileum is needed to rule out an 
internal fi stula.  

    Mobilization of the Bowel 
 A lateral to medial dissection is preferable because of the 
thickened mesentery, abscess or phlegmon, and enteric fi stula 
(Fig.  30.3 ). The extent of colonic mobilization should refl ect 
that of the proposed colonic resection. Except for ileocecal 
resection, mobilization of the hepatic fl exure is helpful for the 
anastomosis.

   If the mesenteric thickening is not too severe, a traditional 
medial to lateral approach can be used without diffi culty. 
Identifi cation of the right ureter is important, especially in a 
complicated case with abscess or phlegmon.  

    Mesenteric Division 
 It can be performed intracorporeally or extracorporeally, and 
a variety of energy devices can be used. Extracorporeal mes-
enteric division is exactly same with open method. Therefore, 
it is much easier to be performed when infl ammatory condi-
tion of the mesentery is severe. We decide the appropriate 
device for vascular division according to size of the vessel 
and completeness of isolation. 

 Resection margin has to be minimized for bowel-saving 
surgery. Supple bowel wall and soft mesenteric border is the 
point of division. So, I would like to recommend extracorpo-
real anastomosis after meticulous palpation. Mesenteric or 

vascular division should be made near the bowel wall to 
prevent compromise of blood supply to the residual bowel.  

    Anastomosis 
 The most popular methods of performing Ileocolic anasto-
mosis are side to side and functional end to end using two 
linear staplers. They can be performed intracorporeally 
[ 27 ,  28 ] or extracorporeally. A seromuscular suture can be 
added where linear staple lines intersect. The mesenteric 
defect is left open.  

    Complex Fistulous Cases (Video  30.2 ) 
 Several types of internal fi stula such as entero-enteric and 
entero-colic are manageable laparoscopically without great 
diffi culty. However, various kinds of internal or external fi stu-
las or severe phlegmons are hard to handle with  laparoscopic 
devices only. At this moment, the surgeon has to decide conver-
sion to open or hand-assisted procedure. It is a wise way to 
make a decision at the beginning of laparoscopic exploration. 
Should you encounter a phlegmon with an abscess, it is benefi -
cial to have the suction device readily available to have a large 
amount of spillage throughout the abdomen. Also, you should 
have the ability to intracorporeally suture should the need arise. 
With fi stula and abscesses in Crohn’s, you may inadvertently 
get into bowel (or require an enterotomy) to take down the fi s-
tula. Closing this (or marking it for extracorporeal closing/
resection) is imperative to avoid future complications. 

 Simple enterovisceral fi stulas can be treated by the 
removal of the diseased small bowel and simple suture clo-
sure of the victim organ, such as sigmoid colon or other seg-
ment of small bowel. The small opening of the bladder can 
be left open without suture. However, a Foley catheter 
remained in place for at least 7 days.   

    Hand-Assisted Laparoscopic Surgery (HALS) 

 Its applicability and potential superiority in Crohn’s colitis 
was described previously. Of note, it may reduce the conver-
sion rate, especially in complex CD.  

    Single-Incision Laparoscopic Colectomy (SILC) 

 Recently, MI surgery has evolved into a single-port laparo-
scopic surgery. Theoretically, such a minimal incision can pro-
vide improved cosmesis, less postoperative pain, and faster 
recovery. However, there is only limited evidence to support 
these benefi ts at this stage. Rijcken et al. [ 29 ] analyzed 34 
SILC studies on surgical procedures for infl ammatory bowel 
disease, including Ileocolic resections, sigmoid resections, 
total colectomies, and restorative proctocolectomies. They 
reported a similar overall complication profi le. 

  Fig. 30.3    Laparoscopic view of Crohn’s disease bowel with thickened 
mesentery       
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 Yang et al. [ 30 ] in a recent meta-analysis of comparative 
studies on SILC procedures including those performed for 
malignant disease compared 467 SILC cases to 539 conven-
tional multiport laparoscopic colectomy (MLC) cases in 15 
studies. The SILC group showed a signifi cantly shorter 
length of stay, reduced incision length, and less blood loss, 
but there was no difference in postoperative complications. 
However, the authors stated that prospective randomized tri-
als were needed to provide a higher level of evidence in sup-
port of SILC.   

    Pearls and Pitfalls 

•     Be aware of the multiple fi stulous connections in a 
Crohn’s patient. What may appear to be straightforward 
disease may encompass more bowel than at fi rst 
appearance.  

•   Run the entire bowel. Just because preoperative imaging 
did not demonstrate pathology does not mean it is not 
there.  

•   Ileo-sigmoid fi stulas (or colonic) with disease in both 
locations may require concomitant resections.  

•   Do not hesitate to talk to your patients ahead of time about 
the need for diversion. Often these patients    have poor 
nutrition, are on immunosuppressants, and are prone to 
poor healing. A temporary diversion, while not ideal, may 
avoid disastrous complications associated with a leak.     

    Conclusion 

 Laparoscopic surgery for Crohn’s disease is safe and feasi-
ble. However, its applicability has to be tailored to disease 
status and surgeon’s competency. More randomized con-
trolled trials are needed to determine appropriate selection 
criteria.      
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          Key Points 
•     Surgery is currently the gold standard for ulcerative 

colitis (UC) patients failing medical management or 
when dysplasia/cancer is diagnosed.  

•   A restorative proctocolectomy with ileal pouch-anal 
anastomosis (IPAA) is considered the standard of care 
for the surgical treatment of UC patients.  

•   Septic pouch-related complications are associated with 
adverse short-term and long-term functional outcomes.  

•   A staged approach has been proposed to reduce the risk of 
postoperative complications.  

•   Minimally invasive surgery, including laparoscopy, hand- 
assisted laparoscopic surgery (HALS), and single- incision 
laparoscopic surgery (SILS), has been introduced during 
the last two decades to reduce surgical trauma in this frail 
patient population.  

•   HALS combines the advantages of the open approach, 
i.e., tactile feedback, with those of laparoscopic surgery, 
i.e., small incisions.  

•   Restorative proctocolectomy can be safely offered to 
highly selected patients with early rectal cancer.     

    Background 

 Over the last 10 years, signifi cant improvements have been 
made in the medical treatment of patients with ulcerative 
colitis (UC), achieving increased remission rates and better 
symptom control [ 1 ]. However, surgery still remains the gold 
standard for those patients who fail medical management or 
when dysplasia or colorectal cancer is diagnosed [ 2 ]. 

 A restorative proctocolectomy with ileal pouch anal anas-
tomosis (IPAA) is currently considered the standard of care 
for the surgical treatment of UC patients with good anal 
sphincter function [ 3 ]. Yet, this operation is not without its 
own potential morbidity, with the most common postopera-
tive complications including intestinal obstructions from 
adhesions, wound infection, and pouch leak [ 4 ]. To decrease 
the incidence of pouch-related complications, a staged surgi-
cal approach has been proposed [ 5 ]. Patients undergoing sur-
gery for refractory UC are at high risk of postoperative 
complications in part due to immunosuppressive medical 
therapy, malnutrition, and the nature of the disease. Attempts 
at reducing surgical trauma and improving both short-term 
and long-term outcomes in this frail patient population have 
been made over the last two decades. One of the primary 
operative methods to achieve this has been the application of 
a minimally invasive approach to colorectal surgery, fi rst 
reported in the early 1990s [ 6 ]. However, widespread adop-
tion has been relatively slow, especially in ulcerative colitis 
patients. The long operative time related to the complexity of 
the surgical procedure and the intrinsic limitations of the 
total laparoscopic approach have recently promoted laparo-
scopic hand-assisted surgery (HALS), shown to be faster than 
the conventional laparoscopic surgery, while still offering the 
benefi t of the minimally invasive approach [ 7 ]. More recently, 
though admittedly much more technically demanding, satis-
factory short-term outcomes have been reported after single-
incision laparoscopic surgery (SILS) [ 8 ]. 
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 In our practice, a laparoscopic-assisted resection is 
currently the preferred approach to UC patients, with HALS 
being offered occasionally to the obese patient population. 

 To minimize complications, we have utilized a three- 
stage approach in patients with poor general condition and/
or treated with aggressive medical therapy. This approach 
involves (1) total abdominal colectomy and end ileostomy, 
(2) restorative proctectomy with IPAA and diverting loop 
ileostomy, and (3) ileostomy takedown. Alternatively, a two- 
step approach that includes (1) restorative proctocolectomy 
with IPAA and diverting loop ileostomy and (2) ileostomy 
takedown is offered to healthier patients. 

 Today, controversies exist regarding (1) the best surgical 
approach (laparoscopic vs. HALS vs. SILS vs. open), (2) the 
surgical strategy (two vs. three stages), and (3) the manage-
ment strategy in UC patients diagnosed with rectal cancer, 
where multidisciplinary therapy not only affects oncologic 
outcomes, but pouch function as well. 

 The following chapter describes the different surgical 
techniques and reviews the evidence coming from the litera-
ture regarding the optimal surgical approach to UC patients.  

    HALS and Conventional 
Laparoscopic Surgery 

    Total Abdominal Colectomy 
with End Ileostomy 

 Regardless of the desired technique, a total abdominal colec-
tomy with end ileostomy is the fi rst step of our staged 
approach. 

    Step 1: Positioning of the Patient, Placement 
of Trocars, and Abdomen Exploration 
    After induction of general anesthesia and placement of all 
the monitoring devices, the patient is placed in the lithot-
omy position and secured to the bed. Both arms are tucked 
at the patient’s side. A single dose of preoperative antibiotic 
and subcutaneous heparin are administered, as well as stress 
dose of corticosteroids, if needed. A urinary catheter is 
inserted and rectal irrigation with diluted iodine solution is 
completed. The patient is prepped and draped in standard 
fashion. 

 The monitors are placed initially at the head of the table. 
An open Hasson technique is used to insert the camera port 
just below the umbilicus. Pneumoperitoneum is established 
with CO 2,  and it is maintained at 15 mmHg. 

 In case of a  conventional laparoscopic  procedure, after a 
brief exploration of the abdominal cavity, additional four 
5-mm trocars are placed in each of the four abdominal 
quadrants (Fig.  31.1 ). A more thorough exploration of the 
abdominal cavity is then performed.

   When a  HALS  procedure is planned, only two 5-mm 
trocars are placed in the right and left lower quadrants. After 
feasibility of the laparoscopic approach is confi rmed, a 
Pfannenstiel incision is performed two fi ngerbreadths above 
the pubis. The pneumoperitoneum is evacuated, and the hand-
assisted device is inserted and secured in placed (Fig.  31.2 ). 
When feasible, the future ileostomy site is used as one of the 
port sites.

  Fig. 31.1    Trocar placement for a conventional laparoscopic-assisted 
procedure       

  Fig. 31.2    Trocar placement for a HALS procedure       
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       Step 2: Mobilization of the 
Intra-Abdominal Colon  
 Pneumoperitoneum is reestablished and the patient is placed 
in reverse Trendelenburg and right lateral decubitus position. 
The surgeon stands between the patient’s legs, with the 
camera operator being typically on the left side of the patient 
holding a 30° 5 mm scope. The ligament of Treitz is identi-
fi ed, and the small intestine is evaluated in its entirety, to rule 
out unexpected small bowel disorders or abnormalities that 
may preclude pouch construction. The small intestine is 
placed in the left upper quadrant away from the operating 
fi eld, thus facilitating the initial mobilization of the ileocolic 
vascular pedicle. The surgeon moves to the patient’s left 
side next to the camera operator, the assistant stands on the 
patient’s left side, and the patient is placed in steep 
Trendelenburg and left lateral decubitus position to keep the 

small bowel out of the operating fi eld. The ileocolic vascular 
pedicle is then identifi ed, placed under tension, dissected, 
and divided with a vessel-sealing device. While we try to 
preserve the terminal ileal branches, we do not divide the 
ileocolic pedicle close to the bowel. Next, medial to lateral 
mobilization of the ascending colon is completed all the way 
up to the hepatic fl exure in the submesenteric avascular 
plane. Attention is then directed to the lateral peritoneal 
attachments, which are taken down from the hepatic fl exure 
to the cecum (Fig.  31.3 ). With the surgeon now on the 
patient’s right side, the operating table is placed in reverse 
Trendelenburg and the transverse colon is mobilized from 
the hepatic to the splenic fl exure by sequentially dividing the 
greater omentum just distal to the gastroepiploic arcade 
and the transverse mesocolon (Figs.  31.4 ,  31.5a, b  and  31.6 ). 
The omentum is taken with the specimen, thus facilitating 

  Fig. 31.3    Mobilization of the ascending colon         Fig. 31.4    Mobilization of the hepatic fl exure       

  Fig. 31.5    Mobilization of the transverse colon: ( a ) opening of the gastrocolic ligament; ( b ) division of the gastrocolic ligament       
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the dissection. The splenic fl exure is taken down bluntly and 
sharply usually in an antegrade fashion, but in diffi cult cases, 
a combination of antegrade (from the transverse colon) and 
retrograde (from the descending colon) mobilization is 
sometimes needed. At this point, the surgeon is operating 
between the patient’s legs. The descending colon is mobilized 
all the way to the level of the sigmoid colon by sequentially 
dividing and ligating the lateral attachments and the mesen-
tery (Fig.  31.7 ). At this point, pneumoperitoneum is evacu-
ated and the specimen is exteriorized through the Pfannenstiel 
incision with a wound protector in place. The terminal ileum 
is dissected off of the mesentery and divided with a GIA 
stapler. An end ileostomy is matured.

            Completion Proctectomy with IPAA 

 A completion proctectomy with IPAA and loop ileostomy is 
the second step of our staged approach. 

    Step 1: Positioning of the Patient, 
Placement of Trocars, and Exploration 
 The positioning of the patient is the same as for a total 
abdominal colectomy. 

 A circular incision is made around the ileostomy. The 
ileum is separated from its attachments to the subcutaneous 
tissue and fascia. The most distal ileum is then transected 
with a GIA stapling device. Through the ileostomy site, a 
12-mm port is placed. 

 After exploration of the abdominal cavity, additional 
four 5-mm trocars are placed in each of the four abdominal 
quadrants as for a laparoscopic-assisted total colectomy.  

    Step 2: Mobilization of the Small Bowel 
Mesentery 
 With the surgeon typically between the patient’s leg and with 
the table in reverse Trendelenburg, the root of the mesentery 
of the small intestine is lifted off the retroperitoneum all the 
way to the third portion of the duodenum to allow a tension- 
free ileoanal anastomosis (Video  31.1 ). The avascular plane is 
easily identifi ed and developed.  

   Step 3: Pelvic Dissection 
 The monitors are positioned at the foot of the table. The surgeon 
is on the patient’s right side with the assistant on the opposite 
side retracting the rectum up and out of the pelvis. 

 The Hartmann’s pouch is identifi ed. The left and right 
ureters are identifi ed and preserved. The superior rectal ves-
sels are identifi ed and divided with a vessel-sealing device. 
The hypogastric plexus is also identifi ed and preserved. Only 
after these structures have been identifi ed, a total mesorectal 
excision plane is then entered. Even for benign disease, we 
prefer to follow this plane of dissection because it allows for 
a precise and bloodless rectal mobilization. Care is taken to 
identify the  neurovascular bundles  bilaterally (Fig.  31.8 ). 
The dissection proceeds initially posteriorly, then laterally, 
fi nally anteriorly. Effort is made to dissect the rectum posteri-
orly all the way to the levators at the pelvic fl oor. Then, the 
lateral rectal stalks, often including the middle rectal artery, are 
divided all the way to the levators, and fi nally the anterior dis-
section is completed, in a male patient posterior to Denonvilliers’ 
fascia. At this point, when the rectum is adequately mobilized 
distally, the pneumoperitoneum is evacuated. The rectum 
will be divided at the pelvic fl oor either with a stapler, in the 
case of a stapled IPAA, or sharply in case of mucosectomy 
and handsewn IPAA.

  Fig. 31.6    Takedown of the splenic fl exure       

  Fig. 31.7    Mobilization of the descending colon       
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      Step 4: Construction of the Ileoanal Pouch 
 Several pouch designs have been described, but it is our 
practice to perform a J-pouch. Handsewn IPAA with a trans-
anal mucosectomy starting at the dentate line is reserved in 
our practice in case dysplasia is demonstrated by endoscopic 
biopsy irrespective of location and severity [ 9 ], while stapled 
IPAA is performed for the majority of patients without 
dysplasia. 

 The terminal ileal mesentery is then properly oriented and 
the most dependent loop of small bowel identifi ed. A 3-0 silk 
30-in. long suture is placed at the apex (Fig.  31.9 ), and the 
two loops are approximated with 4-0 nonabsorbable sutures 
(Fig.  31.10 ). The abdominal cavity is protected with moist 
laparotomy pads. and a bowel clamp is placed on the proxi-

mal small bowel. Enterotomies on the two loops are per-
formed. The pouch is constructed as previously described    
[ 10 ]. Sequential fi res of an 80-mm GIA stapler are applied 
through the enterotomies (Figs.  31.11  and  31.12 ), and the 
pouch is progressively everted as stapling progresses toward 
the apex of the pouch for accurate placement of the rows of 
staples as well as to achieve hemostasis (Fig.  31.13 ). When 
the pouch is completely constructed, it is inverted back 
(Fig.  31.14 ) and the two enterotomies are closed in layers. By 
using this technique, the apex of the pouch, the future site of 
the anastomosis, is not manipulated or traumatized. When 
performing a stapled ileoanal anastomosis, the anvil is placed 
at the apex of the pouch, and a standard double-stapled end-
to- end anastomosis is constructed with an EEA stapler. For a 

  Fig. 31.8    Hypogastric nerves       

  Fig. 31.9    Marking of the apex of the pouch with silk suture         Fig. 31.10    The two loops are approximated with Lambert sutures       
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hand sewn IPAA, a completion mucosectomy is performed 
transanally. The submucosa of the residual distal rectum and 
anal transition zone is infi ltrated with epinephrine containing 
local anesthetic solution to facilitate hemostasis. The circum-
ferential mucosectomy is facilitated by placing a Lone Star™ 
(Lone star Co, Stafford, TX) retractor (Fig.  31.15 ). The inter-
nal sphincter is visualized and preserved circumferentially, 
and given the typically short remnant, there is no need for 
anal dilation or aggressive manipulation of the sphincter com-
plex. The electrocautery is our preferred tool for a precise and 
hemostatic complete mucosectomy starting at the dentate 
line. The pouch is then carefully advanced to the pelvis 
(Fig.  31.16 ), and after adequate hemostasis, a two- layer inter-
rupted pouch anal anastomosis is constructed (Fig.  31.17 ). 
The anastomosis is checked with a fl exible sigmoidoscope for 
hemostasis and patency and a leak test of the anastomosis is 
performed. A pelvic drain is seldom necessary.

  Fig. 31.11    Pouch creation: application of sequential fi res of an 80-mm 
GIA stapler through the enterotomies       

  Fig. 31.12       Pouch creation: application of sequential fi res of an 80-mm 
GIA stapler through the enterotomies       

  Fig. 31.13    Pouch creation: progressive eversion of the pouch as the 
stapler progresses toward the apex of the pouch       

  Fig. 31.14    Pouch creation: inversion of the pouch and closure of the 
two enterotomies       

  Fig. 31.15    Exposure of the anal canal for mucosectomy       
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           After irrigation and hemostasis in the abdomen and 
pelvis, a suitable loop of small bowel is identifi ed, and a 
14-French red rubber catheter is placed through the mesen-
tery. The loop is delivered through the previously devel-
oped ileostomy site and secured in place by suturing the red 
rubber catheter to the skin with nonabsorbable sutures. An 
anti- adhesive barrier is typically used to facilitate the sub-
sequent takedown. The Pfannenstiel incision is closed in 
layers and the skin is closed with subcutaneous sutures. 
The incision is protected and the ileostomy matured in the 
standard Brooke fashion with 3-0 chromic interrupted 
sutures (Fig.  31.18 ).

   An anastomosis between the ileal pouch and anal canal 
performed under tension is associated with increased risk 
of dehiscence with severe short-term and long-term 
sequelae [ 11 ]. 

 Few studies have evaluated and compared several tech-
niques for lengthening the small bowel mesentery, including 

complete small bowel mobilization to the origin of its 
mesentery, ileocolic vessel ligation close to their origin from 
the superior mesenteric pedicle, and transverse mesenteric 
relaxing incisions [ 12 ]. These strategies facilitate a tension-
free IPAA in most cases. 

 We have had a very limited experience with these tech-
niques, due to the frequent staged approach to these patients. 
By optimizing body weight, tissue characteristics, and gen-
eral medical conditions, we have almost eliminated the need 
for mesenteric lengthening from our practice. 

 For patients with extremely short mesentery, an alterna-
tive strategy has been described by Goes et al. [ 13 ]. Multiple 
vascular ligations are performed between the right colon 
wall and the marginal vascular arcade, from the right branch 
of the middle colic artery that is preserved and provides the 
only blood supply to the ileal branch of the ileocolic artery. 
Right colic and ileocolic arteries at their origin and the supe-
rior mesenteric trunk at its distal third are divided. 

 This technique presents several drawbacks: (1) it is time 
consuming, (2) it is technically challenging, and (3) it can 
lead to pouch ischemia, but it offers additional length in the 
extreme situations.   

    Total Proctocolectomy with IPAA 

   Step 1: Positioning of the Patient, Placement 
of Trocars, and Abdomen Exploration 
 This step is the same as for a total abdominal colectomy.  

   Step 2: Mobilization of the 
Intra-Abdominal Colon  
 The mobilization of the intra-abdominal colon follows the 
previously described steps of a total abdominal colectomy all 
the way to the pelvis.  

  Fig. 31.16    The pouch is delivered and visible at the level of the dentate 
line       

  Fig. 31.17    Two-layer handsewn ileoanal pouch anastomosis       

  Fig. 31.18    Patient after completion proctectomy and IPAA       

 

 

 

31 Minimally Invasive Surgery in Ulcerative Colitis Patients



352

   Step 3: Pelvic Dissection 
 The monitors that were placed at the head of the table are 
moved to the foot of the table. The surgeon is on the patient’s 
right side with the assistant on the opposite side retracting the 
rectum up and out of the pelvis. Typically a medial to lateral 
approach to the mobilization of the inferior mesenteric artery 
is undertaken. The peritoneum overlying the sacral promon-
tory is incised on the patient’s right side, and the left ureter 
is clearly identifi ed and mobilized off the operating fi eld. 
The hypogastric plexus is also identifi ed and preserved. Only 
after these structures have been identifi ed, the inferior mesen-
teric artery is divided and ligated with a vessel- sealing device. 
The level of transection of the inferior mesenteric artery and 
vein follows the oncologic principles in presence of colorec-
tal cancer. The total mesorectal excision plane is then entered, 
and this step of the procedure follows that already described 
for a proctectomy.  

   Step 4: Construction of the Ileoanal Pouch 
 The IPAA construction follows the previously described steps 
for a proctectomy.   

    Single-Incision Laparoscopic Surgery (SILS) 

   First Stage: Total Abdominal Colectomy 
with End Ileostomy 
   Step 1: Positioning of the Patient, Placement 
of Trocars, and Abdomen Exploration 
 The positioning of the patient is the same as previously 
described for the other procedures. 

