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Preface

Surgical Principles of Minimally Invasive Procedures guides surgeons and surgical residents 
in managing patients who undergo minimally invasive surgery. Surgeons with vast experience 
in minimally invasive surgery liberally share their own considerations, thoughts, and lessons 
learned in this Manual of the European Association of Endoscopic Surgery (EAES). Selection 
of patients including discussion of contraindications for minimally invasive surgery and cave-
ats is followed by detailed description on preparation for surgery, operation room setup, and 
patient positioning. The authors of Surgical Principles of Minimally Invasive Procedures have 
dissected the surgical procedures in operative steps and address risks, troubleshooting, and 
when to convert to open surgery. Each chapter offers advice on postoperative care and early 
recognition and management of complications.

This manual is a product of teamwork and I wish to acknowledge and thank all the listed 
contributors. Selman Uranues and Roberto Bergamaschi, initiators of the manual, and Stavros 
Antoniou, Alfred Cuschieri, Luigi Boni, Filip Muysoms, Michael Rhodes, Andras Vereczkei, 
and Ramon Vilallonga, members of the EAES Journal and Publication Committee, who served 
as editorial committee, are recognized for their significant contributions.

Kevin Fahrman, graphic designer at Foreside Photography, and his team have created excel-
lent illustrations of patient positioning, trocar placement, and surgical scenarios. Guy-Bernard 
Cadière has graciously permitted access to a wide array of high-quality surgical illustrations, 
and Miguel Cuesta has provided valuable support in editing and processing the artwork.

The EAES is committed to enhancing the quality of surgical care by sharing knowledge and 
providing educational resources. Future EAES manuals will focus on minimally invasive pedi-
atric surgery and thoracic surgery.

Amsterdam, The Netherlands� H. Jaap Bonjer 



vii

Part I  General Principles

	 1	� Ergonomics for Minimal Access Surgery��������������������������������������������������������������������   3
Abe Fingerhut and George B. Hanna

	 2	� Safety in the Operating Theatre ����������������������������������������������������������������������������������   9
Linda S.G.L. Wauben, Jenny Dankelman, and Johan F. Lange

	 3	� Access to the Abdominal and Thoracic Cavity����������������������������������������������������������   15
H. Jaap Bonjer and Jan Wolter A. Oosterhuis

Part II  Abdominal Wall

	 4	� Totally Extraperitoneal Endoscopic Inguinal Hernia Repair (TEP)����������������������   21
Marc J. Miserez

	 5	� Inguinal and Femoral Hernia Trans-Abdominal Pre-peritoneal  
Patch Plasty (TAPP)����������������������������������������������������������������������������������������������������   27
Jan F. Kukleta

	 6	� Laparoscopic Ventral Hernia Repair ������������������������������������������������������������������������   33
Salvador Morales-Conde, María Socas, and Isaias Alarcón

Part III  Oesophagus

	 7	� Motility Disorders��������������������������������������������������������������������������������������������������������   41
Giovanni Zaninotto and Mario Costantini

	 8	� Gastroesophageal Reflux Disease (GERD) and Hiatal Hernia��������������������������������   47
Rudolph Pointner

	 9	� Minimally Invasive Esophageal Resection����������������������������������������������������������������   53
Donald L. van der Peet and Miguel A. Cuesta

Part IV  Stomach

	10	� Laparoscopic Gastrectomy������������������������������������������������������������������������������������������   61
Wiley Chung and Teodor P. Grantcharov

	11	� Laparoscopic Repair of Perforated Peptic Ulcer������������������������������������������������������   71
Jonathan B. Yuval and Amir Szold

Contents



viii

Part V  Bariatric Surgery

	12	� Selection of Bariatric Procedures ������������������������������������������������������������������������������   77
G.-B. Cadière, Jacques Himpens, and Ramon Vilallonga

	13	� Gastric Banding ����������������������������������������������������������������������������������������������������������   87
Frank A. Granderath and Andreas Kirschniak

	14	� Gastric Bypass��������������������������������������������������������������������������������������������������������������   93
Mario Morino and Gitana Scozzari

	15	� Sleeve Gastrectomy����������������������������������������������������������������������������������������������������   101
Konstantinos Albanopoulos and Joanna Papailiou

	16	� Laparoscopic Biliopancreatic Diversion with Duodenal Switch����������������������������   107
Catalin Copaescu

	17	� Revisional Procedures for Failed Bariatric Operations ����������������������������������������   115
Jacques Himpens and Ramon Vilallonga

Part VI  Liver

	18	� Laparoscopic Liver Resection����������������������������������������������������������������������������������   125
Giulio Belli, Corrado Fantini, Alberto  D’Agostino, Luigi Cioffi,  
Gianluca  Russo, Andrea Belli, and Paolo Limongelli 

	19	� Non-resection: Radiofrequency Ablation, Cryo, Microwave ��������������������������������   131
Roberto Santambrogio, Matteo Barabino, and Enrico Opocher

Part VII  Galbladder and Biliary Ducts

	20	� Cholecystectomy��������������������������������������������������������������������������������������������������������   139
Jack J. Jakimowicz and Johannes F. Smulders

	21	� Surgical Management of Ductal Calculi������������������������������������������������������������������   145
Alessandro M. Paganini, Silvia Quaresima, Andrea Balla, and Emanuele Lezoche

Part VIII  Pancreas

	22	� Laparoscopic Surgery of Pancreatic Body and Tail������������������������������������������������   155
Laureano Fernández-Cruz

	23	� Laparoscopic Pancreaticoduodenectomy����������������������������������������������������������������   161
Igor E. Khatkov, Victor V. Tsvirkun, Roman E. Izrailov, and Pavel S. Tyutyunnik

	24	� Treatment of Severe Complicated Pancreatitis ������������������������������������������������������   167
Alfred Cuschieri

Part IX  Spleen

	25	� Laparoscopic Surgery of the Spleen������������������������������������������������������������������������   175
Eduardo M. Targarona Soler

Part X  Small Intestine

	26	� Adhesiolysis for Bowel Obstruction ������������������������������������������������������������������������   183
Wilhelmus J.H.J. Meijerink

Contents



ix

Part XI  Colon and Appendix

	27	� Diagnostic Laparoscopy in Suspected Appendicitis and Laparoscopic 
Appendectomy������������������������������������������������������������������������������������������������������������   189
Agneta Montgomery

	28	� Laparoscopic Right Colectomy��������������������������������������������������������������������������������   197
Luigi Boni, Giulia David, and Elisa Cassinotti

	29	� Left Colectomy and Sigmoidectomy������������������������������������������������������������������������   201
A.M. Lacy and M. Fernández-Hevia

	30	� Total Colectomy ��������������������������������������������������������������������������������������������������������   207
Willem A. Bemelman

Part XII  Rectum

	31	� Laparoscopic Resection of the Rectum��������������������������������������������������������������������   215
Timothy A. Rockall and Bruce F. Levy

	32	� Laparoscopic Rectopexy with or without Resection for Full Thickness  
Rectal Prolapse ����������������������������������������������������������������������������������������������������������   225
Syed Abbas and Roberto Bergamaschi

	33	� Transanal Endoscopic Microsurgery ����������������������������������������������������������������������   231
Mario Morino and Marco E. Allaix

	34	� TransAnal Minimally Invasive Surgery (TAMIS)��������������������������������������������������   237
A.M. Lacy and M. Fernández-Hevia

Part XIII  Thyroid and Parathyroid

	35	� Thyroid and Parathyroid (MIVAT and MIVAP) ���������������������������������������������������   245
Paolo Miccoli and Gabriele Materazzi

Part XIV  Adrenal

	36	� Laparoscopic Transperitoneal Adrenalectomy ������������������������������������������������������   253
Luigi Boni, Stefano Rausei, Matteo Di Giuseppe, Elisa Cassinotti,  
and Gianlorenzo Dionigi

	37	� Retroperitoneal Adrenalectomy��������������������������������������������������������������������������������   259
H. Jaap Bonjer and M. Walz

Part XV  Innovative Minimally Invasive Techniques

	38	� NOTES and Hybrid NOTES Procedures in Clinical Practice ������������������������������   267
K.H. Fuchs, W. Breithaupt, G. Varga, and T. Schulz

	39	� Single Incision Laparoscopy ������������������������������������������������������������������������������������   275
Helmut G. Weiss, Jan Schirnhofer, Eberhard Brunner, Katharina Pimpl,  
Christof Mittermair, Christian Obrist, and Michael Weiss

	40	� Robotic Surgery ��������������������������������������������������������������������������������������������������������   285
Ivo A.M.J. Broeders

	�Index������������������������������������������������������������������������������������������������������������������������������������   291

Contents



xi

Isaias Alarcón  Unit of Innovation in Minimally Invasive Surgery, University Hospital 
“Virgen del Rocío”, Sevilla, Spain

Konstantinos Albanopoulos, MD, PhD  Department of Propaedeutic Surgery, Medical 
School, University of Athens, Athens, Greece

Marco E. Allaix, MD, PhD  Department of Surgical Sciences, University of Torino, Torino, 
Italy

Stavros A. Antoniou, MD, PhD, FEBS  Department of General Surgery, University 
Hospital of Heraklion, Heraklion, Crete, Greece

Center for Minimally Invasive Surgery, Neuwerk Hospital, Mönchengladbach, Germany

Matteo Barabino, MD  Chirurgia Epato-bilio-pancreatica e Digestiva, A.O. San Paolo, 
Università degli Studi di Milano, Milan, Italy

Andrea Belli, MD  Department of Abdominal Oncology, Division of Surgical Oncology,  
Istituto Nazionale Tumori Fondazione G. Pascale – Istituto Di Ricovero e Cura a Carattere 
Scientifico, Naples, Italy

Giulio Belli, MD  Department of General and Hepato-Pancreato-Biliary Surgery, 
S.M. Loreto Nuovo Hospital, Naples, Italy

Willem A. Bemelman, PhD  Academic Medical Center, University of Amsterdam, 
Amsterdam, The Netherlands

Roberto Bergamaschi, MD, PhD  Division of Colon & Rectal Surgery, State University of 
New York, Stony Brook, NY, USA

Luigi Boni, MD, FACS  Minimally Invasive Surgery Research Center, University of 
Insubria, Azienda Ospedaliero Universitaria, Fondazione Macchi, Varese, Italy

H. Jaap Bonjer, MD, PhD, FRCSC  Department of Surgery, VU University Medical 
Center, Amsterdam, The Netherlands

W. Breithaupt  Department of Surgery, Agaplesion Markus-Krankenhaus, Frankfurt, 
Germany

Ivo A.M.J. Broeders  Department of Surgery, Meander Medical Centre, Amersfoort, The 
Netherlands

Eberhard Brunner, MD  General Surgery Department, Saint John of God Hospital, 
Salzburg, Austria

G-B Cadiere, MD, PhD  European School of Laparoscopic Surgery, Centre Hospitalier 
Universitaire Saint-Pierre, Brussels, Belgium

Elisa Cassinotti, MD  Minimally Invasive Surgery Research Center, University of Insubria, 
Azienda Ospedaliero Universitaria, Fondazione Macchi, Varese, Italy

Contributors



xii

Wiley Chung  Department of General Surgery, St. Michael’s Hospital, Toronto, ON, Canada

Luigi Cioffi, MD  Department of General and Hepato-Pancreato-Biliary Surgery, 
S.M. Loreto Nuovo Hospital, Naples, Italy

Catalin Copaescu, MD, PhD  Minimal Invasive & Bariatric Surgery Department, Delta 
Hospital, Bucharest, Romania

Mario Costantini, MD  Department of Surgery, Gastroenterology and Oncology, University 
of Padova, School of Medicine, Padova, Italy

Miguel A. Cuesta, MD  Department of Surgery, VU University Medical Center, Amsterdam, 
The Netherlands

Alfred Cuschieri, MD, ChM, DSc, FRSE, FRCS, FACS  Department of Surgery and 
Molecular Oncology, Ninewells Hospital and Medical School, Dundee, Scotland

Alberto D’Agostino, MD  Department of General and Hepato-Pancreato-Biliary Surgery, 
S.M. Loreto Nuovo Hospital, Naples, Italy

Jenny Dankelman, PhD  Department of BioMechanical Engineering, Delft University of 
Technology, Delft, The Netherlands

Giulia David, MD  Minimally Invasive Surgery Center, Department of Surgical and 
Morphological Sciences, University of Insubria, Varese, Italy

Charlotte Deijen  Department of Surgery, VU University Medical Center, Amsterdam, The 
Netherlands

Matteo Di Giuseppe, MD  Minimally Invasive Surgery Research Center, University of 
Insubria, Azienda Ospedaliero Universitaria, Fondazione Macchi, Varese, Italy

Gianlorenzo Dionigi, MD, FACS  Minimally Invasive Surgery Research Center, University 
of Insubria, Azienda Ospedaliero Universitaria, Fondazione Macchi, Varese, Italy

Corrado Fantini, MD  Department of General and Hepato-Pancreato-Biliary Surgery, 
S.M. Loreto Nuovo Hospital, Naples, Italy

Laureano Fernández-Cruz  Professor of Surgery, University of Barcelona, Department of 
Surgery, Hospital Clinic i Provincial de Barcelona, Villarroel 170, escalera 6, 4ª planta, 
08036 Barcelona, Spain

M. Fernández-Hevia  Department of Surgery, Hospital Clinic de Barcelona, Barcelona, 
Spain

Abe Fingerhut, MD, FACS, FRCPS(g), FRCS(hon) Ed  Poissy, France

Caterina Foppa, MD  Division of Colon and Rectal Surgery, State University of New York, 
Stony Brook, NY, USA

K.H. Fuchs, PhD  Department of Surgery, Agaplesion Markus-Krankenhaus, Frankfurt, 
Germany

Frank A. Granderath, PhD  Department of General and Visceral Surgery, Hospital 
Neuwerk “Maria von den Aposteln”, Mönchengladbach, Germany

Teodor P. Grantcharov, MD, PhD, FACS  Department of General Surgery, St. Michael’s 
Hospital, Toronto, ON, Canada

George Hanna  Department of Surgery, Imperial College, London, UK

Jacques Himpens, MD, PhD  Obesity Department, AZ Sint Blasius, Brussels, Belgium

Papailiou Ioanna, MD, MSc, PhD  1st Department of Propaedeutic Surgery, Medical 
School, University of Athens, AG.PARASKEVI, Athens, Greece

Contributors



xiii

Roman E. Izrailov, MD, PhD  Moscow Clinical Scientific Center, Moscow, Russia

Moscow State University of Medicine and Dentistry, Moscow, Russia

Jack J. Jakimowicz, MD, PhD, FRCS, Ed.  Department of Research and Education, 
Catharina Hospital, Technical University of Delft, Eindhoven, The Netherlands

Igor E. Khatkov, MD, PhD  Moscow Clinical Scientific Center, Moscow, Russia

Moscow State University of Medicine and Dentistry, Moscow, Russia

Andreas Kirschniak  Department for General, Visceral and Transplant Surgery, University 
Hospital Tübingen, Tübingen, Germany

Jan F. Kukleta, MD, FMCH  Zurich, Switzerland

A.M. Lacy  Department of Surgery, Hospital Clinic de Barcelona, Barcelona, Spain

Johan F. Lange, PhD, MD  Department of Surgery, Erasmus University Medical Center, 
Rotterdam, The Netherlands

Bruce F. Levy, MBChB, MRCS  Minimal Access Therapy Training Unit, Post Graduate 
Medical School, University of Surrey, Guildford, Surrey, UK

Emanuele Lezoche, MD, FACS  Chirurgia Generale, Specialita’ Chirurgiche e Trapianti 
d’Organo “Paride Stefanini”, Policlinico Umberto I, Rome, Italy

Giovanni Lezoche, MD  Department of General Surgery, Ospedali Riuniti, Universita’ 
Politecnica Delle Marche, Ancona, Italy

Paolo Limongelli, MD, PhD  Department of General and Hepato-Pancreato-Biliary Surgery, 
S.M. Loreto Nuovo Hospital, Naples, Italy

Gabriele Materazzi, MD  Dipartimento di Chirurgia, Rome, Italy

Wilhelmus J.H.J. Meijerink, MD, PhD  Department of Gastro-Intestinal and Advanced 
Laparoscopy, VU University Medical Center, Amsterdam, The Netherlands

Paolo Miccoli, MD  Department of Surgery, University of Pisa, Pisa, Italy

Marc J. Miserez, MD, PhD  Department of Abdominal Surgery, University Hospital 
Gasthuisberg, Katholieke Universiteit Leuven, Leuven, Belgium

Christof Mittermair, MD  General Surgery Department, Saint John of God Hospital, 
Salzburg, Austria

Agneta Montgomery, MD, PhD  Department of Surgery, Skåne University Hospital, 
Malmö, Sweden

Salvador Morales-Conde  Unit of Innovation in Minimally Invasive Surgery, University 
Hospital “Virgen del Rocío”, Sevilla, Spain

Mario Morino, MD  Digestive, Colorectal and Minimal Invasive Surgery, University of 
Torino, Torino, Italy

Filip Muysoms  Department of Surgery, Maria Middelares, Ghent, Belgium

Christian Obrist, MD  General Surgery Department, Saint John of God Hospital, Salzburg, 
Austria

Jan Wolter A. Oosterhuis, MD, PhD  Department of Surgery, VU University Medical 
Center, Amsterdam, The Netherlands

Enrico Opocher, MD  Chirurgia Epato-bilio-pancreatica e Digestiva, A.O. San Paolo, 
Università degli Studi di Milano, Milan, Italy

Contributors



xiv

Alessandro M. Paganini, MD, PhD, FACS  Chirurgia Generale, Specialita’ Chirurgiche e 
Trapianti D’Organo “Paride Stefanini”, Policlinico Umberto I, Rome, Italy

Joanna Papailiou  Department of Propaedeutic Surgery, Medical School, University of 
Athens, Athens, Greece

Katharina Pimpl, MD  General Surgery Department, Saint John of God Hospital, Salzburg, 
Austria

Rudolph Pointner, PhD  Department of Surgery, A.ö. Krankenhaus Zell am See, Zell am 
See, Austria

Stefano Rausei, MD  Minimally Invasive Surgery Research Center, University of Insubria, 
Azienda Ospedaliero Universitaria, Fondazione Macchi, Varese, Italy

Michael Rhodes  Stepping Hill Hospital, Stockport, Manchester, UK

Timothy A. Rockall, MB BS, FRCS, MD  Minimal Access Therapy Training Unit, Post 
Graduate Medical School, University of Surrey, Guildford, Surrey, UK

Gianluca Russo, MD  Department of General and Hepato-Pancreato-Biliary Surgery, 
S.M. Loreto Nuovo Hospital, Naples, Italy

Roberto Santambrogio, MD  Chirurgia Epato-Bilio-Pancreatica e Digestiva, San Paolo 
Hospital, University of Milan, Milan, Italy

Jan Schirnhofer, MD  General Surgery Department, Saint John of God Hospital, Salzburg, 
Austria

T. Schulz  Department of Surgery, Agaplesion Markus-Krankenhaus, Frankfurt, Germany

Gitana Scozzari, MD  Digestive, Colorectal and Minimal Invasive Surgery, University of 
Torino, Torino, Italy

Johannes F. Smulders, MD  Department of Research and Education, Catharina Hospital, 
Eindhoven, The Netherlands

María Socas  Unit of Innovation in Minimally Invasive Surgery, University Hospital “Virgen 
del Rocío”, Sevilla, Spain

Amir Szold, MD  Assia Medical Group, Assuta Medical Center, Tel Aviv, Israel

Edyuardo M. Targarona Soler, MD, PhD  Department of Surgery, Hospital de Sant Pau, 
Barcelona, Spain

Victor V. Tsvirkun, MD, PhD  Moscow Clinical Scientific Center, Moscow, Russia

Moscow State University of Medicine and Dentistry, Moscow, Russia

Pavel S. Tyutyunnik, MD  Moscow Clinical Scientific Center, Moscow, Russia

Moscow State University of Medicine and Dentistry, Moscow, Russia

Donald L. van der Peet  Department of Surgery, VU University Medical Center, 
Amsterdam, The Netherlands

Susanne van der Velde, MD, PhD  Oncologic and GE surgeon, VUMC, Amsterdam, The 
Netherlands

G. Varga  Department of Surgery, Agaplesion Markus-Krankenhaus, Frankfurt, Germany

Andras Vereczkei  Department of Surgery, Medical School, University of Pécs, Pecs, 
Hungary

Contributors



xv

Ramon Vilallonga, MD, PhD  Endocrine-Metabolic and Bariatric Surgery Unit, Robotic 
Surgery, EAC-BS Center of Excellence, Vall d’Hebron Hospital, Barcelona, Spain

Universitat Autònoma de Barcelona, Barcelona, Spain

M. Walz  Department of Surgery, Center of Minimally invasive Surgery, Kliniken Essen-
Mitte, Amsterdam, The Netherlands

Linda S.G.L. Wauben, PhD, MSc  Department of BioMechanical Engineering, Delft 
University of Technology, Delft, The Netherlands

Helmut G. Weiss, MD, MSc, FEBS  General Surgery Department, Saint John of God 
Hospital, Salzburg, Austria

Michael Weiss, CM  General Surgery Department, Saint John of God Hospital, Salzburg, 
Austria

Jonathan B. Yuval, MD  Department of Surgery, Hadassah-Hebrew University Medical 
Center, Jerusalem, Israel

Giovanni Zaninotto, MD, FACS  Department of Academic Surgery, St Mary’s Hospital, 
Imperial College, London, UK

Contributors



Part I

General Principles



3© Springer International Publishing Switzerland 2017
H.J. Bonjer (ed.), Surgical Principles of Minimally Invasive Procedures, DOI 10.1007/978-3-319-43196-3_1

Ergonomics for Minimal Access Surgery

Abe Fingerhut and George B. Hanna

1.1	 �Introduction

“Ergonomics” can be defined as the scientific study of peo-
ple at work, applying biological and engineering informa-
tion to the operating room layout and personnel (including 
the patient) in a system approach taking into account the 
anatomic, physiologic, and psychological variabilities of the 
people who work within the given environment. The goal of 
ergonomics is to enhance effectiveness and efficiency in the 
man–machine interaction while reducing surgeon discom-
fort, fatigue and errors, and, ultimately, increasing patient 
safety.

In contrast to conventional “open” surgery, the surgeon 
performs laparoscopic operations with instruments fixed by 
a fulcrum point via the trocar inserted into the body wall of 
the cavity of interest. Loss of depth perception (in two-
dimensional screens), impaired peripheral vision, decou-
pling of the visual and motor axes and the need to unceasingly 
adapt to ever evolving high technology applications are 
among the challenges with which surgeons interact with the 
given environment.

1.1.1	 �Constraints in Endoscopic Surgery

Endoscopic surgery creates a set of mechanical and visual 
restrictions on the execution of surgical tasks, which can 
degrade the performance (Table 1.1).

	1.	 Mechanical restrictions (handling of tissues)
•	 Standard endoscopic instruments have 4° of freedom 

of movement: in and out, rotation, side to side and up 
and down

•	 Direct tactile feedback (hand to tissue) is lost and the 
indirect tactile feedback (through the instrument) is 
markedly diminished due to the length of instruments 
and the friction between the instruments and the ports.

•	 Long thin instruments have a poor mechanical advan-
tage; the length of endoscopic instruments exaggerates 
hand tremors especially in a magnified endoscopic field.

	2.	 Visual limitations
•	 Standard monitors reproduce two dimensional (2-D) 

images, with only 2-D depth (pictorial) cues of the 
operative field.

•	 Conventional operating room layouts lead to: (a) 
crowding of free standing equipment often precluding 
optimal placement of the viewing monitor, (b) monitor 
being often far removed from the surgeon.

•	 Absence of shadow and depth cues
•	 Reduced field of peripheral vision

1.2	 �Layout of Operating Room

Ergonomics in the operating room concern the patient, the 
surgeon and anesthesiologist with their respective teams, the 
operating room staff (nurses and floor assistants), the opera-
tion table, the apparatuses necessary to run the operation and 
their wire/cable connections, and last the image display 
(monitor).

1.2.1	 �Patient

The patient is usually positioned supine, but occasionally, in 
one of the lateral positions or in ventral decubitus. The 
patient arms must not interfere with adequate vision or sur-
geon stance: this often requires that arms be tucked along-
side, at least unilaterally. Patient’s legs may be spread apart, 
the “French” position, thighs slightly extended over the pel-
vis so that instruments do not clash with the thigh in low 
elevation angle situations. Last the patient should be ade-
quately and securely fixed to the operation table to prevent 
sliding, or limb fall, without undue compression of sensitive 
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compartments or superficial nerves during extreme table tilt-
ing or inclination.

1.2.2	 �Operating Teams

The postures surgeons hold during laparoscopic surgery are 
more static than during open surgery, most likely related to 
increased concentration and fine instrument movements. 
Surgeons must remember to breathe, relax, intermittently 
loosen hand muscle strain, and move about, particularly dur-
ing the more difficult, long, and complex parts of procedures.

Foot pedals must be easily found and effortlessly trig-
gered, without disturbing the surgeon’s equilibrium.

1.2.3	 �Operating Table

The operating table must be robust but versatile, allowing 
inclinations in the horizontal and longitudinal planes as well 
as left and right tilts. Whereas in open surgery, the surgeon 
adjusts his stance and hands to the situation, this is more dif-
ficult in laparoscopic surgery where the relations between 
table height, position, and angle of vision of the target change 
according to table tilt and inclination.

The ideal operating table therefore should allow to obtain 
low tabletop vertical heights (64–77 cm above floor level), 
even with the obese patient, and to obtain both Trendelenburg 
and reverse Trendelenburg positions as well as sidewise rota-
tions. The ideal table height is such that the handles of the 
instruments are at elbow height, with the table height 
0–10 cm lower than the elbows. This corresponds to elbow 
flexion between 90° and 120° (Fig. 1.1).

1.2.4	 �Equipment and Cables

All laparoscopic apparatuses in the operating room are 
potential hazards to traffic as well as to ergonomic and safe 
movements within the operation room environment. Trolleys 
occupy floor space, are heavy and time consuming to move 

Table 1.1  Constraints in endoscopic surgery

Mechanical restrictions
1. Limited number of degrees of freedom

2. Diminished tactile feedback

3. Small and long endoscopic instruments

4. Problems of tissue retrieval

5. Fulcrum effect

Visual limitations
1. Loss of normal binocular vision

2. Decoupling of motor and sensory spaces (monitor location)

3. Coaxial alignment of lens system and light fibres

4. Reduced size of endoscopic field of view

5. Disturbed endoscope-instrument-tissue relationship (port location)

6. �Angle between the optical axis of endoscope and instruments’ plane

7. Reverse alignment of the endoscope and instruments

8. Limitations of the quality of endoscopic image

10° retroversion20° abduction
40° internal rotation

0° rotation

resting  position

90° – 120°

0°

flexion

Fig. 1.1  Optimal body 
positioning for endoscopic 
surgery
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about and place in the adequate position. Attached cables, 
wiring and tubes are potential hazards on the floor and 
decrease the efficiency of instrument handling, positioning, 
and exchanges in the operating field.