 The access to the peritoneal cavity is obtained by inserting 
a GelPOINT ®  Advanced Access Platform (Applied Medical, 
Rancho Santa Margarita, CA) through a circular incision at the 
future ileostomy site in the right lower quadrant. The GelSeal ®  
cap provides additional working space and the ability to 
achieve triangulation with the instruments. One 12-mm and 
three 5-mm trocars are introduced through the gel platform 
(Fig.  31.19 ). The procedure is performed with conventional 
laparoscopic instruments, including a 12-mm 30° laparoscope 
and a 5-mm bipolar vessel-sealing device for tissue dissection 
and vascular resection. The Trendelenburg and side-to-side tilt 
positions dynamically vary during the procedure for optimal 
surgical fi eld exposure [ 14 ].

   The operation starts with the exploration of the abdominal 
cavity to evaluate the feasibility of the procedure. The most 
challenging part with higher risk of conversion is the initial dis-
section and division of the ileocolic vessels that are located right 
below the access site. Therefore, we start the dissection from the 
right colon, proceeding clockwise to the rectosigmoid junction.  

   Step 2: Right Colon Dissection 
 The operating table is tilted to the left, and the patient is 
placed in Trendelenburg position. The surgeon is on the left 

side of the patient, and the GelPOINT ®  is oriented in order to 
have the optical port in medial position. The tissue sealing 
device is introduced thorough the cephalic trocar. The cecum 
is retracted upward and laterally by a grasper. The ileocolic 
vessels are now under tension. They are dissected and divided 
after visualization of right ureter and duodenum. Medial to 
lateral mobilization of the right colon is accomplished all the 
way up to the hepatic fl exure, with blunt dissection down the 
avascular plane between the mesocolon and the Gerota’s 
fascia.  

   Step 3: Hepatic Flexure and Transverse 
Colon Dissection 
 The patient is placed in the reverse Trendelenburg position, 
with the surgeon standing between the patient’s legs. The 
hepatic fl exure is retracted by a grasper caudally and medially. 
After sharp division of the hepatocolic ligament, the table is 
tilted in a right lateral position to displace the small bowel, 
with the surgeon moving to the right side of the patient. The 
access device is turned 180°, and the transverse colon is fully 
mobilized by sequentially dividing the greater omentum, just 
distal to the gastroepiploic arcade and the transverse mesoco-
lon. The omentum is then removed en bloc with the specimen 
in order to facilitate this step of the procedure.  

   Step 4: Splenic Flexure and Left Colon Dissection 
 At this point the, GelPOINT ®  is rotated back 180°. The colon 
is retracted medially and toward the bottom in order to facili-
tate sharp dissection of the splenic fl exure. Subsequently, the 
lateral attachments of the descending colon are taken sharply, 
and the avascular line of Toldt is bluntly dissected, with 
exposure of the left ureter.  

  Fig. 31.19    Trocar placement for a SILS procedure       
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   Step 5: Rectosigmoid Junction Section 
and Specimen Exteriorization 
 The patient is now placed in the Trendelenburg position with a 
slight left lateral tilt, and the access device is tuned again 180° 
to obtain a better sigmoid exposure. The inferior mesenteric 
vein and the branches of the sigmoid arteries are dissected and 
divided. At this point, we switch to a 5-mm laparoscope that is 
inserted through the cranial port. A laparoscopic stapler is then 
used to transect the rectosigmoid junction after dissection of 
the mesentery. The specimen is extracted through the access 
device, the terminal ileum is divided extracorporeally, and the 
ileostomy is matured. A large (20 F) red rubber rectal tube is 
routinely placed to decompress the rectal stump and kept in 
place with a nylon suture.   

   Second Stage: Proctectomy and IPAA 
 At the beginning of the second procedure, the ileostomy is 
mobilized and the pouch is constructed extracorporeally. The 
anvil of the circular stapler is secured at the apex of the 
pouch. The pouch is then placed back into the abdominal 
cavity. Through the same ileostomy site, the GelPOINT ®  
Advanced Access Platform (Applied Medical, Rancho Santa 
Margarita, CA) is inserted. One 12-mm and three 5-mm tro-
cars are introduced into the gel platform, and the procedure 
is performed with conventional laparoscopic instruments. As 
for the total abdominal colectomy, we use a 12-mm 30° lapa-
roscope and a 5-mm bipolar vessel-sealing device. The 
patient is in reverse Trendelenburg position for optimal 
exposure. The terminal ileal mesentery is mobilized back to 
the root at the level of the duodenum to minimize the tension 
on the IPAA. The proctectomy is then performed in the avas-
cular mesorectal plane after identifi cation of the left ureter in 
Trendelenburg position. The rectum is then mobilized all the 
way to the pelvic fl oor circumferentially and transected 
intracorporeally with multiple fi res of a laparoscopic sta-
pling device. The specimen is then removed through the 
access device. The IPAA is then constructed intracorporeally 
under laparoscopic vision. IPAA is protected with a diverting 
loop ileostomy.    

    Surgical Approach to Ulcerative Colitis: 
Conventional Laparoscopy vs. HALS vs. 
SILS vs. Open Surgery 

 While laparoscopic surgery has gained wide acceptance for 
the treatment of several benign and malignant colorectal dis-
eases, showing clear short-term benefi ts as compared to open 
surgery, the introduction of the laparoscopic approach to 
patients with UC has proceeded slowly, mainly due to the 
complexity of the procedure. 

 A laparoscopic approach to UC patients in the elective 
setting was fi rst described by Peters et al. in 1992 [ 16 ]. Since 

then, several studies compared laparoscopic and open proc-
tocolectomy and IPAA [ 15 ]. No signifi cant differences were 
found in terms of short-term outcomes in terms of periopera-
tive complications, reoperation and readmission rates, and 
early mortality, while higher level of satisfaction with cos-
metic results and quality of life was reported after laparo-
scopic surgery. Few comparative studies have looked at 
long-term functional outcomes, reporting no differences 
between the laparoscopic and the open IPAA [ 16 ]. 

 A laparoscopic approach has been also used for the surgi-
cal treatment of UC patients in the emergency setting, with 
better postoperative results compared to the open approach 
[ 17 ,  18 ]. 

 The main shortcoming of laparoscopic surgery for UC is 
the signifi cantly longer operative time. Considering the com-
plexity of surgery, the HALS approach has been proposed, 
aimed at reducing the operative time while maintaining the 
benefi t of the minimally invasive approach. Several small 
studies have compared HALS and conventional laparoscopy 
for both total colectomy and proctocolectomy in UC [ 19 –
 24 ]. For instance, Marcello et al. [ 23 ] reported the results of 
the only prospective, randomized trial ever conducted in this 
fi eld. Both groups of patients were similar in terms of age, 
gender, body mass index, and history of previous surgery. 
They found a signifi cantly shorter operative time in favor of 
HALS, with no differences in terms of conversion rate to 
open surgery. Similar short-term postoperative outcomes 
were observed in both groups. 

 Fewer studies have compared HALS with open total col-
ectomy or proctocolectomy [ 25 ,  26 ]. For instance, Maartense 
et al. [ 25 ] reported in 2004 the results of a randomized clini-
cal trial comparing 30 HALS to 30 open proctocolectomies. 
HALS procedures took signifi cantly longer than open sur-
gery. No signifi cant differences were found in terms of post-
operative pain, complication rate, and postoperative hospital 
stay between the two groups. A trend toward higher costs for 
HALS was reported. 

 More recently, further efforts have been made to reduce 
the surgical trauma in UC patients, by applying a single- 
incision approach. Particularly for total abdominal colec-
tomy, single incision represents a true “no scar” procedure, 
since the site of the temporary ileostomy is used as access 
point to the abdominal cavity. Initial results show that 
single- incision total abdominal colectomy is a feasible and 
safe procedure in expert hands, with similar perioperative 
results as compared with laparoscopic and HALS 
approaches [ 27 ]. Interestingly, some authors have reported 
shorter operative time of SILS total colectomy, mainly due 
to the limited time spent to close the only entry site [ 27 ]. 
Further large and randomized trials are needed to confi rm 
these preliminary data regarding feasibility, safety, and 
effi cacy of SILS in the surgical management of UC 
patients.  
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    Surgical Strategy 

 Anastomotic failure of the IPAA is a serious complication 
after restorative proctocolectomy for UC that adversely 
affects long-term functional outcomes [ 28 ]. To reduce the 
risk of pouch-related septic complications, thus minimizing 
the functional sequelae, a staged surgical approach has been 
proposed by us and several other authors in the literature [ 5 ]. 
To date few studies have specifi cally looked at the outcomes 
of minimally invasive surgery in a staged approach compar-
ing 2- to 3-stage strategy. For instance, Pandey et al. [ 29 ] 
compared 68 consecutive UC patients undergoing a 2-stage 
approach with 50 consecutive UC patients treated with a 
3-stage approach. Three-stage patients were more likely to 
have been receiving aggressive medical therapy than the 
2-stage patients. Despite this difference, the overall compli-
cation rates were similar between the two groups (55 % for 
2-stage patients vs. 52 % for 3-stage patients,  p  = 0.4), while 
infectious complications were higher in the 2-stage group 
(38 vs. 21 %,  p  < 0.05). 

 Several potential advantages are associated with a 3-stage 
strategy: (1) a temporary diverting loop ileostomy may miti-
gate the clinical signifi cance of a IPAA leak, thus improving 
long-term pouch function in this frail patient population; 
(2) after total abdominal colectomy, the patient is weaned off 
medications; (3) the nutritional status is optimized in prepa-
ration for the complex stage of this surgical strategy that 
involves the IPAA construction; and (4) diagnostic questions 
may be answered with the examination of the specimen, 
since a postoperative diagnosis of Crohn’s disease or indeter-
minate colitis is not infrequent after total colectomy for pre-
sumed UC. A multistep strategy allows planning the most 
appropriate and tailored restorative procedure according to 
the pathologic evaluation of the colon resected. 

 A staged laparoscopic approach has also been shown to 
be associated with (1) reduced waiting time between the 
fi rst and the second step [ 30 ,  31 ] and (2) decreased intra- 
abdominal adhesion and therefore less intraoperative adhe-
siolysis during the second step after a total abdominal 
colectomy [ 31 ].  

    Rectal Cancer and Ulcerative Colitis 

 The risk of developing colorectal cancer is increased in UC 
patients, and it correlates with the duration and the extent of 
disease [ 32 ]. UC-related colorectal cancers are often poorly 
differentiated and have a different genetic background com-
pared to sporadic colorectal tumors. Today, limited data exist 
regarding clinical and oncologic outcomes and the best sur-
gical approach to UC patients with rectal cancer. Radice 
et al. [ 33 ] reported in 1998 on 77 patients with colorectal 

cancer undergoing open IPAA: 56 colon, 17 rectal cancers, 
and four both. More than 70 % of patients had early stage 
disease (stage I or II). Mean follow-up was 6 (range, 2–15) 
years. Pouch failure occurred in 16 % of patients compared 
to 7 % for the overall IPAA registry. No differences between 
cancer and noncancer patients were observed in terms of 
operative complications, functional outcomes (median stool 
frequency, incontinence, pad usage, pouchitis), and onco-
logic results. The authors concluded that although pouch 
failure (largely due to postoperative radiation injury or dis-
ease progression) is more common, IPAA can be performed 
in colorectal cancer patients, with no signifi cant impact on 
long-term IPAA function and oncologic outcomes. 

 In 2003, similar results were obtained by Remzi et al. [ 34 ] 
in 70 UC patients with colorectal cancer (26 rectal cancer 
patients), with a mean follow-up of 7.5 (range, 0.5–17) years. 
Cancer was incidentally diagnosed in 10 % of cases. Seventy- 
three percent of patients were diagnosed with stage I–II rec-
tal cancer. No patient with a preoperative diagnosis of 
dysplasia or cancer within 8 cm from the anal verge was con-
sidered for a stapled IPAA; a mucosectomy with a handsewn 
anastomosis was performed in all of these cases. The authors 
concluded that restorative proctocolectomy with IPAA is a 
successful surgical approach for patients with coexisting rec-
tal cancer in the setting of UC. 

 More recently, Merchea et al. [ 35 ] retrospectively reviewed 
41 UC patients with rectal cancer. The tumor was preopera-
tively known in 83 % of patients. Eight cancers were in the 
proximal (>10 cm) rectum, 19 in the mid (5–10 cm) rectum, 
and 13 in the distal (<5 cm) rectum. The majority of patients 
(68 %) had stage I–II cancer. Interestingly, six (15 %) patients 
had undergone a previous subtotal colectomy with either an 
ileorectal anastomosis or end ileostomy and had developed 
cancer in the rectum. All these six patients previously had 
poor or no endoscopic surveillance after subtotal colectomy. 
Total proctocolectomy with end ileostomy was performed in 
51 % of cases. Among the 11 (37 %) IPAA patients with 
diverting ileostomy, six had a double-stapled anastomosis, 
while fi ve pouches were hand sewn. No patient who was 
treated with neoadjuvant chemoradiation therapy underwent 
IPAA. Postoperative morbidity was 10 %. Overall pouch fail-
ure rate was 18 %. Five (12 %) patients developed local recur-
rence, while distant metastases occurred in 22 % of cases. 
Almost 90 % of recurrences occurred in stage III–IV patients. 

 To the best of our knowledge, there are no studies to date 
that have specifi cally evaluated the impact of the laparo-
scopic approach on the oncologic outcomes in UC patients 
with rectal cancer. Based on the limited evidence currently 
available, we may conclude that (1) restorative proctocolec-
tomy may be offered to highly selected patients with early 
rectal cancer, thus not requiring chemoradiation therapy. 
For locally advanced rectal cancer or very low lesions requir-
ing an abdominoperineal resection, we do not offer IPAA; 
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(2) intense endoscopic surveillance is mandatory for early 
diagnosis of rectal cancer; (3) established oncologic princi-
ples should be observed in all cases with longstanding disease 
even if no cancer is preoperatively detected, since cancer can 
be incidentally found in the pathology specimen in up to 
17 % of patients; and (4) neoadjuvant chemoradiation therapy 
may reduce the risk of recurrence and increase the disease- 
free survival in preoperative stage III disease, with similar 
short-term outcomes to that of rectal cancer in non- UC 
patients [ 36 ].  

    Pearls and Pitfalls 

•     Restorative proctocolectomy with ileal pouch-anal anas-
tomosis (IPAA) is the standard of care for the surgical 
treatment of ulcerative colitis (UC).  

•   Minimally invasive surgery is a valid alternative to open 
surgery in UC with excellent cosmetic and functional 
results.  

•   A staged approach has been proposed to reduce the risk of 
postoperative complications, such as septic pouch-related 
complications that are associated with poor short-term 
and long-term functional outcomes.  

•   The hypogastric nerves should always be visualized to 
avoid urinary and sexual dysfunction. Following the 
mesorectal plane, decrease bleeding and facilitate 
dissection.  

•   Full mobilization of the small bowel mesentery is manda-
tory to avoid excessive tension on the anastomosis.  

•   A restorative proctocolectomy may be offered to highly 
selected early rectal cancer patients, thus not requiring 
chemoradiation therapy. The authors favor a mucosec-
tomy and handsewn anastomosis in the presence of dys-
plasia or cancer.     

    Conclusion 

 Minimally invasive surgery reduces the surgical trauma in 
UC patients, a patient population at high risk of perioperative 
complications. While HALS combines the benefi ts of the 
open surgery with the advantages offered by the conven-
tional laparoscopic surgery, it is offered selectively in our 
practice. Further studies are necessary to evaluate the real 
role of SILS in the management of UC patients. A minimally 
invasive staged strategy is associated with reduced postop-
erative complications and reduced time intervals between the 
different steps. However, studies are still needed to evaluate 
the impact of minimally invasive surgery on survival of UC 
patients diagnosed with rectal cancer.     
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     Abbreviations 

   CD    Crohn’s disease   
  IBD    Infl ammatory bowel disease   
  IC    Indeterminate colitis   
  IPAA    Ileal pouch-anal anastomosis   
  LAARP    Laparoscopically assisted anorectal pull-through   
  MIS    Minimally invasive surgery   
  PSARP    Posterior sagittal anorectoplasty   
  PSARVUP    Posterior sagittal anorectovaginourethroplasty   
  UC    Ulcerative colitis   

          Key Points 
•        Abdominal entry, while similar to adults, needs to consider 

the thickness of the abdominal wall to avoid iatrogenic 
intra-abdominal and vascular injuries.  

•   Pediatric patients have much less “working space” within the 
abdomen compared to adults. This needs to be considered 
when choosing trocars and port sites.  

•   Insuffl ation pressures should take into consideration the 
weight/size of the child to avoid cardiopulmonary 
compromise.  

•   While many operations in pediatric patients are similar to 
adults, important differences remain that surgeons caring 
for this population need to be aware of.  

•   A mucosectomy and hand-sewn anastomosis are preferable 
for IPAA in pediatric patients.     

    Introduction 

 This chapter discusses the unique application of minimal 
access surgery in the pediatric patient with regard to colorec-
tal diseases. Multiple barriers to earlier advancement and 
widespread acceptance in the fi eld included a delay in the 
development of appropriately sized instrumentation, a rela-
tive paucity of minimally invasive skills among established 
pediatric surgeons at training institutions, and the fact that 
many complex colorectal conditions occur with compara-
tively low frequency in young children and neonates versus 
adult patients. As instrumentation became downsized and 
several early adopters became more facile with minimally 
invasive skills, the benefi ts of laparoscopic surgery in pediat-
ric surgery became apparent, and the scope of procedures 
performed increased dramatically. The benefi ts of pediatric 
minimally invasive surgery (MIS) are similar to those in 
adults, including smaller incisions, decreased infection risk, 
greater surgical precision, magnifi ed view without parallax 
between observers, reduced length of stay, and decreased 
cost of care. Unique to pediatric MIS is the small size of the 
operating space, which creates technical challenges and 
oftentimes a steeper learning curve. Despite the inherent 
mechanical and physiologic challenges of pediatric MIS, 
innovative operative techniques in the treatment of pediatric 
colorectal diseases have been substantial. We have chosen to 
highlight the technical departures from standardized adult 
MIS, the rationale for their modifi cation, and their potential 
application in adult patients.  

    History of Pediatric Minimally Invasive 
Surgery 

 The introduction and mainstream application of minimally 
invasive surgery in children lagged nearly a decade behind the 
fi rst published description of laparoscopic cholecystectomy 
in 1985 by Eric Mühe [ 1 ]. While adult MIS was gaining 
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popularity in the late 1980s, most pediatric surgeons were 
slow to adopt this new technology. By default, they were 
handicapped by adult-sized instrumentation, energy devices, 
and trocars, requiring larger incisions for younger children 
and infants. This made it diffi cult for some surgeons to ratio-
nalize the use of relatively larger trocar incisions on already 
small patients through which an equivalent open surgery 
could be performed. They also made a rational, yet invalid, 
assumption that incisional morbidities were equivalent 
among open incisions and multiple small MIS incisions of 
equal length. Instead, the closing tension of a wound is pro-
portional to the square of the incisional length [ 2 ]. In other 
words, total wound tension rises nonlinearly with increasing 
wound length. For comparison, the added closing tension of 
two 3-mm trocar incisions is still less than a 5-mm incision. 
This may be one factor that accounts for the observed 
decrease in laparoscopic incisional morbidities—less pain, 
smaller scars, and lower rates of infection, dehiscence, and 
herniation. 

 Technical factors also played a role in the delay in adopt-
ing minimally invasive techniques. Early instruments were 
too long and bulky and thus required large trocar incisions. 
Graspers were too traumatic for fi ner pediatric tissues and 
procedures. In addition, there is considerably less working 
space in the pediatric abdomen. For perspective, laparoscopy 
in a pediatric patient one-half as tall as an adult could present 
the surgeon with only 1/8 the working volume in the abdo-
men based on geometric scaling formulae. It has been esti-
mated that the thoracoscopic anastomosis for esophageal 
atresia repair is performed in a 1 cm 3  space. The innovative 
contributions of early pioneers like Rothenberg, Georgeson, 
and Holcomb in the 1990s and early 2000s laid the ground-
work for a new approach to many pediatric-specifi c diseases 
such as pyloric stenosis, appendicitis, and gastroesophageal 
refl ux disease [ 3 ]. This groundwork led to the ability to apply 
these techniques to a wider array of more complex pediatric 
surgical diseases including neonatal colorectal diseases such 
as imperforate anus and Hirschsprung’s disease.  

    Patient Selection and Positioning 

 While the approach to pediatric laparoscopy is similar to 
adults, the equipment, patient positioning, and techniques 
must be modifi ed. Many neonates and young children with 
congenital cardiopulmonary anomalies such as hypoplastic 
left heart or congenital diaphragmatic hernias with pulmo-
nary dysplasia are poor candidates. They may not be able to 
compensate for the physiologic stress associated with a 
reduction in functional residual capacity (FRC) and the 
hypercarbia associated with gas insuffl ation. Other relative 
contraindications include previous open operations and 
small bowel obstruction, although laparoscopy can still often 
be used in selected cases. 

 Pediatric patients provide surgeons with multiple position-
ing options due to their small size. For some operations, like 
laparoscopic pull-through for imperforate anus repair, position-
ing the patient sideways on the operative table is benefi cial. 
These patients can also be prepped circumferentially from 
nipples to toes and draped by passing the lower half of the 
baby through an adult extremity drape (Fig.  32.1 ). This allows 
access to the abdomen and perineum with a single prep. The 
head in babies is disproportionately larger than in older 
patients, and a “bump” under the body to lift the body can be 
useful, especially when operating deep in the pelvis. 
Alternatively, positioning patients at the foot of the table allows 
the surgeon to operate directly in-line with the upper abdomen, 
for instance, when operating on the stomach or esophageal hia-
tus. Many smaller patients do not require stirrups for dorsal 
lithotomy but can simply have their feet taped together over 
foam prior to positioning in “frog-leg” lithotomy. Patient posi-
tioning is also critical with regard to trocar sites. They are often 
much closer together than in adult-sized patients, and the child 
will need to be positioned on the table to allow appropriate 
access for the surgeon and all assistants.

   The use of an adult extremity drape for circumferential 
lower body draping is demonstrated. This technique is useful 

  Fig. 32.1    Patients can also be 
prepped circumferentially from 
nipples to toes and draped by 
passing the lower half of the baby 
through an adult extremity drape       
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when access to the perineum is required for laparoscopically 
assisted endorectal pull-through operations for Hirschsprung’s 
disease or imperforate anus in small children and neonates 
(Fig.  32.1 ).  

    Trocar Selection and Insertion Technique 

 The technology void created by the growth of pediatric lapa-
roscopy was quickly fi lled by manufacturers as the demand 
for customized pediatric trocars, instrumentation, and energy 
devices grew. Appropriate trocar selection, placement, and 
insertion technique will avoid frustration associated with 
poor ergonomics, visibility, and longer operative times. 
Abdominal access techniques and pneumoperitoneum are 
achieved in a somewhat similar manner as in adult patients, 
with several notable caveats. 