Ceiling mounting for all apparatuses and video display 
systems, along with cameras, light sources, surgical smoke 
evacuators, coagulation devices, virtually eliminates tripping 
hazards in the OR and enhance the circulation in the OR.

1.2.5	 �Image Displays

The position of the screen of the monitor influences the pos-
ture of the surgeon and the assistant. Ergonomic studies have 
shown that the fatigue and musculoskeletal disorders are 
reduced by optimal posture and head position during tasks 
making use of video-displays: the ideal posture is neutral 
without torsion of the back and neck, the head is slightly 
flexed at an angle of 15°–30° to the horizontal.

Surgical performance is best when the image display is 
placed in front of the surgeon at the working hand level, the 
so-called “gaze-down” viewing (which corresponds to the 
head being flexed 15°–30°). This is ideally achieved by plac-
ing a flat liquid crystal display (LCD) immediately above the 
patient’s abdomen and adjacent to the access ports. Some 
surgeons prefer the screen slightly (15°) below eye level 
rather than the gaze-down position.

The flat screen is preferred to the standard cathode-ray tube 
(CRT) from a physical comfort and psychological comfort point 
of view. The optimal distance between the eyes of the operator 
and the (flat) screen has been determined to be 600 mm, but the 
ideal distance depends also on the size of the screen.

Alignment between the eyes and working hands of the 
surgeon, the target and the screen provides better knot-qual-
ity and performance scores, improves execution time, short-
ens operation or task times, especially intracavity suturing 
and knotting, and reduces error scores. Suturing is easier and 
more effective in the vertical than in the horizontal plane 
with isoplanar visual display (Fig. 1.2).

Surgeons may be tempted to use off-axis placement of the 
optical device and working instruments, also called “sector-
ization” (optical device placed on one side of the working 
instruments) when the operating surgeon’s hand and/or 
instruments and those of the assistant get in each other’s way. 
Most of these clashing position related problems can be 
overcome with adapted trocar position of the optical port, 
table tilt and inclination, rather than off axis working.

If required or preferred (e.g. incisional hernia repair dur-
ing which the surgeon often changes from one side of the 
patient to the other), working with both hands on the non-
dominant hand side of the optical device increases perfor-
mances and decreases muscle work and fatigue (compared 
with the dominant side). Working with the instruments oppo-

site the optical port should be avoided as it creates mirror 
image for instruments’ movement.

1.2.6	 �Theater Lighting

Operating room lights are often turned off in order to increase 
contrast of the operative image and avoid glaring of operat-
ing room lights on the image display system. However, 
working in relative darkness can negatively impact the choice 
of instruments and increase the risk of collision hazards. 
Sufficient lighting is needed for proper instrument selection 
and safe handling of needles.

Monitor

Fig. 1.2  Alignment of surgeon’s eyes, endoscope, object and screen

1  Ergonomics for Minimal Access Surgery



6

1.3	 �Ergonomics of the Operative Field

1.3.1	 �Trocar Insertion

The ergonomic aspects related to trocars concern their 
design, insertion, their position, their retrieval and the neces-
sity of closure or not. An ideal trocar system incorporates a 
low insertion force, secure retention, and a minimal tissue 
defect. Of the systems tested, the hybrid type trocar and the 
radially dilating trocar seem best experimentally, but it is 
unknown whether these characteristics lead to improvement 
in patient outcomes.

Working against torque increases the effort needed to per-
form the simplest of actions and decreases the precision with 
which the surgeon operates. Taking advantage of the open 
technique for the initial trocar insertion, but also for those 
inserted under direct vision, it is possible to stagger the inci-
sions on the anterior and posterior sheaths of all non-midline 
incisions, allowing the axis of the trocar to point directly 
toward the target. This will reduce the torque necessary for 
maneuvering, especially in the obese, and reduce the need 
for closure.

1.3.2	 �Trocar Position

The goal of proper trocar placement is to ensure adequate 
vision and triangulation, adapting elevation and manipula-
tion angles to optimal ergonomic principles (Fig. 1.3):

	1.	 The “elevation angle” αE, is the angle formed by the 
direction of the shaft of an instrument in relation to the 
horizontal axis of the patient.

	2.	 The “manipulation angle”, αm is the angle formed between 
two instruments converging and working in the operative 
field.

The “azimuth angle” is the angle formed between the 
optical (scope) shaft and an instrument.

The Dundee school has shown that maximal efficacy in 
suturing and suture quality was obtained when: a) the manip-
ulation angle (αm) is between 45° and 75° (ideal being 60°), 
b) the elevation angle, (αE) is between 30° and 60°, c) azi-
muth angles are equal, and d) the optical axis-to-target view 
(OATV) angle, defined as the angle between the optical axis 
of the endoscope and the plane of the target, approaches 90°.

When a 30° manipulation angle is used (imposed for 
instance by the body build or anatomy of the patient), the 
elevation angle should also be 30°. When the manipulation 
angle is 60°, a 60° elevation angle should be used. Obviously 
when the target area is small, the elevation angle is easily 
determined by the position of the trocar and the depth of the 
target. When the target area is large, there is little the surgeon 

can do to change this angle, so different trocars are neces-
sary. Elevation angles can be fairly easily modified, however, 
by simply increasing (decreasing) the tilt (Trendelenburg or 
anti Trendelenburg) of the table, rather than by elevating or 
lowering the elbow.

1.3.3	 �Field of Vision

Endoscopes can be of forward viewing (0°) or forward 
oblique direction of view (30°, 45°). Endoscopes of different 
directions of view have no significant effect on the execution 
time or the quality of task performance when the optical axis 
of the endoscope subtends the same OATV angle. In prac-
tice, however, forward-oblique endoscopes are preferable 
because it is more likely to obtain an OATV angle approach-
ing 90° (Fig. 1.4). However, the visual field changes when 
the forward oblique endoscope is rotated around its axis rela-
tive to the camera whereas the operative field of forward-
viewing endoscope is unaltered. Perspectives change by 
rotation of the forward-oblique endoscopes to provide, for 
instance visualization of the abdominal wall to control the 

1

Optical axis

Horizontal plane

2

3

Fig. 1.3  Optimal ergonomy: 1 manipulation angle, 2 azimuth angle 
and 3 elevation angle
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entry of trocars or for the execution of advanced laparoscopic 
procedures, such as incisional hernia repair.

Variations in the build of patients necessitate a careful 
selection of the location of the optical port in the individual 
patient to obtain both an optimum OATV angle and the cor-
rect target-to-endoscope distance for a specific endoscopic 
operation.

The scope must be placed so as to render the field of 
vision adapted to the task to be accomplished (exploration, 
suture, stapling, resection). Sometimes the position of the 
scope has to be changed from one trocar to another, or else, 
another trocar has to be inserted to improve the field of 
vision.

Constant attention must be exercised not to lose sight of 
an instrument tip while performing tasks such as suturing 
and knot-tying. Safety precautions dictate that all instru-
ments not in use, especially energy-driven devices, be with-
drawn. Zooming out and in with the endoscope to locate 
instrument tips can, however, be time-intensive.

The angle between the optical axis of the endoscope and 
the instrument plane (OAIP) should ideally be between 0° 
and + 15°, such as that the instruments appear to enter the 
field of vision (approach angle) from the same direction as 
the surgeon sees them from the outside, and such that the 
instruments are seen from above. This means that the prin-
ciple trocar setup (that is the optical port and the main work-
ing ports) have to be planned. Taking into account that the 
ideal placement of the optical port would be in the direct 

alignment between the two main working ports, this would 
not be practical because the working space on the outside 
(hands of operator and cameraman) as well as on the inside 
would be reduced and would hinder the manipulations. 
However, two factors intervene to obtain the ideal OAIP: one 
is the placement of the trocars used for the optical endoscope 
and the working instruments, the so-called triangulation 
setup; the other is related to the angle of tilt of the table. The 
angle of tilt of the table plays a double role: first, a tilt is 
necessary in certain operations in order that the viscera fall 
away by gravity, the second is to allow enough space on the 
outside so that the hands holding the scope and the hands 
manipulating the instruments do not come into contact with 
each other.

The correct position of the scope and the instruments are 
interrelated. It is possible to work with the scope tip either 
above (cephalad) or below (caudad) with respect to the inter-
line between the two working trocars. Placed cephalad, the 
instruments are seen on the monitor display as coming in 
from below while when the tip of the scope is placed caudad, 
the instruments are seen to come into vision on the screen 
from above. Obviously, these images are related to the posi-
tion of the tip of optical device more than the actual port 
placement.

There are few studies that have actually looked at the 
ideal trocar placement as related to specific operations, or 
anatomic landmarks, other than based on personal experi-
ence rather than an objective rationale for selected locations. 
Standardization of trocar placement in laparoscopic Roux-
en-Y gastric bypass and gastroesophageal reflux disease 
repair has been reported.

1.3.4	 �Instruments and Tissue Handling

The passage through the trocar determines a fulcrum point 
for the instrument leading to two unnatural effects that have 
to be dealt with: the mirror effect and the scaling effect.

The mirror effect is related to the fixed point created by 
the trocar along the shaft of the instrument: movements 
inside the body cavity are seen to move in the opposite direc-
tion that of the surgeons’ hands.

The scaling effect depends on the ratio between the intra-
corporeal and extracorporeal (I/E) lengths of instruments. 
When I/E is equal or close to one, the course of the hands at 
one extremity of the instrument imposes the same cursive 
length at the other extremity (although in opposite directions 
(the “mirror effect”)). When I/E is less than unity, the intra-
corporeal movements are scaled down (i.e. hands on the 
outer extremity of the instrument must travel a less distance 
than the cursive length of the tip of the instrument). On the 
other hand when the I/E is greater than unity, the intracorpo-
real movements are scaled up (i.e. hands on the outer 

Optical axis

Physical axis

Optical axis-to-target view angle

Target surface

30°

30° endoscope

Fig. 1.4  Optical axis to target view
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extremity of the instrument must travel little before the cur-
sive length of the tip of the instrument becomes greater).

The ideal length of the shaft of the instruments has hardly 
been mentioned in the literature. Most instrument shafts are 
360 mm in length, but these vary anywhere between 310 and 
400 mm. Longer shafts are available for use in the obese, but 
such shafts may diminish surgeons’ performance. The longer 
the working rod of laparoscopic instruments the more complex 
internal mechanical linkages that decrease the efficient trans-
mission of force from the surgeon’s hand to the instrument tip. 
A typical disposable laparoscopic grasper transmits the force 
of the surgeon’s hand from the handle to the tip with a ratio of 
only 1:3, in contrast to a 3:1 ratio with a hemostat. The surgeon 
must therefore work about six times as hard to accomplish the 
same grasping task with the laparoscopic instrument compared 
with a typical grasper used in open surgery.

Of concern is the mental and physical fatigue that can 
arise from changing instruments, reinserting them through 
the trocar, and then repositioning them within the abdomen. 
Such instrument exchanges are laborious and distracting to 
the surgeon, and time-consuming, hence the need to place a 
premium on minimizing exchanges and using multifunction 
instruments. The latter, however, when poorly designed, can 
be even more difficult to use.

The tasks of suturing (knotting), retraction, cutting, grasp-
ing, hemostasis, as well as extraction of the specimen (when 
necessary) are all influenced by ergonomics.

Intraabdominal manual sewing and knotting skills are 
often needed for advanced laparoscopic procedures, such as 
confection of a gastric wrap around the lower esophagus and 
hiatal crural closure, Heller myotomy, the edges of the myot-
omy, incisional and inguinal hernia repair, just to name a 
few. Although patient body build and the degree of difficulty 
of dissection or encountered pathology influence laparo-
scopic task performance, the ease and effectiveness of instru-
ment movement is mainly governed by the ergonomics, 
closely dependent on correct trocar placement.

Intracorporeal knotting represents one of the most difficult 
tasks to learn in minimal access surgery. It not only requires 
advanced and well-rehearsed motor skills but also requires dex-
terity and special spatial cognition qualities. Undue duration of 
knotting, strenuous efforts to insert the needle, maneuver instru-
ments and suture material, and attain adequate knotting strength 
can be responsible for further mental and physical stress as well 
as unsafe maneuvers, sutures or knots. Again, we underscore the 
need for optimal, ergonomic trocar placement.

�Conclusion

Ergonomics are an all important component to safe lapa-
roscopic surgery. A standardized approach to trocar place-
ment, taking into account patient habitus and body build, 
the foreseeable potential pathological and anatomical 
modifications, as well as the characteristics of the surgeon 
(height, body build) and the possibilities of the operating 
room, table, and instruments is necessary to optimize 
ergonomics and render laparoscopic surgery a safe 
practice.
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Safety in the Operating Theatre

Linda S.G.L. Wauben, Jenny Dankelman, 
and Johan F. Lange

Human performance is not without error, at best the risk is 
‘as low as reasonable possible’ (ALARP) [1]. As a conse-
quence, errors occur. The most common site for adverse 
events in hospitals is the operating theatre (OT) [2, 3]. 
Studies have shown that 30–50 % of errors can be prevented 
[2, 3]. Although patients and their different condition, pathol-
ogy and anatomy play and important role, many errors occur 
due to e.g., the complex non-standardized OT environment, 
the many people having to work together, the workload, the 
urgency and uncertainty of decisions, and the large variety of 
(non-ergonomic) instruments and instrumentation [2, 3, 4, 5]. 
In other words, the latent conditions in the system can easily 
lead to active operator errors, which are to be expected and 
are inevitable [2, 3, 4]. Adopting a system approach (opposed 
to a persons approach) could reduce the occurrence of pre-
ventable patient safety incidents by learning from errors, 
improving quality of equipment and technology, training of 
professionals (both technical and non-technical skills), and 
implementation and compliance to protocols and checklists 
[2, 3, 4–7]. Furthermore, it could be used to identify which 
technology needs to be developed or adapted to further 
improve patient safety.

There are many models describing the system approach 
and its different interrelated components surrounding the 
patient and influencing patient safety [3–5, 8]. The compo-

nents Task, Individual, Team, Physical Work Environment, 
Organization & Management, and Political & Regulatory 
were used as a framework for describing safety in the OT in 
this chapter (see Fig. 2.1).

2.1	 �Task

Task performance can be supported by the use of checks. The 
most common ones are checklists. Checklists reduce the reli-
ance on memory; they reduce the mental workload for the 
primary skill based task, saving capacity for the secondary 
rule and knowledge based tasks [3, 4, 6]. Several paper, elec-
tronic, and computer-based checklists can be used for several 
stages of a surgical procedure [3, 4, 6, 8]:

Pre-operative equipment checklists to check the availability 
and the safety status of OR devices, anaesthesia equip-
ment, and laparoscopic instruments and apparatus [4, 6].

Pre-operative briefings to check and double-check important 
patient and procedure related factors before surgery to 
improve the safety attitude and to improve situation 
awareness. Some examples are the Surgical Safety 
Checklist, the SURPASS (SURgical PAtient Safety 
System), and TOP plus [3].

Intra-operative collaborative cross-checks (or double-checks, 
or the two-challenge rule). Cross-checks are performed 
by at least two people who examine each others’ actions 
and observable behaviour to assess its validity and accu-
racy (e.g. critical view of safety during laparoscopic cho-
lecystectomy) [3, 6]. Cross-checks detect erroneous 
actions, reduce perceptual errors, and improve coordina-
tion [3, 9]. Cross-checking also stimulates residents to 
recognize and respond faster to error prone situations and 
to ‘speak up’ [3].

Procedure-specific checklist to perform (and assess) subse-
quent clinical actions during a surgical procedure.

Post-operative debriefings to discuss and evaluate, with the 
entire OT team, the surgical procedure performed and dis-
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cuss possible near misses and recommendations for the 
future to learn from errors made. Checklists, such as the 
Surgical Safety Checklist, the SURPASS and TOPplus 
include these team debriefings [3].

Checklist can also be used to check important steps dur-
ing the entire surgical trajectory. Furthermore, smart 
technology can be used to support healthcare staff during 
these checks, by e.g., RFID tracking to automatically check 
the presence and safety status of OT devices, and the location 
and presence of patients (see Fig. 2.2).

2.2	 �Individual

Surgeons and OT staff have to be competent and must have 
adequate knowledge and skills to perform a successful surgi-
cal procedure. Performing minimally invasive surgery 
requires a more complex set of skills (skill based, rule based, 
and knowledge based behaviour) than open surgery due to 
e.g., non-ergonomic instruments, limited freedom to manip-
ulate, and limited indirect view on the operative field [3]. 
Although these skills and behaviour can be trained ‘on the 
job’, they are best to be trained ‘before the job’ in order to 
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approach surrounding the patient and influencing patient 
safety (Based on [3–5, 8])
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devices, patients and instruments 
and instrument use in the 
operating theatre
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prevent patient harm. Individual technical skills can be 
taught by means of e.g., box trainers, Virtual Reality 
Simulators, and Augmented Reality trainers [3, 4, 10]. 
Simulated common scenarios can be used to train skill- and 
rule based behaviour and simulated crises scenarios can be 
used to train all types of behaviours, including knowledge 
based behaviour [3]. Besides preventing patient harm, train-
ing technical skills using simulation also has the advantage 
that it can provide objective feedback on the individual’s 
technical performance (personal assessment) [3].

Surgical performance and technical skills can be assessed 
by means of supervision and feedback, and by means of 
more objective methods, such as: retrospective chart review, 
procedure-specific checklists, global rating scales, objective 
structured assessment of technical skills (OSATS), motion 
analyses, virtual reality simulators or video assessment [3].

2.3	 �Team

Seventy to 75 % of errors in OT are attributed to the non-
technical skills of the OT team (communication, teamwork, 
leadership, decision-making, situation awareness) [3, 11]. 
OT team members have discrepant perceptions of teamwork 
and team members are sometimes discouraged to speak up 
because of traditional hierarchical structures, authority, 
social barriers, or differences in professional training and 
responsibility [3].

There is emerging evidence that team interventions that 
include both technical as well as non-technical skills support 
safe surgery [3, 12, 13]. Training aspects of team interven-
tions, such as basic Human Factors Training, Medical Team 
Training or Crew Resource Management include: no denial/
avoidance of the fallibility of human performance, acknowl-
edge errors are made, no blame and shame for the actor of 
error (legal and ethical issues), situation awareness and vigi-
lance (controlling external distractions, anticipating future 
events, using all team members for input), leadership and 
management (assertiveness, inviting input, horizontal author-
ity, flat hierarchy), teamwork and cooperation, problem solv-
ing and decision making, and communication [3, 4, 7, 14]. 
Advantages of trained teams are tension free cross-checks 
(instead of directly addressing each other, which can be seen 
as offensive), naturally following guidelines and protocols as 
‘team dialogue’ (now these documents are often not used or 
known), converting traditional vertical hierarchy into func-
tional flat hierarchy, alternating leader-follower roles, and 
improve the working atmosphere.

Training individual technical skills as well as non-
technical team skills can be done by means of interdisciplin-
ary simulation in an operational environment, for instance 
e.g. the ‘simulated operating theatre’ [3]. Here, both com-
mon and rare crises scenarios can be trained. Especially for 

crises scenarios, this simulated environment provides a safe 
environment, without endangering the patient’s safety [3]. 
However, training of these technical skills can also be done 
by means of cross-checks or team checks during both simu-
lations as well as during actual surgical procedures [3].

Non-technical skills can be evaluated by means of several 
methods and techniques, e.g., Surgical Non Technical per-
formance (NOTECHS), Anaesthetists Non-Technical Skills 
assessments (ANTS), Non-technical Skills for Surgeons 
(NOTSS), Scrub Practitioners' List of Intra-operative Non-
Technical Skills (SPLINTS), Situation Awareness Rating 
Technique (SART), Situation Awareness Global Assessment 
Technique (SAGAT), Observational Teamwork Assessment 
for Surgery (OTAS), and Judgment Analysis [3, 7].

2.4	 �Physical Work Environment

The OT environment is not standardized and has changed 
drastically over the last decade, from OTs designed for open 
procedures only, to specially designed OTs for minimally 
invasive surgery and/or robotic surgery [3]. More and more 
technology is incorporated, which is not adapted to the users. 
This (unergonomic) working environment leads to health 
risks for both OT staff and patients and leads to inefficient 
processes. Besides following ergonomics guidelines to e.g. 
set-up the OT (Chap. 1) other environmental work conditions 
should be taken into account to reduce complexity and 
improve control of the OT environment [3, 4].

Both ambient temperature and air condition are important 
to prevent bacteria growth, patient’s hypothermia, discom-
fort amongst team members, and airborne infection risk of 
all people in OT. The ambient temperature is kept low (20–
23  °C) and high ventilation rate of the plenum or laminar 
airflow systems are set to reduce contamination. Furthermore, 
sterile areas, such as the operative table and sterile instru-
ment table, should be placed in this airflow. In order to main-
tain an optimal airflow, staff movements, door movements 
and placing obstacles in front of the ventilation vents should 
be reduced to limit infections.

Staff and patients are exposed to many sounds in OT pro-
duced by apparatus and people [15]. Noise (unwanted 
sounds) affect both patients and OT staff. Particularly, non-
predictable and non-controllable sounds and background 
conversation interfere with the performance of complex 
tasks, and have an instant and continuing effect. Additionally, 
noise impairs (critical) conversation. A solution to mask 
ambient OT noise is to play background music. Music can 
reduce patients’ anxiety, pain levels, and sedative require-
ments, but can also distract (novice) surgeons performing 
new tasks [15].

One of the basic necessities to perform safe surgery is 
good vision of the operative field and related to that the qual-
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ity and intensity of lighting [16]. Surgical lights should be 
focused on the operative field taking into account blocking of 
the light beam by OR staff. The nominal luminance produced 
by the ambient lights should be approximately 1000 lux, 
bright enough for the circulating OT staff and anaesthesia 
staff to perform their tasks. During the endoscopic part of 
minimally invasive procedures, the surgical lights are often 
switch off and the ambient lights switched to green light to 
enhance viewing on the flat screens.

2.5	 �Organization and Management

Hospitals have to become a learning organization [14]. This 
requires an organizational safety culture to change the atti-
tude towards errors of both individuals as well as organiza-
tions [3, 4]. Staff should be actively engaged and encouraged 
to report patient safety errors [3, 14, 17]. Currently, incidents 
are underreported caused by fear of blame, time pressure, 
resource constraints, perception that reporting is unneces-
sary, and lack of clear definition [3, 14]. Therefore, reporting 
should not be used for punitive purposes and reporting errors 
should be facilitated by providing easy-to-use standardized 
electronic reporting systems or e.g. video- and audio record-
ings and new technology should be developed for automatic 
monitoring [3, 4, 14]. Furthermore, safety and safety signifi-
cant events and issues have to be given the highest priority 
and must be constantly assessed by means of self-analysis of 
the organization [3, 4]. Errors should be analysed and solu-
tions to problems should be planned, using combinations of 
different risk-assessment methods and incident analyses 
(e.g., retrospective chart review, event audit, observation, 
root cause analysis) [3, 4, 17]. Staff should also receive feed-
back information and recommendations based on these error 
analyses so they can train and learn from operational experi-
ence, leading to a proactive approach of error prevention 
[3,14, 17].

2.6	 �Political and Regulatory

In the OT, many protocols and guidelines are used to perform 
surgery, facilitate training, support clinical decision-making, 
and support maintaining professional standards in daily 
practice [2, 18]. These protocols are established by interna-
tional and national surgical associations and are influenced 
by demands of e.g., healthcare inspectorates and insurance 
companies. Following protocols and guidelines also 
improves communication between team members by clarify-
ing tasks and direction needed to perform safe surgery and 
increases task-efficiency (less operating time). Protocols 
also form the basis for information and communication tech-
nology for e.g., the electronic medical record and digital 

operative notes. Developing and implementing methods for 
(automatic) monitoring to check whether protocols and 
guidelines are followed properly will further improve patient 
safety in the OT.

�Conclusions

Improving safety in the OT requires changes on different 
system levels and includes factors related to task 
performance, individual capability and training, team-
work, the physical work environment, learning capabili-
ties of the organization and management, and political 
and regulatory demands on (inter)national level. Future 
interventions should take into account all these system 
levels, however, focusing first on teams and team skills, 
smart technology to support the OT team and ‘training 
before the job’.
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Access to the Abdominal  
and Thoracic Cavity

H. Jaap Bonjer and Jan Wolter A. Oosterhuis

3.1	 �Access to the Abdominal Cavity

Safe establishment of a pneumoperitoneum is of paramount 
importance in minimally invasive surgery [1]. Gas insuffla-
tion of the abdominal cavity is necessary to create sufficient 
working space by suppressing the viscera and elevating the 
abdominal wall. Variously shaped retractors inserted through 
a small incision and connected to a lifting device have been 
employed to elevate the anterior abdominal wall and avoid 
use of gas. However, this technique, gasless laparoscopy, 
does provide inferior exposure compared to a pneumoperito-
neum, and, therefore, has been largely abandoned.

Carbon dioxide is the most frequently used gas for insuf-
flation because it is not combustible, readily absorbable and 
low in cost. However, carbon dioxide insufflation does cause 
acidosis in the exposed tissues and is associated with sup-
pression of macrophage function. Surprisingly, humidifica-
tion of the insufflated carbondioxide and warming the gas to 
body temperature are rarely used in spite of the damaging 
effect of cold and dry gas on the peritoneum that has been 
observed at electron microscopy.

The insufflation pressure needs to be calibrated according 
to the required exposure and kept as low as possible to limit 
the reduction of venous return and microcirculation. High 
insufflation pressures can be due to incomplete muscular 
relaxation while low pressures combined with high insuffla-
tion flow indicate leakage along or through trocars, open 
stopcock or detachment of the insufflator tubing. It is recom-
mended to lower the insufflation pressure at the end of the 
procedure to identify any bleeding from venules.

3.2	 �Closed, Hybrid and Open Techniques

A pneumoperitoneum can be established in a closed, semi-
closed and open fashion. The choice of first entry is impor-
tant to place the laparoscope at a site which will provide a 
good laparoscopic view for the laparoscopic procedure and 
to avoid adhesions due to previous surgery. The umbilicus is 
preferred for acquiring access to the peritoneal cavity given 
its central position in the abdomen and because the abdomi-
nal wall is thinnest at the umbilicus. In case of a former mid-
line incision including the umbilicus, it is advisable to choose 
an entry site more laterally and withstand the temptation to 
re-use the scar for cosmetic reasons.