 Most children (and many adults) have at least a small fas-
cial opening at the base of the umbilicus which allows a very 
safe method for accessing the abdomen. The umbilicus is 
often not nearly as deep as in larger patients, and the authors 
usually perform a direct vertical skin incision at the very 
base of the umbilicus. A hemostat can then usually be placed 
directly into the peritoneum and subsequently replaced by 
the fi rst trocar. This often takes less than 20 s. The tradi-
tional open Hassan technique can be useful in larger patients 
as well. The abdominal wall is signifi cantly thinner and 
more compliant in neonates, toddlers, and young children 
compared to adolescents and adults. Due to the increased 
pliability of the abdominal wall, and especially without 
pneumoperitoneum established, optical entry techniques like 
the Visiport™, Covidien, Mansfi eld, MA, should typically 
be avoided. The insertion technique for the remaining trocars 
often requires a gentle “pop” in the proper direction as 
opposed to steady pressure, as it takes surprisingly little 
effort to push the abdominal wall fl ush against the retroperi-
toneum in smaller children, even with appropriate pneumo-
peritoneum. In fact, trocar insertion proves to be responsible 
for most catastrophic complications in pediatric MIS with an 
incidence of great vessel injury of only 0.05 %, but with an 
associated mortality of 20 % [ 4 ]. 

 The bladder can often be emptied by manual lower 
abdominal compression (the Credé maneuver) in younger 
children prior to short procedures. Intraoperative Foley cath-
eter drainage can be used for long cases and discontinued at 
the end of the procedure or in the early postoperative period. 
The Foley is often continued for 1 week after dividing a rec-
tourethral fi stula during laparoscopic imperforate anus repair 
in male infants prior to obtaining a voiding cystourethrogram 
(VCUG). 

 The abdominal wall of many pediatric patients is quite 
thin. This has both advantages and disadvantages. 
Transillumination of the abdominal wall during trocar 
placement can be quite helpful in avoiding blood vessels. 

Many trocars, however, are designed to capture or hold the 
abdominal wall in several different manners; these trocars 
work better when the abdominal wall is thicker. One such 
trocar used by many pediatric surgeons in larger patients or 
in the umbilicus is the radially expanding Step™ trocar 
(Covidien, Mansfi eld, MA). The device comes in lengths of 
75 and 100 mm and has an expandable sleeve that starts at a 
diameter of 1.7 mm and is inserted with a Veress needle. 
Other trocars have plastic ribbing to grip the abdominal wall 
or balloons which can be insuffl ated and pulled back against 
the abdominal wall. However, these trocars do not perform 
as well in infants and smaller pediatric patients. The bal-
loons may take up too much of the short distance between 
the trocar and the operative target. Other trocars don’t grip 
the abdominal wall very well and have a tendency to slide 
out or become dislodged, especially when exchanging instru-
ments. Therefore, the authors most often use reusable 2.7- 
and 3.5- mm trocars manufactured by Karl Storz (Tuttlingen, 
Germany), fi tted with a short piece of 14-Fr catheter placed 
around the trocar at an appropriate (and adjustable) interval 
from the trocar exit as demonstrated in Fig.  32.2 . This allows 
quite precise placement of the proper amount of intra- 
abdominal trocar length and allows the surgeon to suture the 
catheter to the skin to prevent unwanted movement. These 
trocars also have small heads which prevent them from col-
liding during instrument manipulation in an already crowded 
working environment.

   Most surgeons do not close the fascial defect created 
by 5-mm trocars in adult patients. However, 5-mm port sites 
are at higher risk of trocar site herniation in children and are 
preferentially closed in pediatric patients [ 5 ,  6 ]. The use of 
stab incisions rather than traditional trocars for inserting 
laparoscopic instruments directly through the chest or 
abdominal wall is another maneuver used by some in pediatric 

  Fig. 32.2    The Step™, radially expanding umbilical trocar, and the 3.5- 
and 2.7-mm reusable trocars are shown anchored to the skin with silk 
sutures tied to the clear, 14-Fr catheter used as a sleeve over the shaft of 
the trocar       
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MIS [ 7 ]. The authors use this technique for laparoscopic 
pyloromyotomy where instruments need to be changed out 
infrequently. We prefer small trocars for more complex oper-
ations that may require frequent exchanging of instrumenta-
tion, as it seems less traumatic to the abdominal wall.  

    Pearls and Pitfalls 

 –     The abdominal wall is very pliable in children, and extra 
care needs to be taken to avoid trocar injury to retroperi-
toneal structures.  

 –   To avoid frustration with trocar displacement, choose 
trocars that can be secured well to the thin abdominal wall 
in children.     

    Gas Insuffl ation 

 We know that pneumoperitoneum has the potential to cause 
pronounced physiologic changes in pediatric patients that can 
lead to complications. For instance, insuffl ation may cause an 
increase in end-tidal CO 2 , cephalad displacement of the 
diaphragm, reduced pulmonary compliance, and increased 
airway resistance, which can be remedied by increasing the 
minute ventilation. Also, lower intra- abdominal pressures 
(IAP) of <10 mmHg increase venous return, leading to 
increased cardiac output and a 20–25 % increase in arterial 
pressures. On the other hand, if IAP is increased to 20 mmHg, 
the inferior vena cava becomes compressed, resulting in 
decreased venous return, decreased cardiac output, and 
decreased renal blood fl ow. Most children can tolerate an IAP 
of 15 mmHg during laparoscopy, but neonates less than 5 kg 
should be limited to pressures of 10–12 mmHg [ 8 ]. The 
authors prefer to select insuffl ation pressures based on patient 
size depicted in Table  32.1 . Some insuffl ators may be too 
insensitive to the rapid pressure changes within the abdomen 
and may inadvertently result in over insuffl ation. Although 
attempts have been made to design pediatric insuffl ators that 
administer less volume or use a lower fl ow rate, we have not 
yet found one to be equivalent to the standard insuffl ators 
available.

       Pediatric Laparoscopic Instrumentation 

 Adult MIS instruments are frequently too long (32–36 cm) 
and too large in diameter (5–10 mm) for younger children, 
and especially neonates. Using adult-length instruments on 
small children may leave as much as 80 % of the instrument 
outside the patient which may lead to poor ergonomics, awk-
ward manipulation, and imprecise movements. Ideally, two- 
thirds of an endoscopic instrument should be inside the body 
cavity with the other one-third outside the body to prevent 
motion parallax. In general, pediatric laparoscopic instru-
mentation has fi ner tips and the instruments come in varying 
lengths. The authors keep instruments in different sets based 
on patient size. Our infant tray generally has 2.7-mm instru-
ments that are 20 cm in length. The adolescent tray has 5-mm 
instruments that are 30 cm. Our pediatric tray has a mixture 
of instruments ranging from 2.7 to 5 mm in diameter and 
from 25 to 30 cm in length. We similarly use a range of 0° and 
angled lens laparoscopes, ranging from a 20-cm, 2.7-mm-
diameter scope to standard length 5-mm scopes. A small 70° 
scope is useful for performing contralateral  inguinal explora-
tion during inguinal hernia repair as well [ 9 ]. 

 There are also multiple energy devices available for use in 
pediatric laparoscopy. Prior use and familiarity with any 
given energy device may be the best guide to follow when 
choosing instrumentation for a surgery, but it remains impor-
tant to keep the active portion of the instrument visible on the 
screen and to use the lowest effective settings to avoid col-
lateral damage and arcing potential. 

 Hand position is crucial when operating on smaller 
patients. Many pediatric surgeons operate when using trigger- 
handle instruments with their left hand inverted. The authors 
routinely do this, especially when operating on neonates as 
shown in Fig.  32.3 . This allows a greater distance between the 
hand of the surgeon and that of the assistant in tight spaces. 
We prefer intracorporeal suturing and knot tying in order to 
use 2.7-mm instruments as opposed to automated devices 
such as the Endo Stitch™ by Covidien, which all require at 
least 5-mm ports. We manually bend or fl atten small needles 
that are appropriate in size for the patient. We prefer an in-line, 
ring handle laparoscopic needle driver manufactured by Jarit 
(Integra, Plainfi eld, New Jersey).

   The initial hesitancy to accept pediatric laparoscopy as a 
safe and effective surgical technique has quickly faded, and 
now, the question has changed from not whether minimally 
invasive surgery should be done for young children and 
infants, but for which conditions? As an example, thoraco-
scopic repair of infants with congenital diaphragm hernia has 
become a widespread technique, but recent data comparing it 
to standard open approaches show that the recurrence rate 
for thoracoscopic repair is unacceptably high. 

   Table 32.1    Recommended pressure selection according to patient size 
in order to accomplish safe pneumoperitoneum in infants and young 
children during insuffl ation   

 Patient size (kg)  Pressure of pneumoperitoneum (mmHg) 

 <5  10 
 5–10  12 
 >10  15 
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 The following sections will discuss a select number of 
pediatric colorectal diseases and our preferred therapeutic 
approach with minimally invasive techniques. Although 
certain diseases like Hirschsprung’s disease and imperforate 
anus are fairly specifi c to pediatric surgery, the techniques 
described certainly translate to a number of adult colorectal 
diseases and disorders.  

    Appendicitis 

    Clinical Presentation 
and Indications 

 Appendicitis remains the most common surgical illness in 
children that is treated by both pediatric and adult general 
surgeons. It has an incidence of 70,000 pediatric cases per 
year with the highest rates occurring at 25 cases per 10,000 
children per year between 10 and 17 years of age. Diagnosing 
acute appendicitis in children is very similar and perhaps 
more straightforward than in adults. A history of migrating 
abdominal pain in association with physical fi ndings and leu-
kocytosis remain accurate diagnostic clues for children and 
adults. For instance, migrating abdominal pain for acute 
appendicitis has a positive predictive value (PPV) of 94.2 % 
in children and 89.6 % in adults [ 10 ]. In the absence of clas-
sic signs and symptoms, diagnostic imaging can be a helpful 
adjunct. Given the increased awareness and risk of radiation 
exposure in children, ultrasound is usually the preferred 
modality, although certain clinical situations require CT 
imaging as well.  

    Surgical Technique: Laparoscopic 
Appendectomy 

 Most commonly, pediatric laparoscopic appendectomy in 
the United States is performed through a three-port tech-
nique. We prefer to place a 12-mm port at the umbilicus and 
two additional working ports that range from 2.7 to 5 mm 
based on patient size. One is placed in the left lateral abdo-
men and another in the suprapubic region. In very small 
patients, the suprapubic port may be placed very low in the 
left lower abdomen to increase the distance between the tro-
car and the appendix. The surgeon stands to the left of the 
patient with the assistant initially on the patient’s right. After 
trocar placement, the assistant moves to the patient’s left as 
well in order to hold and manipulate the camera in-line with 
the working fi eld. We prefer to use small graspers to sweep 
the bowel away from the operative fi eld, taking care to avoid 
grasping and potentially injuring the bowel. We also avoid 
grasping the appendix where it is infl amed or visibly friable, 
grasping only the relatively healthy portion. Occasionally, a 
long Debakey grasper is needed for a very thick, infl amed 
appendix. We divide the mesoappendix with hook electro-
cautery regardless of patient size. Although residual bleed-
ing is quite rare, a Maryland dissector can be used to grasp 
the area of concern to apply additional electrocautery. Other 
surgeons prefer various vessel-sealing devices for the meso-
appendix such as the LigaSure™ (Covidien, Norwalk, CT) 
or Harmonic Scalpel (Ethicon, Cincinnati, OH), but we feel 
the added cost is unnecessary. Some surgeons also utilize an 
endostapler to control the mesoappendix, which often yields 
less than satisfactory results when there is signifi cant infl am-
mation. We prefer to use a 35-mm stapler with 2.5-mm 
staples to divide the appendix at its junction with the cecum. 
A cost-effi cient, safe, and effective method has been vali-
dated using only electrocautery with a hook or Maryland dis-
sector to divide the mesoappendix and three 0-PDS 
Endoloops (Ethicon Endo-Surgery, Cincinnati, OH) to ligate 
the base of the appendix with two proximal and one distal 
[ 11 ]. Although this gives the added advantage of a smaller 
5-mm umbilical incision (the 12-mm incision is needed for 
the stapler), application of the Endoloops can be tedious and 
there can be a small amount of contamination when dividing 
an appendix with acute infl ammation at the cecal junction. 
Furthermore, the appendix can usually be pulled out through 
the 12-mm trocar without needing a specimen retrieval bag. 

 Several early studies comparing open versus laparoscopic 
appendectomy were confl icted and resulted in little consen-
sus among pediatric surgeons regarding the best operative 
approach. Other more recent studies suggest that laparo-
scopic appendectomy, in appropriately selected patients, can 
result in fewer postoperative complications. The rate of super-
fi cial wound infection is clearly reduced with laparoscopic 

  Fig. 32.3    The surgeon is demonstrating the inverted, left hand tech-
nique with a standard trigger-handle laparoscopic instrument to allow 
enough space for the assistant’s hands during instrument manipulation       
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appendectomy and patients may have slightly earlier 
 discharge from the hospital [ 12 – 14 ]. Some earlier reports 
suggested that children with perforated appendicitis that 
underwent laparoscopic appendectomy had higher rates of 
abscess formation [ 15 ]. However, a recent study by Nadler 
and colleagues reported no difference in infectious compli-
cations and a lower overall rate of perioperative complica-
tions in their patients with perforated appendicitis treated 
with laparoscopy [ 16 ]. Pediatric subspecialty training also 
seems to have little impact on surgical outcomes with regard 
to readmission, wound infection, intra-abdominal infection, 
or mean hospital stay for appendicitis when compared 
against adult general surgeons and their outcomes [ 17 ]. 
These fi ndings could be explained by the fact that laparo-
scopic appendectomy technique is similar across age groups, 
and most general surgeons are high-volume surgeons for adult 
appendectomy, even if they are low-volume for pediatric 
appendectomy.   

    Pearls and Pitfalls 

 –     Avoid grasping the appendix where it is very infl amed or 
gangrenous to avoid intraoperative rupture.  

 –   In diffi cult cases, carefully mobilizing the cecum medi-
ally and off of the retroperitoneum can help discern the 
anatomy.     

    Infl ammatory Bowel Disease 

    Clinical Presentation and Indications 

 There is an increasing frequency of infl ammatory bowel dis-
eases (IBD) such as ulcerative colitis (UC), Crohn’s disease 
(CD), and indeterminate colitis (IC) in both pediatric and 
adult populations [ 18 ]. Ulcerative colitis and IC are most fre-
quently diagnosed in children between the ages of 3 and 5, 
while CD increases during the adolescent years, peaking at 
15 years of age. Pediatric surgeons become involved as the 
disease worsens and becomes refractory to medical manage-
ment or when complications arise. The peak incidence of 
IBD occurs between the ages of 15 and 25 years, or a time 
when adolescents and young adults may traverse both pedi-
atric and adult hospital settings when seeking surgical con-
sultation [ 18 ]. Interestingly, a study by Jan et al. revealed that 
both hospital type and surgeon specialty within hospital type 
infl uenced the likelihood of surgical complications among 
adolescents and young adults with IBD requiring surgical 
intervention [ 19 ]. Despite higher complications among chil-
dren’s hospitals, pediatric surgeons had the lowest predicated 
probabilities of surgical complication or 30-day readmission 
(24 %) compared with general surgeons (39 %) and colorectal 

surgeons (35 %). The lifetime risk of surgery for IBD 
complications, such as extraintestinal manifestations, bowel 
obstruction, enteric fi stulas, abscess formation, toxic mega-
colon, or massive hemorrhage, ranges from 40 to 70 % with 
a surgical complication rate of 13–55 % [ 20 – 24 ]. Other sur-
gical indications unique to the pediatric population include 
more chronic symptoms such as delayed puberty or growth 
retardation as demonstrated by a failure to follow normal 
growth curves.  

    Surgical Technique 

 Laparoscopic ileocecectomy for irreversible obstruction of 
the terminal ileum in patients with Crohn’s disease can be 
performed through a four-trocar approach. A stapled intra-
corporeal or extracorporeal anastomosis can be performed 
through an enlarged right lower quadrant port incision 
depending on preference. We prefer extracorporeal anasto-
mosis. Ileocecal resection for Crohn’s disease is much less 
common in the pediatric population, but the adult experience 
has demonstrated this to be a safe technique with obvious 
cosmetic advantages, shorter length of stay, and fewer com-
plications [ 25 – 27 ]. Therefore, additional instruction regard-
ing operative technique will be deferred to the discussion 
found elsewhere in this text. 

 Surgery remains the defi nitive cure for patients with ulcer-
ative colitis after failure of medical management or neoplastic 
degeneration. There are several notable differences in the 
surgical techniques that are usually applied to the pediatric 
patient. Patients usually undergo either a two- stage or a three-
stage approach, depending on their clinical condition at the 
time of total abdominal colectomy. If patients are critically ill 
with toxic megacolon or on high-dose steroids, completion 
proctectomy and J-pouch creation are performed later in a 
staged approach with end ileostomy done at the time of the 
total abdominal colectomy. In patients who can tolerate it, 
we perform this laparoscopically in a manner quite similar to 
the adult operation (See Chap.   13    ). Although the specimen 
can be removed through the eventual ileostomy site, the speci-
men is often friable and dilated. The authors prefer to avoid 
making the ileostomy site incision any larger than required 
and alternatively use a relatively small transverse suprapubic 
incision for removal of the colectomy specimen. 

 The most notable disparity between typical adult and 
pediatric techniques involves the dissection and approach on 
the perineum. The ileal pouch-anal anastomosis (IPAA) is 
now commonly performed with a very low (end-to-end) 
EEA-stapled anastomosis in adults. This operation evolved 
after studies discovered that up to 50 % of patients undergo-
ing endorectal mucosa resection and hand-sewn IPAA were 
left with early postoperative nighttime stool incontinence 
[ 28 ]. Despite preserving the richly innervated anal transition 
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zone (ATZ), stapled IPAA has been shown to confer no early 
advantage with regard to decreased stool frequency or fewer 
episodes of fecal incontinence compared to hand-sewn IPAA 
[ 29 ]. Despite the results of a large meta-analysis that sug-
gested stapled IPAA offered improved early nocturnal conti-
nence with coinciding higher anorectal resting and squeeze 
pressures, both procedures are acceptable with different ben-
efi ts [ 30 ]. The stapled technique leaves several centimeters 
of anorectal mucosa at risk for the development of ulcerative 
colitis, polyposis, and in the long run, dysplastic conversion 
and malignant degeneration. Most practitioners recommend 
routine endoscopic surveillance for this cuff. Since most 
pediatric patients have signifi cantly greater life expectancy, 
tedious surveillance of this at-risk mucosa can be avoided by 
performing a mucosectomy with a hand-sewn ileoanal anas-
tomosis, with a reduced risk of eventual malignancy given 
that the life expectancy for these patients is longer. 

 A trans-abdominal low-anterior dissection of the rectum 
can be performed laparoscopically or via the small transverse 
suprapubic incision followed by the transanal mucosectomy 
on the perineum. For the mucosectomy, a circumferential 
incision is made just above the dentate line (Fig.  32.4 ), 
and multiple sutures are placed in this mucosal sleeve cir-
cumferentially to provide traction (Fig.  32.5 ). Pop- off sutures 
are preferred due to their ease of use and identical length. 
A Colorado needle-tip Bovie electrocautery is then used to 
dissect the muscularis layer proximally off of the mucosal 
sleeve (Fig.  32.6 ). At fi rst, the plane can be somewhat diffi cult 

to create, but this often becomes easier and more apparent as 
the dissection is carried proximally. If the dissection becomes 
too facile at this stage, the surgeon may have inadvertently 

  Fig. 32.4    Mucosal incisions 5–10 mm above the pectinate or dentate 
line ( Courtesy of Keith Georgeson, MD, with permission )       

  Fig. 32.5    Rectum and colon pulled down in continuity, bringing 
transition zone through the anus ( Courtesy of Keith Georgeson, with 
permission )       

  Fig. 32.6    Placement of silk traction sutures into the rectal mucosa and 
development of the submucosal plane with blunt dissection ( Courtesy 
of Keith Georgeson, MD, with permission )       
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created a full-thickness dissection instead of remaining in the 
submucosal plane. If any defects are created in the mucosal 
tube, sutures are placed to repair them. Unfortunately, this 
may plicate the mucosa, making it more diffi cult to get back 
into the right plane as the proximal dissection continues. Fine, 
cotton-tipped swabs can be used as pushers to help create the 
plane as well, although small bleeding vessels will require 
electrocautery.

     Once the dissection is carried proximal enough, the muscu-
lar cuff itself will evert as depicted in Fig.  32.5 . The muscular 
cuff is then incised circumferentially, converting the dissection 
to a full-thickness removal of the colon (Fig.  32.7 ). The mus-
cular cuff is usually divided posteriorly and returned back to 
the anorectal canal fl at to prevent it from causing obstruction. 
If the mesorectum was divided far enough distally in the abdo-
men the specimen can be freely removed from the fi eld.

   Obtaining the extra 5–6 cm of length on the J-pouch 
required for the hand-sewn ileoanal anastomosis can be chal-
lenging. Care must be taken to preserve enough mesenteric 
blood fl ow to the J-pouch from above when dividing the 
small sections of mesentery that are often needed to provide 
enough length. J-pouch ischemia can also be avoided while 
providing extra length by directly incising the peritoneum 
over the mesentery. The authors prefer not to open the apex 
of the J-pouch until it is through the pelvis and positioned 
for the anastomosis. We therefore staple the common wall 
between the limbs of the J-pouch from above, opening a 
corner of the stapled end, and making an enterotomy on the 

incoming limb to accommodate the stapler. We then close the 
common enterotomy with interrupted full-thickness sutures, 
to avoid narrowing of the incoming limb with the use of a 
stapling device. 

 Finally, the ileoanal anastomosis is completed by opening 
up the apex of the pouch and immediately placing stitches in 
four quadrants to fi x it in place followed by intervening 
sutures taking big full-thickness bites of the J-pouch and 
healthy bites of the remaining cuff at the dentate line 
(Fig.  32.8 ). Given the extent of the pelvic dissection and the 
multiple suture/staple lines, we routinely protect the down-
stream anastomosis with a loop ileostomy. A loop ileostomy 
is preferred to a divided end ileostomy to prevent disruption 
of any mesenteric infl ow to the J-pouch. We utilize the same 
ileostomy site as the end ileostomy which was taken down 
for the completion proctectomy.

        Pearls and Pitfalls 

 –     When performing mucosectomy, especially when starting 
the dissection, if the dissection seems too easy, the plane 
is probably too thick, and the muscle is being left on the 
mucosal tube. Adjust the dissection to make the mucosal 
tube thinner.  

 –   Ensure that the remaining muscular cuff is divided poste-
riorly and placed smoothly back along the wall of the anal 
canal to avoid obstruction of the pouch.  

 –   Although with a stapled IPAA the apex of the J-pouch is 
opened to staple the limbs of the J-pouch together, it is 
preferable to staple the limbs together from above when 
performing mucosectomy. As it is diffi cult in some cases to 
get adequate length for hand-sewn IPAA, it is better to pro-
vide traction on the apex of the J-pouch prior to opening it 
in order to avoid tears at any point of the circumference of 
the eventual anastomosis.     