The closed method employs the use of the spring loaded 
Veres needle (Fig. 3.1). This needle is inserted blindly into 
the peritoneal cavity while the abdominal wall is elevated 
manually or by graspers placed on the skin to increase the 
distance between the abdominal wall and the viscera and 
vessels. The tactile sensation of two ‘pops’ due to penetra-
tion of fascia and peritoneum aids the surgeon to determine 
the position of the tip of the Veres needle. Once the Veres 
needle is considered to be in the intraperitoneal cavity, saline 
can be injected and aspirated through the Veres needle to 
confirm proper positioning. Filling the Veres needle with 
saline to the top of its orifice followed by elevating the 
abdominal wall which should result in a lowering meniscus 
is another method to assure correct placement. Gas insuffla-
tion is started at low flow when the surgeon is confident that 
the tip of the Veres needle is in the right place. The Veres 
needle is removed when the set insufflation pressure has 
been reached. Subsequently the first trocar is inserted while 
the abdomen is elevated. Rotating the trocar back and forth is 
important to limit the force exerted on the trocar during 
insertion. In addition, the shaft of the trocar can be grasped 
between the index finger and the middle finger of the other 
hand to avoid sudden uncontrolled advancement of the 
trocar.

The hybrid method entails insertion of the laparoscope in 
a trocar with a transparent blunt or semi-blunt tip to provide 
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the surgical team with an image of the layers of the abdomi-
nal wall during passage. Some surgeons first insufflate the 
abdomen through a Veres needle while others introduce the 
first trocar without a pneumoperitoneum.

The open method is performed under direct vision. The 
fascia is exposed through a 1–2 cm incision. The size of the 
incision depends on the habitus of the patient. The fascia is 
grasped with two Kocher clamps placed on the vertical raphe 
of the fascia. The fascia is incised transversely between these 
clamps and, thereafter, the peritoneum is picked up with for-
ceps and opened under direct vision (Fig. 3.2). A Hasson’s 
trocar with a cone, which can slide along the shaft to plug the 
opening in the fascia gastight, is inserted and secured with 
stay sutures to the fascia (Fig. 3.3). Alternately, disposable 

Hasson’s trocars with an inflatable balloon at the tip are 
available.

3.3	 �Selection of Technique

In children, there is consensus that the open method is pref-
erable. However, in adult patients the debate persists with 
wide geographical variations [2]. The risk of the closed tech-
nique is blind insertion of the Veres needle and the first trocar 
(Fig. 3.4). Vascular and visceral injuries with in some cases 
fatal consequences have been reported below 0.1 %. Hence 
the incidence is very low but the impact is very high when an 
injury does occur. The hybrid technique does include use of 
the Veres needle in some centres and therefore is associated 
with its risks. Insertion of the first trocar under laparoscopic 
guidance appears to enhance safety but distinguishing the 
different layers of the abdominal wall can be difficult. The 
open technique is completely done under direct vision which 
eliminates the risk of vascular injury and is associated with 
very low risk of visceral injury. The disadvantage of the open 
technique is a larger incision, particularly in obese patients, 
than for the closed technique.

Fig. 3.1  Closed introduction of the Veres needle (Reproduced with 
permission from Wolters Kluwer, Surgical Laparoscopy, 2nd edition, 
Karl A. Zucker)

Fig. 3.2  The vertical raphe of the fascia is elevated with two Kocher 
clamps

Fig. 3.3  Hasson’s trocar secured to the fascia
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3.4	 �Access to the Thoracic Cavity

This section is limited to access for thoracoscopic proce-
dures of the lungs and disorders of the mediastinum [3]. To 
achieve adequate vision and working space, collapse of the 
ipsilateral lung is necessary, using a double lumen tube or a 
bronchial blocker. Some surgeons also use positive intra-
pleural pressure by insufflation of carbon dioxide combined 
with high frequency ventilation. Correct tube placement by a 
skilled anaesthesiologist and close communication between 
surgeon and anaesthesiologist throughout the whole proce-
dure are of utmost importance. Controlled collapse of one 
lung has important physiological consequences for the 
patient. Significant hemodynamic and ventilatory changes 
may occur during the operation and these should be detected 
and managed promptly. Most pulmonary surgeries are done 
with the patient in a lateral decubitus position using a bean 
bag. Flexing the operating table at the level of the thoraco-
lumbar junction puts the patients’ hips out of the way and 
widens the intercostal spaces for easier access. The scope is 
usually positioned in the midaxillary line just above the dia-
phragm to allow for an optimal view of the ipsilateral pleural 
cavity. Additional trocars are placed in such a way that effi-
cient dissection by triangulation of instruments is possible.

3.5	 �Safety

The most commonly used route to access the pleural cavity 
is via the intercostal spaces. Collapse of the lung will only 
occur after creating a pneumothorax by opening the pleura. 
The normally negative pleural pressure then becomes posi-
tive (atmospheric pressure) after which the lung will collapse 
through its elastic recoil if the lung is blocked and ventilation 

is limited to the contralateral lung. When creating a pneumo-
thorax by opening the parietal pleura, iatrogenic injury to the 
lung parenchyma, diaphragm, intercostal vessels of nerves, 
or even heart and intraabdominal organs may occur. This risk 
is best avoided by dissecting in the intercostal space layer by 
layer under direct vision. This can be done through an inci-
sion of 1.5 cm over the superior border of one of the ribs, 
avoiding the intercostal vessels and nerves which run in the 
groove at the inferior border of the ribs. For thoracoscopy 
specially designed trocars are available which may be intro-
duced through this incision allowing introduction of the 
scope. Under direct thoracoscopic vision more trocars may 
be inserted, depending on the procedure to be performed. 
Pleural adhesions may be encountered and these should be 
taken down if necessary. For lung resections a small auxil-
iary incision of 4–6 cm without rib spreading is used. This 
site allows extraction of the specimen. A wound protector is 
used at this site which makes introduction of instruments 
easy and avoids contamination of the wound edges.

3.6	 �Problems and Contraindications

Complete pleural fusion may occur after severe infectious 
pleuritis or surgical pleurodesis. In these circumstances a 
pneumothorax cannot be created. Even after converting to a 
thoracotomy using extrapleural dissection, surgery is diffi-
cult and has a higher risk of complications such as bleeding. 
In patients with severe lung emphysema the lung is much 
stiffer than normal and may not collapse sufficiently after 
creating a pneumothorax to allow for a safe surgical proce-
dure. By gentle compression of the lung with a blunt instru-
ment or a sponge stick, trapped air can be expressed in such 
a situation. Limited vision or access by the diaphragm, espe-
cially in obese patients, may be overcome by tilting the oper-
ating table and pressing the diaphragm downwards with a 
sponge stick. Patients with a severely limited lung capacity 
on spirometry also may not tolerate controlled collapse of 
one lung and surgery on a ventilated lung by thoracotomy 
may be necessary. The same applies of course for procedures 
in patients with only one lung after pneumonectomy.
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Totally Extraperitoneal Endoscopic 
Inguinal Hernia Repair (TEP)

Marc J. Miserez

4.1	 �Introduction

There is no doubt that surgical techniques using mesh result 
in fewer recurrences than techniques that do not use mesh. 
The open Lichtenstein and endoscopic inguinal hernia tech-
niques are the best studied. Endoscopic hernia repair can be 
performed by TAPP (TransAbdominal PrePeritoneal) or 
TEP (Totally ExtraPeritoneal) technique. Both minimally 
invasive techniques follow the principle of Stoppa, who pro-
moted a giant prosthetic reinforcement of the abdominal wall 
in the preperitoneal plane in order to cover the whole myo-
pectineal orifice on both sides. We prefer TEP since it pre-
serves peritoneal integrity, although it is more difficult to 
learn because of the limited working space and a different 
appreciation of the usual anatomical landmarks.

Endoscopic hernia techniques allow an earlier return to 
normal activities or work, comparable recurrence rates in the 
long-term (>4 years postoperatively) and a lower chance of 
chronic pain/numbness than the Lichtenstein technique, at 
least in the first 3–4 years postoperatively. On the other hand, 
endoscopic techniques also result in a longer operation time 
than the Lichtenstein technique (8–13  min), a higher inci-
dence of seroma and a higher rate of rare but serious compli-
cations. The latter are seen especially during the steep and 
long learning curve for endoscopic techniques. TAPP seems 
to be associated with higher rates of visceral injuries, port-
site hernias and intestinal obstruction, while there appear to 
be more conversions with TEP. The learning curve for endo-
scopic inguinal hernia repair in general and TEP in particular 

ranges between 50 and 100 procedures, with the first 30–50 
being the most critical.

It cannot be stressed enough that adequate training 
might minimize the risks for serious complications during 
the learning process. The most important variables in this 
learning curve are the presence of a structured training pro-
gram, the laparoscopic experience of the trainee (can be 
junior resident but must be experienced in laparoscopic 
cholecystectomy), a suitable patient selection (no recurrent 
or scrotal hernia, no obese patients, no previous appendec-
tomy for right-sided hernia), but especially the expertise 
and motivation of the trainer, who should be present during 
the procedure (i.e. intraoperative mentoring) and empha-
size specific tips and tricks to perform the procedure 
smoothly and safely.

4.2	 �Indications

Both the open Lichtenstein and endoscopic techniques are 
recommended in the guidelines of the European Hernia 
Society (EHS) as the best-evidence based options for repair 
of a primary unilateral inguinal hernia providing the sur-
geon is sufficiently experienced in the specific procedure 
(Grade A recommendation) [1]. Although from the perspec-
tive of the hospital an open mesh procedure is the most cost-
effective operation in primary unilateral hernia, hospital 
costs for an endoscopic procedure can be reduced by using 
reusable instruments as much as possible and mesh fixation 
only in selected cases. In our department, a large majority of 
hernia patients are treated on an outpatient basis.

From a socio-economic perspective, an endoscopic pro-
cedure is probably the most cost-effective approach for 
employed patients, especially for bilateral hernia. Moreover, 
for recurrent hernias after conventional open repair, endo-
scopic techniques result in less postoperative pain and faster 
reconvalescence than the Lichtenstein technique.
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For women we also use the TEP procedure as the first 
choice, since they have a higher risk for recurrence (inguinal 
or femoral) than men following an open inguinal hernia 
operation, because of a higher occurrence of femoral 
hernias.

For experienced surgeons, an endoscopic technique can 
also be used for incarcerated hernias in the absence of con-
tamination in the surgical field. A diagnostic laparoscopy at 
the beginning of the procedure allows inspection and an 
attempt to reduce hernia content under visual control. 
Moreover, after a period of reperfusion (= at the end of the 
hernia repair), a reexploration for compromised bowel can 
be done, possibly limiting the need for intestinal resection.

Contraindications for us are a previous ipsilateral preperi-
toneal mesh placement in the groin, large scrotal (irreduc-
ible) inguinal hernias, major lower abdominal surgery, 
surgical prostatectomy and a patient who cannot undergo 
general anesthesia.

4.3	 �Pre-operative Work-Up

In case of an evident hernia, clinical examination is enough. 
Of course, the surgeon should be convinced that the hernia is 
the cause of the patient’s complaints. With obscure pain or 
when no reducible swelling can be felt, additional studies 
can be helpful. If expertise is available, ultrasonography can 
be performed. MRI (with Valsalva) has a high sensitivity and 
specificity and is also useful for revealing other (musculo-
tendineal) pathology. CT scan can be helpful in obese 
patients (e.g. detection of preperitoneal lipoma) or for diag-
nosis of other (intraabdominal) pathology. In case of doubt 
about the other side, a laparoscopic exploration before pre-
peritoneal insufflation allows a thorough evaluation of the 
contralateral groin. Only a preperitoneal lipoma without a 
true peritoneal hernia sac can be missed, even with simulta-
neous compression on the groin from outside.

4.4	 �Operating Room Set Up

Recently, we proposed a standardised clinical training pro-
gram in TEP emphasizing systematic dissection in ten con-
secutive steps, expert tips and tricks, and pitfalls to be 
avoided [2].

A video of the different steps is available at www.web-
surg.com. The complete procedure in a male patient with a 
right inguinal hernia is presented. Steps 1, 2, 4, 8 and 10 are 
more basic and steps 3, 5, 6, 7 and 9 more advanced.

The patient is placed in supine position after bladder emp-
tying (Fig. 4.1). Make sure the hernia is reduced after induc-
tion of general anesthesia. The surgeon stands contralateral 
to the hernia side.

4.5	 �Surgical Technique

4.5.1	 �Step 1: Introduction of 1st Trocar

After disinfection and sterile draping, a small transverse inci-
sion for the first trocar is made just below the umbilicus on the 
contralateral side of the hernia; in this case, on the left 
(Fig. 4.2). With a bilateral hernia, we generally start with the 
largest hernia. After retraction of the skin and subcutis, the 
anterior rectus sheath is opened transversely just next to the 
midline in order to visualize clearly the medial edge of the 
rectus muscle, which is then retracted laterally until visualiza-
tion of the posterior rectus sheath. Then a 10  mm trocar is 
bluntly inserted. The video shows a self-retaining blunt bal-
loon trocar but this is not a dissection balloon. Another Hasson 
type trocar can also be used. Insufflation with CO2 is started 
until 12  mmHg and the patient is placed in Trendelenburg 
position. A 0° or preferably 30° angled 10 mm endoscope is 
inserted and blunt dissection with the endoscope is continued 
in the retromuscular space up to the pubic symphysis.

4.5.2	 �Step 2: Introduction of 2nd Trocar

When the rectus muscle is nicely visualized, a second reusable 
5 mm trocar is inserted under direct vision about three finger-
widths exactly under the first trocar. In the case of a bilateral 
hernia, this trocar is placed more towards the midline for more 
ergonomic working on both sides. During this step and the fur-
ther dissection, care should be taken not to damage the epigas-
tric vessels. If this happens, we apply a 5 mm clip proximally 
and distally to control the bleeding. The surgeon keeps the 
endoscope in one hand and starts dissection with the other hand.

4.5.3	 �Step 3: Dissection to Bogros’ Space 
and Introduction of 3rd Trocar

A pair of scissors is introduced through the 5 mm trocar. In 
order to find the right plane, it may be necessary to cut some 
fibers of the arcuate line of Douglas. The correct preperitoneal 
dissection plane is easily found due to its angel hair appearance. 
The dissection is performed immediately laterally and as close 
as possible to the anterior abdominal wall between the hernia 
sac below and the epigastric vessels above. Also more laterally, 
it is very important to stay in this plane. Dissection is continued 
bluntly towards the lateral abdominal wall and the anterior 
superior iliac spine. This can be verified by lateral transillumi-
nation. Stay in this plane and do not dissect into the lateral 
abdominal wall itself. Dissect all attachments as close to the 
umbilicus as possible and move laterally. The purpose is to strip 
the peritoneum here sufficiently from the posterior rectus sheath 
in order to have enough space for the upper edge of the mesh to 
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be placed. Some sharp dissection may be necessary. The 3rd 
trocar, also 5 mm and reusable, needs to be introduced ideally at 
the level of the umbilicus cranially and medially to the anterior 
superior iliac spine (Fig. 4.3). This location can be verified by 
introducing an IM needle before putting in the trocar. Place the 
needle in the middle of the transilluminated spot and then the 
introduction of the 3rd trocar can be optimized while keeping 
the peritoneum away with the other hand. Do not put the trocar 
too obliquely through the anterior abdominal wall because this 
again will limit the expansion of the upper edge of the mesh.

4.5.4	 �Step 4: Reduction of a Direct Inguinal 
Hernia

Now the rest of the operation is performed with the assistant 
holding the endoscope. The Retzius space is dissected 
bluntly using two atraumatic graspers, avoiding the corona 

Fig. 4.1  Patient positioning for 
Totally ExtraPeritoneal (TEP) 
repair of right groin hernia

Fig. 4.2  Transverse incision of the anterior rectal sheath

4  Totally Extraperitoneal Endoscopic Inguinal Hernia Repair (TEP)
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mortis (a vascular connection between the obturator and 
external iliac systems close to the symphysis pubis) (Fig. 4.4). 
The first landmark is the Cooper’s ligament. This dissection 
continues crossing the midline and deeper near the bladder in 
order to develop a nice place for the lower edge of the mesh. 
In the case of a direct inguinal hernia, the preperitoneal fat 
herniating through the defect of the inguinal floor at 
Hesselbach’s triangle can be reduced by gently pulling on 
the fat with one hand and pulling on the weakened transver-
salis fascia with the other hand until complete reduction of 
the direct component. Finally, some preperitoneal fat cranial 
and lateral to the iliac vessels needs to be dissected up to the 
internal ring.

In the event of a larger direct hernia (EHS M2–M3), we 
prefer to fix the deepest point of the stretched transversalis 
fascia with one or two fixation devices on the upper part of 
Cooper’s ligament to decrease the risk for seroma formation 
and for bulging of the prosthesis through the defect. The 
fixation instrument should be brought in via the medial tro-
car and a good stabilization of the instrument with two hands 
is very important to avoid slipping during firing. Fixation 
should be done not too laterally because of the external iliac 
vein and not too medially because of the pubic symphysis 
and the risk of pubic osteitis.

4.5.5	 �Step 5: Reduction of Femoral/Obturator 
Hernia

Always explore the femoral canal for the presence of a femo-
ral hernia. In most cases, it will only be herniating preperito-
neal fat, without a definite peritoneal sac, just medial to the 
external iliac vein. Please clearly differentiate in obese 
patients between herniating preperitoneal fat, which needs to 

be reduced, versus normal fat and lymph nodes around the 
external iliac vein. Always avoid direct traction on this frag-
ile structure while dividing any fatty attachments. Just below 
the Cooper’s ligament, an obturator hernia can sometimes be 
detected and reduced. Most of the time, this is clinically 
irrelevant.

4.5.6	 �Step 6: Reduction of Indirect Inguinal 
Hernia

The reduction of a large indirect inguinal hernia is one of the 
most difficult steps. It always starts with pulling the hernia 
sac near the internal inguinal ring medially and sweeping the 
spermatic vessels and all surrounding preperitoneal fat later-
ally away from the hernia sac. This will allow blunt dissec-
tion of the spermatic vessels from the hernia sac while 
progressively moving towards the internal ring and the tip of 
the hernia sac.

Dissection is finished when the small fascia with blue 
transparency is seen between the hernia sac posteriorly and 
the vas anteriorly. Perforating this fascia will allow full dis-
section of the spermatic vessels and the vas from the hernia 
sac. If the preperitoneal fat medial to the internal ring has not 
been freed adequately (step 4), this fascia will not be clearly 
visible.

In the case of a patient with a larger hernia sac, try to keep 
traction on the lateral part of the sac by constantly folding the 
peritoneum on itself and grasping it with an atraumatic 
grasper via the medial trocar. The angled scope can help with 
this maneuver, looking from lateral to medial. The hernia sac 
will become smaller and smaller. Continue this dissection 
until the vas is visible. Please note that the vas can be very 
adherent to the tip of the sac and in this case it needs to be 
gently dissected away from the sac. Never grasp the vas and 
avoid damaging its vascularization by skeletonizing the vas. 
For this gentle dissection around the tip of the sac, a Maryland 
dissector may be helpful. Now the tip of the hernia sac can be 
completely freed, bluntly or sharply, from the anterior 
abdominal wall. Avoid too much traction and bleeding of the 
epigastric vessels (Fig. 4.4).

In case of a very deep hernia sac, it is better to transect the 
sac at this stage instead of pulling too hard on the testicle. 
The sac can be opened with scissors and an Endoloop can be 
used to close the defect, of course avoiding incorporating an 
intestinal loop, especially in the case of a sliding hernia. 
When the resulting pneumoperitoneum limits the working 
space, a Veres needle can be placed in the left upper 
quadrant.

The hernia sac and peritoneum need to be dissected 
clearly away from the vas medially and from the spermatic 
vessels laterally, both of which are parietalized until these 
clearly diverge at the base of the so-called triangle of Doom. 

Fig. 4.3  Trocar placement for Totally ExtraPeritoneal (TEP) right 
groin hernia repair
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Here also gentle manipulation of the peritoneum is impor-
tant. Remember the peritoneum also needs to be reduced 
when there is no indirect component to allow proper place-
ment of the mesh. In these cases, the peritoneum is extremely 
thin and fragile.

In the case of a female patient, we advocate transection 
and coagulation of the round ligament near the internal ring 
in most cases in order not to damage the peritoneum

4.5.7	 �Step 7: Lateral Dissection 
and Reduction of a Preperitoneal 
Lipoma

Lateral dissection is continued in the preperitoneal plane of 
angel hair. In order to have an adequate landmark, it is impor-
tant to stay close to the edge of the peritoneum. The psoas 
muscle can be visualized and in some cases, the inguinal 
nerves running over it can be seen. The overlying fascia 
needs to be preserved. It is necessary to avoid tenting of the 
parietalized spermatic vessels. Systematic exploration for a 
preperitoneal lipoma originating laterally near the spermatic 
vessels is very important in all cases but especially in obese 
patients or in patients where no obvious hernia sac can be 
found. All this fat needs to be reduced adequately so that it 
can be placed deep to the prosthesis. In most cases, the lat-
eral internal spermatic fascia between the peritoneum and 
the anterolateral abdominal wall needs to be transected by 
blunt and sharp dissection.

Ultimately, with adequate retraction of the peritoneal 
fold, a kind of groove or pocket is freed from the midline 
over the Cooper’s ligament, the iliac vessels, the vas and the 
spermatic vessels towards the psoas muscle and the lateral 
abdominal wall for complete expansion of the lower edge of 
the mesh.

4.5.7.1	 �Contralateral Dissection
Because the unilateral dissection is now finalized, this is the 
moment to continue to the other side in the case of a bilateral 
hernia. No additional trocars are necessary and the surgeon 
changes sides. The different steps are identical to those 
described earlier without the need for an additional lateral 
trocar. Contralateral dissection is started in the same preperi-
toneal plane laterally with lifting of the epigastric vessels 
through the midline trocar and dissecting with the lateral 
one, again between the hernia sac below and the epigastric 
vessels above. During this step, it is very important to stay 
close to the muscles of the abdominal wall to avoid perforat-
ing the peritoneal sac.

4.5.8	 �Step 8: Preparation and Introduction 
of the Mesh

We use a polypropylene mesh 15 cm wide and 13 cm long 
with a small inferolateral cut for the psoas muscle. The mesh 
is rolled from below in a very tiny roll so that the free edge 
of the mesh is the upper part. Then the lateral part of the 

Fig. 4.4  Extraperitoneal 
anatomy of the right groin area 
(inset showing also vas deferens 
after further dissection)

4  Totally Extraperitoneal Endoscopic Inguinal Hernia Repair (TEP)
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rolled mesh is grasped. The mesh is introduced blindly into 
the 10 mm trocar, which is stabilized until some resistance is 
encountered. Further introduction can be done while pushing 
the mesh down the trocar with the scope under direct vision.

4.5.9	 �Step 9: Placement of the Mesh 
and Fixation in Selected Cases

After introduction, the lateral part of the rolled mesh is 
grasped via the lateral trocar and the medial part via the 
medial trocar. The mesh is pulled laterally and is first posi-
tioned horizontally before it is unrolled. To unroll it, we take 
the free upper edge near the midline, which is pulled upwards, 
while unrolling it via the lateral trocar. The mesh is first posi-
tioned on the midline, overlapping the latter by some 2 cm, 
and then further laterally, ensuring that the lateral upper bor-
der of the mesh is adequately unfolded and that the lower 
edge of the mesh is adequately positioned in the preformed 
pocket over its entire length. In general, the mesh should ide-
ally be positioned with the middle centred on the internal 
inguinal ring. This can be adjusted in large direct hernias 
(more medially), large indirect hernias (more laterally) or in 
large femoral hernias (deeper to the Cooper’s ligament). Only 
in the case of large direct and femoral hernias we fix the pros-
thesis with one or two fixation devices on the upper part of 
Cooper’s ligament, but never lateral to the spermatic vessels. 
Our strategy to fix the mesh is the same in unilateral and bilat-
eral hernias. In the case of a peritoneal tear and potential 
adhesion of viscerae to the mesh, the peritoneal edges can be 
adapted with small clips just before desufflation. Closing the 
peritoneum earlier during the procedure might result in tear-
ing of the clips during later manipulation.

4.5.10	 �Step 10: Desufflation

In order to avoid an early hernia recurrence, desufflation 
should be performed by pushing on the inferolateral border 
of the mesh with one hand and mainly by pulling upward on 
the deepest part of the hernia sac with the other. This position 
is kept until full desufflation and flat positioning of the 
patient. In the case of an accidental pneumoperitoneum, 
please make sure that the abdominal cavity is adequately 
desufflated to decrease the risk for postoperative pain. Then 
all trocars are removed and the anterior rectus sheath is 
approximated with an absorbable suture. The skin wounds 
are closed intradermally and approximated with Steristrips™ 
after local anaesthetic infiltration.

4.6	 �Postoperative Care

In order to decrease the risk for postoperative seroma forma-
tion and scrotal hematoma, we ask the patient to wear slim fit 
underwear for a week. The patient is free to resume activities 
“doing what he/she feels he/she can do”. Probably only a 
limitation on heavy weight lifting for 2–3 weeks is enough. 
Early return to work (2–4 weeks postoperatively depending 
on physical activities) should be encouraged. This will 
require a change in attitude by surgeons, general practitio-
ners and patients and may result in significant savings in 
health expenditures.

In case of a nonreducible groin swelling early postopera-
tively, an incarcerated recurrent hernia will most likely be 
excluded by history taking and physical examination; an 
ultrasound examination can be useful to distinguish this from 
a postoperative seroma/hematoma. In the case of a reducible 
groin swelling, the distinction is less clear, since also a 
seroma can be “reducible”; in those cases we prefer a conser-
vative attitude in the first weeks.

�Conclusion

In order to provide a surgery tailored to the patient, we 
believe all surgeons qualifying in general surgery should 
not only have profound knowledge of the anterior and 
posterior (preperitoneal) anatomy, but also be familiar 
with the technical aspects of an anterior approach (i.e. 
Lichtenstein) and a posterior approach. In our depart-
ment, TEP inguinal hernia repair is the method of choice 
for unilateral or bilateral inguinal hernia repair. The appli-
cation of endoscopic hernia techniques also in primary 
hernias allows, in addition to the advantages mentioned 
above, a large patient exposure for surgical trainees, pro-
vided training conditions are optimal. Only then, will sur-
geons be adequately trained to also perform laparoscopy 
in recurrent and bilateral hernias.
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Inguinal and Femoral Hernia Trans-
Abdominal Pre-peritoneal Patch Plasty 
(TAPP)

Jan F. Kukleta

5.1	 �Introduction

The event of laparoscopic cholecystectomy has facilitated the 
search for a laparoscopic solution of groin hernia repair. The 
adoption of a synthetic non absorbable mesh as an indispens-
able part of the procedure was the first precondition of the 
operative strategy. René Stoppa has recognized early the 
importance of the mesh size in relation to recurrence and the 
advantage of the posterior approach over the trans-inguinal 
one concerning the perfect placement of a large mesh in the 
pre-peritoneal space. Stoppa’s Giant Prosthetic Reinforcement 
of Visceral Sac (GPRVS) became the fundament of the later 
developed Trans-Abdominal Pre-peritoneal Patch plasty 
(TAPP) as described by Arregui in March 1992 [1].

The rational of endoscopic hernia repair (TAPP and TEP) 
is the combination of physical and surgical advantages. The 
trans-abdominal route in TAPP offers an excellent exposure 
of the entire posterior wall of the groin. The posterior 
approach allows placement of a large prosthetic mesh with a 
technique of minimal tissue trauma. The mesh in pre-
peritoneal space lies in the line of first defense, supported by 
the intra-abdominal pressure which distributes uniformly 
over the overall surface unlike in a mesh placed in pre-
muscular position (Pascal’s hydrostatic law). The tissue 
ingrowth into a large mesh immobilizes it more efficiently 
than in a smaller one so that permanent fixation of mesh is 
seldom necessary, resulting in smaller risk of recurrence and 
of less fixation-related pain. Covering and overlapping the 
whole myopectineal orifice with mesh reinforces the poste-
rior wall of the inguinal canal without the defect closure. It is 
a true tension free repair with all its positive consequences: 
less acute and much less chronic pain, earlier resumption of 
daily activities and better patient’s satisfaction.

5.2	 �Indication

TAPP is a complex surgical technique with a demanding learn-
ing curve. It has a large indication range in hands of an experi-
enced laparoscopic surgeon with very few relative or absolute 
contraindications. It can be performed in all types of groin her-
nias (inguinal and femoral, unilateral and bilateral, primary and 
recurrent, even in some incarcerated and strangulated ones).

The trans-abdominal approach requires general anesthesia 
(GA), although TAPP in regional anesthesia with sedation was 
reported as being feasible. Patients unfit for GA or with blood 
clotting disorders should get an open repair. In case of large 
inguino-scrotal hernias or after previous interventions in lower 
abdomen (adhesions), especially in pre-peritoneal space with 
or without prosthetic mesh already implanted (after cystec-
tomy, prostatectomy,plug repair, Rives repair, PHS/UHS, 
TAPP/TEP, etc.) generally an open repair is advised. Such 
patients belong in experience hands. TAPP repair can be per-
formed in those difficult scenarios too, if enough expertize is 
present. But one has to be very critical to his own abilities and 
respect the risk-benefit ratio keeping the patient in mind first.

5.3	 �Preoperative Work-Up

There is no specific work-up necessary for a TAPP repair. 
Although there is insufficient evidence for routine antibiotic 
prophylaxis and insufficient evidence for routine thrombo-
embolic prophylaxis in laparoscopic hernia surgery (IEHS 
Guidelines 2011) [2]. I systematically use the single-dose of 
cephalosporin 30 min preoperatively and low molecular hep-
arin subcutaneously according to the patient’s weight in the 
evening prior to intervention.

Abdominal hair is clipped just before going to the operat-
ing room and the patient is asked to empty his bladder before 
surgery, as full urinary bladder can substantially increase the 
technical difficulty of TAPP repair. Perioperative 
catheterization of urinary bladder is very rarely necessary. If 
technical difficulties (e.g., after prostatic surgery, scrotal her-
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nia) or an extended operating time are expected consider 
using a urinary catheter during the intervention. Eventual 
retrograde instillation of methylene blue solution may help 
to rule out or to localize a bladder wall injury.

5.4	 �Operating Room

The patient lies in supine position with both arms tucked to 
his body, the arm rests have to be flat in order not to interfere 
with laparoscopic instruments. The patient is provided a sim-
ple peripheral IV line only, in most cases. As the operating 
surgeon I prefer to stand at patient’s right shoulder for both 
left and right groin hernia with the primary monitor at 
patient’s left leg (Fig. 5.1). The assistant stands opposite to 
surgeon with secondary monitor between surgeon and the 
scrub nurse on the right side. The skin disinfection and the 
drape allow free access to groin for the improbable case of 
conversion.

5.5	 �Instrumentation

I use a 10 and 5 mm 30° angled endoscope with the possibility 
of sterile exchange. The standard set consists of one 10 mm, 
one 5 mm and one 3 mm reusable conical trocar, 5 and 3 mm 
graspers, 3 mm scissors and 3 mm needle-holder. Small size 
gauze is ready for eventual cleaning of operating field.

5.6	 �Surgical Technique Step by Step

	 1.	  The first skin incision is a 10 mm infra-umbilical smi-
ley. In case of very short lower abdomen consider dis-
crete overstretching of the thoraco-lumbar spine or place 
the endoscope above umbilicus. Pneumoperitoneum is 
established with a reusable Veres needle insufflating 
2.5–4.0 lt. of CO2 up to intra-abdominal pressure of 
12 mm of mercury. Prior the insufflation routine security 
tests are always performed (aspiration, drop test, etc.).

Fig. 5.1  Patient positioning for 
Trans-Abdominal Pre-peritoneal 
Patch plasty (TAPP) of groin 
hernia
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	 2.	  Insert the 10 mm endoscope (T1 = trocar nr. 1) and visu-
alize the abdominal content in the theoretical reach of 
the Veres needle to rule out any injury. Explore the ipsi-
lateral and the contralateral groin and inform the anes-
thetist of uni- or bilateral procedure. Complete the 
exploration of the entire abdominal cavity.

The 5 mm trocar (T2) is placed lateral to semilunar 
line on the left side at the level of umbilicus and the 
3 mm trocar (T3) on the right side at the same level fur-
ther lateral of semilunar line for easier reach of the right 
groin. The trocars are always placed under direct visual 
control (Fig.  5.2). Mind the distance of the dominant 
hand-trocar to the bony structures (ribs and iliac crest) to 
prevent reduced mobility of your instruments.

	3.	  Discrete Trendelenburg position(15°) increases the work-
ing space. Keep your endoscope lens clean to guarantee a 
perfect vision through the whole procedure. Don’t com-
promise. Try to localize the well-known anatomical land-
marks (medial umbilical ligament (MUL), anterior 
superior iliac spine (ASIS), inferior epigastric vessels, 
inner inguinal ring, spermatic vessels and vas deferens. 
Decide if you deal with direct, indirect or a pantalon her-
nia, don’t forget the femoral, obturator and Spighelian 
hernias. It helps the primary orientation and the anticipa-
tion of dissectional difficulties. The other important 
structures(secondary orientation) become visible during 
the pre-peritoneal dissection: the ileopubic tract, the sym-
physis pubis, Cooper’s ligament, and the femoral canal.

	 4.	  Horizontal or cranially convex peritoneal incision 
3–4  cm above of all possible defects extending from 
ASIS to MUL is carried out from lateral to medial. 
Proceeding from lateral to medial facilitates the pneu-
modissection (tissue separation by gas penetration), 
which helps to identify and separate the visceral layer of 
the peritoneum from the parietal one. The parietal layer 
of peritoneum is not the transversalis fascia! In some 

individuals it can be very well developed as a kind of 
endo-abdominal fascia and it covers the entire floor, pro-
tects the epigastric vessels and continues as the sper-
matic fascia protecting spermatic vessels and the nerves 
in triangle of pain (lateral of spermatic vessels) and tri-
angle of doom (over the extern iliac vessels). It is recom-
mendable to preserve this layer to protect the nerves 
from contact with the prosthetic material. Crossing the 
“epigatrics” in this “spider-web“-like space lets you 
anticipate and prevent any damage to these vessels. The 
medial umbilical ligament doesn’t need to be transected. 
If more space is needed, a cranial extension of the peri-
toneal incision parallel to MUL may be helpful. The 
extent of dissection reaches medially 1 cm beyond the 
symphysis pubis to the contralateral side, cranially 
3–4 cm above the transversalis arch or any direct defect, 
laterally to ASIS, and caudally minimally 4–5 cm below 
the ileopubic tract at the level of psoas muscle and 
2–3 cm below the Cooper’s ligament at the level of supe-
rior arch of the pubic bone.

	 5.	 Indirect hernias
The indirect hernia sac has to be retracted by separat-

ing the peritoneum from the spermatic fascia. Large and/
or deep indirect sacs can be more difficult to dissect and 
may prolong the operating time, but complete retraction 
is possible in almost every case. Delicate dissection and 
good control of hemostasis do not increase the incidence 
of scrotal hematomas and seromas, but prevent the for-
mation of chronic seroma/pseudo-hydrocele. Seldom 
there is a firm adherence of the sac to the spermatic 
structures at the level of the inner inguinal ring. In such 
condition it is much easier to separate the spermatic ves-
sels from the overlying peritoneum far latero-caudally 
first, before starting the dissection along the vessels 
towards the inguinal canal and to the top of the indirect 
sac. In this manner, damage to the spermatic vessels can 
be safely prevented.

The cord lipomas deserve a special attention. Quite 
often, substantial funicular masses of pre-or retroperito-
neal fat prolapse into the enlarged hernia orifices. One 
has to look for them actively. Once retracted from the 
inguinal canal I prefer to resect them, because they may 
become symptomatic or mimics recurrent hernia.

The search for or exclusion of such masses is an inte-
gral part of the endoscopic hernia repair.

	 6.	  Direct hernias
The most direct hernia sacs are easily retracted with 

their preperitoneal fat and separated from the white 
appearing attenuated transversalis fascia. The incidence 
of postoperative seromas in direct hernias can be signifi-
cantly reduced when the lax transversalis fasciais 
inverted and either ligated with endoloop or fixed to 
Cooper’s ligament with a suture. The reduced “dead 
space” not only prevents seroma formation but elimi-
nates an eventual prolapse of a light-weight mesh into 

Fig. 5.2  Trocar positioning for Trans-Abdominal Pre-peritoneal Patch 
plasty (TAPP) of groin hernia

5  Inguinal and Femoral Hernia Trans-Abdominal Pre-peritoneal Patch Plasty (TAPP)



30

the former hernia cavity creating a pseudohernia. Even 
in case of big direct hernias being successfully reduced, 
additional revision of the inner ring and an exclusion of 
a cord lipoma is mandatory.

	 7.	  Femoral hernias
The standardized technique of dissection will never 

fail in recognition of a femoral hernia. The femoral canal 
is a kind of preexisting funnel surrounded by the pubic 
bone caudally, the femoral vein medially and a vascular 
arch cranially. Some of the symptomatic hernias don’t 
even have a peritoneal prolapse  – the hernia sac. The 
corresponding preperitoneal fat is often incarcerated 
(=non reducible). Gentle traction and respect to anatomy 
(cave corona mortis) help to reduce sometimes quite sur-
prisingly big content.

	 8.	  Mesh choice, mesh size, mesh slit, mesh fixation
The resulting pre-peritoneal space has to accommo-

date a mesh of adequate size (at least 10 × 15 cm or big-
ger). A macroporous polypropylene, polyester or PVDF 
mesh is unpacked after all the dissection is completed, 
additional surgeon’s gloves may be put on and the mesh 
is trimmed with new instruments if necessary. The mesh 
is rolled-up along its longer axis and blindly introduced 
through the camera trocar (T1). The suture material for 
later peritoneal closure is handled the same way.

The mesh must be meticulously conformed to the 
underlying tissues. Lateral or vertical slit in the mesh 
and encircling the spermatic structures was in the past 
believed to prevent the mesh dislocation. The experience 
has proven the opposite. So, no slit in the mesh, but 
extended parietalization (mobilization of peritoneum 
over the iliac fossa) is required in order to accommodate 
the mesh and not to lift it up when closing the 
peritoneum.

Depending on the hernia type, hernia size, mesh choice 
and the surgeon’s experience and skills, the need for mesh 
fixation can vary. Due to scar tissue in growth the mesh 
will be secured in place in the long term. Because the 
retention need is temporary, the nature of fixation choice 
can be temporary too. The least invasive and more secure 
(than the non-fixation) is the use of a sealantor of a glue. 
It can be fibrin-sealant or cyanoacrylate glue. In large her-
nias, especially the direct ones or after previous pre-peri-
toneal interventions the use of more rigid heavy-weight 
meshes (e.g. Prolene® or Optilene®) and absorbable fixa-
tion devices (Permasorb®, Absorbatack®, Sorbafix®, 
Securestrap®) or suture may be justified.

My personal preference is Ultrapro® mesh, in gen-
eral of 10 × 15 cm size. I use additional gloves and new 
instruments to handle the mesh and fix it with 
Glubran-2® or Histoacryl® (both being n-butyl-cyano-
acrylates) since 2001. My infection rate since 1992 is 
0.0 % and prolonged pain (not chronic) is extremely low.

	 9.	  Peritoneal closure
In order to prevent any contact of viscera with the 

prosthetic and the possibility of entrapment with even-
tual bowel obstruction (inner hernia), the peritoneal clo-
sure must be perfectly accomplished. The best way to do 
so is the running suturewith an absorbable material. The 
neck of deeper hernia sacs should be closed for the same 
reason too (endoloop, suture). In the early years of TAPP 
I closed the peritoneum with EMS® stapler, later on 
with Vicryl®- or PDS® running suture. Since several 
years V-lock® suture is my favorite choice.

	10.	 Trocar incision closure
After evacuating the remaining CO2 the trocar 

wounds bigger than 5 mm are closed in layers and all 
incisions are infiltrated with a long lasting local anes-
thetic (Naropine®).

Postoperative Care  Ninety eight percent of all my patients 
leave the hospital the next day (Switzerland). The pain con-
trol measures are minimal. There are no weight-lifting 
restrictions. In contrary the patient is encouraged to be as 
active as the body feeling allows. The earlier “the normal 
way of life” is challenged, the shorter is the 
convalescence.

The patients have to be informed prior to- and after the 
surgery of several unimportant symptoms, which may appear 
in the early postoperative course:

	1.	 “post-laparoscopy pain” in upper chest or shoulders,
	2.	 swelling at the previous hernia site or
	3.	 superficial hematoma of penis or scrotum

The first resolves mostly within hours.

	1.	 Some patients develop a seroma or hemato-seroma in the 
site of the previous hernia. These mostly short lasting 
swellings (“pseudohernias”) will resolve in days or 1–2 
weeks and don’t have to be aspirated. In some instances 
an aspiration reinforces the patient’s confidence and gives 
a local relief.

	2.	 In very few patients (temporary converts from per-oral 
anticoagulation, Aspirin users) a superficial hematoma of 
penis basis or scrotal neck can appear 2–3 days after sur-
gery. Being sometimes quite impressive they resolve in 
much shorter time than a true hematoma would. Once 
again: adequate information before the operation is the key.

Around 10 days after the intervention the absorbable 
intra-cutaneous sutures are cut or removed and at 6 weeks 
postoperatively the patient gives his final feedback (by 
phone, seldom by e-mail) to confirm his/her well-being or a 
need for a clinical control.
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5.7	 �Summary

The TAPP technique for the repair of nearly all forms of 
inguino-femoral hernias is a powerful tool in the repertoire 
of a modern surgeon.

The potential patient’s benefits justify the longer learning 
curve. Even after reaching the expertize TAPP remains a 
more demanding procedure than the open repair. Correct 
indication, strict adherence to the principles of a well stan-
dardized surgical procedure, attention to details, delicate dis-
section and the readiness to turn any “everyday repair” to “the 
best ever repair” may offer your hernia patient his/her best 
Solution.

References

	 1.	Arregui ME, Davis CJ, Yucel O, Nagan RF.  Laparosocpic mesh 
repair of inguinal hernia using a preperitoneal approach, a prelimi-
nary report. Surg Laparosc Endosc. 1992;2(1):64–8.

	 2.	Bittner R, Arregui ME, Bisgaar T, et al. Guidelines for laparoscopic 
(TAPP) and endoscopic (TEP) treatment of inguinal hernia 
(International Endo Hernia Society, IEHS). Surg Endosc. 
2011;25(9):2773–843.

5  Inguinal and Femoral Hernia Trans-Abdominal Pre-peritoneal Patch Plasty (TAPP)



33© Springer International Publishing Switzerland 2017
H.J. Bonjer (ed.), Surgical Principles of Minimally Invasive Procedures, DOI 10.1007/978-3-319-43196-3_6

Laparoscopic Ventral Hernia Repair

Salvador Morales-Conde, María Socas, and Isaias Alarcón

6.1	 �Introduction

Laparoscopic surgery continues to advance in achieving fur-
ther benefits over the conventional approach for certain 
pathologies. In 1992 LeBlanc, et al. carried out the first lapa-
roscopic repairs of ventral hernias (LVHR) [1]. Although not 
originally considered to be a pathology that could benefit 
from this approach, laparoscopic repair of ventral hernias 
has attained wide acceptance in recent years because of the 
significant advantages afforded by improvements in pros-
thetic materials and in fixation devices, as well as in the sur-
gical technique used. Even that the latest meta-analysis show 
similar recurrence rate between the two approaches, this 
technique offers as a great advantage compared to the open 
repair since a significant reduction of local morbidity has 
been observed, making it a procedure that solves a long-
standing challenge for the surgeon.

Nevertheless, there are still certain points of controversy 
that should be clarified, starting with the simple fact of 
establishing more precise indications and contraindications 
for the use of this approach. In addition, a multitude of 
more specific technical details should be discussed, includ-
ing if the defect should be closed or not, how to manage the 
seroma, how to choose the type of mesh and its size and 
how to fix the mesh. One of the most interesting points cur-
rently being debated is whether or not it is necessary to use 
sutures or tacks alone, following the “Double Crown” tech-
nique, or other additional methods of fixation, such us, 
glues or the new method of fixations available, such us 
absorbable tackers.

6.2	 �Indications and Contraindications

Basically all ventral hernias can be repaired by laparoscopy 
as the standard procedure. Emergency operations performed 
in cases of strangulated hernias must be analyzed on an indi-
vidual basis to assess whether or not laparoscopy should be 
used. However, various factors place limits on the indica-
tions for laparoscopic repair such as the size of the defect, 
the presence of skin problems, the physical characteristics 
and the clinical history of the patients and the site where the 
hernia is localized. Subxyphoid, suprapubic, lumbar and 
parastomal hernias are good indication for laparoscopy, 
although these techniques require special technical consider-
ations to be analyzed.

At the lower limit of the size of the defect, hernias that 
can be repaired with local anesthesia, those under 3–4 cm, 
are usually excluded. However, in patients requiring laparo-
scopic surgery for other concomitant conditions, obese 
patients and multi-recurrent hernias, laparoscopic repair 
would be indicated despite the small size of the hernia. 
Regarding the upper limit of the hernia size, different authors 
has performed many successful repairs of massive abdomi-
nal wall defects, although those hernias that need to associate 
a dermolipectomy or those with loss of domain should be 
excluded of being repair by this approach. We, therefore, 
conclude that until the limits are clearly established, the 
degree of difficulty in managing the instruments within the 
abdominal cavity and the size of the meshes available are the 
only actual limit to the technique, as far as large hernias are 
concerned.

On the other hand, this technique is often criticized by 
surgeons who perform open ventral hernia repair because the 
posterior rectus sheath cannot be reapproximated laparo-
scopically. There is no data to determine whether patients 
with an important rectus diastasis associated to a ventral her-
nia or an incisional hernia with an important distance 
between the rectus sheath, should be repaired by laparoscopy 
or an anatomical repair by re- approximation of the anterior 
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rectus sheath should be performed, to improve the 
physiopathological function of the abdominal wall. New 
techniques are being described proposing an approximation 
of the rectus muscle with a running sutures performed by 
laparoscopy or a combined approach using an endoscopic 
component separation dissection before to place the mesh.

Contraindications to laparoscopic ventral hernia repair 
would include pregnant patients, children and patients 
with intra-abdominal sepsis, while patients with portal 
hypertension, previous abdominal radiotherapy or previ-
ous abdominal tuberculosis should be considered relative 
contraindications for this approach. These last two cases 
should be considered as difficult situations together with 
incarcerated hernias or those patients with multi-recurrent 
hernias previously repair with polypropylene, since more 
adhesions are usually found.

On the other hand, the characteristics of the sac of the 
hernia are important to determine the contraindications of 
this technique, since the evolution and complication of the 
seroma and the cosmetic results would be different depend-
ing on the type of sac. Definitive contraindications for this 
approach include patients with skin problems and fistulas.

6.3	 �Laparoscopic Surgical Procedure

6.3.1	 �Preoperative Work-Up

It is controversial whether pre-operative imaging techniques 
are needed for any ventral repair to select patients for 
LVHR.  There have been suggestions that imaging studies 
might be helpful in patients with recurrent hernias in unusual 
anatomic locations and to evaluate the sac content. Having 
these data preoperatively can aid with decision making, such 
as the best way to access the reoperative abdomen, or to 
determine the localization of the bladder, iliac crest, or other 
important structures relative to a hernia defect.

6.3.2	 �Instrumentation

•	 Optic: a 30° angle view scope is essential to perform the 
laparoscopic approach of ventral hernias since offers an 
excellent view of the entire anterior abdominal wall, and 
of the defect that need to be covered.

•	 Trocars: a 10–12 mm trocar is used for the 30° scope and 
to introduce the mesh, and two 5-mm trocars are used for 
introducing the the mechanical fixation devices and the 
standard laparoscopic instruments.

•	 Graspers, scissors, and other laparoscopic instrumenta-
tion: atraumatic bowel graspers are needed to manage the 
bowel and to perform traction gently to reduce the content 
of the hernia sac. Sharp scissors are required for proper 

dissection and prevention of bowel injury. A needle holder 
should be also available in case of an enterotomy to suture 
the bowel and continue the procedure by laparoscopy.

•	 Energy source: monopolar cautery is acceptable as long 
as it is used far away from the viscera. Adhesiolysis must 
be performed with extremely care since missed bowel 
perforation could be life-threatening for the patient. For 
that reason, electrocautery should be used in a bleeding 
area after the adhesions are freed since if the proper plane 
is maintained blood loss is not expected.

•	 Fixation devices: meshes could be fixed with tacks alone, 
which guarantee a proper fixation of the mesh to the ante-
rior abdominal wall if the Double Crown technique is fol-
lowed, or with transfascial sutures alone or with a 
combination of both. The new absorbable tackers should 
be evaluated in the future in order to determine if they 
could substitute the conventional metal tacks.

6.3.3	 �Operating Room Set-Up

The description of the technique is based on a primary or 
incisional ventral hernia at the midline and about 5 cm far 
from the bone margins, the patient is placed in supine decu-
bitus, with the surgeon and the assistant to the patient’s left 
and the monitor in front of them to the patient’s right. A 
Foley catheter is only used in patients with suprapubic her-
nias or hernias located at the middle third below the midline 
and if operation is likely to be prolonged.

6.3.4	 �Surgical Technique

Creation of Pneumoperitoneum and Placement of 
Trocars  Due to the presence of adhesions in the abdominal 
cavity, surgeons recognize that there is a risk of intra-
abdominal lesion when creating the pneumoperitoneum or 
introducing the initial “blind’ trocar. This has led some 
authors to recommend open laparoscopy using a Hasson tro-
car in patients with previous surgeries who will undergo 
laparoscopy. Many authors, however, are not of this opinion, 
using systematically Veres needle. In these cases, pneumo-
peritoneum is created by placing the Veres needle in the left 
hypochondrium, since this is the area of the abdomen where 
we are likely to find fewer adhesions because of the lower 
frequency of inflammatory processes at this level introduc-
ing the first trocar in the left side of the patient. Once the 
pneumoperitoneum has been created, the initial trocar is 
placed in the patient’s side (normally, the left abdomen) 
away from the proximal border of the hernia in this area, 
being recommended to use a bladeless or a optic trocar, since 
bowel injuries are often associated with blind insertion of the 
initial trocar rather than with the Veres needle itself.
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In addition, a high percentage of patients presenting ven-
tral hernias are obese, this factor being associated with the 
presence of incisional hernias and with their recurrence. In 
these patients, performing an incision on the side of the 
abdomen (where trocars for laparoscopic repair of this type 
of hernia are normally inserted) in order to place a Hasson 
trocar often involves performing a minilaparotomy, since the 
fat tissue is generally thicker at the sides than at the midline. 
This large incision can result in pneumoperitoneum leaks 
and other complications such as infections, incisional her-
nias, etc. On the other hand, placing the first trocar with the 
abdomen insufflated let to place this first trocar far from the 
hernia defect, allowing secure the mesh in an easier and safer 
way at this proximal side, avoiding an insufficient fixation 
and, therefore, recurrences.

Once the pneumoperitoneum is created, the cavity is gen-
erally approached from the patient’s left side, placing three 
trocars drawing a line, introducing the 10–12 mm trocar first 
and then placing the other 5 mm trocars under direct vision 
(Fig. 6.1). An important thing to remember when placing the 
trocars is to stay as far as possible away from the defect mar-
gin closest to the surgeon. This will provide proper visualiza-
tion of the margin, making it easier to achieve wide overlap 
with the mesh and perform any maneuvers needed to secure 

the prosthesis. When it is not possible maintain a suitable 
distance from this margin, it is recommended to introduce an 
additional 5 and 10-mm trocar in the patient’s opposite flank 
in order to adequately fix the mesh on the margin closest to 
the initial trocar.

Adhesiolysis  once the trocars are introduced, the adhesions 
are evaluated. Adhesiolysis is considered to be a key point of 
this procedure, since incorrect performance of the adhesioly-
sis process can have extremely serious consequences for the 
patient. Nevertheless, if we have any doubts regarding the 
possibility of bowel perforation the procedure should be con-
verted to open, or at least one of the trocar must be enlarged 
to check the bowel. Missed perforation of the abdominal 
wall is associated with high morbidity and mortality. 
Hemostasis of the area of adhesiolysis should be checked in 
order to avoid complications.

Identification of the Defect and Selection of the Mesh  Once 
the adhesiolysis process is completed, the actual defect of 
the hernia must be delimited by drawing them on the skin. A 
needle could be inserted through the skin, visualizing its tip 
inside the cavity under laparoscopic vision to detect and 
trace the hernia defect on the patient’s skin. Then the abdo-
men is deflated and the exact measurements of the defect are 
determined, in order to select a mesh designed to be placed 
intra-abdominally, which should overlap at least 5 cm beyond 
the hernia orifice in all directions. Once the proper mesh is 
selected, several marks are traced on the patient’s abdomen 
and on the mesh surface that will be placed in contact with 
the viscera, in order to facilitate orientation of the prosthesis 
within the cavity. Sutures could be placed at this point at the 
cardinal points to facilitate also orientation, being removed 
or let in place later. Afterwards, the mesh is rolled along its 
long axis, leaving the mesh side that will be in contact with 
the bowel rolled toward the inside, what will facilitate the 
maneuvers needed to extend the mesh. Meshes should be 
introduced through one of the trocars to prevent potential 
contamination that can occur when it is inserted through the 
skin. If a large prosthesis is needed, it is recommended to 
remove the trocar and insert the mesh wrapped in sterile 
plastic through the trocar hole, and then remove the plastic 
from inside the cavity.