  Fig. 32.8    Creating the anastomosis of the neoanus       

  Fig. 32.7    Transection of smooth muscle of rectum to join peritoneal 
dissection. Transection should begin posteriorly ( Courtesy of Keith 
Georgeson, with permission )       
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    Hirschsprung’s Disease 

    Clinical Presentation and Indications 

 Hirschsprung’s disease is a developmental disorder of the 
enteric nervous system that occurs in one out of 5,000 births 
[ 31 ]. It is characterized by a failure of ganglion cell migra-
tion through the neural crest during weeks 4–12 of gestation. 
This results in a functional obstruction due to a failure of 
distal colonic relaxation that is usually confi ned to the recto-
sigmoid region. The diagnosis should be considered in any 
newborn who fails to pass meconium in the fi rst 24–48 h, or 
in children suffering from diffi cult bowel movements, poor 
feeding, poor weight gain, and progressive abdominal dis-
tension. The introduction of laparoscopic-assisted endorectal 
pull-through by Dr. Georgeson in the late 1990s revolution-
ized our surgical approach to this disease in neonates and 
young children [ 32 ]. Rarely does Hirschsprung’s disease 
remain undiagnosed until adolescence or adulthood but must 
be considered in any adult with prolonged, refractory consti-
pation [ 33 ]. A bedside rectal suction biopsy can be performed 
in infants less than 10 kg to detect hypertrophic nerve trunks 
and the absence of ganglion cells in the colonic submucosa, 
confi rming the diagnosis, but not its extent. Older children 
and adults require full-thickness rectal biopsy in the operat-
ing room. The transition zone may be suggested by barium 
enema, but the extent of aganglionosis may be diffi cult to 
predict with accuracy, particularly in newborns. Surgical 
correction of Hirschsprung’s disease requires removal of the 
aganglionic bowel and pull-through of ganglionated bowel 
to the level of the anus. Therefore, laparoscopic biopsies can 
be extremely useful to identify the proximal extent of 
resection.  

    Surgical Technique: Laparoscopic-Assisted 
Endorectal Pull-Through 

 The most frequent pediatric diseases leading to laparoscopic 
colectomy and endorectal pull-through include ulcerative 
colitis, Hirschsprung’s disease, and familial polyposis syn-
dromes. We will describe the operation for Hirschsprung’s 
disease as an example, while the mucosectomy is similar to 
that used for pediatric patients with ulcerative colitis. 

 The patient is positioned transversely at the foot of a short-
ened operating table with a blanket bump under the body. The 
patient’s shoulders are taped to the side of the table where the 
feet are located as an extra precaution. The patient is prepped 
from the upper abdomen through the toes circumferentially 
and covered with an adult extremity drape through which the 
infant’s body is passed as demonstrated in Fig.  32.1 . 

 The fi rst 5-mm radially expanding trocar is placed in the 
right mid-abdomen. The umbilicus can be used in larger 

patients, but the additional working distance gained from this 
port placement in infants is worth the tedious dissection 
through the layers of the rectus sheath (picking them up with 
hemostats and cutting between them). A left upper quadrant 
2.7-mm trocar and a right lower quadrant 2.7-mm trocar are 
then placed under direct vision. A fi ne Maryland dissector is 
used to grasp a tiny amount of taeniae at the desired site for 
biopsy, and a fi ne scissors is used to take a seromuscular 
biopsy. After an initial cut, the biopsy is regrasped to lift it 
away from the colon, and the scissors are used to push the 
underlying mucosa away while taking tangential cuts until 
the specimen is free. It is important to angle the scissors 
tangential to the bowel to prevent inadvertent penetrance of 
the mucosa. Although uncommon, mucosal defects can be 
repaired with intracorporeal sutures. Biopsies are sent for 
frozen section to determine the level at which normal num-
bers of ganglion cells are present. Ideally, no biopsies will 
have been taken proximal to this level. In the 10 % of patients 
that do have long-segment Hirschsprung’s disease, the colon 
can be mobilized laparoscopically for a pull-through as well. 
In patients with total colonic Hirschsprung’s, we recommend 
waiting for permanent biopsies to confi rm the diagnosis. 
The appendix can also be a useful biopsy to look for gan-
glion cells. We prefer to wait to perform a pull-through in 
these patients and instead perform ileostomy after the level 
of ganglion cells is confi rmed (the aganglionosis can extend 
into the small bowel). A laparoscopic Duhamel procedure 
(i.e., leaving the aganglionic rectum in place and performing 
a retrorectal anastomosis with the rectum and normally 
innervated bowel) is then performed around 9 months of age, 
the technical details of which are described elsewhere. 

 After the level of normal, ganglionated bowel is defi ned by 
biopsy, laparoscopic division of the mesentery of the bowel to 
be resected is performed (Fig.  32.9 ). A Foley catheter placed 
on the sterile fi eld may be required to decompress the bladder 
for a better view into the pelvis. Hook electrocautery works 
well to divide the mesentery in infants staying close to the 
colon and away from the retroperitoneum. The white line of 
Toldt can be mobilized if needed for extra length of the pull-
through as well. Mucosectomy, as described in the above sec-
tion on ulcerative colitis, is then performed. After the release 
of pneumoperitoneum, the infants’ feet are wrapped in Kerlix 
and clipped to the drape above the head effectively placing 
the patient in dorsal lithotomy. Silk sutures are used to evert 
the anus and mucosectomy is then performed. The muscular 
cuff everts nicely after this dissection in infants and it can 
then be divided (Fig.  32.10 ). After the muscular cuff is 
divided, the specimen will typically drop out of the anorectal 
canal (Fig.  32.5 ). A marking suture at the level of the biopsy 
showing ganglion cells can be useful to determine where to 
make the  anastomosis. If possible, the anastomosis should be 
performed proximal to the biopsy site to prevent problems 
from being too close to the transition zone. The anterior wall 
of the anastomosis is created fi rst prior to completely dividing 
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the specimen. It is recommended to send the margin of the 
resected pull-through for a larger confi rmatory frozen section 
biopsy. Figure  32.11  depicts the completed anastomosis with 
the resected pull-through segment passed off the fi eld.

          Pearls and Pitfalls 

 –     Mobilizing the mesentery of the sigmoid colon laparo-
scopically going into the pelvis greatly facilitates removal 
of the specimen from below. The specimen will literally 
drop right out of the anal canal.  

 –   Ensure adequate mobility of the colon into the pelvis lap-
aroscopically prior to commencing with perineal dissec-
tion. This often involves mobilizing the white line of 
Toldt and sometimes even the splenic fl exure.  

 –   In long-segment Hirschsprung’s disease, it is valuable to 
await fi nal pathology prior to committing to an extensive 
colectomy. Laparoscopic biopsies allow this without 
having to start with a perineal dissection. Even with expe-
rienced pediatric pathologists, calling ganglion cells on 
small samples by frozen section can be diffi cult.  

 –   Try to create the anastomosis proximal to your last biopsy 
that showed ganglion cells to avoid problems with the 
transition zone.  

 –   Always send the margin of the pull-through at the level of 
the anastomosis for frozen section to reconfi rm that there 
are ganglion cells present.     

    Anorectal Malformations 
or Imperforate Anus 

 Anorectal malformations describe a wide spectrum of defects 
in the development of the lower intestinal and urogenital 
tracts. An imperforate anus is usually discovered shortly 
after birth. While this term may accurately depict the patient’s 
outward appearance, the malformation can involve a number 
of different but predictable patterns of fi stulous connections 
between the rectum and urogenital structures or perineum. 
This created signifi cant challenges for early pediatric surgeons 

  Fig. 32.10    Eversion of the muscular cuff after mucosectomy in an 
infant undergoing pull-through for Hirschsprung’s disease       

  Fig. 32.11    Securing neorectum to short anorectal cuff ( Courtesy of 
Keith Georgeson, with permission )       

  Fig. 32.9    Anatomic depiction of the colorectal mesentery divided 
during the laparoscopic dissection of an endorectal pull-through 
operation ( Courtesy of Keith Georgeson, with permission )       
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as they attempted to repair these defects using a combination 
of abdominal, sacral, and perineal incisions. Today, the sur-
geon must determine which children should undergo primary 
repair in the neonatal period and which children require 
colostomy and defi nitive repair in a staged fashion. In 1982, 
Peña et al. reported the results of the modern open approach 
referred to as the posterior sagittal anorectoplasty (PSARP) 
or posterior sagittal anorectovaginourethroplasty (PSARVUP) 
[ 34 ]. Nearly two decades later, Georgeson et al. described the 
novel laparoscopically assisted anorectal pull-through 
(LAARP) for repair of high imperforate anus, utilizing mini-
mal perineal dissection, preservation of the distal rectum, and 
accurate placement of the rectum within the levator ani and 
external anal sphincter muscle complex [ 35 ]. 

    Surgical Technique: Laparoscopic-Assisted 
Anorectal Pull-Through (LAARP) 

 A colostomy should be performed within 24–48 h of birth in 
children with complex malformations often grouped together 
as “high imperforate anus.” These include rectourinary 
fi stula in boys and rectovaginal fi stula or cloaca in girls. 
Rectovestibular fi stulas in girls are inside the vaginal introi-
tus, but exterior to the hymen. Some pediatric surgeons 
repair this primarily with a perineal anoplasty, but the com-
mon wall between the vagina and rectum can be extensive, as 
can the dissection. Colostomy is often performed for this 
type as well. Defi nitive repair is then performed at 2–3 
months of age. When creating the colostomy, the distal 
descending colon is divided at the junction with the sigmoid 
to maintain as much length as possible for the subsequent 
pull-through operation. A mucous fi stula is also created. 
Subsequent contrast studies via this mucous fi stula can help 
defi ne the anomalous connections to the urethra or bladder in 
boys and to the vagina in girls. No fi stula may be present in 
patients with trisomy 21. Loop colostomy is discouraged due 
to the possibility of spillover and the risk for urinary tract 
infection in those with urinary fi stulae. 

 LAARP is most useful in boys with rectourinary fi stulas, 
although the authors have used it in females with no fi stula 
and trisomy 21. In most females with high imperforate anus, 
the anatomy requires the open PSARP approach. For 
LAARP, the patient is positioned similar to that described in 
the above section on Hirschsprung’s disease. Laparoscopic 
trocar placement is identical (Fig.  32.12 ). A Foley is placed 
sterilely on the fi eld and left in place for 1 week postopera-
tively in those with urinary fi stulas. The mucous fi stula is 
located and dissection of the sigmoid colon is carried into the 
pelvis (Fig.  32.13 ). Care is taken to preserve the mesorectum 
to the rectourethral fi stula (Fig.  32.14 ). Typically, there is 
considerable narrowing of the rectum as it gets closer to the 
urinary tract (Fig.  32.15 ). The surgeon must also be able to 

recognize and avoid injury to adjacent structures, including 
the ureters, vas deferens, and prostate depending on the level 
of the fi stula. A fourth trocar is placed to provide traction on 
the fi stula out of the pelvis for fi stula ligation. It is important to 
ligate and divide the fi stula close to the urethra (or bladder) 
to avoid leaving excess colonic mucosa on the stump 
(Fig.  32.16 ). This has been known to cause mucocele forma-
tion. While reports of post-LAARP complications are rare, a 
pediatric surgery group in Japan recommends routine MRI 
during follow-up to identify residual fi stulae or cystic forma-
tions [ 37 ]. The authors ligate the fi stula with silk ligatures 
and cut between them, although the use of clips has been 
described. In a very low fi stula to the urethra at the level of 
the pelvic fl oor, the authors used a stapling device success-
fully. Endoloops (Ethicon Endo-Surgery, Cincinnati, OH) 

  Fig. 32.12    Incising the peritoneum to enter the pelvis to dissect out the 
rectum circumferentially. Note the position of the vas deferens which 
need to be preserved as dissection approaches the urethra       

  Fig. 32.13    The rectum will extend toward the urethra anteriorly as dis-
section gets deep in the pelvis       
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can be used as well, but only after division of the fi stula. 
Without traction on the rectum, after division the fi stulous 
connection retracts deep into the pelvis making placement of 
the Endoloops more challenging.

       After division of the fi stula, the patient is placed into 
dorsal lithotomy    (see section “Hirschsprung’s Disease” for 
positioning). A Peña muscle stimulator is used to locate the 
point of maximal contraction of the external anal sphincter. 
A 12-mm skin ellipse is removed from this area in the midline 
on the perineum. While watching the pelvic fl oor laparo-
scopically (a quite unique view with no rectum in the pelvis), 
a 12-mm Step™ trocar sheath and a Veress needle are 
inserted between the two limbs of the puborectalis muscle in 
the midline and into the pelvis (Fig.  32.16 ). The trocar is 
placed through the sheath. The distal rectum is grasped with 

a laparoscopic grasper and brought out onto the perineum. If it 
will not pass through the canal made by the trocar, a large 
hemostat can be inserted through the tract instead and gently 
used to guide the rectum down to the perineum. A circumfer-
ential, single-layer anastomosis is then made between the 
distal rectal fi stula and the dermis to create the neoanus 
(Fig.  32.17 ). The rectum can be grasped laparoscopically 
and retracted cephalad to deepen the anal dimple and 
lengthen the skin-lined portion of the anal canal.

   Early postoperative studies have noted more favorable 
anorectal manometry fi ndings and reliable indicators of 
potential continence in patients repaired with laparoscopic- 
assisted technique compared to PSARP. There is signifi cantly 
earlier detection of a rectoanal relaxation refl ex, lower resting 
rectal pressure, and improved rectal compliance in patients 

  Fig. 32.15    The actual rectourethral fi stula often tapers down and becomes 
narrower at the junction with the urethra       

  Fig. 32.16    Anteriorly note the small stump of the fi stula. Posteriorly the 
sheath from a trocar can be seen placed into the pelvis in the midline       

  Fig. 32.14    The rectum has been passed down to the perineum. This 
laparoscopic view demonstrates no twisting as it enters the pelvis       

  Fig. 32.17    A completed anastomosis at the neoanus       
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who underwent LAARP [ 36 ]. This translates to satisfactory 
defecatory function for patients with high or intermediate- 
type imperforate anus after LAARP that is at least as good as 
PSARP results [ 38 ]. Additional benefi ts of LAARP include 
shorter hospital stays and lower rates of rectum malposition 
based on magnetic resonance imaging [ 39 ].   

    Pearls and Pitfalls 

 –     When dividing the rectourethral fi stula, ensure that the 
division is as close to the urethra as feasible, in order to 
prevent postoperative mucocele.  

 –   Take care as the deep pelvic dissection commences to 
watch for and avoid injury not only to the ureters but also 
to the vas deferens and seminal vesicles as the urethra is 
approached.     

    Fecal Incontinence 

 Many pediatric patients born with anorectal malformations, 
Hirschsprung’s disease, spinal anomalies, and other con-
genital anomalies suffer from fecal incontinence that nega-
tively impacts their emotional and social development. The 
goals of standard, nonsurgical management are to achieve 
regular bowel habits and stool consistency with a combina-
tion of diet modifi cation, medication, and routine enemas 
to promote regular colonic emptying. Daily rectal enemas 
are easily administered in infants, but many children 
become intolerant or noncompliant. Historically, a divert-
ing colostomy was necessary when nonoperative treatment 
failed, in which case the family is burdened with stoma care 
and the child incurs the additional social stress of having an 
ostomy. A permanent indwelling cecal tube can also be 
used to provide antegrade enemas at convenient times to 
fl ush out the colon. This is superior to enemas from below 
which may only partially evacuate the colon. The goal is to 
perform regular fl ushes at convenient times, which usually 
have rapid results, and to avoid incontinent “accidents” 
between fl ushes. Most patients are highly satisfi ed with 
antegrade enemas, and with titration, most can eliminate 
nearly all episodes of incontinence. The authors recom-
mend titration to effect starting with a mixture of 100 ml of 
tap water and 20 ml of glycerin. Most patients fl ush once 
daily with success. Too much glycerin can result in 
cramping. 

 An alternative surgical procedure for fecal incontinence 
was introduced by Malone in 1990 [ 40 ]. He described a 
method in which the appendix is used as a conduit to admin-
ister an antegrade continence enema (ACE). In some patients 
who have undergone previous appendectomy, a neo- appendix 
can be fashioned with a tubularized cecal fl ap. Both have the 

advantage of creating a catheterizable channel so the patient 
does not require a permanent indwelling tube. The appendix 
is typically long enough and pliable enough that leakage is 
rare when the catheter is not stenting it, and most patients 
simply wear a Band-aid ®  or other adhesive bandage over the 
stoma between fl ushes. We prefer to bring the appendix up to 
the base of the umbilicus in most patients to hide it. In obese 
patients (some of whom are wheelchair bound), catheteriz-
ing deep in the umbilicus can be challenging, and alternative 
sites on the abdominal wall can be used, such as the right 
lower quadrant. 

 We only offer this procedure in patients who are emotion-
ally and socially mature enough to voluntarily participate in 
the daily catheterizations. 

    Surgical Technique: Laparoscopic-Assisted 
Appendicostomy 

 Trocar placement is identical to that described for laparo-
scopic appendectomy except a 10-mm trocar is placed at the 
umbilicus instead of a 12-mm trocar. The cecum and right 
colon are mobilized laterally so that the appendix tip will 
easily reach the umbilicus. Care is taken to preserve the 
mesoappendix. The appendiceal tip is then grasped with a 
laparoscopic trocar through the 10-mm trocar site, and the 
appendix is brought up to the umbilical skin, backing out the 
trocar in the process. Forceps are used to stabilize the appen-
dix. Two 4–0 sutures are used to secure seromuscular bites of 
the appendix to the fascia. The tip of the appendix is excised 
with electrocautery, and a 10-Fr or 12-Fr Foley catheter is 
inserted all the way into the appendix prior to infl ating the 
balloon which is drawn back to rest in the cecum at the 
appendiceal orifi ce. Circumferential 4–0 sutures are used to 
secure the appendiceal opening to the dermis. The Foley is 
secured with a suture to the skin to prevent inward migration, 
and the Foley itself is typically kept in for 4–6 weeks while 
the site heals. Small fl ushes daily are used to maintain 
patency for the fi rst 2 weeks after which daily therapeutic 
fl ushes commence. The Foley can be removed after 4–6 
weeks, but daily catheterization is required to prevent stric-
ture formation at the skin level which is reported to occur in 
up to 20 % of patients. Some surgeons have reported using 
an umbilical V-Y appendicoplasty technique to decrease 
stricture rate, although we have found that daily compliance 
with an ACE program is most helpful in preventing this 
problem.   

    Pearls and Pitfalls 

 –     Patients must catheterize the channel every single day to 
minimize the risk of stomal stricture formation     
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    Summary 

 Minimally invasive surgery has now become almost univer-
sally a part of most pediatric surgery practices, and there are 
many applications in colorectal surgery. Smaller instrumen-
tation and more widespread training for pediatric surgical 
techniques have been the primary factors in this develop-
ment. The literature still lacks, and desperately needs, large, 
well-conducted prospective trials comparing laparoscopic 
with traditional open procedures to validate the presumed 
benefi ts of MIS. The appeal of smaller incisions, shorter hos-
pital stays, and more rapid return to preoperative activities 
will continue to serve as the catalyst for the continued devel-
opment of MIS.     
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          Key Points 
•     Laparoscopy can be performed safely in pregnancy.  
•   When addressing abdominal pain during pregnancy, the 

patient should be managed similarly to the nonpregnant 
patient.  

•   Consideration of the age of gestation and size of the 
gravid uterus is necessary to determine adequate port 
placement and surgical approach.  

•   Utilizing a strategy of expectant management is dangerous 
to the pregnant patient and fetus and should be avoided.     

    Introduction 

 Approximately 1 in 500 to 1 in 635 women will require 
non- obstetrical abdominal surgery during pregnancy [ 1 ,  2 ]. 
While the most common non-obstetrical surgical emergen-
cies include acute appendicitis, cholecystitis, and bowel 
obstruction, a wide range of operations performed in preg-
nancy have been reported. 

 The traditional approach to abdominal surgery during 
pregnancy has been via laparotomy in order to avoid injury 
to the gravid uterus and fetus. It was initially believed that 
laparoscopy was unsafe in pregnancy due to risks of CO 2  
insuffl ation and instrumentation. Yet, as laparoscopy has 
gained popularity and experience, recent evidence has con-
tradicted this initial belief and has shown that laparoscopy is 
indeed a safe surgical approach for a variety of conditions in 
the pregnant patient [ 3 – 5 ]. While most of the literature 
regarding laparoscopy in pregnancy pertains to appendicitis 

and cholecystitis, a few accounts of its use in the management 
of colorectal diseases have been reported [ 4 ]. Overall, 
when managing abdominal pain in the pregnant patient, the 
guiding principle is prompt diagnosis and treatment, which 
results in improved fetal outcome [ 6 ,  7 ].  

    Overview of Changes in Physiology 
and Anatomy During Pregnancy 

 The physiologic changes that occur in pregnancy involve 
nearly every organ system of the expectant mother (Table  33.1 ). 
These changes, which occur slowly over time, are a response to 
the growing fetus and an internal shift of support, cumulatively 
accounting for drastic changes to the pregnant patient.

   The cardiovascular system is affected by an increased 
plasma blood volume of 40–50 %. This triggers an augmented 
stroke volume and a 50 % increase in cardiac output [ 8 ]. 
Circulating increased progesterone levels cause a decrease in 
systemic vascular resistance and subsequent lower blood pres-
sure with an increased heart rate by an average of 15 beats per 
minute. Additionally, there is a 20–30 % increase in red blood 
cell volume, which combined with increased plasma blood 
volume causes a purely dilutional decrease in the patient’s 
hematocrit. Furthermore, increased hepatic production of 
coagulation factors causes a hypercoagulable state, which in 
addition to decreased activity can result in a signifi cant risk 
for developing blood clots and emboli. 

 Changes in the respiratory system during pregnancy also 
take place. The enlarging uterus displaces the diaphragm 
cephalad and increases intra-abdominal pressure [ 9 ]. To 
compensate, relaxation of the rib-cage ligaments occurs with 
a resultant increase in chest wall size. While the total lung 
capacity (TLC) remains the same in pregnancy, there is a 
20–30 % decrease in functional residual capacity (FRC) and 
its components: expiratory reserve volume (ERV) and resid-
ual volume (RV). A compensatory increase in inspiratory 
capacity (IC), through a 30–50 % increase in tidal volume 
(Vt), maintains the TLC. This maintenance of lung capacity 
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is evident in spirometry testing (i.e., FEV1), which is not 
signifi cantly different between pregnant and nonpregnant 
patients. Finally, there is an increase in minute ventilation, 
which is also attributed to an increased tidal volume. 
Clinically, 60–70 % of pregnant patients complain of dys-
pnea on exertion with 20 % of patients experiencing dyspnea 
at rest [ 10 ]. This dyspnea is attributed to the ventilatory stim-
ulating effect of progesterone. 

 Gastrointestinal effects include delayed gastric emptying, 
decreased gastroesophageal tone and decreased colonic 
motility [ 11 ]. Clinically, patients are more prone to abdomi-
nal bloating, acid refl ux, and constipation. All of these are 
important considerations when contemplating general 
anesthesia. 

 In addition to the physiologic changes that occur during 
pregnancy, signifi cant anatomical alterations occur. Weight 
gain, which is expected to be between 25 and 35 lb during 
pregnancy [ 12 ], can vary drastically from patient to patient 
and may affect surgical approach. Additionally, the gravid 
uterus increases in size from 7.5 to 35 cm and enters into the 
abdominal cavity at the beginning of the second trimester, 
thus potentially affecting surgical approach and trocar 
placement.  

    Indications for Laparoscopy 

 Indications for laparoscopy in pregnancy are the same as 
those in the nonpregnant patient (Table  33.2 ) [ 3 ]. Benefi ts of 
laparoscopy including less postoperative pain, decreased 

postoperative ileus, shorter length of hospital stay, and 
quicker return to work are similar in pregnant and nonpregnant 
patients [ 13 ]. Historical recommendations included delaying 
surgery until the second trimester as a strategy to avoid fetal 
loss during the fi rst trimester. This has been challenged 
with reports that show that laparoscopy can be performed 
safely in any trimester [ 13 ,  14 ]. In fact, postponing surgery 
may result in increased maternal and fetal morbidity, as 
noted by Babler in 1908, who stated that the “the mortality 
of appendicitis complicating pregnancy is the mortality of 
delay” [ 15 ].

       What Can Wait? 

    Small Bowel Obstruction (Early) 

 Small bowel obstruction secondary to adhesions in a pregnant 
patient can be managed expectantly as in the nonpregnant 
patient. Failed conservative management, complete bowel 
obstruction, worsening abdominal pain, fever, leukocytosis, or 
other signs of deterioration should prompt immediate surgical 
intervention.  

    Acute Uncomplicated Diverticulitis 

 Acute diverticulitis can occur in young patients and may occur 
during pregnancy. If a patient presents with an episode of 
uncomplicated diverticulitis, i.e., mild abdominal pain and 
leukocytosis, without evidence of sepsis or free perforation, 
conservative management with IV or oral antibiotics and 
decreased po intake is acceptable. Inpatient observation should 
be considered to ensure the patient responds appropriately.  

   Table 33.1    Physiologic changes to consider during pregnancy   

 Cardiovascular  ↑Plasma blood volume (40–50 %) 
 ↑SV 
 ↑CO (50 %) 
 ↓SVR 
 ↓BP, ↑HR 

 Pulmonary  ↔TLC 
 ↓FRC 
 ↑IC 
 ↑MV 

 Hematology  ↑RBC volume 
 ↓Hct a  
 ↑Hypercoagulable state 

 Gastrointestinal  ↓Gastric emptying 
 ↓GEJ tone 
 ↓Colonic motility 

   SV  stroke volume,  CO  cardiac output,  SVR  systemic volume resistance, 
 BP  blood pressure,  HR  heart rate,  TLC  total lung capacity,  FRC  functional 
residual capacity,  IC  inspiratory capacity,  MV  minute ventilation,  RBC  
red blood cell volume,  Hct  hematocrit,  GEJ  gastroesophageal refl ux 
  a Dilutional  

   Table 33.2    Indications for laparoscopy during pregnancy   

 What can wait  What can’t wait 

 Small bowel obstruction (early)  Acute appendicitis 
 Acute uncomplicated diverticulitis  Acute cholecystitis, recurrent 

cholelithiasis 
 Infl ammatory bowel disease 
exacerbation (mild) 

 Small bowel obstruction (late, 
complete) 
 Acute complicated diverticulitis 
 Incarcerated hernia 
 Volvulus/necrotic bowel 
 Peritonitis 
 Infl ammatory bowel disease 
exacerbation (severe) 
 Colorectal cancer a  

   a Stage II–III rectal cancer and stage IV colorectal cancer may be con-
sidered (as appropriate) for (neo)adjuvant chemoradiation therapy  
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    Mild Infl ammatory Bowel Disease 
Exacerbations 

 Infl ammatory bowel disease (IBD) occurs most frequently 
in young adults during their reproductive years, making it a 
possible manifestation of abdominal pain in the pregnant 
patient. While the course of IBD is similar in the pregnant and 
nonpregnant patient, approximately one-third to one- half of 
patients with quiescent disease at the time of conception will 
relapse during the fi rst trimester or postpartum period [ 11 ,  16 , 
 17 ]. These exacerbations are more common in patients with 
active or uncontrolled disease at the time of conception [ 16 ]. 
Mild and moderate attacks should be managed medically with 
aminosalicylates, antibiotics, steroids, and, when necessary, 
immunosuppressive therapy. Variable effects on preterm labor 
and fetal outcome have been reported [ 11 ,  18 ]. It has been 
shown, however, that the majority of patients can be managed 
successfully with medical therapy and carry their fetuses to 
term [ 16 ]. In the setting of clinical deterioration or nonre-
sponse to medical management, pregnant patients should be 
managed surgically as the nonpregnant patient.   

    What Can’t Wait? 

    Acute Appendicitis 

 Appendicitis is the most common indication for non- obstetrical 
surgery during pregnancy with an incidence of 1:500 to 
1:3,000 pregnancies [ 2 ,  19 ]. Acute appendicitis is considered 
a surgical emergency in pregnancy, with perforated appendici-
tis being the most common surgical cause of fetal loss [ 20 ]. 
While appendicitis during pregnancy was  historically consid-
ered a contraindication to laparoscopy, many patients have 
been successfully treated with this procedure since it was fi rst 
performed by Semm in 1981 [ 21 ]. Subsequently, multiple 
studies have shown that this approach offers similar advan-
tages of shorter hospital stay, less postoperative pain, and 
faster return to daily activities over the open approach [ 22 ,  23 ]. 
Additionally, the ability to locate an ectopic appendix dis-
placed by a gravid uterus, decreased manipulation of the 
uterus (which may result in decreased irritability and fetal 
loss), and an ability to explore the abdominal cavity for an 
alternate source of pain when a normal appendix is encoun-
tered are all benefi ts of laparoscopy [ 13 ,  22 – 24 ].  

    Acute Cholecystitis and Symptomatic 
Cholelithiasis 

 Acute cholecystitis associated with repeated attacks, obstruc-
tive jaundice, gallstone pancreatitis, and peritonitis is an 

indication for cholecystectomy during pregnancy. Whether 
to perform cholecystectomy for symptomatic cholelithiasis 
during pregnancy has remained a controversial issue. 
Historically, nonoperative management was advocated. Yet, 
several studies have shown that conservative management 
results in higher morbidity and pregnancy-related complica-
tions [ 6 ,  7 ,  25 ]. In patients treated nonoperatively, the num-
ber of recurrent episodes of biliary symptoms, emergency 
department visits, and hospitalizations is higher. Additionally, 
early induction of labor is more common in these patients 
[ 6 ,  25 ]. In contrast, laparoscopic cholecystectomy performed 
in any trimester of pregnancy can be performed safely with a 
very low risk to the patient and fetus [ 13 ,  25 ]. These fi ndings, 
combined with the ability to decrease morbidity from recur-
rent attacks, have made laparoscopic cholecystectomy the 
treatment of choice in pregnant patients, regardless of the 
trimester [ 3 ].  

    Small Bowel Obstruction (Late, Complete) 

 While conservative management of bowel obstruction in 
pregnancy should be utilized as the fi rst management strat-
egy, bowel obstruction remains the third most common cause 
for non-obstetrical surgery in pregnancy. It is most common 
in the third trimester because of the enlarged gravid uterus 
and has increased in incidence as a greater number of patients 
undergo intestinal Roux-en-Y gastric bypass procedures. 
Surgical therapy is indicated when a patient fails conserva-
tive management with bowel rest and fl uid and electrolyte 
replacement or when a complete bowel obstruction, intus-
susception, or internal hernia is present [ 26 ]. The use of lapa-
roscopy to address bowel obstruction has been successfully 
reported during pregnancy regardless of the trimester [ 5 ,  27 ], 
although laparoscopy may be technically challenging due to 
the loss of abdominal domain from the enlarged gravid 
uterus and dilated bowel.  

    Acute Complicated Diverticulitis 

 Acute complicated diverticulitis in pregnancy (i.e., free perfo-
ration, abscess, and/or sepsis) is a rare complication with only 
a few cases reported in the literature [ 4 ,  28 ,  29 ]. While there 
are no defi ned protocols for diagnosis and treatment in preg-
nancy, these patients should be managed in the same manner 
as the nonpregnant patient, with laparoscopic intervention uti-
lized when possible. The use of laparoscopic lavage in selected 
patients with acute complicated diverticulitis has gained 
acceptance, and this may also be an option in the pregnant 
patient who presents with diverticulitis. One report of right-
sided diverticulitis at 20 weeks gestation with localized 
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rebound tenderness and low-grade fever demonstrated 
successful laparoscopic peritoneal drainage without compli-
cations to the fetus or resultant preterm labor [ 4 ].  

    Peritonitis 

 Any pregnant patient presenting with an acute abdomen or 
clinical fi ndings consistent with peritonitis warrants immedi-
ate surgical intervention. It is important to note that preterm 
labor associated with the infl ammatory pathway is well estab-
lished in the obstetrical literature. Infl ammation is responsible 
for about a 10 % fetal loss in pregnant women with perforation 
and peritonitis [ 1 ]. Therefore, immediate surgical interven-
tion, either via laparotomy or laparoscopy, is necessary for 
both improved maternal and fetal outcomes.  

    Severe Infl ammatory Bowel Disease 
Exacerbations 

 Infl ammatory bowel disease (IBD) in pregnancy manifesting 
as fulminant colitis, toxic megacolon, perforation, obstruc-
tion, or hemorrhage warrants emergent surgical intervention. 
Some reports have demonstrated that surgery for IBD during 
the course of pregnancy is associated with a high rate of 
spontaneous abortions and stillbirths, yet other reports have 
contradicted these fi ndings [ 11 ,  18 ]. In all, because surgery 
in pregnant patients with IBD exacerbation is reserved for 
extreme cases, the use of laparoscopy has not been described 
[ 18 ,  30 ].  

    Colorectal Cancer (Video  33.1 ) 

 Colorectal cancer (CRC) in pregnancy is rare, with an inci-
dence of 1 in 13,000 pregnancies reported in the literature 
[ 31 ]. Diagnosis of CRC during pregnancy can be challenging 
because of overlapping symptoms between malignancy and 
expected gestational changes [ 32 ]. Patients can present with 
nonspecifi c symptoms such as abdominal pain, nausea, vom-
iting, constipation, rectal bleeding, and back pain. As a result, 
a delay in diagnosis occurs and most colorectal cancers in 
pregnancy are detected at a later stage when compared to the 
nonpregnant patient. However, stage for stage, survival 
between pregnant patients and the general population is the 
same [ 32 ]. Additionally, CRC in pregnancy is often associ-
ated with tumors in the rectum compared to the more com-
mon colon cancers in the general population [ 32 ,  33 ]. In a 
series of 41 pregnant patients with colorectal cancer, 64 % 
of patients had a rectal carcinoma which was similar to 
86 % of 205 pregnant patients previously reported in the 
literature [ 32 ]. 

 Management of CRC during pregnancy requires an 
individualized approach and a multidisciplinary team with 
recommendations based on the gestational age of the fetus, 
cancer stage, colon vs. rectal primary, need for emergent vs. 
elective surgery, patient’s desire for future fertility, and any 
complicating factors related to the tumor or pregnancy [ 11 , 
 34 ]. Because radiation and chemotherapy have a limited role 
during pregnancy, surgical resection remains the most feasi-
ble treatment option. While limited data exists in patients 
with CRC who are less than 20 weeks gestation, successful 
surgical resection performed early in pregnancy with the 
birth of normal infants has been described [ 34 ]. If the diag-
nosis of CRC is made after 20 weeks gestation, resection 
may be delayed until delivery, but the delay should be mini-
mized as much as possible. While no reports describing the 
use of laparoscopy for the resection of CRC in pregnant 
patients have been described in the literature, this approach 
can be utilized when appropriate. 

 It is important to note that timing of surgery and delivery 
is especially important when radiation and chemotherapy 
are required in the adjuvant setting. While radiation therapy 
must be postponed until delivery of the infant, chemother-
apy can be administered in the second and third trimesters 
after the completion of organogenesis has occurred [ 35 ]. 
Termination of the pregnancy may be recommended in cases 
with advanced disease and/or complications, i.e., perforation 
or obstruction, or when the diagnosis is made during early 
pregnancy, which would signifi cantly delay the administra-
tion of adjuvant therapy.   

    Patient Positioning 

 Depending on the age of gestation, a pregnant mother will 
need to be placed in Trendelenburg with a slight left lateral 
position to avoid compression of the uterus on the inferior 
vena cava during the procedure. This is almost always neces-
sary in woman over 20 weeks gestation. Lithotomy is not 
necessary in most procedures but, when utilized, should be 
done with standard precautions and padding. Similar to other 
laparoscopic procedures, patients should have all bony 
prominences well padded. As gravity still plays a major role 
in keeping the small bowel out of the operative view, patients 
need to be appropriately secured to allow for changes in the 
bed position (i.e., lateral and (reverse) Trendelenburg).  

    Fetal Monitoring 

 Fetal monitoring during surgical intervention should be 
performed immediately before and after the procedure by the 
obstetrical team. Serial PaCO 2  measurements or continuous 
uterine and fetal monitoring during a procedure are not 
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routinely employed [ 13 ,  14 ]. Continuous intraoperative 
CO 2  monitoring of the pregnant patient by capnography 
should be utilized [ 3 ].  

    Instrumentation 

 There is no difference in the instrumentation necessary to 
perform laparoscopy in the pregnant patient.  

    Trocar Placement 

 Trocar placement in the pregnant patient will depend on the 
surgical procedure to be performed and the size of the gravid 
uterus (Fig.  33.1 ). The most notable difference from stan-
dard laparoscopy is determining where to gain access to the 
peritoneal cavity. In patients who are in their fi rst trimester, 
the uterus is still located in the pelvis and a standard open 
Hasson technique can be employed at the umbilicus [ 24 ,  36 ]. 
By the beginning of the second trimester (14 weeks), the 
gravid uterus is located intra-abdominally halfway to the 
umbilicus and eventually extends to the umbilicus by 20 
weeks in most patients. This necessitates the need for alter-
native entry into the peritoneal cavity during the second and 
third trimester. The entry site should be far away from the 
gravid uterus to avoid risk of iatrogenic injury. The safest 
point of entry is in the left or right upper quadrant, midcla-
vicular line, and two fi ngerbreadths below the costal margin. 

An optical trocar (Optiview, Ethicon, Cincinnati, USA) or 
Veress needle is recommended to establish pneumoperito-
neum [ 24 ,  37 ]. The remaining ports should be placed appro-
priately under direct visualization and in a location, which 
allows the procedure to be performed while taking into 
account the size of the gravid uterus.

       CO 2  Insuffl ation 

 Initial reluctance to perform laparoscopy in pregnant patients 
included concern over effects of CO 2  insuffl ation to the fetus. 
This was initially suggested by work performed by Hunter 
et al. on pregnant sheep in 1995 [ 38 ]. His data demonstrated 
that pneumoperitoneum with CO 2  to 15 mmHg caused a 
decreased pH in the mother and fetus, which could be 
reversed with either 30 min of steady-state insuffl ation or by 
hyperventilating the mother. Additionally, pneumoperito-
neum with CO 2  caused tachycardia and hypertension in the 
fetus, both of which were returned to normal after CO 2  
desuffl ation. None of these effects were identifi ed with the 
use of nitrous oxide in this report. Yet, despite these initial 
fi ndings, several recent studies have demonstrated no adverse 
effect on the fetus with a CO 2  insuffl ation of 10–15 mmHg 
[ 3 ,  24 ]. Therefore, guidelines developed by the Society of 
American Gastrointestinal Endoscopic Surgeons state that 
CO 2  insuffl ation of 10–15 mmHg can safely be used for lapa-
roscopy in the pregnant patient [ 3 ].  

    Tips and Tricks 

    Pain 

 Pain in a pregnant patient should be addressed similarly as in 
a nonpregnant patient. Consideration of pregnancy-related 
conditions, e.g., round ligament strain, should be included in 
the differential diagnosis.  

    Appendicitis 

 A diagnosis of appendicitis in the pregnant patient warrants 
immediate surgical intervention without delay. The use of 
laparoscopy may be benefi cial in that it allows for easier 
visualization of a displaced appendix and adequate explora-
tion of the remainder of the abdomen.  

    Diverticulitis 

 Patients with acute diverticulitis during pregnancy should be 
treated conservatively. However, in the patient that requires 

  Fig. 33.1    Relationship of gravid uterus depending on gestational age 
to trocar placement       
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exploration, peritoneal lavage and drainage may be of use. 
Any clinical deterioration requires standard operative/resec-
tional intervention.  

    IBD/Pouches 

 Total proctocolectomy, either with or without ileal pouch 
construction, should not be performed in the pregnant 
patient. In patients with fulminant colitis, toxic megacolon, 
perforation, obstruction, or hemorrhage who require surgical 
intervention, subtotal colectomy with end ileostomy is the 
procedure of choice, delaying reconstruction until after 
delivery.   

    Technical Tips 

    What Do or Should We Do Differently 
in Pregnancy? 

 The pregnant patient should be addressed in a similar manner 
to the nonpregnant patient with a detailed explanation of the 
risks and benefi ts of treatment options discussed with the 
patient. Pregnant patients should be placed in a slight left lat-
eral decubitus position with extra care taken to avoid injury to 
the gravid uterus while entering the abdominal cavity.  

    Useful Tricks in the Belly and Dealing 
with the Uterus 

 When performing a surgical procedure on a pregnant patient, 
it is important to minimize direct manipulation of the gravid 
uterus. Adequately securing the patient to the operating room 
table will allow steep reverse Trendelenburg or lateral decu-
bitus so that gravity may move the uterus out of the fi eld of 
view. If access to the pelvis is necessary to perform the 
desired procedure, the uterus can gently be elevated using a 
liver retractor device via a midline infraumbilical incision.       
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           Key Points 
•     Laparoscopic colectomy utilization has approached ~50 % 

in the United States.  
•   A laparoscopic approach to colectomy ultimately is cost 

advantageous due to factors such as length of stay, reduced 
complications, diminished need for diagnostic studies due 
to reduced complications, and decreased readmissions.  

•   “Fast-track” or enhanced recovery pathways provide ben-
efi ts for both open and laparoscopic colectomy.  

•   Reduced longer-term complications such as small bowel 
obstruction and hernia will likely contribute to further 
cost savings with a minimally invasive approach.  

•   Single-incision and robotic-assisted colectomy provide 
the potential for incremental advances in technique, but at 
signifi cant cost increases related to devices required to 
perform the procedure.     

    Introduction 

 The laparoscopic approach to colectomy has fi nally reached 
the tipping point, and upwards of 50 % of resections are now 
performed in this fashion, primarily as a result of the pro-
spective randomized data regarding colorectal cancer [ 1 – 7 ]. 
This transition has been a long time in coming compared 
to other advanced laparoscopic procedures for a variety of 
reasons. First, there were initial concerns related to port-site 
recurrences in colorectal cancer, which ultimately were tied 
to refi nements in skill and technical approach to the resection 
[ 8 ,  9 ]. Secondly, surgeons primarily doing colorectal surgery 
did not have access to “easy” operations to allow mastery of 
laparoscopic skills required for effective performance of this 
category of major abdominal surgery. Finally, access to a 
growing population of junior surgeons who have experi-

enced laparoscopy as a normal component of the surgical 
armamentarium has signifi cantly impacted the philosophical 
impediments to adoption of laparoscopic colectomy. The net 
result has been that the process around ascending the learn-
ing curve via better graduate training has created a larger 
pool of surgeon capable of delivering laparoscopic colec-
tomy [ 10 ,  11 ]. Although from the beginning it was clear that 
there were signifi cant improvements in patient care, it 
remained for refi nements in both the technical components 
of the operation and perioperative care strategies to fi nally 
deliver the cost-effectiveness of laparoscopic colectomy 
[ 12 – 16 ]. We will explore the various issues that have 
impacted cost-effi ciency of laparoscopic colectomy, as well 
as those issues that still require attention to realize the full 
benefi ts of this surgical approach.  

    Advantages of Laparoscopic Colectomy 

 At the start of laparoscopic colorectal surgery, there were 
many concerns regarding the new complexities of technical 
diffi culty, steep learning curve, need for specialized instru-
mentation and teams, and longer operating times. These 
issues did indeed increase the cost of colectomy initially; 
however, as mentioned above, it was clear that patients expe-
rienced a different recovery pattern that could be exploited 
for the benefi t of the patient. The contemporaneous imple-
mentation of “fast-track” care for open colectomy patients 
originally blurred the source of benefi ts between laparo-
scopic and open colectomy; however, it is now confi rmed that 
optimal clinical performance is achieved with adoption of 
enhanced recovery and laparoscopic resection [ 14 ,  17 – 20 ]. 

 The sources of cost savings after adoption of a mature 
technical surgical team and the care plan components 
addressed above are multiple and are related to the index 
admission, cost of readmission, and long-term costs related 
complications such as both hernia and small bowel obstruc-
tion. It should be remembered that these benefi ts accrue to 
the patient and the health-care system, in conjunction with 
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equal or better outcomes related to the management of the 
illness predicating the resection. This was most clearly con-
fi rmed with respect to cancer surgery as was mentioned at 
the outset of this manuscript. Delaney et al. analyzed 150 
matched patients undergoing surgery by the open or laparo-
scopic approach and clearly identifi ed signifi cantly lower 
total direct costs with the latter technique [ 18 ]. Interestingly, 
this article suggested benefi ts primarily in the postoperative 
phase that offset the higher intraoperative costs related to 
instrumentation due to reductions in hospital stay, bed and 
nursing utilization, and pharmacy, laboratory, and radiology 
services. These resource benefi ts were consistently reported 
early in the history of laparoscopic colectomy and have now 
been supported by more recent analyses of administrative 
databases [ 13 ,  21 – 23 ]. These articles highlight the reduc-
tions in wound complications, surgical site infections, post-
operative ileus, and cardiopulmonary complications. 

 Although the data above are convincingly in favor of lap-
aroscopic colectomy, all of the benefi ts would be for naught 
if readmissions or unplanned post-discharge visits increased 
as a result of delayed complications or overaggressive dis-
charge plans [ 24 – 28 ]. The extant data are equally supportive 
of these mid-term benefi ts of laparoscopic colectomy related 
to costs for unplanned patient visits. The articulated benefi ts 
are associated with a reduction in many of the typical inpa-
tient complications mentioned above, which occur with a 
higher frequency with open compared to laparoscopic resec-
tions. The data confi rm that readmission rates are at least 
similar if not consistently reduced with the joint application 
of laparoscopic colectomy and enhanced recovery protocols 
[ 26 – 28 ]. Obrien et al. confi rmed that not only is the risk of 
readmission not increased with laparoscopic surgery, but 
also, most importantly, even when complications warrant 
readmission, there is no delay or harm related to the manage-
ment of any of these adverse outcomes [ 27 ]. These benefi ts 
also can accrue to the payer under a prospective payment 
system (DRG) because certain complications result in 
upward migration of the classifi cation of a given patient 
under the plan. The net result of a relative reduction in a 
number of complications typically classifi ed signifi cant 
comorbidity/complications (CCs) is a reduction by almost 
50 % in the allocation of patients to the more expensive DRG 
[ 29 ]. Therefore, the skilled laparoscopic team can demon-
strate a signifi cant reduction in initial costs to the payer with 
the implementation of an enhanced recovery protocol. 
This is accomplished with a net reduction in resources used 
during the index admission compared to open colectomy, as 
well as a total reduction in resources with the combination of 
both index and unplanned admissions for an episode of care. 
It is likely that the current focus on readmission will be 
refi ned to allow a separate review of truly preventable, poten-
tially preventable, and truly unpreventable complications 
with an accurate appraisal of total resources consumed when 

managing a cohort of patients. This approach would truly 
reward effi cient index care, safe reductions in length of stay 
for the majority of the patients, and effective management of 
the few patients who do develop adverse outcomes after the 
initial discharge. 