Fixation of the Mesh  Once the mesh is inside the cavity, the 
area where the cranial tack should be placed is localized 
either by the previous drawn on the mesh or by a suture at 
that place. A needle or the suture passer will set the place 
where the first tack should be placed. When this tack or 
suture is placed, we stretch the mesh in the caudal direction 
and perform the same maneuver, placing the second tack or 
suture at the lower cardinal point. Subsequently, the lateral 
tacks are placed following the same system, avoiding the Fig. 6.1  Placement of trocars for ventral hernia repair
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tendency of the mesh to move in the opposite direction from 
the point where the scope is introduced. Once the mesh is 
fixed at the four cardinal points, we proceed to extend it ade-
quately, adding an outer crown of tacks that are placed right 
on the margin of the mesh. These tacks are separated from 
each other by a distance of one-two centimeter, an adequate 
distance to ensure that the bowel do not slip between the 
tacks and cause acute incarceration. Once the outer crown is 
finished, the inner crown of tacks is added at the margin of 
the hernia sac, in order to ensure better attachment of the 
mesh, to perform the Double Crown technique (Fig.  6.2), 
adding extra-suture in case this technique is not followed. In 
case the technique proposed combined tackers and glue, the 
distance among the tackers could be increased to 3–4 cm [2].

While the crown of tacks is being placed, the surgeon 
must exert strong pressure against the tacker from the outside 
to ensure that the mesh is fixed to the fascia. Once all the 
tacks are placed, it is recommended to proceed to identify 
any of them that are left hanging from the wall or that are 
improperly placed, and insert them through the entire thick-
ness of the mesh. Poorly positioned tacks will lead to adhe-
sions, as it has been shown in differente experimental studies, 
and could cause major complications in the future, such as 
fistulas or occlusions.

Finishing the Procedure  Once the procedure is completed, 
the abdomen is deflated and the 12-mm trocars must be 
closed. A compression bandage is placed at the level of the 
hernia sac to reduce the space between the mesh and the sac 
and to prevent seroma, avoiding the use of drains. This ban-
dage is kept on for 1 week and is withdrawn at the 7-day 
follow-up visit to remove the skin sutures.

6.3.5	 �Postoperative Management

Once the procedure is completed, we start the patient on fluid 
intake about 6–8 h after surgery, continuing to solid foods as 
tolerated. The patient is normally discharged within 24–48 h 
of the surgery. In terms of physical activity, we do not estab-
lish any limitation for the patient and only recommend grad-
ual resumption of regular daily activities based on the 
patient’s progress during postoperative recovery. Patient 
follow-up is carried out at 1 month, 3 months, 6 months and 
1 year, with yearly visits thereafter.

6.4	 �Complications After Laparoscopic 
Hernia Repair

6.4.1	 �Postoperative Pain

Different studies published show that the method used for 
mesh fixation (sutures, tacks, both) makes no differences on 
acute postoperative pain, although a recent prospective ran-
domized trial published by F Muysoms et  al. shows that 
Double Crown technique has less pain than the use of trans-
fascial sutures, and this sutures incurs a significantly longer 
operation time in comparison to fixation by tacks [3]. On the 
other hand, the absorbability of the suture material used for 
mesh fixation is not related to the incidence of postoperative 
pain, as well as the type of mesh used. The role of glues on 
fixation during LVHR still has to be established, some 
authors has demonstrated that in umbilical hernias with a 
defect size up to 5 cm, mesh fixation by glue results in less 
acute postoperative pain compared to fixation by tacks. In 
the meantime, and since the incidence of acute postoperative 
pain correlates significantly with the number of tacks used, 
glues could help to decrease the numbers of tacks used to fix 
the mesh.

Chronic pain is defined by pain lasting at least 3/6 months 
postoperatively. Different studies have tried to find any pos-
sible correlation between different fixation techniques 
(transfascial sutures and tacks, sutures only, tacks only) and 
the incidence of chronic postoperative pain. The median per-
centage incidence of chronic pain in the suture and tack fixa-
tion group were 2.75 %, 3.75 %, 6,35 % respectively showing 
no statistical differences.Fig. 6.2  Double crown technique
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6.4.2	 �Mesh Shrinkage

Beldi et al. has publishes a study by conventional abdominal 
X-ray examination comparing tacker (single crown technique) 
versus suture fixation of a mesh with an overlap of at least 
5 cm, at the 2nd postoperative day, after 6 weeks and 6 months 
postoperatively. A significant decrease of mesh size was 
detected in horizontal direction in the tacker group, whereas 
no significant differences were found in vertical direction and 
mesh surface area. On the other hand, Schoenmaeckers et al. 
studied mesh shrinkage after use double crown fixation tech-
nique of ePTFE-meshes by CT measurements. A shrinkage 
rate of 7.5 % was found at 17.9  months postoperatively. 
Different studies have observed a high proportion of reduction 
of the size of the mesh in animals observed, while clinical 
studies in humans have shown less shrinkage.

6.4.3	 �Tack Hernia

Several case reports have been published how fixation device 
have induced incisional hernias. The first report in 2003 pub-
lished by LeBlanc concerned the development of an inci-
sional hernia at the site of a penetrating tacker and described 
as a “tack hernia”. On the other hand, further reports by 
Muysoms et al., Khandelwal et al. and Barzana et al. have 
also described incisional hernias after suture fixation.

6.4.4	 �Recurrences

Since no differences has been found on hernia recurrence 
based on the method of fixation (Double Crown vs. sutures) 
other factors has been related to these recurrences. A proper 
overlap, of at least 5 cm in all directions, and the proper fixa-
tion of the mesh at the side of the initial trocar are factors that 
influence also in the presence of recurrences.

New hernias below original hernias have been described 
as a factor of recurrence after open repair. This factor has 
been also described after laparoscopic approach what has led 
to recommend to cover the entire incision even in those cases 
in which a weak area is not detected, since this damaged tis-
sue could be involved in the presence of a new hernia. At 
present, it appears evident that when undertaking laparo-
scopic repair of an incisional hernia, adhesiolysis must cover 
the entire area of the previous scar in order to identify pos-
sible wall defects at this level, other than those originally 
destined to be repaired. This is precisely one of the advan-
tages of laparoscopy over traditional open repair. Defects 
that were not identified during the clinical examination and 
that were the cause of recurrence or appearance of a new 
defect after open repair can be detected and repaired in the 
same surgical procedure.

6.4.5	 �Seroma

Seroma, defined as serous fluid retention between the mesh 
and the anterior abdominal wall, is presence in most of the 
cases after LVHR, as different series that analyzed its pres-
ence by radiological exams shows. Its presence cannot be 
considered a complication since patients do not even detect 
them in most of the cases. For these reasons, it is important 
to defined that seroma must be considered an incident after 
this surgery that may lead to complications. A new clinical 
classification of seroma has been published by S. Morales-
Conde in order to establish the real incidence of seroma and 
its clinical significance [4].

The potential complications related to seroma formation 
include pain, discomfort to the patient, cellulites, being the 
most important complication of them the possibility of get-
ting infected. The infection of a seroma is considered one of 
the most challenging complications since it might lead to 
mesh removal and recurrence. Seroma could also be related 
to recurrence, since the weight of this serous fluid between 
the mesh and the anterior abdominal wall could increase the 
tensile strength on the fixation of the mesh and therefore 
desattach tackers from its original fixation to the anterior 
wall and be responsible of an improper anchoring of the 
mesh right after surgery, which may influence in the pres-
ence of recurrence in the future.

The real importance of seroma formation and the influ-
ence of them in the quality of life in the postoperative period 
of the patient are also still to be determined. But it can be 
concluded that seroma is not really a key factor in the post-
operative period after this surgery and its simple presence 
cannot be considered a complication. But, it would be better 
to avoid it since, in some cases, could be responsible for 
some of the complications described.

6.4.6	 �Missed Bowel Perforation

Lysis of adhesions is considered to be the most dangerous 
and rate limiting aspect of laparoscopic ventral hernia 
repair. Adhesiolysis must be performed with extreme care 
since missed bowel perforation could be life-threatening 
for  the patient. The incidence of enterotomy during 
laparoscopic ventral hernia repair has been reported to be 
1–6 %. But adhesiolysis complications are not only 
associated with laparoscopic surgery. Cases of intestinal 
perforation have also been reported after open surgery, 
with consequences similar to those occurring after laparo-
scopic surgery. In fact, in studies comparing laparoscopic 
and open surgery for the treatment of ventral hernias, 
higher rates of intestinal perforation due to adhesiolysis 
were reported in the open surgery group than in the lapa-
roscopy group.
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Minimal use of energy sources during adhesiolysis has 
been advocated to avoid bowel injury. Monopolar cautery is 
acceptable as long as it is not used in close proximity to any 
viscera.

6.4.7	 �Adhesions, Fistulas and Bowel 
Occlusion

Different factors have been related to this complication: inap-
propriate mesh being placed intra-abdominally in contact 
with the bowel and poorly positioned tacks will lead to adhe-
sion, as it has been shown in different experimental studies, 
and could cause these major complications in the future.

It has been published a current review of the literature 
regarding safety measures such as adhesions, fistulas, and 
infections after LVHR. The only real concern based in this 
analysis is about using pure PPM in the intraperitoneal posi-
tion. The use of intra-peritoneal PPM to repair incisional 
hernia has been demonstrated in clinical and experimental 
studies that carries the risk of adhesions and damage to the 
intra-abdominal viscera. Polypropylene is a material widely 
used in surgery but, because of its association with formation 
of enterocutaneous fistulae and adhesions, direct contact 
between mesh and intestine should be avoided. This study 
clearly points a very few mesh-related complications after a 

proper mesh placed intraperitoneally, and shows that experi-
mental studies and theoretical considerations may argue for 
using a covered mesh, i.e., a composite mesh, or e-PTFE for 
LVHR in humans, although it is stressed that there are no 
human data at the moment to support this. Clinical informa-
tion based on reoperative findings available in the literature 
about adhesions to prosthetic materials shows different data, 
but this information related to implanted e-PTFE mesh at 
reoperation in patients who had previously undergone LVHR 
shows no or minimal formation of adhesions in 91 % of 
cases, and no severe cohesive adhesions were found.
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Motility Disorders
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7.1	 �Introduction

Though a relatively rare disease (with an estimated preva-
lence of 0.5–1 new cases per 100,000 population a year, and 
with no clear age predilection), achalasia is the most com-
mon motor disorder of the esophagus. Its pathophysiology 
consists of the loss of esophageal body peristalsis and an 
impaired lower esophageal sphincter (LES) relaxation, 
resulting in a residual pressure gradient between the esopha-
gus and the stomach during swallowing, which gives rise to 
a functional obstruction at the gastro-esophageal junction.

It is widely accepted that the partial or total absence of 
swallow-induced LES relaxation (the main functional anom-
aly in achalasia) is caused by a loss of the inhibitory innerva-
tion in the myenteric plexus; the exact mechanism behind 
this loss of inhibitory neurons is far from clear and treatment 
is still limited to mechanical or surgical disruption of the 
LES.

7.2	 �Indications

Dysphagia, for both solids and liquids, is the main symptom of 
achalasia and the swallowing behavior of achalasia patients 
(especially those with a dilated esophagus) is unique: they 
often make food pass through the cardia by drinking large 
quantities while eating, thus increasing the pressure in the gul-
let enough to overcome the LES resting pressure. Undigested 
food regurgitation occurs, especially at night, with corollary 
symptoms that may include respiratory complications (noctur-
nal cough and aspiration), chest pain, and weight loss.

Although the above-mentioned symptoms may seem 
rather obvious and diagnostic evaluation has certainly 
improved, there is often still a considerable delay between 
the onset of symptoms and the diagnosis of achalasia, due 
not to an atypical clinical presentation of the disease, but to 
the physician’s misinterpretation of its typical signs and 
symptoms. Patients are often treated for suspected reflux dis-
ease, they are sometimes given sedatives and may even be 
referred to a psychologist.

There is a lively debate regarding the most effective treat-
ment for long-term symptom relief. The relative rarity of 
achalasia means that most patients are treated according to 
local preferences and expertise. First-line achalasia treat-
ment has traditionally been pneumatic dilation, reserving 
surgery for patients requiring repeated dilations or when this 
treatment fails. Currently, minimally invasive surgery – with 
its more limited related morbidity  – is progressively 
employed in patients with achalasia.

Non-decompensated achalasia (grades I to III according 
to the radiological classification), i.e., with a maximum 
esophageal diameter of about 6 cm and a gullet that is still 
“straight” is suitable for laparoscopic myotomy. In cases of 
mega-esophagus (>6 cm in diameter and/or a sigmoid shape), 
laparoscopic myotomy can still be performed, but the suc-
cess rate is lower; it may still be an option, nonetheless, 
before scheduling a patient for esophagectomy.

7.3	 �Alternative Treatment

Pneumatic dilation is a good alternative to surgery. It aims to 
disrupt the LES by forcefully dilating it with an air-filled bal-
loon. To date, the most commonly used is the Rigiflex bal-
loon (Microvasive, Boston Scientific, Cedex, France), which 
is available in three sizes (30, 35, and 40 mm in diameter). 
Briefly, the balloon is inserted over an endoscopically 
maneuvered guide wire, positioned across the LES, and 
inflated under endoscopic visualization. The immediate suc-
cess rate of this procedure is 55–70 % with a single dilation, 
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but this figure can be improved with multiple dilations. The 
best results can be obtained by using increasing balloon sizes 
in a stepwise fashion over several months. The long-term 
results may be less positive, however, with about 60 % of 
patients still symptom-free after a year, but more than 50 % 
experiencing recurrent symptoms after 5 years. One of the 
major risk factors for recurrence is young age (<40  years 
old), with a 5-year remission rate of only 16 % for patients 
under 40, as opposed to about 60 % for older patients. Other 
predictors of failure after pneumatic dilation are male gen-
der, a single dilation with a 30  mm balloon, and a post-
treatment LES pressure >10 mmHg.

Esophageal perforation is the most important and poten-
tially life-threatening complication of pneumatic dilation, 
occurring in up to 6.6 % of the patients. Other potential com-
plications following pneumatic dilation include prolonged 
pain, gastroesophageal reflux, aspiration pneumonia, gastro-
intestinal hemorrhage, esophageal mucosal tears without 
perforation, and intramural esophageal hematoma.

7.4	 �Preoperative Work-Up

The conventional diagnostic work-up is based on functional 
studies, such as esophageal manometry and barium swallow. 
The radiographic features are esophageal dilation and mini-
mal LES opening with a bird’s beak appearance, sometimes 
with an air-fluid level in the gullet and no intragastric air 
bubble. These radiographic features may be missed by a con-
ventional test, especially in the early stage of the disease. A 
“timed” barium swallow test has been proposed and is widely 
used in evaluating patients before and after treatment. A 
fixed amount of barium (200 ml) is ingested in 2 min, and 
pictures are taken after fixed intervals (0, 1′, 2′, 5′) to mea-
sure the height of the barium column at various times. At 
manometry, the typical findings are aperistalsis of the esoph-
ageal body and incomplete LES relaxation, sometimes with 
a high intra-esophageal pressure due to the stasis of food and 
saliva. LES resting tone is often elevated. Swallowing may 
trigger simultaneous low-amplitude pressure waves with a 
similar morphology in all channels in the esophageal body, 
called “common-cavity” waves.

Endoscopy is usually the first test to be performed in a 
patient with dysphagia. Findings may seem normal in patients 
with achalasia, especially in the early stages, when the gullet 
is only mildly dilated. Esophagitis (“stasis” esophagitis) may 
be identified and should not be confused with reflux esopha-
gitis. Esophageal candidiasis, resistant to the usual treat-
ments, can also be found, and is usually related to the 
functional obstruction. Malignant tumors can produce an 
achalasia-like syndrome called “pseudoachalasia” by infil-
trating the gastro-esophageal junction and mimicking the 
clinical and manometric presentation of achalasia; they 

account for about 5 % of cases of misdiagnosis. In general, 
patients with pseudoachalasia are older and have a shorter 
history of dysphagia and weight loss. Endoscopy, with a care-
ful examination of the cardiac and fundic region, is therefore 
mandatory as part of the diagnosis work-up to avoid this 
potential pitfall, and if the clinical suspicion is strong, com-
puterized tomography (CT) and endoscopic ultrasound 
should be considered. These latter tests should be considered, 
particularly in elderly patients with symptoms of recent onset.

Finally, all of the tests routinely performed before surgery 
under general anesthesia (blood tests, chest X-rays, EKG) 
are required. Additional tests may be requested by the anes-
thesiologist for particular patients, but are rarely necessary.

7.5	 �Operating Room

The operation is performed under general anesthesia and 
oro-tracheal intubation. The patient is placed supine on the 
operating table with legs abducted on flat padded leg boards 
to minimize the risk of lower extremity neurovascular injury. 
Alternatively, the patient can be positioned in simple supine 
position, i.e. with the legs together on the operating table.

The right arm is tucked against the patient’s side and the 
left arm remains on an arm board (Fig.  7.1). The patient 
should be well secured, as a steep reverse Trendelenburg 
position is needed to displace the intra-abdominal organs 
from the subdiaphragmatic area and bring the surgical site 
closer to the surgeon, who stands between the abducted legs 
to gain easy access to the upper abdomen. This position 
demands all the measures usually adopted to prevent deep 
vein thrombosis (stockings, heparin prophylaxis). Due to the 
brevity of the operation, a Foley catheter is unnecessary, 
unless it is requested by the anesthesiologist in the case of 
frail patients.

Fig. 7.1  Patient positioning for Heller’s myotomy
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The poor emptying of the achalasic esophagus makes the 
gullet retain saliva and ingested food, so there is a high risk 
of regurgitation and aspiration during the induction of anes-
thesia in these patients. Patients should be kept on a liquid 
diet for 48 h before the operation, and a dilated gullet should 
be mechanically washed and emptied via a naso-esophageal 
tube the night before the procedure.

The standard laparoscopic instrumentation is required: 
two 12 mm trocars and three 5 mm trocars are used; a 30° 
laparoscope offers the best view of the cardiac region; a 
device for lifting the left liver lobe, atraumatic forceps for 
pulling down the stomach, and a cautery hook and scissors 
are the instruments needed for the procedure, plus a couple 
of standard forceps for tissue handling and a needle holder 
for suturing. An ultrasonic scalpel or Ligasure are usually 
not necessary. Small bipolar cautering forceps may be useful 
to control bleeding from the edges of the myotomy.

During the performance of the myotomy the endoscope 
may be useful to facilitate the procedure and check for any 
mucosal lesions. We prefer to position a guidewire across the 
cardia through the scope before starting the operation: dur-
ing the myotomy, a 3.0 cm Rigiflex balloon is placed across 
the cardia and gently inflated and deflated.

7.6	 �Surgical Technique

7.6.1	 �Trocar Positioning (Fig. 7.2)

We usually prefer the open technique when performing the 
pneumoperitoneum: the first 12 mm blunt trocar, used for the 

laparoscope, is inserted along the midline, halfway between 
the umbilicus and the xyphoid. A 5 mm trocar is inserted as 
laterally as possible on the patient’s right side, immediately 
below the costal margin, to lift the left liver lobe. A 5 mm 
trocar inserted immediately below the xyphoid is used for 
the operator’s left hand, while a 12 mm trocar inserted later-
ally below the left costal margin provides access for the sur-
geon’s right hand. Finally, a 5 mm trocar, at the same level as 
the first trocar and on the midclavicular line, is used to pull 
down the gastric fundus.

7.6.2	 �Exposure of the Anterior Wall 
of the Esophagus

An assistant on the surgeon’s left-hand side lifts the left liver 
lobe using an atraumatic retractor, thus exposing the cardia 
region. It is not necessary to divide the left triangular liga-
ment. An assistant on the surgeon’s right-hand side grasps 
the gastric fundus with atraumatic forceps, maintaining a 
caudal traction on the esophagogastric junction. The opera-
tion begins with a minimal dissection of the anterior part of 
the esophagus. With the cautery hook, the peritoneum over 
the esophagogastric junction is divided to expose the anterior 
wall of the gullet. Any adipose tissue (usually found at this 
level) is removed, paying attention to the small vessels com-
ing from the gastric wall, which should be coagulated with 
the bipolar forceps; they usually mark the inferior limit of the 
myotomy. The left vagus nerve, which becomes anterior at 
this level by crossing the anterior esophageal wall from left 
to right, is clearly evident and must not be damaged.

7.6.3	 �Myotomy

The myotomy is started with the cautery hook on the dilated 
part of the distal esophagus, above the lower esophageal 
sphincter that, in cases of long-standing achalasia, is often 
marked by a whitish, sclerotic area. The myotomy must in 
any case be started 2 cm above the esophagogastric junction 
to expose the esophageal submucosal layer with the least risk 
of perforation. The cautery power is reduced to 15  W to 
avoid transmitting its coagulating effect to the underlying 
mucosa. First the longitudinal muscle fibers are hooked, 
lifted, and coagulated, until the circular ones are exposed; 
then the latter are hooked, lifted, and divided using the same 
technique. Then the submucosal layer, which forms a slight 
bulge between the two margins of the myotomy, is exposed. 
At this point, using the forceps in the left hand, the margin of 
the myotomy is delicately lifted, and small scissors are used 
to bluntly dissect the muscle layer from the submucosal 
layer. The muscle tissue is then cut and minor bleeding from 
the edges of the myotomy can be controlled with a careful Fig. 7.2  Trocar positioning for Heller’s myotomy
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use of the cauterized scissors, or simply with the aid of 
mechanical compression using a small sponge. A myotomy 
6–8 cm long is performed, extending it 1.5–2 cm on the gas-
tric side below the oblique muscle fibers that represent the 
beginning of the gastric muscle, thus exposing the gastric 
submucosa, which is usually more vascularized than the 
esophageal mucosa (Fig. 7.3.). Scissors are used in the proxi-
mal part and a hook cautery is inserted downwards on the 
gastric side to lift and divide the circular muscle fibers. Care 
must be taken during the myotomy to avoid injuring the ante-
rior vagus nerve and prevent any esophageal perforation or 
spiraling of the myotomy. A feature of our personal tech-
nique involves the intraoperative use of a 30  mm Rigiflex 
balloon. The balloon is placed inside the esophageal cavity at 
cardia level using an endoscopically-positioned guide wire. 
During the myotomy, the balloon is gently inflated and 
deflated with 40–60 cc of air using a syringe: this exposes the 
circular fibers, which can then be stretched and easily cut or 
torn apart (Fig. 7.3). The edges of the myotomy are separated 
and peeled away from the submucosal plane: any minimal 
bleeding from submucosal vessels is easily controlled 
by  inflating the balloon, thus reducing the need to use the 
cautery. At completion of the myotomy, a flexible endo-
scope  can be inserted to confirm sufficient dilatation and 
detect any perforation of the mucosa. Placing the patient in 
Trendelenburg position during endoscopic inspection and 
instilling the upper abdomen with saline allows recognition 
of a small perforation by the presence of air bubbles during 
endoscopic insufflation.

7.6.4	 �Risks of the Myotomy

The main risk in performing esophageal myotomy is a muco-
sal lesion (perforation). This can be caused directly by an 
erroneous handling of the hook or scissors, or by the endo-
scope while checking the myotomy, or even by the Rigiflex 
balloon if it is inflated too vigorously. Indirect lesions can be 
caused by an excessive coagulation involving the mucosa, in 
which case the perforation occurs when the eschar falls out, 
48–72 h after the operation. Direct lesions are usually 
detected during the operation and can be sutured directly 
with 4–0 interrupted reabsorbable stitches. This is usually 
done laparoscopically, but conversion to open surgery may 
be necessary. The suture line is then further protected with 
the anterior fundoplication. In the case of small indirect 
lesions, subsequently detected by Gastrografin swallow, a 
conservative treatment with gastric aspiration, NPO, TPN, 
and antibiotics usually suffices.

7.6.5	 �Antireflux Fundoplication

Although some authors perform only the myotomy as 
described above, a fundoplication is normally added to pre-
vent postoperative gastroesophageal reflux disease, which 
may be a severe complication in patients with a poor esopha-
geal clearing ability due to the absence of peristalsis. Given 
this lack of any propulsive peristaltic activity of the esopha-
geal body, a partial fundoplication is usually performed, 
either anteriorly (Dor) or posteriorly (Toupet). The former 
has the advantage of protecting the exposed esophageal 
mucosa and can be performed without completely mobiliz-
ing the esophagus, thus preserving the natural antireflux 
mechanisms.

Using our technique, an anterior partial hemifundoplica-
tion according to Dor is added to the myotomy. In general, 
there is no need to mobilize the gastric fundus by dividing 
the short gastric vessels. Three stitches are inserted on each 
side, the proximal one to include the stomach, the edge of the 
myotomy and the diaphragm (Fig. 7.4).

If a posterior hemifundoplication (Toupet’s procedure) is 
to be performed, the abdominal esophagus must be com-
pletely mobilized, and the gastric wrap is passed behind the 
esophagus: the right and left sides of the wrap are secured to 
the corresponding edges of the myotomy with three to four 
interrupted non-reabsorbable stitches.

7.6.6	 �Postoperative Care

A naso gastric tube is carefully positioned at the end of the 
operation. A water-soluble contrast esophagogram 
(Gastrografin) is obtained on the first postoperative day to 

Fig. 7.3  The myotomy is being performed. The anterior vagus nerve 
must be identified and preserved from damage
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rule out any mucosal perforation. In case of small perfora-
tion the NG tube is kept in position and the patients is main-
tained in parenteral nutrition for 6–8 days. If a large 
perforation is detected and the contrast freely diffuses in the 
abdomen or in the pleura, drainage and immediate suture 
are reccomended.

If no perforation are observed a liquid diet is started and 
the patient is discharged after another 24–48 h, once a soft 
diet has been started and depending on how far away from 
the hospital they live. A soft diet is recommended for 8–10 
days, after which a normal diet is allowed.

Patients usually return to the outpatient clinic 1 month 
later for a barium swallow. Endoscopy and function tests are 
performed after 6 months to rule out any postoperative 
GERD. After that, endoscopy is recommended every 2 years 
to rule out any cancer growth.

�Conclusions

Surgical myotomy is the most effective and durable treat-
ment for achalasia, and since laparoscopy has reduced 
related morbidity, laparoscopic Heller myotomy has 
become the first-line treatment for this condition. A partial 
fundoplication should be performed in conjunction with 
the myotomy to minimize the risk of postoperative gastro-
esophageal reflux, a risk that must be avoided as far as 
possible in an esophagus with poor clearance capabilities. 
Although it is not clear which fundoplication is best in 
association with laparoscopic Heller myotomy (a prospec-
tive randomized trials is eagerly awaited), we have found 
the laparoscopic Heller-Dor combination a safe and effec-
tive treatment for achalasia.
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Gastroesophageal Reflux Disease 
(GERD) and Hiatal Hernia

Rudolph Pointner

8.1	 �Introduction

Gastroesophageal reflux disease (GERD) is primarily con-
sidered a motility disorder, because dysfunction of the anti-
refluxbarrier is a prerequisite for the development of the 
disease. The backward flow of gastric content into the esoph-
agus, i.e., gastroesophageal reflux, is up to a certain extent a 
physiological phenomenon, in particular in the early post-
prandial phase. The primary pathophysiologic event occurs 
as a part of normal physiology, but results in GERD when 
symptoms or tissue damage occurs. Failure of the antireflux 
barrier is considered the most important factor in the patho-
genesis of GERD. The antireflux barrier is composed of the 
lower esophageal sphincter (LES) and the crural diaphragm. 
The LES is a thickened ring of tonically contracted circular 
smooth muscle that generates a 2- to 4-cm high pressure 
zone at the gastroesophageal junction and serves as a 
mechanical barrier between the stomach and the esophagus. 
The crural diaphragm, the passageway of the esophagus 
through the diaphragm can contain a morphologic variation 
resulting in a hiatal hernia, which disrupts the physiology of 
the normal antireflux mechanism.

In the 1950s and 1960s a hiatal hernia was considered 
almost synonymous with GERD. Encouraged by studies by 
Cohen [1], attention shifted to the lower esophageal sphinc-
ter and investigators related sphincter function to the pres-
ence of GERD. It became evident that in patients with hiatal 
hernia, the altered geometry at the cardia could potentially 
affect lower esophageal sphincter function.

Recently, much work has been done to elucidate the effect 
of the hiatal hernia in the pathophysiology of reflux disease. 
We are now beginning to understand this complex relation-
ship, showing that the crural diaphragm has its specific func-
tion in preventing gastroesophageal reflux and that the 

presence of a hiatal hernia interferes with this barrier func-
tion. The presence of a hiatal hernia is supposed to be associ-
ated with symptoms of gastroesophageal reflux and increased 
prevalence and severity of reflux esophagitis, although there 
are no data available regarding whether patients suffer more 
from symptoms corresponding to the insufficiency of lower 
esophageal sphincter pressure or hiatal hernia.

A hiatal hernia is defined as a proximal displacement of 
any abdominal organ other than the esophagus through a 
widening of the hiatus of the diaphragm. There are three dif-
ferent ways to describe a hiatal hernia:

•	 endoscopically, a hiatal hernia is present, when the Z-line 
can be identified above the crural ring with gastric folds 
between the crura and the Z-line.

•	 radiologically the hiatal hernia is described as four major 
types: the sliding hiatus hernia (Type I), the paraesopha-
geal hernia (Type II), and the combination of Type I and 
Type II (Type III) with both the gastroesophageal junction 
and the fundus herniating through the hiatus. The fundus 
lies above the gastroesophageal junction. Type IV hiatal 
hernias are characterized by the presence of a structure 
other than stomach, such as the omentum, colon or small 
bowel within the hernia sac.

•	 intraoperatively the hiatal surface area (HSA) can be cal-
culated by measuring the length of the hiatal crura and the 
diaphragm.

Unfortunately, none of these methods define the size of a 
hernia. Therefore, there is no exact definition of a preopera-
tive hiatus hernia as the “normal” hiatus is well described in 
regard to its function but not its size regarding the anatomy.

Considering those pathophysiological connections, it 
becomes clear that the symptoms of patients with a hiatal 
hernia are the symptoms of patients with GERD.

Today GERD is a full-spectrum disease, i.e., a disease 
with many patient subgroups, ranging from those with 
asymptomatic disease without mucosal lesions to those with 
morpholic complications of erosive esophagitis. The concept 
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of the GERD clinical spectrum has changed tremendously 
during the last decade showing the GERD patient population 
to be a multifaceted one.

8.2	 �Symptoms

More than 40 % of adults of the western world experience 
symptoms of GERD at least once a month and approximately 
10 % of adults experience daily symptoms. The most com-
mon symptoms of GERD are heartburn, regurgitation, and 
dysphagia. In addition to these typical symptoms, patients 
may complain of chest pain, globus sensation, respiratory 
symptoms (wheezing, aspiration, cough), ear, nose, and 
throat manifestations (sore throat, hoarseness), or even den-
tal problems. All these symptoms are caused by injury of the 
esophagus, larynx, airways, pharynx, or mouth by a retro-
grade flow of gastric contents.

The therapeutic aim of antireflux surgery is the elimina-
tion of reflux-related symptoms and prevention of progres-
sion and complications of GERD.  Traditional objective 
criteria to describe a successful surgical intervention are the 
normalisation of the lower esophageal sphincter pressure, 
normalisation of pH values, and the elimination of reflux 
symptoms including healing of esophagitis. Beside these 
factors, the patients’ view of a successful intervention has 
become more important based on the fact that objective mea-
surement of solely physiological outcome parameters does 
not correlate well with symptomatic outcome or patients’ 
satisfaction with an intervention. Therefore, according to the 
definition of GERD by Dent et al. (GERD is likely present 
when heartburn occurs on 2 or more days a week), the effi-
cacy of laparoscopic antireflux surgery should also be mea-
sured by quality of life data or patients’ rating of satisfaction 
with surgery.

8.3	 �Indication for Antireflux Surgery

An improvement of a disease-related quality of life is the 
main indication for antireflux surgery. There is a general 
agreement in medical and surgical literature on the indica-
tions for antireflux surgery:

•	 patients with persistent or recurrent symptoms or compli-
cations who are resistant to proton pump inhibitor therapy 
(failure of medical management).

•	 young patients despite successful medical management 
(due to lifestyle modification, life-long medical therapy, 
escalating doses, costs of medication).

•	 patients who continue to suffer from regurgitation even if 
heartburn is effectively treated.

•	 well selected patients with atypical or extraesophageal 
symptoms, even if surgery is less successful than in 
patients with typical symptoms.

•	 patients with endoscopically or radiologically diagnosed 
hiatal hernias, and

•	 patients unwilling to accept long-term medication.

The best candidate for surgery is the patient who has com-
plete resolution of symptoms when treated with modern anti-
reflux medication such as proton pump inhibitors, which is 
related to patient compliance with prescribed medication. It 
must be pointed out that there is no general agreement among 
surgeons that the presence of a Barrett’s esophagus is consid-
ered an indication for surgical intervention.

8.4	 �Pre-surgical Evaluation

The aim of an adequate and complete preoperative evalua-
tion is to:

•	 diagnose GERD and exclude other disorders, such as 
lesions of esophagus or stomach,
•	 measure severity of reflux (in quantity and quality)
•	 define anatomy of esophagus and gastroesophageal 

junction.

In general, these objectives are accomplished by several 
tests, of which contrast studies (with barium swallows and 
endoscopy are most widely used:

•	 esophagogastroduodenoscopy including biopsy at the 
gastroesophageal junction and histological examination,

•	 esophageal manometry (for excluding primary motor dis-
orders e.g. achalasia, and defining the exact position of 
the gastroesophageal junction)

•	 24-h esophageal impedance pH monitoring to character-
ise the frequency, duration and extent of any kind of reflux 
including the possibility to correlate the patients symp-
toms to the reflux activities

•	 Contrast studies with barium swallow, an x-ray cinema-
tography for a better documentation of sliding or parae-
sophageal hernias completes an exact evaluation of the 
disease.

•	 CT scanning can be helpful especially when obstructive 
of volvulized paraoesophageal hernia is suspected.

8.5	 �Principles of Surgery

Based on the pathophysiological findings underlying GERD 
and hiatal hernias, it is clear that the most effective way to 
permanently restore the competency of the gastroesophageal 
junction and the diaphragmatic crura is to close any kind of 
hernia and perform some kind of wrap over the esophagus 
just proximal to the gastroesophageal junction. The follow-
ing aspects must be observed for a long-term effective anti-
reflux procedure:
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–– The wrap must be constructed over the distal esophagus, 
just proximal to the gastroesophageal junction, and must 
be fixed to the esophagus to remain in that position 
permanently.

–– The wrap must be constructed without tension using the 
fundus of the stomach.

–– The total wrap (e.g. “floppy” Nissen fundoplication) should 
be approximately two centimeters in the length in its ante-
rior aspect (longer in its back). The partial wrap (anterior or 
posterior, e.g. Toupet fundoplication) is usually between 
one and a half to twice the length of the total wrap.

–– The wrap must lie below the diaphragm without tension.
–– Hernia must be corrected if one is present. The diaphrag-

matic hiatus must be gently attached to the esophagus, 
above the wrap.

8.6	 �Surgical Technique

The two procedures most commonly used today are modifi-
cations of the fundoplication described by Nissen [2] and 
Toupet [3]. These modifications led to a shortening and a 
loosening of the wrap which led to a substantial improve-
ment of potential side effects such as a dysphagia. The main 
differences between the Nissen and the Toupet fundoplica-
tions are that in the Toupet fundoplication, the edges of the 
stomach are attached to the anterior wall of the esophagus, 
rather to each other, leaving space in between, and the wrap 
is fixed to the right hiatal crus.

General agreement exists that the hiatus has to be 
restored in every case of GERD or hiatal hernia therapy. 
The surgical technique is almost exactly the same as it was 
described by Phillip Allison in 1951: “After a complete 

dissection of the left and right crus, both crura are approx-
imated with two or more nonresorbable sutures”. The sim-
ple sutured cruroplasty is performed as close as 
appropriate, with the esophagus lying loose between the 
crura with no narrowing. In case of an HSA of more than 
6 cm2, it can be considered to place a C-shaped mesh on 
the diaphragm and the approximated crura with its free 
side at the right crus. It is fixed circumferentionally with a 
hernia stapler. Fixation has to be performed with great care 
to avoid tack injury. Attention must be paid to the fact that 
the free edges of the mesh do not touch the esophagus.

8.7	 �Laparoscopic “Floopy” Nissen 
Fundoplication

The laparoscopic Nissen fundoplication is carried out under 
general anaesthesia. After optimal positioning of the patient 
(lithotomy position and head up) (Fig. 8.1), a pneumoperito-
neum is established and 5–10 mm ports should be placed as 
shown in Fig. 8.2.

The best position for the surgeon is between the legs of 
the patient to allow comfortable access to the abdominal 
esophagus through the upper midline and left midsubcostal 
ports. The first step is to retract the left lobe of the liver using 
a liver retractor introduced through the right trocar. Then the 
gastrohepatic omentum is divided close to the liver and an 
incision is made into the peritoneum along the free edge of 
the right crus, the circumference of the diaphragmatic crura 
and to the left crus. Knowledge of the presence of an aberrant 
left hepatic artery, which may be found in about 12 % of the 
patients, is very important for this step. Ligation of this ves-
sel may result in hepatic necrosis. Circumferential mobiliza-

Fig. 8.1  Positioning of the 
patient: lithotomy and head up
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tion of the esophagus is achieved by careful dissection of the 
anterior and posterior soft tissues within the hiatus. With 
traction of a Babcock clamp, which is positioned at the car-
dia, the mediastinal dissection of the esophagus is completed 
and the esophagus is freed from the pleura, the aorta, and the 
crural muscles. This procedure guarantees a wide dissection 
of the esophagus far up intrathoracically and results in a ret-
roesphageal channel large enough to allow easy passage of 
the fundic wrap.

The anterior and posterior vagus nerves are identified 
without dissecting them. In the next step the HSA is calcu-
lated by measuring the length of the crura and the diameter 
from one to another edge.

According to the size of the HSA, the crura are approxi-
mated behind the esophagus with one or more non-absorbable 
sutures (Fig. 8.3).

In addition one or more sutures can be placed at the 
diaphragm above the esophagus especially in case of a 
weak pars flaccida. In case of an HSA ≥6  cm2, a mesh 

prothesis can be used to reinforce the crura. The mesh is 
cut in a C-shape and positioned over the sutured crura with 
the arms of the C coming from the left side and lying over 
the sutures below and above the esophagus. Then the mesh 
is fixed by tacks. As the wrap should be made without ten-
sion to prevent postoperative dysphagia or disruption of 
the fundoplication, it is important to mobilize the fundus. 
The short gastric vessels are transected using a harmonic 
scalpel to mobilize the greater curvature of the stomach 
beginning approximately 10 cm distal to the angle of His. 
The rear cavity is opened and all the posterior attache-
ments of the fundus are divided until the left crus is 
reached. The well mobilized fundus can be easily pulled 
by a Babcock clamp passed behind the esophagus from 
right to left. The left limb of the fundoplication should be 
carefully selected by using a part of the proximal fundus of 
the stomach close to the divided short gastric vessels to 
avoid rotational torsion of the cardia. To avoid a too tight 
or too loose wrap, the so-called “shoeshine-manoeuvre” is 
carried out, measuring the length of the fundus, which 
should result in the circumference of the wrap. With a 
length of the circumference of the wrap of 10–12 cm, the 
diameter of the wrap is at least 3 cm. A close 360° wrap 
around the abdominal esophagus is held in place using a 
U-stitch passed through the stomach and the esophagus. 
The next two stitches completing the wrap are positioned 
at maximum 1 cm above and 1 cm below this first U-stitch. 
They approximate the right pulled through part of the fun-
dus with the left part of it, resulting in a floppy wrap with 
a length of about 2–3 cm (Fig. 8.4).

8.8	 �Laparoscopic Toupet Fundoplication

The beginning of the procedure is similar to the above described 
method of a Nissen fundoplication. After the complete dissec-
tion of the crura and the mobilization of the esophagus intra-

Fig. 8.2  Trocar placement for laparoscopic Nissen fundoplication

Fig. 8.3  Approximation of the crura with nonabsorbable sutures 
behind the esophagus

Fig. 8.4  Complete wrap (3 stitches)

R. Pointner
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thoracically a tunnel between the crura, the stomach and the 
esophagus is created from the right to the left side. At that point 
the fundus is freed from the short gastric vessels beginning at 
the angle of His to the upper edge of the spleen. Thus the pos-
terior part of the fundus can be freed from adhesions. This dis-
section is done through the tunnel under the esophagus coming 
from the right side. The evaluation of the HSA as well as the 
closure of the hiatus is performed in the same way as in a 
Nissen fundoplication. In the next step the well mobilized fun-
dus is pulled through behind the esophagus from the left to the 
right side, and the posterior wall of the pulled through fundus is 
fixed to the right crus with three stitches. Thus the line of the 
former dissected short gastrics is positioned parallel to the 
esophagus at the right side. Close to this line the anterior wall 
of the fundus at the right side is fixed with two stitches to the 
right side of the esophagus. In the same way, the fundus laying 
at the left side of the esophagus is fixed with two stitches to the 
left side of the esophagus excluding the anterior vagal nerve.

�Conclusion

Laparoscopic antireflux surgery and modified techniques 
have substantially improved the outcome of surgical treat-

ment for gastroesophageal reflux disease. Therefore, lapa-
roscopic fundoplication should be considered as a 
reasonable alternative to treat this very common disorder 
and not a method of last resort. An adequate preoperative 
evaluation of the disease helps to design an appropriate 
procedure. The laparoscopic approach improves exposure 
and enhances recovery. An improvement in control of 
symptoms and subsequent quality of life are achieved in 
the vast majority of the patients. Complications and surgi-
cal side effects are rare if the operation is performed by an 
experienced surgical team following the basic principals 
of sound operative technique.
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Minimally Invasive Esophageal 
Resection

Donald L. van der Peet and Miguel A. Cuesta

9.1	 �Introduction

In 1991, Dallemagne introduced the right thoracoscopic 
approach for oesophageal cancer with total lung block, 
thereby mimicking the conventional approach [1]. Initial 
reports showed a high conversion rate to thoracotomy and a 
high respiratory morbidity. Searching for reduction of the 
conversion rate and the respiratory infection rate, Cuschieri 
et al. designed the thoracoscopic approach in prone decubi-
tus position so that a total collapse of the lung was no longer 
necessary for dissecting the oesophagus and thereby possi-
bly reducing the rate of respiratory infections [2].

After a feasibility period, the Minimally Invasive 
Esophagectomy (MIE) approach in prone or lateral position 
is widely implemented and increasingly performed all over 
the world for patients with resectable esophageal cancer to 
reduce postoperative respiratory complications and enhance 
the quality of life by avoiding a right thoracotomy and lapa-
rotomy [3–5].

Another important development has been introduced in 
esophageal surgery in recent years: the systematic use of 
neoadjuvant treatment, such as chemoradiotherapy (CROSS 
scheme) or the use of chemotherapy (MAGIC trial scheme) 
[6, 7]. Neoadjuvant therapy for stages 2 and 3, significantly 
increases 5-year survival of patients with esophageal cancer 
in both squamous cell as well as adenocarcinomas.

9.2	 �Surgical Anatomy

Based on the information gathered by MIE a new surgical 
anatomy of the thoracic esophagus has been described. Distal 
of the carina, all structures (vessels, nerves and lymph ves-
sels) to the esophagus are found to come from the side of the 

thoracic aorta. The envelop in which these structures are con-
tained has been called meso-esophagus. From the thoracic 
outlet to the carina vessels and nerves are coming to the 
esophagus from both sides. Importantly is to consider that 
during esophageal resection by MIE this anatomical concept 
may help to standardize the MIE resection. Moreover still is 
discussion about which bronchial vessels has to be preserved 
during resection to prevail enough vascularisation to trachea 
and bronchi and at which level the vagal nerves should be cut 
in order to preserve pulmonary function [8, 9].

9.3	 �General Considerations. Choice 
of Approach. Mediastinal Lymph 
Nodes and Lymphadenectomy

Furthermore, question arises how to choose for transthoracic 
or transhiatal resection. According to the HIVEX trial per-
formed in the Netherlands in 2002, which compared the tran-
shiatal and transthoracic approach for esophageal cancer, it 
seems that transthoracic approach had a better survival on 
the long term with the only exception for the gastro-
esophageal junction (GEJ) cancers [10]. At the same time we 
know that the possibility to metastasize to the mediastinum 
is high (40 %) even in middle and distal located cancers [11]. 
Both arguments point out that in principle all intrathoracic 
cancers will be approach through the thorax after neoadju-
vant therapy, reserving the transhiatal approach for Siewert 
type 2 and in frail patients with distal located tumors [12].

Concerning the extent of lymphadenectomy it seems clear 
that if esophageal cancer at any location can metastasize at 
any level in the lymph nodes in the mediastinum, a complete 
mediastinal lymphadenectomy will be performed. Moreover, 
the introduction of neoadjuvant therapy, the preoperative 
imaging studies and the increased numbers of distal adeno-
carcinomas in the Western World have changed this concept 
at least in the West. Esophageal cancers in the West and East 
have different types and location, being the middle and prox-
imal thoracic squamous cell cancer (SCC) more frequent in 
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the East and distal Adenocarcinomas (Adc), frequently in 
combination with obesity, in the West. The rate of SCC in the 
West is still around 15–20 %. According with this the lymph-
adenectomy we perform in the Western World may be quite 
different, especially after neoadjuvant therapy. Whereas 2 or 
3 field lymphadenectomy is still standard in the East for mid-
dle and proximal SCC, in the West lymphadenectomy of the 
periesophageal and subcarinal lymph nodes is standard, 
being lymphadenectomy along the recurrent laryngeal nerves 
performed in SCC and if suspect lymph nodes are found pre-
operatively in those areas. In the rest of the cases the extent 
of lymphadenectomy is still in discussion.

9.4	 �Indications for Esophageal Resection 
and MIE

A minority of esophageal resections are performed for benign 
diseases mostly at terminal stages of the disease and fre-
quently after different previous surgical interventions, mak-
ing them not ideal patients for MIE. Majority of the indication 
are the considered resectable patients with all types of esoph-
ageal cancer, after preoperative work up to confirm that local 
resection is possible and exclude metastases. Endoscopy, 
endoscopic ultrasound, CT scan of thorax and abdomen, neck 
ultrasonography and the increasingly used PET CT scan will 
discriminate which patients are considered resectable.

Important is to know, not only the type of cancer and its 
stage, but also precisely the location and length of the tumor. 
According to this, neoadjuvant therapy can be decided in a 
multidisciplinary meeting. Currently in Europe the two 
modalities, chemotherapy and chemoradiotherapy are used 
in different countries [6, 7]. Moreover if the tumor is located 
in the GE junction many oncologists will choose for neoad-
juvant chemotherapy. According to location we distinguish 
thoracic esophagus (upper, middle and distal) and gastro-
esophageal junction (GEJ) cancer. This GEJ may be classi-
fied according to Siewert, type 1 at the side of the esophagus, 
type 2 between the distal esophagus and the stomach and 
type 3 at the cardias [12]. Whereas for type 1 and 3 is clear 
what to do: for type 3 a total gastrectomy and for type 1 a 
transthoracic esophageal resection; for type 2 the choice of 
the approach remains difficult; possibilities are to perform an 
extended total gastrectomy with esophagojejunostomy at 
higher level or an Ivor Lewis operation.

9.5	 �Minimally Invasive Esophagectomy 
(MIE)

All type of resections performed in the past by open approach 
have been implemented by MIE: the 2 and 3 stage esopha-
geal resection (Ivor Lewis and MacKeown), both in lateral 
and prone position. But also, the transhiatal (Orringer), and 
the robot assisted thoracoscopic resection [3–5].

Between lateral and in prone position differences are 
slight. In lateral position it is considered obligatory to block 
the lung by means of selective intubation whereas in prone 
position for the 3 stage operation no specific selective intuba-
tion is necessary. Using a thoracic CO2 insufflation of 
between 6 and 8 mmHg the right lung is compressed enough 
to permit an optimal visibility of the mediastinum whereas 
the lung is still partially ventilated.

Patients operated on previously by right thoracotomy are 
excluded for this approach. Frail patients with distal or GEJ 
tumors should be approached by transhiatal route.

Many people ask if it is difficult to perform MIE after 
neoadjuvant therapy. Esophagectomy is considered feasible 
and probably without added technical difficulties. Operating 
between 6 and 8 weeks after chemoradiotherapy permits a 
good resection through the proper planes.

Surgeons who want to introduce MIE have to make a plan 
in which the Surgical Department and the Hospital will sup-
port their wish. Moreover the Department will have enough 
volume of patients per year, at least 20 patients/year, the pos-
sibility of two surgeons working (and operating together) 
and enough experience in minimally invasive surgery. The 
choice of a mentor will facilitate this plan.

Learning curve is not yet determined. People think that at 
least 30 interventions are necessary to be confident with this 
approach.

Concerning evidence for MIE, there are published already 
four meta-analyses and one CRT, the TIME trial [14–18]. All 
of them indicate that a postoperative decrease of pulmonary 
infections can be accomplished if you operate by MIE 
whereas an increase will be found in Quality of Life (QoL) 
questionnaires in favor of MIE. Reduction of intraoperative 
blood loss, postoperative pain, and reduction in hospital stay 
have been also observed. Completeness of resection and 
number of LN retrieved are not different between the two 
approaches [13–15].

Moreover, at 1 year postoperatively, the most differences 
between the two approaches have disappeared with excep-
tion of QoL questionnaires, indicating the persistence of pain 
due to the post-thoracotomy syndrome. Survival after 1 year 
is not different between the two approaches [18].

In conclusion, all patients with esophageal squamous cell 
carcinoma or adenocarcinoma (stage 2 and 3) may be con-
sidered candidates after neoadjuvant therapy for MIE.

9.6	 �Surgical Procedure [17–20]

Three types of operations are widely employed and are 
described.

	1.	 Transhiatal resection with cervical anastomosis
Laparoscopy, cervical dissection of the esophagus, 

retrieval of specimen, formation gastric tube,  
and cervical anastomosis
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For distal esophageal carcinoma and cardia carcinoma a 
transhiatal resection can be used. The conventional technique 
has been described by Orringer and consists of a laparotomy 
with celiac trunk lymphadenectomy, gastric tube formation 
with cervical anastomosis. For the minimally invasive 
approach the midline incision is replaced by 4–5 ports. To 
retract the left liver lobe several devices can be used. After 
resectability has been confirmed, the lesser omentum is 
opened along the liver. If an aberrant left hepatic artery is 
present it should be divided. To make sure that a curative 
resection is possible the crura should be dissected free. Now 
that this is done the omentum along the greater curvature is 
opened taking care that the right gastro-epiploic artery is left 
intact. This artery can usually be seen but can be difficult to 
identify especially in obese patients. To avoid injury a safe 
margin is used. Whilst dividing the omentum the assistant 
should provide traction with respect for the spleen. Dissection 
in the splenic hilum can be difficult when traction is not ade-
quate. Lifting the stomach and approaching the splenic hilum 
from ‘below’ can facilitate dissection. Everting the fundus 
may aid in the final dissection of the stomach to left and ante-
riorly of the crus. The next step involves truncal dissection 
with lymphadenectomy and division of the left gastric artery 
and vein. This can be done by lifting the stomach and 
approaching through the gastrocolic ligament. In some cases 
dissection through the lesser omentum can be more easily. 
The truncal dissection is usually started by over the pancreas 
opening the peritoneum. The cautery hook can be very useful. 
The base of the left gastric artery and vein should be dissected 
free before ligation. Several energy devices can be used for 
dissection, also clips can be applied. After transection of the 
artery and vein the dissection continues up to the crura. To 
dissect along the cardias plane the anterior crus should be 
opened according to Pinotti. Now it is possible to dissect the 
esophagus up to the left pulmonary vein. Peri-esophageal dis-
section can now be completed; the pleura can be opened in 
this phase of the procedure. Now the neck of the patient is 
opened and the esophagus identified. This can be done on the 
left or right side as preferred by the surgical team. To facili-
tate dissection of the neck, the head of the patient should be 
turned away. Using a stitch the distal part of the cervical 
esophagus is put under traction. A loop is positioned proxi-
mal. Now the esophagus is opened and the stripper intro-
duced. With advancement of the stripper during direct 
laparoscopic visualization the stomach is opened and the 
stripper grasped. A small incision is made along the umbili-
cus. The wound is protected using a port and the hand of the 
surgeon inserted. After complete transection of the esophagus 
the stripper is pulled towards the abdomen taking the esopha-
gus along. This part of the operation can have hemodynamic 
consequences and the anesthesiologist should be notified in 
advance. A loop is tight to the stripper to facilitate gastric con-
duit positioning pre vertebral. The esophagus/stomach is 
retrieved extra-corporally and the gastric conduit created. 
Several staplers are used to create a gastric conduit. The 

optimal size is approximately two fingers. The tip is con-
nected to the loop and by pushing the conduit up using mini-
mal traction on the loop, it is positioned pre-vertebral and the 
esophagogastrostomy is fashioned according to local proto-
col. The use of drains and feeding jejunostomy is also accord-
ing to local protocol. Fast track protocols can be applied with 
success in esophageal surgery.