 The last area of cost benefi t associated with laparoscopic 
colectomy is related to the risk and rate of long-term compli-
cations associated with laparotomy, namely, incisional hernia 
and small bowel obstruction [ 30 – 35 ]. These longer-term ben-
efi ts have typically not been quantifi ed at either the patient 
level or as the total cost to the health-care system, as previ-
ously they were both generally considered unavoidable risks 
of laparotomy. However, the compelling data associated with 
laparoscopy offer yet another set of patient satisfaction data, in 
addition to the risks and costs associated with the management 
of either small bowel obstruction or incisional hernia. There is 
no data available that refl ects the patients’ satisfaction with a 
delayed versus avoided readmission related to the choice of 
the index procedure. However, there are clearly risks and sig-
nifi cant costs associated with medical readmission for small 
bowel obstruction and more importantly re-operative manage-
ment. This is even more compelling with respect to the surgi-
cal management of an incisional hernia, which often requires 
the use of expensive prosthetic mesh. 

 The longer-term cost data will likely become more com-
pelling as the concept of an expanded episode of care is 
appreciated by accountable care organizations that may 
become responsible for an individual patient for many years 
if not a lifetime.  

    Economic Impact of Single-Port 
and Robotic- Assisted Laparoscopy 

 Advances in laparoscopic experience and skill have led to 
consideration of single-port access as a means of primarily 
reducing trauma to the abdominal wall and improving 
cosmesis [ 36 – 39 ]. The predominant conclusions based upon 
the available data are that the procedure can be done safely 
with an additional learning curve for a skilled laparoscopic 
surgeon and possibly a longer duration of surgery even after 
the curve is completed. The results are generally similar to 
multiport laparoscopic colectomy in terms of safety and dis-
ease management. However, one of the few prospective ran-
domized trials evaluating single-port colectomy suggests not 
only longer surgical times, but also a higher conversion rate 
[ 39 ]. One concern based upon data from single-port chole-
cystectomy is the potential for an increased risk of both 
short- and long-term wound complications [ 40 ]. Further 
evaluation is needed to determine if the possibility of 
improved cosmesis is consistently achieved with single-port 
colectomy compared to multiport techniques without undue 
increase in incisional hernia. However, assuming that the 
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learning curve can be ascended so as to avoid signifi cant 
increases in operative time, it is unlikely that single port will 
either detract or enhance the economic performance associ-
ated with minimally invasive colectomy. 

 Interest in robotic-assisted laparoscopic colectomy has 
experienced a resurgence after the initial evaluation of the 
fi rst generation of the da Vinci (Intuitive Surgical, Sunnyvale, 
CA) robot [ 41 ]. The available data supports the fact that 
robotic-assisted laparoscopic colectomy is capable of deliv-
ering the same short-term surgical outcomes attained by 
standard human-guided laparoscopic techniques [ 42 – 44 ]. 
These data, however, also consistently demonstrate signifi -
cant cost increases related to device acquisition and the req-
uisite resposable devices required to perform the procedure. 
It is important to understand that these costs persist even 
after the learning curve is completed for robotic-assisted 
laparoscopy. There is some suggestion that deep pelvic dis-
sections may be improved in terms of circumferential resec-
tion margins and pelvic nerve damage [ 45 – 48 ]. Given the 
paucity of data indicating reproducible advantages, it would 
seem that early performance of a high-quality prospective 
randomized trial would be benefi cial in defi ning the cost- 
effectiveness of robotic-assisted proctectomy. It is unlikely 
that robotic-assisted colectomy will ever be able to demon-
strate economic effi ciency. Table  34.1  looks at three recent 
studies comparing laparoscopic and robotic colectomy.

       Conclusion 

 The available data clearly demonstrate that laparoscopic 
colectomy has evolved to the level that a skilled surgeon 
can reproducibly provide patient-centric, high-quality, cost- 
effi cient care for their patients requiring colorectal resec-
tions. Importantly, this surgical advancement has reduced the 
complication rate compared to the best results achieved with 
open colorectal resection. Further advancements in laparo-
scopic colorectal surgery should be aimed at reducing con-
version rates and improving closure of the extraction site and 

trocar sites as these issues present the greatest opportunities 
for further quality and cost improvement in laparoscopic 
colectomy.     
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           Key Points 
•     Laparoscopic-assisted surgery (LAS) can be performed 

with multiple ports, a single port, or a hand-assisted 
device.  

•   Outcomes for these techniques are fairly similar among 
each other but improved compared to open surgery.  

•   Further data are needed evaluating cost-effectiveness, 
patient-centered outcomes, and long-term outcomes.     

    Background 

 In this chapter on outcomes, our aim is to present an unbiased 
assessment of traditional and patient-centered metrics of 
care for laparoscopic procedures of the colon and rectum. 
Fortunately, the literature has an abundance of studies com-
paring laparoscopy to conventional surgery as well as other 
hybrid techniques. In this chapter, we summarize these data 
while providing an understanding of the incremental value of 
laparoscopic surgery as compared to open approaches and the 
results of straight laparoscopy with a hand-assisted approach, 
one port, or multiple ports. We also evaluate outcomes of 
laparoscopy based on disease-, patient-, and surgeon- related 
factors with an attempt to identify populations of patients that 
might obtain the greatest benefi t from laparoscopic tech-
niques. Our approach will focus on those studies with the 
most robust data from well-conducted trials that are general-
izable and reproducible, presenting a comprehensive review 
of present day metrics, while establishing a wish list of other, 
more patient-centered outcomes.  

    Conventional Open Surgery (OS) Versus 
Laparoscopic-Assisted Surgery (LAS) 

    Outcomes 

 A large number of studies have sought to compare laparo-
scopic colorectal procedures with the conventional open 
techniques (Table  35.1 ) [ 1 – 18 ]. In total, 11,671 patients were 
evaluated in these studies and outcomes evaluated included 
procedure time, intraoperative blood loss, length of stay, and 
postoperative complications. Length of procedure is an 
important variable and at least seven manuscripts [ 1 ,  5 ,  8 , 
 14 – 16 ,  18 ] demonstrated increased operative time with LAS 
as compared to open surgery. In addition, several studies 
[ 5 – 8 ,  10 ,  14 – 16 ,  18 ] demonstrated signifi cantly shorter 
length of stay, reduced blood loss [ 6 ,  10 ,  18 ], and fewer 
transfusion requirements.

   An evaluation of postoperative adverse events has been 
studied in depth with LAS as compared to open surgery. Four 
studies [ 9 ,  13 ,  14 ,  18 ] demonstrated signifi cantly lower rates 
of surgical site infections, but no signifi cant differences in 
anastomotic leak [ 10 – 13 ,  18 ], functional outcomes [ 1 ,  3 ,  7 ], 
aggregate postoperative complications [ 1 ,  2 ,  4 – 7 ,  11 ,  13 ,  16 , 
 18 ], quality of life [ 3 ,  15 ], hospital readmission [ 1 ,  6 ,  7 ], 
reoperation [ 6 ,  7 ,  16 ], or mortality [ 2 ,  5 ,  11 ,  18 ]. In one of the 
largest studies, Kockerling et al. [ 11 ] provided a prospective 
24-center study of 1,143 consecutive patients undergoing a 
laparoscopic or a laparoscopic-assisted operation over a 
3-year period. The indication for the laparoscopic procedure 
was malignancy in almost half of all patients and a total of 
64 procedures (5.6 %) were converted to OS. Compared to 
open surgery, the authors identifi ed similar rates of intraop-
erative or postoperative complications, anastomotic leak, 
and mortality. 

 In addition to this large study, Larson et al. [ 16 ] prospec-
tively compared the safety and 90-day outcomes of 100 lapa-
roscopic versus 200 conventional ileal pouch-anal anastomoses 
with diverting loop ileostomy. While the operative time was 
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signifi cantly longer in the laparoscopic group (103 min 
longer), the authors identifi ed signifi cant benefi ts for the lapa-
roscopic-treated patients when compared to the open approach 
with respect to early postoperative recovery including earlier 
time to bowel movement, quicker time to regular diet, and 
reductions in length of stay by 3 days [ 16 ]. There were, how-
ever, no signifi cant differences in the rate of other morbidity, 
readmission, or anastomotic leak. The authors’ concluded that 
a laparoscopic approach for ileal pouch-anal anastomosis with 
diverting loop ileostomy was safe and feasible and resulted in 
postoperative recovery that is comparable, if not signifi cantly 
better, than the open procedure.  

    Conversion 

 Although many surgeons feel that open conversion for lapa-
roscopy is a failure in technique, others consider conversion 
as a limit to the safety of laparoscopy [ 19 ]. However, most 
studies demonstrate a reduction in the benefi ts of minimally 
invasive techniques following conversion. Nine manuscripts 
[ 19 – 27 ] compared the outcomes of 889 converted laparo-
scopic procedures to those of nonconverted procedures and, 
in some cases, to conventional open colorectal procedures. 
In understanding these outcomes, the reader must understand 
that defi nitions for conversion vary [ 21 ]. Three studies 
[ 19 ,  20 ,  24 ] based their defi nition on length of incision, other 
studies described an unexpected extension of any original 
incision [ 22 ,  25 ,  26 ], and another [ 23 ] on removal of the 

trocars. Gervaz et al. noted that most studies failed to include 
a precise definition for conversion and that the rate of 
conversion was signifi cantly higher if a standard defi nition 
was used [ 3 ]. 

 Two studies [ 22 ,  23 ] found that converted patients had sig-
nifi cantly more blood loss than those that were not converted. 
As expected, it was noted that converted procedures [ 19 ,  21 , 
 23 ] were in the operating room longer than nonconverted 
cases; yet, other data have been less convincing [ 20 ,  22 ,  27 ]. 
Certainly, the benefi ts of a shorter length of hospital stay fol-
lowing laparoscopic procedures were less pronounced with 
conversion. In fact, four studies [ 19 ,  21 – 23 ] found that con-
verted patients had a signifi cantly longer length of stay than 
nonconverted patients. However, the reason for conversion 
may be one of the most important infl uencers of length of stay, 
which at this time has not been thoroughly investigated, 
though includes factors such as bleeding, adhesions, large or 
fi xated tumor, and failure to progress. 

 Following surgery, several studies [ 22 ,  24 ,  26 ] identifi ed 
no differences in complications or mortality [ 19 ,  22 ] for con-
verted as compared to nonconverted laparoscopic procedures, 
while others [ 22 ] identifi ed no differences with patients who 
had conventional open procedures. One study [ 23 ] identifi ed 
a signifi cantly higher rate of postoperative complications for 
converted patients. Also, surgical site infections were signifi -
cantly higher for patients after converted procedures [ 23 ,  26 ], 
which may be secondary to length of incision or procedure 
complexity. These data imply that laparoscopic conversion is 
not associated with a signifi cant detriment to the patients’ 
postoperative outcome and recovery. 

 In summary, there is considerable evidence indicating 
decreased length of stay and perioperative blood loss for 
LAS when compared to OS. Assessments of morbidity and 
mortality have not overwhelmingly demonstrated a benefi t for 
LAS although wound infections are certainly less likely with 
minimally invasive techniques. In addition, although conver-
sion does not appear to signifi cantly worsen outcomes, the 
benefi ts of LAS are certainly attenuated with conversion.   

    Laparoscopic-Assisted Surgery (LAS) Versus 
Hand-Assisted Laparoscopic Surgery (HALS) 

 Several studies have compared hand-assisted laparoscopic 
surgery (HALS) with standard multiport laparoscopic- 
assisted surgery (LAS) [ 28 – 37 ], while two compared HALS 
with conventional open surgery (OS) (Table  35.2 ) [ 38 ,  39 ]. 
In most studies, outcomes were similar between HALS and 
LAS [ 30 – 33 ,  36 ,  38 ], but three studies noted that there were 
signifi cantly lower conversions with HALS as compared to 
LAS [ 28 ,  30 ,  34 ]. Others also reported on length of proce-
dure: four studies demonstrated that HALS had a signifi -
cantly shorter length of procedure [ 28 ,  30 ,  33 ,  34 ], yet some 

   Table 35.1    Conventional open surgery (OS) versus laparoscopic-
assisted surgery (LAS) outcomes   

 OS (references)  LAS (references) 
 Equivalent 
(references) 

 Shorter 
procedure time 

 [ 1 ,  5 ,  8 ,  14 – 16 , 
 18 ,  49 ,  51 ,  53 , 
 55 – 58 ] 

 –  – 

 Lower 
conversion rate 

 –  –  – 

 Decreased 
length of stay 

 –  [ 5 – 8 ,  10 ,  14 – 16 , 
 18 ,  49 ,  50 ,  56 – 58 , 
 60 – 62 ,  67 ,  71 , 
 74 – 77 ,  80 ,  94 – 98 , 
 100 – 102 ] 

 [ 64 ] 

 Fewer overall 
complications 

 –  [ 48 ,  51 ,  55 ,  56 , 
 61 ,  62 ] 

 [ 1 ,  2 ,  4 – 7 ,  11 , 
 13 ,  16 ,  18 , 
 49 – 53 ,  57 ,  61 , 
 64 ] 

 Less surgical 
site infections 

 –  [ 9 ,  13 ,  14 ,  18 ]  [ 16 ,  55 – 57 ,  62 ] 

 Shorter time to 
fi rst bowel 
movement 

 –  [ 16 ,  56 ,  57 ,  60 , 
 64 ,  73 ,  75 – 77 ,  80 , 
 94 ,  96 ,  98 ] 

 [ 1 ,  3 ,  7 ,  54 ] 

 Decreased 
mortality 

 –  –  [ 2 ,  5 ,  8 ,  11 ,  18 , 
 48 – 52 ,  61 ,  62 ] 
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investigators noted no difference between HALS and LAS 
[ 31 ,  35 ]. The true benefi t of HALS may be related to more 
complex procedures, where HALS operating times have 
been demonstrated to be signifi cantly less [ 30 ]. In a meta- 
analysis of HALS studies recently published, no differences 
in blood loss for HALS and LAS [ 28 ] were observed. Yet, 
there was a signifi cant advantage for HALS in operating time 
and conversion rate for segmental colectomies and in operat-
ing time for total proctocolectomy.

   As stated earlier, there were no signifi cant differences in 
overall morbidity in several studies comparing HALS and 
LAS or in the two studies comparing HALS and OS [ 38 ,  39 ]. 
For studies that reported on individual adverse events, there 
were no differences between HALS and LAS in surgical site 
infections [ 29 ,  30 ,  34 ,  36 ], incisional hernia [ 36 ], anasto-
motic leak [ 29 ,  34 – 36 ], postoperative bleeding [ 29 ,  30 ,  34 ], 
abscess [ 30 ,  34 ,  35 ], small bowel obstruction [ 36 ], prolonged 
postoperative ileus [ 30 ,  34 ], readmission [ 33 ,  35 ], and reop-
eration [ 33 ,  35 ,  36 ]. The low rate of surgical site infection 
may be secondary to the use of wound protectors and smaller 
incisions with HALS and LAS [ 31 ]. 

 Postoperative recovery metrics evaluated include hospital 
length of stay, return to normal function (including gastroin-
testinal function and return to normal diet), and pain. Most 
studies found no difference in length of stay between HALS 
and LAS [ 28 ,  31 ,  33 – 35 ,  37 ] while some identifi ed a signifi -
cantly longer length of stay for HALS as compared to LAS 
[ 29 ,  30 ,  32 ,  36 ]. However, the longer length of stay for HALS 
may be due to signifi cantly more complex cases in the 
HALS-treated group. With respect to return of bowel func-
tion, no differences in this time have been reported for HALS 
and LAS [ 31 ,  33 ], which was confi rmed in a meta-analysis 
[ 28 ]. In comparing postoperative pain, three studies found no 
differences [ 28 ,  31 ,  33 ] between the HALS and LAS groups, 
and one study identifi ed no differences in pain between 
HALS and OS [ 39 ]. An assessment of quality of life was also 
conducted in one study that demonstrated similar results 

between the HALS and LAS groups [ 31 ]. Overall, most 
postoperative metrics have been similar between HALS and 
LAS but a more thorough understanding of differences in 
hernia formation may help better inform this comparison. 

    Summary 

 HALS and LAS have similar outcomes with the exception 
that HALS may reduce operative time (especially in more 
complex cases) and conversion to open. More data are needed 
regarding hernia formation and other patience- centered 
outcomes.   

    Single Versus Multiport 
Laparoscopic Surgery 

 In comparing single-incision laparoscopic surgery (SILS) 
with more traditional multi-incision (trocar) laparoscopic 
surgery (MILS), high-quality studies are diffi cult to identify. 
Most of the comparisons are not scientifi cally rigorous given 
the patient and disease process selection of small tumors, 
lower body mass index, and signifi cant surgeon experience 
for the SILS groups. In the studies performed, no signifi cant 
differences in the rate of conversion were identifi ed, yet one 
study [ 41 ,  42 ] noted that SILS had a more frequent rate of 
conversion. The four studies also noted no signifi cant dif-
ference in the length of procedure. Three analyses [ 42 ,  44 , 
 45 ] noted signifi cantly less blood loss for the SILS group 
and one study demonstrating more blood transfusions with 
MILS (Table  35.3 ) [ 45 ].

   In comparing adverse events, all the analyses demon-
strated no difference in overall complication rates. Two stud-
ies [ 44 ,  45 ] found no signifi cant differences between the 
SILS and MILS groups in regard to surgical site infection, 
ileus, and anastomotic leak, while others [ 45 ] noted no 

   Table 35.2    Laparoscopic-assisted surgery (LAS) versus hand-assisted 
laparoscopic surgery (HALS)   

 LAS 
(references) 

 HALS 
(references) 

 Equivalent 
(references) 

 Shorter procedure time  –  [ 28 ,  30 ,  33 ,  34 ]  [ 31 ,  35 ] 
 Lower conversion rate  –  [ 28 ,  30 ,  34 ,  84 ]  – 
 Decreased length of stay  –  [ 29 ,  30 ,  32 ,  36 ]  [ 28 ,  31 ,  33 – 35 , 

 37 ] 
 Fewer overall 
complications 

 –  –  [ 30 – 33 ,  36 ] 

 Less surgical site 
infections 

 –  –  [ 29 ,  30 ,  34 ,  36 ] 

 Shorter time to fi rst 
bowel movement 

 –  –  [ 28 ,  31 ,  33 ] 

 Decreased mortality  –  –  – 

   Table 35.3    Single (SILS) versus multiport (MILS) laparoscopic surgery   

 MILS 
(references)  SILS (references) 

 Equivalent 
(references) 

 Shorter procedure time  –  –  [ 40 ,  42 – 46 ] 
 Lower conversion rate  –  –  [ 40 ,  42 – 47 ] 
 Decreased length of stay  –  [ 40 ,  42 ,  44 ,  45 , 

 47 ] 
 – 

 Fewer overall 
complications 

 –  –  – 

 Less surgical site 
infections 

 –  –  [ 44 ,  45 ] 

 Shorter time to fi rst 
bowel movement 

 –  –  – 

 Decreased mortality  –  –  [ 45 ] 
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signifi cant differences between the two groups in the rate of 
mortality, incisional hernia, intra-abdominal abscess, reop-
eration, readmission, renal failure, and events of a cardiovas-
cular, pulmonary, thromboembolic, and urinary nature. 
Overall, the four meta-analyses noted that patients in the 
SILS group had a signifi cantly lower length of stay; however, 
signifi cant heterogeneity was noted in all the studies. Incision 
length was smaller for the SILS group [ 40 ,  44 ,  45 ] and one 
study [ 45 ] noted that the overall cosmetic score for the SILS 
group was signifi cantly higher. Oncological outcomes and 
margin status have also been evaluated, but the data appear 
somewhat heterogenous and biased. 

 Two randomized controlled studies [ 43 ,  46 ] noted no dif-
ference in length of procedure and no difference in conversion 
to laparotomy. Poon et al. [ 43 ] also noted no statistical signifi -
cant differences between the SILS and MILS groups for 
intraoperative complications and estimated blood loss [ 43 ]. 
In addition, in one study [ 43 ], signifi cantly lower median 
wound pain scores were identifi ed on postoperative days 1 and 
2 and that the length of stay for SILS patients was signifi cantly 
shorter than for those in the MILS group. However, resump-
tion of oral intake was similar in both SILS and MILS groups 
[ 46 ]. In terms of oncological outcomes, both studies [ 43 ,  46 ] 
saw that the SILS and MILS groups had similar numbers of 
lymph nodes harvested. Ultimately, however, Huscher et al. 
noted that even in the hands of experienced surgeons, SILS 
was technically more challenging [ 46 ]. 

 Papaconstantinou et al. compared SILS, MILS, and HALS 
in 87 patients, with 29 in each of the three groups [ 47 ]. There 
were no differences among the three groups when considering 
age, gender, previous abdominal surgery, and pathology. The 
results revealed no statistical differences between the groups 
with respect to conversion rate, length of procedure, estimated 
intraoperative blood loss, readmission rate, minor wound 
complication rates, and number of lymph nodes harvested. 
However, a signifi cantly lower pain score was noted in the 
SILS group as compared to MILS and HALS groups on 
postoperative days 1 and 2, but this difference was not pres-
ent at time of discharge [ 47 ]. Patients in the SILS group also 
had signifi cantly shorter length of stay than both the HALS 
and MILS patients. Lastly, both of the SILS and MILS groups 
of patients had a signifi cantly shorter length of incision when 
compared with the HALS group. All reports note the technical 
challenges in utilizing SILS for colorectal surgery. 

    Summary 

 Although the quality of reviews and signifi cant bias in patient 
selection limit direct comparison, perioperative outcomes 
are similar between SILS, LAS, and HALS. SILS remains 
more technically demanding but newer devices may reduce 
the technical demands of working through one port.   

    Outcomes Based on Disease Pathology 

    Diverticulitis 

 Six studies [ 48 – 53 ] evaluated the role of laparoscopy in the 
treatment of diverticulitis with a total of 13,875 patients, 
6,150 of which were treated through a laparoscope. The 
studies demonstrated that laparoscopic procedures required 
signifi cantly more time to perform [ 49 ,  51 ,  53 ] in diverticu-
litis patients, with one study [ 49 ] estimating an hour differ-
ence in operative time. No signifi cant differences in 
intraoperative complications were noted between the LAS 
and OS groups, and only one study [ 50 ] commented on blood 
loss, noting that there was signifi cantly less blood loss in LAS 
procedures without signifi cant differences in transfusion 
requirements. 