	2.	 Transthoracic resection with cervical or intrathoracic 
anastomosis
Minimally invasive McKeown three stage esophageal 

resection
Thoracoscopy
Laparoscopy
Cervical incision and anastomosis
Minimally invasive Ivor Lewis 2 stage esophageal 

resection
Laparoscopy
Thoracoscopy
Intrathoracic Anastomosis

When a more extensive dissection is warranted the trans-
thoracic approach is utilized. Depending on the type of anas-
tomosis the operation is started either by thoracoscopy or 
laparoscopy. The transthoracic resection with cervical anas-
tomosis has been described by McKeown. The intra-thoracic 
anastomosis is associated with the technique described by 
Ivor Lewis. The extent of lymphadenectomy is subject to 
debate and needs to be elucidated in the era of neoadjuvant 
chemoradiotherapy. When an intra-thoracic anastomosis is 
fashioned the lymphadenectomy is limited to the subcarinal 
area whereas the McKeown approach facilitates an extended 
lymphadenectomy up to the upper mediastinum (Fig. 9.1). 

Fig. 9.1  Esophageal resection and mediastinal lymphadenectomy. 
(Reproduced with permission of Prof. Guy-Bernard Cadière, illustrator: 
Massimiliano Crespi)

9  Minimally Invasive Esophageal Resection
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Fig. 9.2  Operating room setting 
for right thoracoscopy in prone 
position. (Reproduced with 
permission of Prof. Guy-Bernard 
Cadière, illustrator: Massimiliano 
Crespi)

Fig. 9.3  Position of 
trocars. (Reproduced with 
permission of Prof. 
Guy-Bernard Cadière, 
illustrator: Massimiliano 
Crespi)

D.L. van der Peet and M.A. Cuesta



57

Fig. 9.4  Aspect of the posterior mediastinum in prone position, visual-
izing the esophagus (and tumor), the spine, azygos vein and right lung. 
(Reproduced with permission of Prof. Guy-Bernard Cadière, illustrator: 
Massimiliano Crespi)

Fig. 9.5  Division of the azygos vein. (Reproduced with permission of 
Prof. Guy-Bernard Cadière, illustrator: Massimiliano Crespi)

The abdominal phase in these techniques differs from the 
transhiatal in the intra-abdominal creation of the gastric con-
duit. In the case of an intra-thoracic anastomosis the resected 
specimen can be removed via a limited thoracotomy whereas 
in the so-called McKeown procedure a limited abdominal 
incision is often used. The thoracic phase can be done in left 
lateral, semi-prone or prone position. All approaches can be 
done using minimally invasive techniques. Most frequent 
used technique in the Netherlands is the prone position. 
Advantages are the use of single lumen intubation and the 
good visibility due to depression of the lungs with potential 
loss of blood not interfering with the operation-field.

After the abdominal phase the patient is placed in prone 
position using pads on the operation table (Fig. 9.2). Usually 
3–4 ports are used, the position depended upon technique 

used (Fig. 9.3). After introduction of the ports the thoracic 
cavity is explored and dissection is started by incising the 
inferior pulmonary ligament (Fig. 9.4). The pleura is incised 
along the esophagus taking into account that the pulmonary 
vein is at risk of damage. The next landmark is the right 
bronchus, opening the pleura give access to the subcarinal 
station. Dissection of this station can be difficult as these 
lymph nodes are vulnerable and course anteriorly of the 
bifurcation of the trachea. The left bronchus is ideally 
approached after mobilization of the esophagus at the dorsal 
side. When dissecting this plane the so-called meso-
esophagus can be appreciated. With the intra-thoracic anas-
tomosis the level of transection is just proximal from the 
carina. The usefulness of resection of the azygos vein is 
questionable as is transection when an intra-thoracic anasto-
mosis is made (Fig. 9.5). In case of the so-called McKeown 
procedure an extended dissection of lymph nodes along the 
esophagus and the recurrent laryngeal nerves are feasible. 
Identification of the recurrent nerves is mandatory in order to 
avoid injury. The procedure is completed by turning the 
patient in supine position and commencing with the abdomi-
nal part and cervical anastomosis. In case of the Ivor Lewis 
procedure the gastric conduit has already been formed and is 
pulled into the thoracic cage. The level of resection is deter-
mined by positioning the conduit in line with the proximal 
esophagus. As the tumor is now resected the specimen is 
removed through a small incision by enlarging one distal 
port. The use of a wound protector is recommended. 
Regarding anastomotic techniques the use of circular and 
linear staplers has been described [19]. In a review the feasi-
bility of both the transthoracic as the oral staplers was shown. 
With increasing numbers of Ivor Lewis procedures per-
formed, prevention of leakage plays a very important role. 
The anastomosis should be without tension nor torsion and 
are be taken to avoid a siphon-like situation by using a stitch 
placed at the level of the first staple line of the gastric con-
duit. This stitch is used as a marker to identify the position of 
the antrum. A thoracic drain can be left in situ when 
indicated.

9.7	 Conversion

Extensive adhesions in the thoracic cavity, precluding an 
adequate partial collapse of the right lung will indicate con-
version to right conventional thoracotomy.

Conversion has to be considered for oncological reasons 
such as possible ingrowth of the tumor in other organs in 
order to assure this and contemplate the possibility of no 
resection. Moreover important bleeding can be an indication 
to convert to thoracotomy. Question arises in which position 
conversion has to be accomplished. Most of surgeons will 
choose for a lateral thoracotomy. When conversion is antici-
pated the use of the semi-prone position has the advantages 
of easier access by means of a right thoracotomy.

9  Minimally Invasive Esophageal Resection
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9.8	 �Postoperative Care

Postoperative care in esophageal surgery is subject to discus-
sion. As the frequency and complications of complications is 
high, strict protocol adherence is mandatory for successful 
management if complications occur. The use of drains and 
tubes has been shown to be associated with decreased quality 
of life and extended postoperative recovery. By using fast-
track principles the mean length of stay after MIE can be 
decreased without compromising safety. Early enteral feed-
ing has been shown to be safe and effective [21]

9.9	 �Complications

Many complications have been described after esophageal 
cancer. In general MIE will reduce the rate of pulmonary 
infections increasing quality of life because of the avoidance 
of thoracotomy. Technical complications such as leakage of 
anastomosis, chylothorax and recurrent laryngeal nerve 
palsy will not be different between open and MIE because 
the extent of resection is the same [22].

9.10	 �Quality of Life

As resection of the esophagus carries a high risk of severe 
complications, it may have a negative effect on health related 
quality of life. This quality can be expressed by means of 
Patient Reported Outcome Measures and are of increasing 
importance in decision making in esophageal cancer treatment 
[23]. Regarding cervical versus intra-thoracic anastomosis 
recent research did not find a difference in quality of life [14]. 
A randomized trial concerning this subject is underway.
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Laparoscopic Gastrectomy

Wiley Chung and Teodor P. Grantcharov

10.1	 �Anatomy

The stomach is roughly J-shaped and its size and shape depends 
on whether it is full or empty, on the position of the body, and 
on the phase of respiration. The stomach is divided into four 
portions: cardia, fundus, corpus, and pylorus. The stomach has 
an anterior and posterior surface. It also has two curvatures, the 
greater and lesser. The junction of the body with the pyloric 
antrum is marked by a distinct notch on the lesser curvature 
known as the incisura angularis. The thickened pyloric sphinc-
ter is easily palpated and surrounds the lumen of the pyloric 
canal. The greater omentum is attached along the greater curva-
ture of the stomach meanwhile the lesser omentum is attached 
along the lesser curvature. The omentum contains the vascular 
and lymphatic supply of the stomach.

The arterial supply of the stomach includes the left gastric 
artery – from the coeliac axis; the right gastric artery – from 
the hepatic artery; the right gastro-epiploic artery – from the 
gastroduodenal branch of the hepatic artery; the left gastro-
epiploic artery – from the splenic artery; and the short gastric 
arteries – from the splenic artery. The corresponding veins 
drain into the portal system.

The lymphatic drainage of the stomach accompanies its 
blood supply and consists of an extensive network organized 
into three drainage zones. Area I, the superior two-thirds of 
the stomach, drains along the left and right gastric vessels to 
the aortic nodes. Area II, the right two-thirds of the inferior 
one-third of the stomach, drains along the right gastro-
epiploic vessels to the subpyloric nodes and then to the aortic 
nodes. Area III, the left one-third of the greater curvature of 
the stomach, drains along the short gastgric and splenic ves-
sels lying in the gastrosplenic and lienorenal ligaments, then, 
via the suprapancreatic nodes, to the aortic group. This 
extensive lymphatic drainage and the technical difficulty of 

its complete excision is one of the great challenges in dealing 
with stomach cancer.

The anterior and posterior vagi enter the abdomen through 
the esophageal hiatus. The vagus nerve constitutes the motor 
and secretory nerve supply for the stomach. The stomach is 
innervated by terminal branches from the anterior and poste-
rior gastric nerves.

10.2	 �Indications for Gastric Resections

10.2.1  �Gastrointestinal Stromal Tumours 
of the Stomach

Previously known as leiomyomas and leimyosarcomas, gas-
trointestinal stromal tumours (GISTs) comprise only 3 % of 
all gastric malignancies and arise from mesenchymal com-
ponents of the gastric wall. There is a slight male predomi-
nance and the median age at diagnosis is 60 years. GISTs 
often exhibit prominent extraluminal growth and can attain 
large sizes before becoming symptomatic. The presentation 
of such tumours are extremely varied and can range from 
asymptomatic masses found incidentally on physical exam 
or radiographic studies to vague abdominal pain and dis-
comfort secondary to mass effect. When overlying mucosa 
becomes necrotic, GI hemorrhage may occur but perfora-
tion is not a common presentation. GISTs are diagnosed 
using endoscopy and radiologic imaging. They are graded 
according to their tumour size and histologic frequency of 
mitoses. Treatment is surgical resection into grossly normal 
gastric wall to ensure negative histologic margins. En bloc 
resection of any structures involved by local invasion should 
be attempted, although lympadenectomy is not indicated 
because lymph node metastases are rare. Metastasis occurs 
by hematogenous route, and hepatic involvement is com-
mon, as is local recurrence after resection. Unfotunately, 
GISTs are not radiosensitive nor responsive to traditional 
chemotherapy. However, most GISTs express the c-kit 
receptor which is a tyrosine kinase that acts as a growth fac-

W. Chung, MD • T.P. Grantcharov, MD, PhD, FACS (*) 
Department of General Surgery, St. Michael’s Hospital,  
Toronto, ON, Canada
e-mail: grantcharovt@smh.ca

10

mailto:grantcharovt@smh.ca


62

tor receptor. Imatinib mesylate (GleevecTM) is a small-mole-
cule inhibitor of the c-kit receptor that has become first-line 
therapy for metastatic or recurrent GIST.

10.2.2  �Benign Gastric Outlet Obstruction

Gastric outlet obstruction can occur as a chronic process due 
to fibrosis and scarring of the pylorus from chronic ulcer dis-
ease or as a consequence of acute inflammation superim-
posed on previous scarring of the gastric outlet. In general, 
gastric outlet obstruction secondary to peptic ulcer disease 
has become exceedingly rare with modern medical antise-
cretory therapy. Patients may present with recurrent vomit-
ing of poorly digested food, dehydration, and hypochloremic 
hypokalemic metabolic alkalosis. Management consists of 
adequate volume resuscitation and correcting electrolyte 
abnormalities, nasogastric suction, and intravenous antise-
cretory agents. Esophagogastroduodenoscopy (EGD) is nec-
essary for evaluating the nature of the obstruction and for 
ruling out malignant etiology. Endoscopic hydrostatic bal-
loon dilation can also be performed at the same time as 
EGD.  Indications for surgical therapy include persistent 
obstruction after 7 days of nonoperative management and 
recurrent obstruction. Distal gastrectomy including the ulcer 
is the preferred operation for most patients.

10.2.3  �Adenocarcinoma

Gastric adenocarcinoma is the fourth-most common cancer 
worldwide and the tenth-most common malignancy in the 
United States. Adenocarcinomas arise from mucous-
producing cells in the gastric mucosa and comprise of 95 % 
of gastric malignancies. The anatomic pattern of gastric can-
cer is changing, with proximal cancers comprising a greater 
proportion of gastric cancers. Approximately, one third of 
gastric cancers are metastatic at presentation. The overall 
5-year relative survival rate is 17 % for gastric cardia cancers 
and 25.6 % for noncardia gastric cancers [1].

Case selection is very important and the indications are 
still evolving. Early gastric cancers limited to the mucosa 
are suitable for laparoscopic or endoluminal local resection. 
Early gastric cancer with extension into the submucosa 
requires gastrectomy with removal of the greater omentum 
and level 1 lymph nodes (D1 gastrectomy) which can be 
performed safely laparoscopically [5]. Advanced gastric 
cancer involving the muscularis propria but not the serosa 
(T2 tumour) requires a more extensive regional lymphade-
nectomy [12]. Although not widely established in practice, 
D2 gastrectomies can be performed safely laparoscopically 
or using the hand-assisted laparoscopic surgical (HALS) 
technique. The role of laparoscopy in  locally advanced 
tumours is still a matter of debate. Similarly, the role of pal-

liative resection is still not clearly established. Most authors 
currently agree that distal gastrectomy can be performed 
with palliative intent, while the value of palliative total gas-
trectomy is controversial [6, 7].

10.3	 �Preoperative Evaluation of Gastric 
Adenocarcinoma

10.3.1  �Endoscopy

Although diagnosis can be made by double-contrast upper 
GI barium contrast studies or by EGD, the later is generally 
the diagnostic method of choice because it permits direct 
visualization and biopsy of suspicious lesions. Screening 
examination by endoscopy is not cost-effective for the gen-
eral North American population, given the low incidence, but 
may be warranted in high-risk individuals. These individuals 
would include patients more than 20 years post-partial gas-
trectomy, immigrants from endemic areas, patients with per-
nicious anemia or atrophic gastritis, and patients with 
familial or hereditary gastric cancer. Interestingly, massive 
endoscopy screening in Japan, a country with a high inci-
dence of gastric cancer, resulted in an increase in the detec-
tion of gastric cancer confined to the mucosa and led to 
improvements in 5-year survival rates [8].

10.3.2  �Endoscopic Ultrasound

Once the diagnosis of cancer is established, computed 
tomography (CT) and endoscopic ultrasonography (EUS) 
are the primary modalities employed for staging. EUS adds 
to the preoperative evaluation of gastric cancer in several 
ways. It is superior to CT in delineating the depth of tumour 
invasion in the gastric wall and adjacent structures and is of 
great value when endoscopic mucosal resection (EMR) is 
considered. EUS is superior at identifying perigastric lymph-
adenopathy. In fact, EUS is the most accurate method avail-
able for T staging of gastric cancer, and accuracy for N 
staging approaches 70 %. Addition of fine needle aspiration 
(FNA) of suspicious nodes increases accuracy even further 
and brings specificity to near 100 %.

10.3.3  �CT Scan of the Thorax, Abdomen 
and Pelvis

CT scan of the thorax, abdomen and pelvis is the best nonin-
vasive modality for detecting metastatic disease in the form 
of malignant ascites or hematogenous spread to distant 
organs, most commonly the liver. The overall accuracy for 
tumour staging is 60–80 % depending on the protocol used, 
but accuracy for determining nodal involvement is more 
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limited and variable. Positron emission tomography (PET)/
CT combines the spatial resolution of CT with the contrast 
resolution of PET.  It is most useful for its specificity in 
detecting nodal and distant metastatic disease not apparent 
on CT scan alone. Preliminary studies suggest that the use of 
PET/CT in staging patients with gastric cancer leads to 
upstaging in 6 % and downstaging in 9 % of patients.

10.3.4  �Staging Laparoscopy and Laparoscopic 
Ultrasound (LUS)

Laparoscopy significantly enhances the accuracy of staging 
in patients with gastric cancer. Routine use of staging lapa-
roscopy has been shown to detect small-volume peritoneal 
and liver metastases in 20–30 % of patients believed to have 
locoregional disease, thereby avoiding unnecessary laparot-
omy in these patients. Staging laparoscopy is not indicated in 
patients with T1 and T2 lesions given the low incidence of 
metastases with these tumours.

10.3.5  �CT Gastrography and Multi-planar 
Reformating

CT has become a valuable imaging study in the preoperative 
planning for gastric tumour resections, especially as more sur-
geons have gained expertise in laparoscopic surgery and have 
recognized a role for limited gastric resection for some tumors. 
Computed tomography gastrography (CTG) is a non-invasive 
technique which produces endoluminal images which can 
show subtle mucosal abnormalities which is comparable in 
quality to conventional optical gastroscopy [9]. CTG and 
multi-planar reformating (MPR) can offer valuable informa-
tion about gastric tumors including morphology, location, size 
including both intraluminal and extramural components, dis-
tance of proximal lesions from the esophagogastric junction, 
distance of distal lesions from the pylorus, and assessment of 
localized versus extensive resection [9–11].

Early experience with CTG and MPR have shown them to 
be useful adjuncts to the conventional abdominal CT scan in 
the preoperative planning of laparoscopic gastric resections 
[10]. Correlation has been excellent between preoperative 
imaging and intraoperative findings [9, 11]. The utility of 
CTG and MPR in vascular road mapping has yet to be 
determined.

10.4	 �Surgical Procedure

10.4.1  �Patient Position and Setup

The patient is placed in a supine, split leg position (Fig. 10.1). 
It is important to secure the patient to the operating table as 

steep reverse Trendelenburg position is necessary during 
the procedure. Antibiotic and DVT prophylaxis with subcu-
taneous heparin and sequential compression devices is 
recommended.

An alternative setup is to have the patient in the supine 
head-up tilt position with the surgeon operating from the 
right side of the operating table and the main video monitor 
facing the surgeon.

10.4.2  �Team

For optimal operating conditions and comfort, the operating 
room should be arranged in an ergonomic manner. The sur-
geon stands between the patient’s legs while the first assis-
tant stands on the patient’s left. The second assistant stands 
on the patient’s right while the scrub nurse stands on the sur-
geon’s left. The anesthesia unit and monitors are positioned 
at the head of the table.

10.4.3  �Trocar Placement

The first trocar is introduced 15 cm below the xyphoid and 
accommodates the laparoscope. Two additional 12 mm tro-
cars are positioned in the right and left paramedian areas 
below the costal margins. Both these trocars will accommo-
date the linear stapling devices and used for intracorporeal 
suturing. A fourth trocar is positioned on the left anterior 
axillary line just below the costal margin and is used for 

Fig. 10.1  Patient positioning for laparoscopic gastrectomy
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retraction. In case of a total gastrectomy with Roux-en-Y 
reconstruction, a fifth trocar may be necessary in the left 
lower quadrant. It is used for the intracorporeal suturing of 
the jejuno-jejunostomy. Lastly, a sixth trocar is introduced 
below the xiphoid process which accommodates the liver 
retractor.

10.5	 �Segmental Wedge Resection 
for Benign Gastric Tumours and GIST

The surgical resection of benign gastric tumours allows 
establishment of a histological diagnosis, assess the risk of 
recurrence, indication of adjuvant treatment and need for 
continued surveilance. Segmental wedge resection without 
lymphadenectomy is indicated for small areas of high-
grade dysplasia and subepithelial tumors, such as GISTs. 
Patients with dysplasia may be followed with serial 
endoscopy and biopsy to rule out histologic progression. In 
recent years Endoscopic mucosal/submucosal resections 
have been utilized with great success and minimal 
morbidity.

Segmental wedge resection is technically feasible for 
tumours located away from the GI junction, lesser curvature 
or the pylorus. For the rest, a formal resection with intestinal 
reconstruction may be necessary. Therefore, an accurate pre-
operative localization is of crucial importance for planning 
of the procedure.

After pneumoperitoneum is established, the supra-
umbilical port is inserted. The 30° scope is then passed into 
the port and an evaluation for potential intra-abdominal 
injury secondary to the Veres needle or port insertion is 
assessed. The rest of the trocars are then placed under direct 
visualisation. For a segmental resection, two additional 
ports in the left and right paramedian areas are usually 
sufficient.

In order for this procedure to proceed swiftly, the lesion 
must be easy to identify in the OR. It is advised that small 
endophytic lesions are identified and marked with India Ink 
preoperatively. Just enough ink should be injected so that it 
is visible on the serosal surface of the stomach without 
excessive staining.

For anterior tumours, once the lesion has been identified, 
a lesion-lifting technique is employed which involves sutures 
being placed in the normal tissue around the tumour. Traction 
is then applied superiorly, causing the portion of the gastric 
wall containing the tumour to be tented upward. A linear 
endoscopic stapler is then employed to perform a wedge 
resection. Frequently, the gastroepiploic vessels or portions 
of the omentum will have to be divided in order to provide 
adequate exposure. In such a case, the gastroepiploic vessels 
should be double-clipped and divided. The omentum can be 
divided using a laparoscopic energy device. Prior to the end 
of the procedure, endoscopy is employed to confirm hemo-

stasis, ensure complete removal of the lesion, and establish 
that the gastric outlet is not significantly narrowed. For pos-
terior tumours, the same approach as anterior tumours is 
employed with the exception of gaining exposure after mobi-
lization of the greater curvature. In this variant of the proce-
dure, the greater curvature is retracted anteriorly while the 
tumour is tented posteriorly.

Alternative technique involves excision of the tumour 
using an energy device and closure of the gastrotomy defect 
using a running absorbable suture.

The resected lesions should be sent to pathology for 
assessment of the margins. It is often difficult in laparoscopic 
removal to obtain generous margins. For this reason, the lib-
eral use of pathologic frozen section evaluation to ensure 
negative margins is advised.

10.6	 �Distal and Subtotal Gastrectomy

Distal and subtotal gastrectomy is performed for benign 
lesions associated with gastric outlet obstruction and for treat-
ment of gastric malignancies with curative or palliative intent.

10.6.1  �Incision and Exposure

A 30° forward-oblique or 0° laparoscope is placed through a 
supra-umbilical trocar. The additional ports should be placed 
as described previously in Sect. 10.4.3.

A thorough exploration of the peritoneal cavity is under-
taken to assess the extent of the cancer involvement and 
potential metastatic lesions. In cases of a locally advanced 
disease involving surrounding structures, the patient should 
be evaluated for neo-adjuvant regimen and in case of thera-
peutic response – a subsequent curative resection. Presence 
of distant metastases or peritoneal deposits confirm advanced 
disease but do not preclude palliative resection unless there 
is extensive involvement. The decision for palliative resec-
tion should be weighed against potential morbidity which 
may ultimately delay or prevent chemotherapy.

10.6.2  �Separation of Omental Bursa and 
Mobilization of the Greater Curvature

Using atraumatic graspers, the omentum is retracted anteri-
orly while the colon is gently retracted inferiorly by the 
assistant. The omental bursa is then separated from the 
transverse mesocolon with a laparoscopic energy device. 
This area is mostly avascular. During the dissection, special 
care must be taken near the middle colic vessels which run 
posterior to the plane of dissection and are difficult to iden-
tify in case of adhesions between the omentum and the 
transverse colon mesentery. The correct plane may be easier 
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to identify on the left and right aspects of the omental attach-
ments to the colon.

After the gastrocolic omentum has been transacted and 
the lesser sac entered, the stomach is retracted anteriorly. 
This exposes the right gastroepiploic pedicle. The right gas-
troepiploic vein and artery are then dissected and ligated at 
their origin using hemoclips or vascular load of a linear sta-
pler device. The greater curvature is mobilized up to the 
resection margin, preserving the short gastric vessels.

10.6.3  �Mobilization and Division 
of the Duodenum

A vascular sling is passed along the posterior aspect of the 
stomach and then through an avascular window in the lesser 
omentum. This sling is then used to pull the stomach up and 
away from the lesser sac and pancreas to help improve 
exposure and dissection of the right gastric artery from 
behind the stomach. The right gastric artery should be 
ligated using hemoclips high up at the origin from the 
hepatic artery prior to division to ensure removal of the 
suprapyloric nodes. The division of the right gastric artery 
will free the duodenum just beyond the pylorus. The para-
duodenal veins are then secured and the fibrous attachments 
between the first part of the duodenum and the head of the 
pancreas are divided.

10.6.4  �Billroth II

The duodenum is divided with an endoscopic linear stapler 
beyond the pylorus. The staple line is inspected and rein-
forced with interrupted sutures if needed.

10.6.5  �Billroth I

Duodenal continuity is maintained until the stomach is ready 
for resection

The dissection continues until it reaches the inferior bor-
der of the pancreas. The pancreatic capsule is then freed and 
elevated superiorly.

10.6.6  �Ligation of the Left Gastric Vessels

Depending on the location of the tumor, the left gastric 
vessels may need to be ligated. The left gastric vessels’ 
pedicle can be exposed by elevating the stomach anteriorly, 
away from the retroperitoneum. The artery and vein are 
then dissected down to their origin from the celiac trunk 
and secured using hemoclips or a vascular load of a linear 
stapler device.

10.6.7  �Celiac Axis and Splenic Artery Lymph 
Node Dissection

The sling previously placed around the esophagus is used to 
retract the esophagogastric junction downward and to the left 
and a gentle downward force is applied on the superior mar-
gin of the pancreas. The nodal basins surrounding the hepatic 
artery and celiac axis are dissected. All major structures in 
the porta hepatis, including the hepatic artery and ducts, are 
carefully identified and the surrounding lymph nodes are 
removed. Dissection then proceeds along the hepatic artery 
in a distal-to-proximal manner toward the celiac axis includ-
ing all the soft tissue surrounding the common hepatic, left 
gastric and splenic arteries.

10.6.8  �Gastric Resection

The proximal transection site is selected and the appropriate 
areas on the greater and lesser curvatures are cleared from fat 
and remaining blood vessels.

10.6.9  �Billroth II

A 3.5 mm endoscopic linear stapler is used to transect the 
stomach from the lesser to the greater curvature.

10.6.10  �Billroth I

A 3.5 mm endoscopic linear stapler is used to make the first 
application vertical from the lesser curvature. The second and 
third applications are at an angle to the first application so that 
the transection line reaches the lesser curvature more proxi-
mally. The duodenum is transected using a linear stapler.