 Morbidity was measured in several of the manuscripts 
reviewing diverticulitis surgery. Overall morbidity was sig-
nifi cantly lower for the laparoscopic procedures in two stud-
ies [ 48 ,  51 ] but not in other studies [ 49 – 53 ]. In a large 
retrospective study, Mbadiwe et al. found that patients in the 
LAS group experienced signifi cantly fewer postoperative 
complications, but no difference in a subgroup analysis of 
emergent cases [ 52 ]. Similarly, in a study evaluating long- 
term outcomes, Klarenbeek et al. identifi ed no differences in 
the number of late complications after diverticulitis surgery 
[ 51 ]. Others have described no differences in the rates of 
anastomotic leak [ 48 ,  49 ,  53 ], anastomotic stricture [ 51 ,  53 ], 
anastomotic bleeding [ 48 ], enterocutaneous fi stula [ 51 ], intra-
abdominal abscess [ 48 ,  51 ], postoperative small bowel 
obstruction [ 48 ,  51 ], recurrent diverticulitis [ 51 ], reoperation, 
and incisional hernia [ 51 ,  53 ]. Although the data on surgical 
site infections has been mixed [ 48 ,  53 ], there are substantial 
data demonstrating no difference in mortality with either 
approach [ 48 – 52 ]. In addition, despite evidence in other 
studies that postoperative ileus is signifi cantly reduced with 
a laparoscopic approach, others found no difference for 
diverticulitis patients treated either with open of laparoscopic 
techniques [ 48 ,  49 ]. 

 Three studies [ 49 ,  50 ,  53 ] considered the effect of laparo-
scopic surgery for diverticulitis on postoperative pain. The 
data were somewhat mixed [ 49 ,  50 ,  53 ], but maximal pain 
levels were noted to be signifi cantly less for patients with 
diverticulitis-treated laparoscopically [ 49 ] as was narcotic 
use [ 49 ,  50 ]. Given the reduction in narcotics, time to bowel 
activity was signifi cantly lower for the LAS group [ 49 ] as 
well as length of stay [ 49 ,  50 ]. Quality of life is an important 
consideration and the data are somewhat mixed here as one 
study [ 50 ] revealed signifi cant improvements in quality of life 
during the early postoperative period, while two studies 
[ 51 ,  53 ] identifi ed similar outcomes for long-term postopera-
tive quality of life. 
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 In summary, outcomes following LAS in diverticulitis 
appear to be at least equivalent as OS, with operative times 
generally longer for LAS. In procedures for complications of 
diverticulitis, laparoscopy may be technically demanding.  

    Infl ammatory Bowel Disease 

 Both ulcerative colitis and Crohn’s disease are conditions of 
younger people who are more likely to be interested in the 
aesthetic advantages as well as the traditional benefi ts of 
minimally invasive techniques [ 54 ]. For this reason, laparo-
scopic techniques are often sought out by these patients; 
however, both conditions can be challenging to treat with 
minimally invasive methods, particularly during the acute 
infl ammatory phases. There are three meta-analyses [ 55 – 57 ] 
comparing LAS and OS in patients with Crohn’s disease for 
a total of 1,515 patients, with 795 treated laparoscopically. 
Length of procedure was noted to be signifi cantly longer for 
the LAS group in three studies [ 56 ,  57 ] and blood loss simi-
lar in one study [ 57 ]. Early postoperative complication rates 
were noted to be similar [ 57 ], while in two other studies [ 56 ] 
the overall complication rate was signifi cantly lower for the 
LAS group. There was no difference between the LAS and 
OS in rates of surgical site infection [ 55 – 57 ], anastomotic 
leak [ 56 ,  57 ], abscess [ 56 ,  57 ], bowel obstruction [ 57 ], post-
operative ileus [ 55 ], infl ammatory bowel disease recurrence 
[ 56 ], and overall reoperation rates [ 55 ,  56 ]. Postoperatively, 
there was no signifi cant difference in the use of narcotics 
[ 57 ] and two studies [ 56 ,  57 ] noted that bowel function 
returned more quickly in the LAS group. Most studies [ 56 , 
 57 ] found that patients in the LAS group experienced a sig-
nifi cantly shorter hospital stay. 

 Few randomized controlled trials [ 54 ,  58 ,  59 ] have sought 
to identify the value of laparoscopy in patients with Crohn’s 
disease. These studies demonstrated signifi cantly longer pro-
cedure times for the LAS group [ 54 ,  58 ], shorter incision 
length for LAS patients [ 54 ], and no difference in blood loss 
[ 59 ]. Postoperatively, there was no difference in pain scores 
[ 58 ] or narcotic use [ 54 ], time to passage of fl atus [ 54 ], or to 
fi rst bowel movement [ 54 ]. One study [ 58 ] revealed signifi -
cantly longer length of hospital stay for open surgery 
patients; although the researchers estimated evidence of bias. 
In a study by Milsom et al. [ 54 ], the LAS patients experi-
enced signifi cantly fewer minor complications, but the LAS 
and OS groups experienced similar rates for major complica-
tions without differences in recurrence. In another follow-up 
study, Stocchi et al. [ 59 ] found that rates of anorectal disease, 
anorectal surgery, endoscopic or radiologic recurrence, med-
ication, and average number of operations per patient were 
similar between LAS and open groups. However, patients in 
the open surgery group were signifi cantly more likely to 
undergo multiple operations. Lastly, Maartense et al. [ 58 ] 

found that quality of life was no different between the two 
groups at 2 weeks. 

 There are a limited number of high-quality studies evalu-
ating the outcomes of LAS for ulcerative colitis with small 
sample sizes [ 60 – 62 ]. Surgeries analyzed were restorative 
proctocolectomy with ileal pouch-anal anastomosis (IPAA) 
[ 16 ,  39 ,  60 ,  63 ,  64 ] and total colectomy [ 61 ,  62 ]. Three stud-
ies found that the length of procedure was signifi cantly lon-
ger for patient who underwent LAS over OS [ 16 ,  60 ,  62 ]. 
There was no difference in postoperative morbidity for 
patients who underwent restorative proctocolectomy with 
IPAA in the LAS and OS groups [ 16 ,  61 ,  64 ] and in the 
HALS and OS groups [ 39 ]. Postoperative morbidity was 
noted to be signifi cantly lower for laparoscopic colectomy 
[ 61 ,  62 ]. There was no difference in surgical site infection 
[ 16 ,  62 ], anastomotic leak [ 16 ,  62 ,  64 ], abscess [ 16 ,  62 ], 
bowel obstruction [ 62 ,  64 ], prolonged ileus [ 16 ,  64 ], pouch 
failure [ 64 ], reoperation [ 16 ,  61 ,  62 ], readmission [ 16 ], and 
mortality [ 61 ,  62 ]. Importantly, rate of incisional hernia 
was signifi cantly lower for patients who underwent LAS as 
compared to OS [ 64 ]. 

 In comparing LAS versus OS, patients who underwent 
laparoscopic restorative proctocolectomy with IPAA had sig-
nifi cantly shorter time to return of oral intake [ 16 ,  61 ,  62 ,  64 ] 
and return of bowel function [ 16 ,  60 ,  64 ] over the open proce-
dure, although the two meta-analyses noted similar time to 
bowel function between the LAS and OS groups [ 61 ,  62 ]. 
Four studies found that the length of stay was signifi cantly 
shorter for patients in the LAS group than the OS groups [ 16 , 
 60 – 62 ] while one noted no difference [ 64 ]. There was no dif-
ference in quality of life between the LAS and OS groups [ 63 , 
 64 ] and between the LAS and HALS groups [ 39 ], although 
Polle et al. [ 63 ] found that cosmesis scores were signifi cantly 
higher for patients who underwent LAS than OS, especially 
for females. There was no difference in long-term defecatory 
function between the LAS and OS groups [ 63 ,  64 ] and long-
term morbidity between the LAS and OS groups [ 63 ]. In a 
study by Fichera et al. [ 64 ], the long-term benefi ts of laparo-
scopic restorative proctocolectomy with IPAA were signifi -
cantly less liquid bowel movements, pad wearing during the 
daytime and nighttime, and perianal rash. 

 In summary, LAS and OS have equivalent outcomes for 
IBD patients. LAS seems to be associated with shorter length 
of stay, improved cosmesis, and lower rates of minor compli-
cations. See Chaps.   30     and   31     for additional information 
regarding minimally invasive approaches in Crohn’s disease 
and ulcerative colitis, respectively.  

    Cancer 

 The literature has an abundance of well-conducted studies 
evaluating cancer outcomes following laparoscopy. In this 
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section, we focus on oncological results [ 65 – 80 ]. In the past, 
there was substantial concern for the use of laparoscopy in 
the treatment of colorectal cancer because of inferior onco-
logical results [ 68 ]. The oncological data for laparoscopic 
colectomy has been shown to be excellent, yet it should be 
recognized that rectal cancer procedures are much more 
challenging when performed laparoscopically leading to 
increased potential for margin positivity. Concerns of margin 
status were raised by Medical Research Council CLASICC 
trial of LAS versus open surgery for colorectal cancer. An 
increased likelihood of positive circumferential margins 
(12 %) in rectal cancer was noted for LAS when compared 
with OS (6 %). Although long-term outcomes remained 
unchanged, many surgeons became cautious of laparoscopy 
for rectal cancer, which led to decreased adoption of the 
technique. Later, a meta-analysis reviewed the results of 
LAS for rectal cancer and demonstrated no differences in the 
extent of oncological clearance [ 69 ]. 

 In other oncological results such as lymph nodes, resec-
tion margins, recurrence rates, disease-free survival, and 
overall survival, LAS has demonstrated equivalency to open 
surgery. Several studies [ 66 ,  67 ,  71 ,  73 ,  75 ,  78 ,  80 ] have 
identifi ed minimal differences in the number of lymph nodes 
harvested. In addition, eight studies [ 66 ,  67 ,  71 ,  75 – 77 ,  79 , 
 80 ] identifi ed no differences in margin positivity between the 
LAS and OS groups, although one study [ 73 ] demonstrated 
signifi cantly smaller resection margins for LAS when used 
in colon cancer. There was no difference between the LAS 
and OS groups with respect to overall recurrence rates [ 66 , 
 72 ,  77 ,  78 ] and time to recurrence [ 66 ]. Furthermore, the 
5-year follow-up of the Clinical Outcomes of Surgical 
Therapy (COST) Study Group study found no difference in 
recurrence rate by disease stage [ 72 ]. Conversion from lapa-
roscopic to open surgery also did not impact recurrence [ 72 ]. 
There was no difference in local or distant recurrence rates at 
3 years [ 68 ,  71 ], 5 years [ 70 ,  72 ,  79 ], and 10 years [ 70 ], for 
any stage of disease [ 70 ] or between converted, successful 
laparoscopic and open surgery patients [ 70 ]. Lastly, there 
was no difference in wound/port-site recurrences [ 78 ]. 

 Survival analyses confi rm equivalency for LAS in colorec-
tal cancer. There was no difference in disease-free survival at 
3 years [ 68 ,  71 ], 5 years [ 70 ,  72 ,  74 ,  77 ,  79 ], and 10 years 
[ 67 ,  70 ,  78 ] or for any stage of disease [ 68 – 70 ,  72 ,  58 ]. 
However, while the conventional versus  laparoscopic- assisted 
surgery in colorectal cancer study noted no difference in dis-
ease-free survival for converted patients at the 5-year follow-
up, a post 10-year follow-up study of converted patients 
demonstrated signifi cantly worse disease-free survival than 
those with a planned open surgery [ 70 ]. In addition, converted 
patients had signifi cantly worse overall survival at 5 years [ 72 ] 
and at 10 years [ 70 ]. However, disease and anatomic factors 
may account for both the need for conversion and the worse 
prognosis. Ultimately, these results imply that when considering 

the oncological outcomes of number of lymph nodes harvested, 
resection margins, recurrence rates, disease-free survival, and 
overall survival, LAS can be used safely in patients with 
colorectal cancers without a change in oncological outcomes 
[ 65 – 72 ,  74 – 78 ,  80 ]. 

 In addition to the oncological outcomes presented above, 
more traditional outcomes have been investigated including 
length of procedure, adverse events, incision length, esti-
mated blood loss, and number of patients requiring blood 
transfusions. Patients who underwent LAS had signifi cantly 
lower analgesic needs [ 71 ,  75 – 77 ], signifi cantly shorter time 
to oral intake [ 73 ,  75 ,  77 ,  79 ,  80 ], signifi cantly less time to 
bowel function return [ 73 ,  75 – 77 ,  80 ], and signifi cantly 
shorter hospital stay [ 67 ,  71 ,  74 – 77 ,  80 ]. In addition, while 
patients in the LAS treatment group generally had a higher 
quality of life on a short-term scale [ 67 ], in the long term, 
there were no differences in quality of life [ 67 ,  68 ]. 

 In summary, LAS and OS have equivalent oncological 
outcomes for colorectal cancer patients. Concern for circum-
ferential margin positivity in rectal cancer in one trial was 
not identifi ed in subsequent studies or in a meta-analysis. 
LAS has multiple benefi ts in the areas of return of bowel 
function, length of stay, and analgesic needs.   

    Patient Factors 

    Body Mass Index (BMI) 

 There were 13 studies [ 81 – 93 ] analyzing the outcomes of 
LAS as related to body mass index. The aggregate number of 
patients studied was 30,521 of whom 17,305 were classifi ed 
as obese. In their comparison of HALS versus LAS in obese 
patients, Heneghan et al. demonstrated that patients who 
underwent HALS were signifi cantly less likely to have con-
version to open surgery and signifi cantly less blood loss [ 84 ]. 
In comparing the effect of BMI on conversion rates for LAS, 
two studies [ 90 ,  91 ] noted no difference and six studies 
[ 82 ,  85 ,  86 ,  89 ,  92 ,  93 ] found that obesity was a signifi cant 
predictor of conversion. Length of procedure was found to be 
signifi cantly longer with increased BMI [ 85 ,  86 ,  88 ,  90 ,  92 ], 
although no difference was found in procedure length for two 
studies [ 89 ,  91 ]. No differences were noted in complication 
rates [ 86 ,  90 ] and number of transfusions [ 86 ,  88 ], yet obese 
patients had signifi cantly longer incision lengths [ 85 ,  86 ] and 
signifi cantly higher estimated blood loss [ 85 ,  86 ,  90 ]. 

 Analyses of the effect of BMI on operative adverse out-
comes reveal disparate results with no outcomes difference 
for high BMI patients in some studies [ 82 ,  86 ,  90 ,  91 ] and 
four studies demonstrating an increase in morbidity for obese 
patients [ 85 ,  89 ,  92 ,  93 ]. Rates of surgical site infections 
were signifi cantly greater with increased BMI in most studies 
[ 85 ,  88 ,  89 ,  93 ] and obese patients are more likely to have 
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wound dehiscence [ 87 ,  88 ] and incisional hernia [ 86 ]. BMI 
does not appear to effect anastomotic leak [ 85 ,  86 ,  89 – 91 , 
 93 ], abscess [ 85 ,  86 ,  89 ,  93 ], readmission [ 86 ,  92 ], reopera-
tion [ 86 ,  88 ,  90 ,  91 ], or mortality [ 82 ,  86 – 88 ,  90 ,  93 ]. In 
addition, no differences were noted in pain scores [ 91 ], time 
to oral intake [ 86 ,  91 ], time to recovery of bowel function 
[ 85 ,  86 ,  90 ,  91 ], and length of stay [ 86 – 88 ,  90 – 93 ]. 

 In summary, elevated BMI is associated with increased 
rates of conversion, longer operative times, and, in general, 
higher morbidity rates (especially wound complications). 
However, higher BMI is not a contraindication to LAS for 
colorectal surgery. For further information, Dr. Vargas pro-
vides a detailed look at the use of laparoscopy in the obese 
patient in Chap.   29    .  

    Age 

 Elderly patients have physiologic needs that might lend 
themselves to greater benefi ts of laparoscopic colorectal sur-
gery than the younger patient [ 94 ]. There were nine studies 
[ 94 – 102 ] that evaluated the outcomes of LAS in comparison 
with OS. In a study by Frasson et al. [ 96 ], no differences 
were noted between older and younger patients who under-
went LAS in rate of infection complications, surgical site 
infections, abscess, anastomotic leak, bleeding, and postop-
erative small bowel obstruction. Scheibach et al. [ 99 ] identi-
fi ed more cardiac events and higher mortality for elderly 
laparoscopic patients, yet no difference in reoperation rates. 
In a study by Allardyce et al. [ 95 ], there were signifi cantly 
fewer elderly patients with complications, particularly for 
those who underwent successful LAS. The authors com-
mented that the fi ndings were more distinct for the elderly 
when compared with the young patients. There was no dif-
ference between elderly patients who underwent LAS or OS 
in rates of surgical site infection [ 96 – 98 ,  101 ], abscess 
[ 96 ,  98 ,  101 ], noninfectious complications [ 96 ], anastomotic 
leak [ 96 – 98 ,  101 ,  102 ], bleeding [ 96 ,  101 ], postoperative 
small bowel obstructions [ 96 – 98 ,  101 ], readmission [ 98 ,  100 ], 
and reoperation [ 98 ,  101 ]. 

 Lastly, the effect of age on narcotics use, return to bowel 
function, time to oral intake, length of stay, and  independence 
status has been evaluated in patients who undergo laparo-
scopic colorectal surgery as well. Elderly patients who 
underwent LAS, in comparison to OS, had signifi cantly 
lower use of narcotics [ 94 ], signifi cantly earlier return to 
bowel functions [ 94 ,  97 ,  98 ], earlier time to oral intake [ 97 ], 
and shorter length of stay [ 94 – 98 ,  100 – 102 ]. In addition, two 
studies [ 94 ,  102 ] demonstrated that signifi cantly more 
elderly patients who underwent LAS were able to keep their 
independent status, a key advantage of LAS in the elderly. 

 In summary, LAS appears to be safe with at least equivalent 
and often improved perioperative outcomes for the elderly 

patient. The data seem to indicate less functional decline 
after LAS, but more data are needed. Drs. Kann and Bleier 
provide additional information regarding the use of a mini-
mally invasive approach in the elderly in Chap.   28    .   

    Surgeon Factors 

 Laparoscopic-assisted surgery is technically complex, 
requires signifi cant experience, and is associated with a steep 
learning curve [ 103 – 107 ] that is characterized by improved 
outcomes with more experience and a gradual achievement of 
a steady state. A number of manuscripts have studied the 
learning curve for LAS [ 103 – 113 ]. Experiences and defi ni-
tions differed among these studies with some analyzing out-
comes over the course of a surgeon’s experience and noting 
steady improvements [ 105 ,  106 ,  108 ], while other studies 
[ 103 ,  104 ,  107 ,  109 – 111 ,  113 ] analyzing patients in groups 
based on year of surgery and compared these groups in early 
and late experiences. Two studies noted no difference with 
rate of conversions based on surgeon experience or surgeon 
operative volume [ 103 ,  109 ] while others demonstrated a sig-
nifi cant decrease in number of conversions with increasing 
experience [ 105 ,  106 ,  111 ] at a range between 90 and 310 
cases [ 104 ,  106 ,  111 ,  112 ]. All studies demonstrated reduc-
tions in length of procedure time with experience [ 104 ,  105 , 
 107 ,  108 ,  111 – 113 ]. It is clear for many of these studies that 
the learning curve for LAS colorectal procedures is apprecia-
bly longer than for other non-colorectal laparoscopic opera-
tions [ 111 ]. Despite the improvements in procedure time, 
surgeon experience in laparoscopy was not signifi cantly 
associated with reductions in postoperative adverse events in 
seven studies [ 103 ,  105 – 108 ,  110 ,  113 ]. 

 In summary, while the actual number of laparoscopic 
cases is likely to be dependent on the individual surgeon 
experience and other patient-related factors, LAS is associ-
ated with a substantial learning curve for which conversion 
rates decrease and overall outcomes improve with time.  

    Desirable Metrics 

 The vast majority of outcomes evaluated in the studies above 
focused on traditional and logistically easy to defi ne and 
measure outcomes such as operative time, length of stay, 
morbidity, and mortality. However, the value of laparoscopy 
may be in the benefi ts to functional status, quality of life, 
patient satisfaction, and physiologic recovery. In addition, 
many of the outcomes reported are short-term rather than the 
long-term gains that might be achieved from smaller inci-
sions through protection from incisional hernia develop-
ment. Unfortunately, these outcomes are diffi cult to measure 
but may be more valuable to the patient than other more 
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defi nable metrics. Thus, the value of laparoscopic procedures, 
the true benefi t related to incremental technical costs, could 
be better defi ned with an eye toward assessing these nontra-
ditional and longer-term outcomes.  

    Conclusion 

 This review describes the outcomes of laparoscopy in 
colorectal surgery, which up to recently have focused on easy 
to defi ne and measure outcomes. Despite the numerous 
advantages of laparoscopic techniques, the procedures 
remain challenging with limited applicability in some case 
and patient types. As techniques become better refi ned and 
newer instrumentation is developed, the role for laparoscopy 
will also expand. Ultimately, as part of enhanced recovery, 
laparoscopic and other minimally invasive procedures pro-
vide the patient with faster short-term recovery than many 
other open or traditional procedures with comparable onco-
logical and disease results.     
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          Key Points 
•     Surgical advancements do not always proceed in a linear 

fashion.  
•   Advancements in care can result when surgeons partner 

with industry and each listens and learns from one another.  
•   Continued advances in robotic technology will transform 

minimally invasive approaches to colon and rectal 
disease.  

•   Occasionally, the quest to develop a novel technology will 
yield progress in unintended, but highly valuable, areas.  

•   The continual drive to improve patient outcomes impacts all 
areas of patient care, including perioperative management.    

    The valuable insight provided by the authors of this text-
book has allowed all of the editors to review the evolution of 
minimally invasive surgery and its current application to colon 
and rectal disease. From the very beginning, the surgeon’s 
desire to repair a structural problem through increasingly 
smaller incisions has been laudable, although progress has not 
always been linear. “Lufttamponade” therapy was an attempt 
in the early 1900s to treat upper gastrointestinal hemorrhage 
by increasing intra-abdominal pressure via air pumped through 
a tube placed in the abdominal cavity. Georg Kelling became 

the fi rst “laparoscopist,” when in an effort to understand why 
fi lling the abdominal cavity with air did not tamponade upper 
gastrointestinal bleeding, he peered into a dog’s abdominal 
cavity through an eyepiece placed on a tube, calling it “celios-
copy.” It was this “Celioscopy” eventually led to laparoscopy 
as we know it today. Similarly, we have seen how devices 
designed to allow single incision laparoscopic colectomy are 
better applied to trans-anal surgery.  These single incision 
devices placed trans-anally have revolutionized the ability to 
resect superfi cial cancers and polyps from the rectum. 

 The combination of a desire to improve surgical care with 
advances in technology, along with “out of the box” thinking, 
will likely continue to propel the steady march of progress in 
the realm of minimally invasive surgery. On the other hand, 
economic pressures threaten to limit innovation, and the cost 
of new technologies must always be carefully considered. 
Currently, robotic approaches to abdominal colectomy have 
not proven to have an outcome advantage over laparoscopic 
approaches, yet they are increasingly utilized despite the high 
costs of the “robot,” service package, and instrumentation. 
What should our stance therefore be? Should we stand up and 
“tell the emperor he is not wearing clothes”? Perhaps. Any 
surgeon having actually trained with current robotic technol-
ogy, however, will universally tout the remarkable, almost 
magical, ability to maneuver miniaturized instruments that 
move like your hand while being viewed in three dimensions. 

 As educators we have adopted the stance that all technol-
ogies must be carefully and objectively evaluated on many 
fronts. These include, but are not limited to, economic, pro-
cedural, and short- and long-term recovery benefi ts. Further, 
we feel obliged to educate interested practitioners, as cre-
ative thinking may otherwise lead to a use that does reveal 
reliable objective patient benefi t. Surgeon partnership with 
industry is another facet of surgical progress that should not 
be underestimated. The history of surgical innovation is 
notable for the many successful pairings that have changed 
our world. The surgical stapler would likely not exist if Dr. 
Humer Hutel did not reach out to fi fth-generation instrument 
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manufacturer Victor Fischer in 1908 Hungary. The pairing of 
Dr. Mark Ravitch with Leon Hirsch from US Surgical Co. 
facilitated the development of our readily obtainable, 
reliable, reloadable, disposable, and simple-to-use surgical 
stapler of today. 

 The continued quest to develop technologies has encour-
aged surgeons to look closely at all aspects of patient care 
and recovery. Regimented “fast-track” care of the colon and 
rectal surgery patient is the direct result of the movement to 
shorten hospital stay and a by-product of the laparoscopic 
revolution. Surgeons in the mid-1990s recognized that 
patients who underwent laparoscopic colectomy appreciated 
an enhanced recovery with regard to return of bowel function 
and length of stay. Careful analysis revealed, however, that 
behaviors of these “laparoscopic” surgeons included the rou-
tine withholding of nasogastric tubes, early postoperative 
feeding and ambulation, and an effort to decrease opiate use. 
When these care paradigms were applied to all colectomy 
patients, regardless of the approach, enhanced patient recov-
ery was also seen. 

 The future of minimally invasive surgery clearly involves 
the application of robotics. In the current versions of robotic 
colectomy, providers essentially have just switched out the 
standard ports and instruments utilized for laparoscopic col-
ectomy for robot arms and instruments. Since the operations 
on the inside are the same, it is not surprising that outcomes 
are similar. The future may bring approaches where through 
a single incision multiple arms can enter the abdominal cav-
ity and perform the entire resection and anastomosis. Even 
further, perhaps where we end up with robotic colectomy 
will bear little resemblance to how we currently approach the 
surgical treatment of colon and rectal disease. Whatever the 
future holds, technological advances will surely continue to 
allow miniaturization of instruments combined with better 
optics and maneuverability. We will be able to better assess 
tissue perfusion and anastomotic integrity. Individual sur-
geon outcomes will be more transparent, variability between 
providers will be diminished, and greater knowledge of the 
dynamic interplay between surgeon, tissue, and technology 
will be applied for what hopefully will result in measurable 
improvements in patient outcomes.  

    Introduction 

 To understand where we are going, it’s best to look at where 
we’ve come from. There have been tremendous advances in 
the fi eld of laparoscopic colectomy since it was fi rst reported 
nearly a quarter century ago in 1990 [ 1 ]. This was a natural 
progression of the minimally invasive revolution in general 
surgery occurring at the same time, as Mouret initially 

published on laparoscopic cholecystectomy in 1986 and 
 subsequent use blossomed [ 2 ]. Unfortunately, experimental 
and early clinical reports raised concerns about the oncologic 
outcomes of laparoscopic colectomy [ 3 ], specifi cally higher 
rates of port site tumor recurrence. To address these con-
cerns, several prospective randomized trials including the 
Clinical Outcomes of Surgical Therapy Study Group were 
initiated to compare the oncologic outcomes of laparoscopic 
colectomy with open laparotomy [ 4 ]. Not only was the onco-
logic equivalency between open and laparoscopic colectomy 
demonstrated, but also the additional benefi ts of decreased 
narcotic analgesic use and hospital length of stay were also 
identifi ed. Confi rmatory results were found in the European 
COLOR and CLASICC trials [ 5 ,  6 ]. 

 Despite these results, and in contrast to laparoscopic cho-
lecystectomy, laparoscopic colectomy has taken signifi cantly 
longer to gain widespread adoption and still has not reached 
the same level of nationwide utilization. In 1991, 5 years 
after Mouret’s publication, 52 % of cholecystectomies were 
being performed laparoscopically, and this increased to 75 % 
by 2000 [ 7 ]. In contrast, in 2009, approximately 5 years after 
the COST trial data was published, only 31 % of patients in 
a nationwide sample underwent attempted laparoscopic par-
tial colectomy [ 8 ], and this represented a dramatic increase 
in laparoscopic colectomy rates. While the authors found 
several predictive factors for the use of a laparoscopic 
approach, including white race, hospital size, and geographic 
location, its overall use still paled in comparison. Rates were 
not much better in “specialized centers,” as demonstrated by 
an additional study from 2008 to 2011 of academic medical 
centers showing a laparoscopic colectomy rate of 42 % [ 9 ]. 

 Minimally invasive proctectomy, with its technical 
demands due to the narrow confi nes of the pelvis that make 
exposure and retraction more diffi cult, has even less use. The 
oncologic outcomes of laparoscopic proctectomy for resect-
able rectal cancer remain somewhat unclear. The CLASICC 
trial showed a statistically (albeit nonsignifi cant) trend 
towards increased circumferential radial margin positivity in 
patients undergoing laparoscopic low anterior resection. 
Since then, several other trials have demonstrated similar 
rates of short- and moderate-term outcomes. While laparo-
scopic proctectomy is gaining acceptance, it is missing the 
“push” that the COST trial did for laparoscopic use in colon 
cancer. This may come from the ACOSOG Z6051 trial [ 10 ], 
initiated in 2008, which is a phase III prospective trial com-
paring laparoscopic vs. open resection for tumors within 
12 cm of the anal verge. The results of this important study 
and others like it may serve as an impetus to more widely 
expand the utilization of laparoscopy in rectal cancer surgery 
for those surgeons with the experience and expertise to 
become facile in its use.  
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    Expanding the Role of Minimally Invasive 
Colectomy 

 One of the reasons to explain the delay in widespread 
adoption of laparoscopic colectomy is the diffi culty of the 
procedure. To overcome this, especially when struggling 
performing a “pure” or straight laparoscopic approach, 
hybrid techniques have been developed. Hand-assisted meth-
ods and laparoscopic mobilization only (followed by smaller 
incisions to complete the case) maintain more natural haptic 
feedback and use the same incisions as the specimen extrac-
tion site (Fig.  36.1a, b ). Head-to-head comparisons of 
straight laparoscopic to hand-assisted techniques have shown 
no signifi cant differences with respect to operative times, 
pain scores, narcotic use, and length of stay outcomes [ 11 ]. 
Furthermore, as Dr. Vargas points out in his chapter, patients 
with morbid obesity present a technical challenge for which 
hand-assisted techniques may allow for a greater proportion 
of these patients to receive the benefi ts of laparoscopic colec-
tomy. Interestingly, however, a survey of general surgeons 
not currently offering laparoscopic colectomy showed that 
74 % did not feel that hand-assisted devices would infl uence 
them to adopt laparoscopic colectomy [ 12 ].

      Equipment 

 The equipment available for laparoscopic colectomy contin-
ues to evolve and improve. Equipment in the early laparo-
scopic era was basic [ 2 ], and mesenteric vessels were divided 
with clips, ENDOLOOPS™ (Ethicon, Cincinnati, OH), or 
ligatures. The advent of advanced energy devices has made 
intracorporeal vessel division safe, rapid, and reliable. 
Surgeons now have at their disposal ultrasonic, bipolar, and 
combination devices that can seal vessels up to 7 mm in 

diameter [ 13 ]. Endoscopic stapling devices come in a variety 
of lengths, staple heights, and degree of articulation. Powered 
staplers have been introduced to reduce surgeon effort and 
provide uniform compression when stapling. This is not to 
say that everything is perfect. Rectal division after low ante-
rior resection remains a challenge, as no available stapling 
device has true 90° articulation. While high-defi nition imag-
ing has certainly provided a huge upgrade, cameras continue 
to fog up, and visualization can always be improved. 

 Needlescopic instrumentation is another promising area. 
Also referred to as minilaparoscopy, it involves the use of 
instruments 3 mm or less in diameter. These instruments 
have been used for multiple procedures including cholecys-
tectomy, appendectomy, among others [ 14 ]. While they can 
obviate the need for standard 5 mm transfascial access ports 
and potentially result in reduced scarring and postoperative 
pain, their lack of rigidity results in durability issues, as well 
as poor control and tissue manipulation, especially in obese 
patients. Despite these disadvantages, needlescopic instruments 
continue to evolve. The percutaneous surgical set (Ethicon, 
Cincinnati, OH) allows for standard-size instrument heads to 
be placed on needlescopic shafts that can be assembled within 
the abdominal cavity. Although this is FDA approved, it is not 
yet commercially available, and generalized use will provide 
more insight into their ultimate utility [ 15 ].  

    Limited Access Laparoscopy 
and Natural Orifi ce Surgery 

 As yesterday’s laparoscopic pioneers pushed minimally inva-
sive techniques over traditional open surgery, limited access 
laparoscopy and natural orifi ce transluminal surgery are being 
developed by tomorrow’s generation of minimally invasive 
surgeons. Limited access laparoscopic surgery involves 
reducing the number of access sites used for a procedure. 

  Fig. 36.1    ( a ) Laparoscopic view of a colovesical fi stula. ( b ) Hand-assisted laparoscopic techniques allow for takedown of the fi stula and demon-
stration of the abscess cavity       
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In theory, this reduces a patient’s pain and discomfort postop-
eratively. Reduction in the number of incisions provides the 
potential for improved cosmesis. Single-incision laparoscopic 
surgery (SILS) has been successfully used for a variety of 
colorectal procedures, including segmental colectomy, total 
colectomy, and even proctocolectomy [ 16 – 18 ]. The incision 
site is often chosen in the umbilicus or at a site of planned 
ostomy formation to minimize visible scar. Multiple trocars 
can be placed through a single fascial incision or one of the 
commercially available single-incision ports can be used. 
One of the diffi culties with SILS colectomy is the loss of 
triangulation with traditional laparoscopy. Rather, in-line 
dissection and visualization must be performed. Various inno-
vative technologies have been introduced to try and overcome 
some of these diffi culties, including fl exible tip cameras and 
curved instruments. Extracorporeal magnetic retraction has 
been used to make up for the lack of triangulation in retrac-
tion [ 19 ]. Despite the purported benefi ts of reducing the num-
ber of laparoscopic incisions, no randomized trial has shown 
any benefi t of SILS colectomy over traditional laparoscopic 
colectomy, with the one notable exception of patient per-
ceived cosmesis [ 20 ]. 

 Unlike the appendix or gallbladder, one of the limiting 
factors in minimizing the invasiveness of laparoscopic colec-
tomy is the need for specimen removal. Even when a true 
intracorporeal anastomosis is performed, often a bulky, dis-
eased colon, mesentery, or tumor must be extracted through 
the abdominal wall, requiring an incision of several centime-
ters in length. Alternate anatomical sites have been described 
for specimen extraction, sometimes referred to as natural 
orifi ce specimen extraction (NOSE). These include the 
vagina, stomach, and anus [ 21 – 23 ]. Transvaginal access to 
the abdominal cavity has been performed for the longest 
period of time and is relatively safe. Transgastric access is a 
developing fi eld and has been used successfully for “incision- 
less” cholecystectomy [ 24 ]. Concerns still remain regarding 
the safety of the gastrotomy closure and the potential conse-
quences with a leak at the site. Transanal abdominal cavity 
access is interesting in that it is more easily achieved when 
performing low or left-sided colorectal anastomosis. 
Specimen extraction can then be performed via the rectal 
stump, obviating the need for abdominal extraction exci-
sions. Yet, adding a colotomy for more proximal resections, 
similar to gastric extraction, provides an additional source 
of morbidity and risk to the procedure for an, as yet, 
unknown benefi t. 

 Other more established techniques are witnessing 
expanded use in attempt to push the “scarless” surgery 
envelope. Transanal endoscopic microsurgery (TEM) was 
introduced by Buess in 1988 [ 25 ]. TEM allows for full-thick-
ness rectal resections in locations more proximal than would 
be amenable to traditional transanal excision. Recently, 
transanal oncologic proctectomy using this same equipment, 

but accessing the presacral plane from below, has been 
reported [ 26 ]. While this is promising, challenges remain. 
Diffi culties have been encountered dissecting proximal to 
the sacral promontory. Furthermore, mobilization of the 
splenic fl exure to allow for a low-rectal anastomosis using 
current technology remains a signifi cant challenge. 
Therefore, while the anus and rectum can be used as an 
extraction site in NOSE procedures and TEM used for rectal 
closure, technical and technological modifi cations are 
required to allow for more widespread adaption. 

 Furthermore, TEM setups consist of a rigid, operating 
proctoscope, binocular optics, insuffl ation, and multiple 
laparoscopic working ports. This specialized equipment 
comes with a high startup cost. Recently, commercially 
available, disposal laparoscopic transanal ports have become 
available. These devices allow for TEM procedures to be 
completed with standard laparoscopic equipment, at a frac-
tion of the cost, which may increase its utilization more than 
any other factor. 

 Flexible endoscopy has been an indispensable tool for the 
colorectal surgeon for many years. Colonoscopy allows for 
diagnosis and treatment of a large number of colorectal dis-
eases. Investigators have increasingly pushed the envelope on 
what types of colon lesions can be resected with an endoscope. 
Endoscopic polypectomy has evolved signifi cantly from sim-
ple snare techniques [ 27 ]. More recently, large polyps can be 
removed en bloc with endoscopic mucosal resection tech-
niques. Furthermore, borrowing techniques fi rst developed 
from the upper GI tract, even larger masses and early cancers 
can be removed with endoscopic submucosal dissection. 
Hybrid laparo-endoscopic procedures have also been per-
formed, where an abdominal surgeon assists an endoscopic 
surgeon in the removal of large polyps or performs wall clo-
sure after full-thickness colon resection. Newer techniques 
are being developed allowing for colonic wall closure after 
full-thickness resection using only the colonoscope [ 28 ]. 
Refi nement in NOTES technology has included large, multi-
channel, operating endoscopes [ 29 ] that presumably could 
also be deployed for intracolonic dissections.   

    Robotics 

 Another important potential infl uence on the future of 
minimally invasive colectomy is the emergence of robotic- 
assisted surgery (Fig.  36.2 ). Originally developed as 
voice-guided camera assistants for laparoscopy [ 30 ], modern 
surgical robotic platforms provide multiple surgeon- 
controlled arms with binocular vision [ 31 ]. They allow for 
wrist-like degrees of freedom during dissection and neutral-
ize physiologic tremor. Robotic assistance has been applied to 
all areas of traditionally laparoscopic or open colon surgery, 
including segmental colectomy, single-incision colectomy, 

H.M. Ross and M.M. Philp



403

and even proctectomy [ 32 – 34 ], the latter of which may be 
the procedure that benefi ts the most from robotic assistance. 
The narrow confi nes of the pelvis magnify the benefi ts of 
improved visualization and precise dissection that robotic 
surgery allows. Some reports have suggested decreased rates 
of circumferential radial margin positivity with robotic- 
assisted proctectomy for cancer [ 35 ,  36 ]. In addition, tech-
nology to estimate the adequacy of perfusion to the bowel is 
available on the robotic platform (Video  36.1 ).

   One of the major drawbacks of robotic-assisted surgery is 
the cost. A surgical robotics platform costs seven fi gures to 
obtain and has ongoing maintenance service contract costs. 
Dedicated, specially trained staff is needed to set up and assist 
in cases. Robots have space requirements and may necessitate 
OR facility modifi cations to allow for optimal deployment. 
The increased cost of robotic colectomy would be acceptable 
if associated increases in value were realized. However, no 
reports have yet to identify any consistent benefi ts of robotic-
assisted colectomy over conventional laparoscopic colectomy. 
Multiple studies have confi rmed the equivalence of robotic 
surgery to laparoscopic surgery, with respect to short-term 
complications and length of stay metrics, but at the expense of 
greater costs [ 37 – 40 ]. There is some data suggesting improved 
sexual function with robotic rectal surgery [ 35 ]; however, 
randomized clinical trials for confi rmation are awaited. 
The ACOSOG Z6051 trial is including robotic proctectomy in 
its minimally invasive arm, and the ROLARR (robotic vs. 
laparoscopic resection for rectal cancer) trial [ 41 ] also aims 
to determine any potential advantages of robotic over laparo-
scopic surgery. Regardless, looking ahead, the robotic plat-
forms of today likely are not the platforms of tomorrow. 
Transanal use, single-incision approaches, and smaller 
equipment profi les all will likely expand its horizons, along 
with increased use during residency training.  

    Perioperative Care 

 Postoperative ileus (POI) is a major source of morbidity for 
patients undergoing laparoscopic colectomy. Ileus, although 
variably defi ned in clinical studies, is a delay in the return of 
gastrointestinal function after abdominal surgery. It has been 
estimated that managing prolonged ileus accounts for $1.46 
billion in national healthcare costs for abdominal surgery. 
The incidence of prolonged ileus in laparoscopic colec-
tomy patients is roughly 10 % [ 42 ,  43 ], and its development 
alone after colectomy increases hospitalization costs up to 
15 % [ 44 ]. 

 First proposed by Kehlet [ 45 ], fast-track, or enhanced 
recovery, protocols were developed to minimize ileus, 
decrease length of stay, and reduce complications. They 
encompass a wide range of preoperative, perioperative, and 
postoperative care measures with the focused goal of improv-
ing patient outcomes. Most protocols incorporate avoiding 
nasogastric tubes and drains, early feeding, and minimizing 
narcotics use, to name just a few components of care. Novel 
pharmaceutical agents have been developed to counteract the 
effects of narcotics on increasing POI [ 42 ,  46 ]. Fast-track 
protocols have been shown to reduce length of stay in the 
setting of laparoscopic colectomy [ 47 ]. Despite the techno-
logical advances in minimally invasive colectomy techniques, 
reduced incisions, and NOSE, POI will likely continue to 
cause morbidity and increase length of stay. Surgeons will 
have to continue to refi ne and improve their care protocols to 
maximize patient outcomes. When judged from the adminis-
trative perspective of cost and length of stay, even the most 
innovative surgical techniques will fail if the other important 
factors contributing to recovery are ignored.  

    Healthcare Reform 

 The US healthcare system is currently in a period of great 
uncertainty. The Patient Protection and Affordable Care Act 
(PPACA) [ 48 ] signed into law by President Obama in 2010 is 
arguably the greatest change to our healthcare system since the 
origination of Medicare in 1965. While political brinkmanship 
and debate over the law continues, the Supreme Court has 
upheld the constitutionality of the individual mandate, so the 
numerous provisions of the PPACA seem likely to shape the 
face of medicine and surgery in the years to come. One of the 
major effects of the PPACA is expanding the availability of 
healthcare services to Americans. The law will accomplish this 
in various ways, including insurance exchanges, extended ben-
efi ts for dependents, expansion of the Medicaid program, and 
fi nancial disincentives for those to choose not to carry health 
insurance. With an aging population, and now with more 
patients eligible for healthcare benefi ts, one could expect the 

  Fig. 36.2    Dual console robotic equipment that can be used effectively 
for training       

 

36 Future Directions in Minimally Invasive Surgery



404

demand for minimally invasive treatments for colon and rectal 
diseases to dramatically increase. 

 A move away from traditional fee-for-service reim-
bursement will also affect the future of minimally invasive 
surgery. Accountable care organizations (ACOs) are 
groups, concentrated around primary care physicians, that 
assume responsibility for the total care of a cohort of 
patients [ 49 ]. In theory, costs savings are obtained through 
better integration and coordination of care within the 
ACO. Any potential cost savings are shared between the 
ACO and Medicare. This incentivizes high-quality health-
care delivery, over volume for profi t. However, these cost 
savings may not be as relevant to inpatient services as they 
are to ambulatory ones [ 50 ]. The impact of ACOs on surgical 
care remains to be seen. 

 The expansion of minimally invasive colon surgery 
should fi t well into the ideals of a high-quality procedure. 
Although there are slightly increased costs upfront, due to 
increased equipment cost, savings are realized by decreased 
hospital length of stay and infectious complications. ACOs 
could favor and promote the use of minimally invasive colec-
tomy over open surgery in their networks, but only for prop-
erly selected patients. 

 Finally, as previously noted, implementation of laparo-
scopic colectomy in rural and smaller hospitals still lags behind 
larger or more urban institutions. Much of this is likely related 
to the practice preferences of surgical specialists trained in 
minimally invasive colectomy. There is clearly an opportunity 
for the role of minimally invasive colectomy to expand in these 
areas. As the next generation of surgeons enters the workforce, 
more experienced in a wide variety of minimally invasive sur-
gery than their predecessors, there will likely be more practitio-
ners offering laparoscopic colon surgery. Further measures 
have been implemented to increase the number of general sur-
geons in practice and direct them to geographic areas in 
need. The PPCA enacted a 10 % bonus payment to general 
surgeons in health provider shortage areas. Persistently 
unfi lled residency training positions will be reallocated to 
primary care and general surgery positions.  

    Pearls and Pitfalls 

•        Balance your eagerness to incorporate the “latest and 
greatest” technology with a thorough understanding of 
what it really has to offer, and ensure you know not only 
how it works, but also whether it is actually better.  

•   Innovation typically comes with higher costs, and you 
should be knowledgeable about them. However, while 
direct costs will likely always be greater, lower indirect 
costs could mean savings to your patient, the hospital, and 
the healthcare system.  

•   While improving outcomes for minimally invasive 
approaches to colorectal disease often focuses on indi-

vidual aspects of care, it is truly the entire package that 
will ultimately make a difference. From appropriate pre-
operative evaluation and intraoperative technique to 
enhanced recovery protocols and technological advances 
that improve the entire process and lower costs, you need 
to be aware of all facets to lower morbidity and enhance 
your individual outcomes.     

    Conclusion 

 The fi rst quarter century of laparoscopic colectomy has seen 
dramatic changes. It has progressed from an investigational 
technique with questionable oncologic outcomes to a well- 
accepted minimally invasive operation with great benefi ts to 
patients and oncologic outcomes equivalent to open surgery. 
Robust, prospective clinical studies have been completed 
confi rming its benefi ts. The surgical equipment for laparo-
scopic colectomy continues to evolve at a rapid rate, making 
procedures more effi cient and reliable. The recent emergence 
of robotic colon surgery is clearly a triumph of engineering 
and medical science. However, its further adoption may be 
checked by the evolving nature of our healthcare system. 
Surgeons in the future will need to demonstrate high quality 
and value in their procedures to thrive; therefore, while 
robotic colectomy is currently not superior to well- established, 
lower-cost, high-value laparoscopic colectomy, the technol-
ogy and its possibilities are too great to ignore. 

 Finally, the boundaries of minimally invasive colectomy 
have only been stretched and surgical investigators continue 
to push the envelope. The prospects of limited access lapa-
roscopy, natural orifi ce surgery or specimen extraction, and 
robotics are exciting. What remains to be seen is whether 
these techniques are adopted on a large scale. There remains 
a great amount of work to be done in terms of getting “rou-
tine” laparoscopic colectomy implemented in many areas. 
Implementation of limited access laparoscopy or robotics 
presents even greater challenges. Cost and value will be 
important factors moving forward in our evolving healthcare 
climate, and robust clinical studies will be needed to demon-
strate any advantages over standard laparoscopic techniques. 
While predicting the future is guaranteed to be fl awed with 
inaccuracies, one surety is we are blessed to be witnesses 
and a part of exciting and rapidly evolving times that will 
(hopefully) ultimately improve outcomes in our patients 
with colorectal disease.      
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