The specimen is placed away from the operative field and 
removed after the reconstruction has been completed.

10.6.11  �Extraction of the Specimen

The specimen is removed through an upper midline minilapa-
rotomy or a Pfannensteil incision with a wound edge protec-
tor in place. The resected specimen is opened and inspected 
on a back table and it must be confirmed that the lesion is 
removed with sufficient margins prior to reconstruction.

10.6.12  �Reconstruction

10.6.12.1	 �Bilroth II Gastrojejunostomy
Billroth II includes a side-to-side anastamosis between a 
loop of proximal jejunum and the gastric remnant. It can be 
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performed safely intracorporeally. Gastrotomy is per-
formed using electrocautery. A loop of proximal jejunum, 
30–40 cm from the ligament of Treitz is brought up in an 
antecolic fashion A small enterotomy is then made at the 
antimesenteric side of the jejunum. A 3.5 mm linear cutting 
stapler is inserted into the stomach and the jejunum and 
then fired to create the side-to-side anastomosis. The defect 
is then closed using a running 3–0 absorbable suture in a 
single layer.

10.6.13  �Roux-en-Y Gastrojejunostomy 
and Jejunojejunostomy

Reconstruction after distal gastrectomy for cancer can also 
be performed with a Roux-en-Y gastrojejunostomy. The 
Roux-en-Y gastrojejunostomy is superior to the Billroth II 
gastrojejunostomy because of a lower incidence of bile 
reflux, reflux gastritis, esophagitis, and carcinogenesis of the 
gastric remnant [2, 3].

After the specimen has been resected as described in steps 
6.1–6.6, the jejunum is divided transversely approximately 
30  cm from the ligament of Treitz using a linear stapler 
loaded with 2.5-mm cartridge and a roux limb of approxi-
mately 40 cm is prepared. To prepare the jejunojejunostomy 
anastomosis, the roux limb is followed up to 40 cm from its 
initial transected end and a small enterotomy is made on the 
antimesenteric border of the jejunum. Another small enter-
otomy is made at the antimesenteric corner of the proximal, 
bilio-pancreatic end of the jejunum. The jaws of the 45 mm, 
2.5-mm linear cutting stapler are then inserted into each of 
the enterotomies and fired to create the anastomosis. The 
resulting enterotomy is then closed using a 3–0 absorbable 
running suture.

The Roux limb is then brought up to the gastric remnant 
via the antecolic route.

To prepare the gastrojejunostomy anastamosis, a small 
gastrotomy is made on the posterior wall of the gastric rem-
nant. Another small enterotomy is made at the antimesen-
teric corner of the roux limb. The jaw of the 30 mm, 3.5 cm 
linear stapler is inserted into each of the enterotomies and 
fired to create the side-to-side anastomosis. The anastomotic 
defect is then closed using 3–0 absorbable suture in a run-
ning fashion.

10.6.14  �Testing the Anastomosis

All anastomoses are inspected for adequacy of the lumen and 
hemostasis of the suture and staple lines. The integrity of the 
anastomosis can be tested using gastroscopy or intragastric 
methylene blue injection.

10.7	 �Proximal Gastrectomy

Advances in screening and diagnostic techniques for the 
stomach have increased the detection rate of early-stage gas-
tric carcinoma in the proximal one-third of the stomach [13]. 
In cases of gastric carcinoma with submucosal invasion or 
carcinoma of more than 2 cm, gastrectomy with lymph node 
dissection is recommended by guidelines established by the 
Japanese Gastric Cancer Association [14]. However, the 
extent of the resection and the method of reconstruction of 
proximal one-third gastric carcinomas are controversial. In 
the past, total gastrectomy was recommended owing to its 
radicality and safety [15]. To this date, no significant differ-
ence has been reported in total gastrectomy and proximal 
gastrectomy in terms of survival [16]. Nevertheless, proxi-
mal gastrectomy has been recommended owing to its reten-
tion of the physiological function of the remnant stomach 
compared to that after a total gastrectomy [17, 18].

10.7.1  �Patient Positioning and Set-Up

The patient placement, operative team set up and trocar sites 
are as described in Sects. 10.4.1, 10.4.2 and 10.4.3.

10.7.2  �Mobilisation of the Proximal Stomach

The dissection starts along pars faccida of the lesser omen-
tum toward the right crus of the diaphragm. The peritoneum 
overlying the crus and the gastro-esophageal junction is 
transacted circumferentially and the disal esophagus is 
mobilised. The distal resection line is identified and the 
stomach is trasected using 3.5  mm linear stapling device 
towards the greater curvature. Once the stomach is divided, 
the proximal part is elevated anteriorly and the left gastric 
vessels pedicle is identified. The left gastric vessels are dis-
sected towards their origin from the celiac trunk, then divided 
using endoclips or a linear stapling device. The left side of 
the greater omentum including the short gastric vessels is 
transacted using an endoscopic energy device. Once this is 
completed it is important to confirm adequate length of the 
distal esophagus in order to ensure a tension-free anastomo-
sis. The right gastric artery and right gastroepiploic artery are 
both preserved.

10.7.3  �Transection of Esophagus

A penrose drain is placed around the Distal esophagus and 
used to retract it in caudal direction. The esophagus is tran-
sected using a 3.5 mm. endoscopic linear stapler.
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10.7.4  �Creation of Esophagogastric 
Anastomosis

The anvil of a circular stapler is attached to an oro-gastric 
tube and introduced in the distal esophagus.

A 25 mm. circular stapler is introduced through a small 
anterior wall gastrotomy and the spike of the stapling 
device placed anterior to the proximal stapler line. An end-
to-end anastomosis is performed. The gastrotomy defect is 
closed using a single firing of a 3.5 mm linear stapler or 
sutured using a 3–0 running absorbable suture in a single 
layer.

10.7.5  �Extraction of the Specimen

The specimen is removed through an upper midline mini-
laparotomy or a Pfannensteil incision with a wound edge 
protector in place

10.8	 �Total Gastrectomy

Laparoscopic total gastrectomy is usually performed with 
curative intent for cancers in the middle and upper third of 
the stomach.

Sections  10.8.1, 10.8.2, 10.8.3, and 10.8.4 (see 
Sects. 10.6.1, 10.6.2, 10.6.3, and 10.6.4 above)

10.8.1  �Hiatal Dissection with Mobilization 
of the Esophagus

The hiatal dissection begins on the left with division of the 
gastrophrenic peritoneal reflection. Next, the esophagogas-
tric junction is bluntly seperated from the right crus and the 
hiatal canal is entered. The plane between the posterior wall 
of the esophagus and the preaortic fascia is further devel-
oped and the posterior aspect of the esophagus is bluntly 
dissected until the left crus is exposed. This step mobilizes 
the esophagus. A penrose drain is passed around the esopha-
gus and it is retracted away from the mediastinum. The pos-
terior separation of the esophagogastric junction is then 
completed.

10.8.2  �Celiac Axis and Splenic Artery Lymph 
Node Dissection

See Sect. 10.6.5 above

10.8.3  �Proximal Transection of the Esophagus

The esophagus is divided proximal to the gastroesophageal 
junction using a 3.5 cm linear stapler.

10.8.4  �Jejuno-Jejunostomy

The jejunum is divided transversely approximately 30  cm 
from the ligament of Treitz using a 2.5  mm linear cutting 
stapler and a roux limb of approximately 40 cm is prepared. 
In preparation of the jejunojejunostomy anastomosis, the 
roux limb is followed up to the 40 cm from its initial tran-
sected end and a small enterotomy is made on the antimesen-
teric border of the jejunum. Another small enterotomy is 
made at the antimesenteric corner of the proximal bilio-
pancreatic limb of the jejunum. The jaws of the 2.5 mm lin-
ear stapler are placed into each of the enterotomies and fired 
to create the anastomosis. The resulting enterotomy is then 
closed using running 3–0 absorbable suture.

The jejunal limb is then brought up to the distal esopha-
gus via antecolic route.

10.8.5  �Esophagojejunostomy

The esophago-jejunostomy can be done laparoscopically or 
hand-assisted using a hand-port.

10.8.6  �Side-to Side Esophagojejunostomy 
Using a Linear Stapler

A small esophagotomy is made on the stapled edge of the 
esophagus. Next, a small enterotomy is made at the antimes-
enteric corner of the jejunal roux limb. The jaw of the 30 mm, 
3.5-mm linear cutting stapler is inserted into the esophagot-
omy and enterotomy and fired to create the side-to-side anas-
tomosis. The anastomotic defect is then closed using running 
3–0 absorbable suture in a single layer.

10.8.7  �End-to-Side Esophagojejunostomy 
Using a Circular Stapler

The anvil of a circular stapler is attached to an oro-gastric 
tube and introduced in the distal esophagus.

An incision in the jejunum is made adjacent to the staple 
line and a 25 mm. circular stapler is introduced through it in 
the limen. A point approximately 5 cm from the free margin 
is selected and the post of the circular stapling device is 
extended through the jejunal wall. The anvil is then placed 
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into the post of the circular stapler and the tissue is approxi-
mated before firing the circular stapler to complete the anas-
tomosis. The redundant section of jejunum is excised using a 
2.5 mm linear stapling device.

10.9	 �Postoperative Care

Recent evidence confirmed that implementation of the princi-
ples of enhanced recovery program in upper GI surgery is asso-
ciated with a reduced morbidity and shorter hospital stay [4].

10.9.1  �Postoperative Feeding

It has been a common practice to restrict postoperative oral 
intake until passage of flatus because of fear for gastric dis-
tension and stress on the anastomosis threatening its integ-
rity. Recently, there has been emerging evidence that early 
feeding after colorectal surgery reduces catabolism and mor-
bidity. A recent large multi-institutional randomized con-
trolled trial compared nil-by-mouth versus normal food on 
day 1 after major open upper gastrointestinal procedures 
confirmed the feasibility and safety of the early per-oral 
feeding and indicated that this regimen may be associated 
with enhanced recovery and reduction of hospital costs.

10.9.2  �Drains and Nasogastric Tubes

Nasogastric tubes have traditionally been used for decom-
pression after gastric surgery and still remain a routine part 
of the postoperative care in many centers. It has been a com-
mon belief that this could prevent aspiration and reduce post-
operative ileus and anastomotic breakdown. A meta-analysis 
of randomized trials comparing nasogastric/nasojejunal 
decompression versus no decompression has demonstrated 
shorter time to flatus, no difference in anastomotic leak rate, 
pulmonary complications, hospital stay, morbidity and mor-
tality rates in the no-tube group. Multiple studies have dem-
onstrated that drains are unnecessary after gastrointestinal 
surgery and that prolonged use of urinary bladder catheters 
should not be recommended [19]. A systematic review 
assessed the value of prophylactic drainage in gastrointesti-
nal surgery indicated that drains did not reduce complication 
or may even be harmful after hepatic, colorectal surgery and 
after appendectomy [20]. Similar observations have been 
made in pancreatic surgery [21]. However, the authors iden-
tified no randomized controlled or prospective trials assess-
ing the value of prophylactic drainage in upper gastrointestinal 
surgery. One of the advantages of the minimally invasive 
approach is the low morbidity of early diagnostic laparos-
copy in case of clinical suspicion of anastomotic leak. 

Therefore, the potential benefits of prophylactic drainage 
after laparoscopic resections may be limited.

10.9.3  �Postoperative Pain Control

Effective analgesia is one of the key components in the post-
operative care. Epidural analgesia has been demonstrated to 
be the most effective method after open abdominal proce-
dures. In our experience non-steroidal anti inflammatory 
drugs and acetaminophen with supplementation of intrave-
nous morphine if needed can provide adequate pain control 
after laparoscopic resection.
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Laparoscopic Repair of Perforated 
Peptic Ulcer

Jonathan B. Yuval and Amir Szold

11.1	 �Introduction

Save for perforated appendicitis, perforated peptic ulcer 
(PPU) is the most common intra-abdominal hollow viscus 
perforation that requires surgical intervention [1]. The 
estimated annual incidence is approximately 5–10/100,000 
[2, 3]. Perforation occurs in 2–10 % of patients with pep-
tic ulcer disease and is the leading cause of death due to 
PUD [3].

Ulcer perforation is most commonly found in the anterior 
portion of the first part of the duodenum and usually is of a 
diameter smaller than 5 mm [3].

11.2	 �Clinical Presentation and Diagnosis

Patients with perforated peptic ulcers most commonly pres-
ent with sudden severe epigastric pain that may radiate to the 
shoulder and is often associated with nausea and vomiting 
[3]. Presentation also typically entails acute abdomen, peri-
tonitis and free air in abdominal plain films and/or in com-
puterized tomography. Diagnosis is made both clinically and 
radiologically.

11.3	 �Pre-operative Management

Patients diagnosed with PPU should receive a well-monitored 
fluid resuscitation as well as intravenous antibiotics [4]. A 
naso-gastric tube is commonly recommended and narcotics 
may be administered for pain after the diagnosis is made. 

Following these initial stabilizing measures these patients 
should be promptly taken to the operating room.

11.4	 �Patient Selection

The Boey’s shock score on admission (i.e. blood pressure 
below 90 mmHg, ASA class III or IV, and symptoms present 
for over 24 h) has been found reliable in selecting patients 
inappropriate for a laparoscopic intervention. If the patient 
has a Boey’s score of 3, is over 70 years old or if symptoms 
have been present for over 24 h regardless of Boey’s score, 
intervention by laparotomy should be considered [5].

11.5	 �Patient Positioning and Room 
Preparation

Positioning for PPU repair is similar to that used in laparo-
scopic cholecystectomy. A comfortable supine position with 
slight reverse Trendelenburg draws the operative field from 
under the costal margin and avoids leakage of gastric con-
tents into the subphrenic space. Some authors advocate the 
use of a Lloyd-Davis position allowing for the surgeon to 
stand between the patient’s legs [4] (Fig. 11.1).

11.6	 �Trocar Position and Laparoscope 
Angle

A 10  mm Trocar should be placed in the umbilicus for the 
video laparoscope. Additional working ports should be placed 
in the right and left midclavicular lines at the level of the trans-
pyloric plain [4, 6] (Fig.  11.2). If needed an additional sub-
xiphoid or right lateral subcostal trocar can be inserted for liver 
retraction. Alternatively a totally internal liver retractor such as 
the Endolift can be used [7]. An angled laparoscope (30° or 
45°) is more commonly preferred for optimal visualization [4].
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11.7	 �Details of the Procedure

The entire abdominal cavity should be thoroughly explored 
and the abdominal fluid sampled for microbiological culture. 
A warm isotonic solution should be used in large quantities 
to carefully lavage the abdominal cavity and suction out all 
exudate and food particles. Special care should be taken to 
expose and lavage the pelvis and subphrenic spaces, and 
open and drain possible inter-loop pockets of debris. If the 
omentum or liver have sealed off the perforation, it is advis-
able not to move them until lavage of the entire abdominal 
cavity has been performed in order to avoid any unnecessary 
soiling. The area of perforation should be thoroughly irri-
gated to wash off any fibrin or debris.

Gentle dissection should be used to expose the pyloro-
duodenal area to identify the perforation and any attached omen-
tum or liver gently pulled off. Gentle compression of the antrum 
with an atraumatic instrument may aid in finding the location of 
the perforation by causing air bubbles to escape through it.

Fig. 11.1  Patient positioning for 
laparoscopic repair of perforated 
duodenal ulcer

Fig. 11.2  Trocar positioning for laparoscopic closure of perforated 
duodenal ulcer
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Identifying a perforation may not be straightforward. For 
example, a perforation of the dorsal stomach body may only 
become apparent after entering the lesser sac through the 
gastro-colic ligament. In many cases it is advisable to insert 
a liver retractor, which may entail insertion of an additional 
trocar as previously explained.

After the site of perforation has been verified, the size and 
probable etiology of the perforation is assessed. Due to the 
likelihood of a malignant perforation in gastric ulcers, a 
small biopsy from the margin of the ulcer should be taken 
before repair. If an obvious tumor is visualized and the 
patient’s condition permits, a definitive procedure should be 
considered.

Two techniques are commonly used to close the perfora-
tion. In perforations smaller than 5 mm, a primary closure 
may be used with additional placement of omentum on top 
of the repair. In larger perforations it is commonly impossi-
ble to close the perforation by sutures because of edema and 
tissue fragility, and an omentopexy is required. A pedicled 
omental flap is placed on top of the perforation and secured 
with 3 or 4 horizontal sutures 10 mm from the edge of the 
ulcer. The sutures should be placed parallel to the pyloric 
plain in order to avoid stenosis or stricture. A pedicled flap 
from the falciform ligament may be used if the omentum is 
insufficient [8]. After completion of the omentopexy, air 
should be insufflated via naso-gastric tube to assess patency 
of the closure. In most cases it is advisable to leave a soft 
drain near the repair. If the perforation is bigger than 10 mm, 
is extra-pyloric or if technical difficulties are encountered 
consider conversion to laparotomy.

11.8	 �Post-operative Management

The patient is placed in Fowler’s position. Naso-gastric suc-
tioning and intravenous antibiotics are continued for several 
days until there is reasonable assurance that the pylorus is 
not obstructed by edema. Intravenous proton pump inhibi-
tors are given as well. Fluid volume is maintained by intrave-
nous fluids. After 72 h some perform upper gastro-intestinal 
radiography, if normal the patient can resume oral nutrition.

Abdominal abscesses can often complicate the post-
operative period and should be treated accordingly. 6–8 
weeks after surgery an esophago-gastro-duodenoscopy 
should be performed to assess ulcer healing and presence of 
Helicobacter Pylori (H. Pylori). Consider biopsy if healing is 
not adequate to rule out malignancy and eradicate H. Pylori 
if found.

If multiple ulcers were found in surgery, or if hypercalce-
mia is noted on laboratory results, consider eventual gastrin 
measurement. For accurate gastrin level testing the patient 
should not be taking any proton pump inhibitors.

11.9	 �Complications

30 day post-operative mortality is estimated at around 10 % 
for hospitalized patients with PPU [9], but can be as high as 
50 % for patients with a Boey’s score of 3 [9]. Morbidity is 
estimated at around 30 %, the most common complications 
being respiratory deterioration, abdominal abscess and 
wound infection [9]. Additional common complications 
include ileus and post-operative ventral hernia. Suboptimal 
surgical technique can cause gastric outlet obstruction. 
Conversion rate to laparotomy is around 10 % [1, 6]. 
Common reasons for conversion are inability to find or 
clearly visualize the ulcer defect and a large perforation 
diameter [6].
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Selection of Bariatric Procedures

G.-B. Cadière, Jacques Himpens, and Ramon Vilallonga

12.1	 �Introduction

The socioeconomic circumstances in the Western nations, as 
well as the profusion of food have drastically changed in the 
second half of the last century. As a result, the prevalence of 
morbid obesity has increased rapidly and in some countries 
obesity has reached an epidemic magnitude. Obesity is a 
multifactorial entity with aggregation of excessive body fat 
leading to harm to general health. Basically, morbid obesity 
is based on an imbalance between calorie uptake and calorie 
consumption. The causes for this imbalance may differ from 
patient to patient. For an exact definition/classification and 
gradation of obesity, the body mass index (BMI) was intro-
duced. BMI is calculated as weight in kilograms divided by 
the square of height in meters (kg/m2.). Based on BMI, obe-
sity is divided into three severity grades: A BMI of 30–35 is 
considered as grade I obesity, 35–40 as grade II and a BMI 
>40 as grade III.

The basic treatment of obesity is psychological therapy, 
diet measures and increasing physical activities.

For patients with a BMI > than 40, the only efficient treat-
ment for weight loss at long term is surgery. The endpoint in 
evaluating all bariatric surgery is: does the procedure allow 
the patient to resume physical activities and to maintain a 
healthy attitude towards food.

Laparoscopic bariatric surgery has been shown to be a 
safe and effective treatment option causing long-term weight 
loss in the morbidly obese patient

12.2	 �Surgical Indications

The selection criteria for bariatric surgery are clearly defined 
by EAES guidelines.

General indication: Obesity surgery should be considered 
in adult patients with a documented BMI greater than or 
equal to 35 kg/m2 and related comorbidity, or a BMI of at 
least 40 kg/m2. All patients must fully understand the pro-
posed procedure and agree with postoperative care. Adults 
with a BMI between 30 and 35 accompanied by substantial 
obesity-related comorbidity or after prolonged medical treat-
ment should undergo obesity surgery only in the context of 
controlled clinical trials.

Based on this precondition the following directives are 
further formulated by the obesity societies:

	1.	 Age of the patients is between 18 and 65 years.
	2.	 The patients must have received intensive medical/con-

servative treatment for weight loss in an obesity treatment 
center.

	3.	 The patients should have undergone conservative therapy 
for weight reduction under medical supervision with all 
suitable non-surgical therapies for a minimum period of 
12 months.

	4.	 Patients with an underlying endocrinological disorder 
should be excluded.

	5.	 Patients should be suitable candidates for general 
anaesthesia.

	6.	 Patients should be aware of the long-term (if necessary 
lifelong) need for medical follow-up.

	7.	 Patients should be willing to change existing eating habits 
and life style.

National and international professional societies have 
defined the following as absolute contraindications for a bar-
iatric procedure:

	1.	 Abuse of alcohol or drugs
	2.	 Concomitant psychiatric comorbidities such as schizo-

phrenia, psychotic condition
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	3.	 Noncompliance with regard to the necessary lifestyle 
modifications as well as the prescribed medical aftercare

	4.	 Manifest malignancies
	5.	 Manifest esophagogastric diseases (e.g. gastric ulcer)
	6.	 Limited tolerance to anaesthesia
	7.	 Pregnancy

12.3	 �Choice of Bariatric Procedure

Available procedures in our department are: adjustable band 
gastroplasty (AGB), sleeve gastrectomy (SG), Roux-en-Y 
gastric bypass (RYGB) and biliopancreatic diversion with 
duodenal switch (DS).

There is no consensus on the criteria of choice for one 
bariatric procedure over another.

The first laparoscopic bariatric procedure was realized in 
October 1992, and consisted of an AGB. The different pro-
cedures experienced successive waves of popularity in 
Europe: the AGB reached a peak in terms of number of pro-
cedures performed in 2004, only to decline rapidly to the 
benefit of the RYGB that reached a peak in 2007. In turn, the 
RYGB witnessed a decline from 2010 to the benefit of 
SG.  Conversely, for the DS, the specific indication of the 
procedure has limited the numbers throughout the years.

There are four criteria to evaluate a bariatric procedure :

	1.	 long term efficacy in terms of weight loss : the procedure 
should in addition allow a healthy attitude towards food

	2.	 operative mortality and morbidity (MM): should be less 
than the MM of the obesity disease.

	3.	 late complications including (but not restricted to) GERD, 
pouch dilation, band erosion, marginal ulcer, stenosis and 
internal hernia

	4.	 quality of life evaluated by subjective and objective param-
eters including the number and severity of reinterventions

Based on these criteria one can identify the procedures as 
follows:

	1.	 efficacy in terms of weight loss : weight loss varies with the 
performed procedure, with in decreasing order of efficacy 
the DS, the RYGB, the SG and the AGB; moreover the latter 
two procedures may facilitate poor alimentary behavior

	2.	 operative MM : procedures involving stapling and/or an 
anastomosis are likely to carry more morbidity and mor-
tality than AGB.  MM figures are, in declining order, 
linked with DS, RYGB, SG and AGB

	3.	 late complications are not amenable to be classified as 
such because of the inherent complications characteristic 
for each procedure:
For the AGB: band erosion and pouch dilation with 

GERD

For the SG: GERD
For the RYGB: anastomotic ulcer and stenosis; dumping, 

no longer considered a desired side effect, nutritional 
deficiencies

For the DS: protein malnutrition and nutritional 
deficiencies.

	4.	 quality of life : the procedures may be ranked in decreas-
ing order : RYGB, SG, AGB. There are to our knowledge 
no data available yet for the DS.

The above mentioned criteria will orient the surgeon in 
his/her choice of procedure for the individual bariatric patient 
depending on the patient’s characteristics.

Hence, in presence of severe eating disorders such as 
binge eating (BED), a merely restrictive procedure (AGB, 
SG) should not be chosen and a malabsorptive operation 
(DS) preferred.

In case of GERD, SG and AGB should not be chosen 
because they may worsen the condition, wheres the RYGB is 
known to improve GERD.

In case of type 2 diabetes (T2DM) (likely the most weight 
sensitive comorbidity), the most effective procedure should 
be favoured, i.e. DS and RYGB

In case of super-obesity (BMI >50 kg/m2) the more effec-
tive procedure (DS, RYGB) will be chosen.

Decision of final patient procedure selection will addi-
tionally depend on the surgeon’s experience, and on the 
patient’s choice (Fig. 12.1).

12.4	 �Preoperative Assessement

Assessment and preparation of the bariatric patient requires 
a multidisciplinary team approach.

Psychological assessment will allow to rule out binge 
eating disorder (BED) and to detect anxiety and 
depression.

Dietary counseling will document past and current eating 
behavior (grazing, volume eating, sweets eating) and provide 
the history of weight loss.

Medical history must include previous surgeries and sys-
temic diseases (such as arterial hypertension (AHT), T2DM, 
sleep apnea), life style and physical activity and present 
medication that might interfere with the surgery as well as 
with the weight loss process. Medication that might provide 
an issue is: anticoagulant drugs, orexogenic drugs such as 
antidepressants and drugs that cause weight gain such as 
Metformin and other antidiabetic drugs. Nicotine and alco-
hol abuse must be ruled out.

Physical examination shall include recording of weight, 
height (and BMI), neck circumference, blood pressure, 
examination of existing scars on the abdomen, and heart and 
lung auscultation
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Complete blood work should include: hemoglobin and 
hematocrit, thyroid hormones, serum cortisol, serum choles-
terol and serum triglycerides, iron, Calcium, vitamin D and 
parathyroid hormone (PTH), liver function tests, Zinc, 
Magnesium, Selenium, vitamin A, K, E, B1, B6 and B12, 
fasting plasma Glucose, glycated hemoglobin A1c (HbA1c), 
Insulin and C peptide (to differentiate T2DM from T1DM).

Cardiovascular and pulmonary assessment is mandatory. 
This may include in selected patients a cardiac stress test, 
which should help exclude any contraindication to anesthesia, 
an echocardiogram to assess left ventricle ejection fraction, 
pulmonary function tests and arterial blood gas analysis.

An ultrasound examination of the abdomen should be 
done routinely merely to evaluate liver steatosis and to rule 
out gall bladder stones. If there are unclear findings, a CT 
scan or MRI should be performed. All patients should be 
screened for sleep apnea and treated consequently if needed.

Upper gastrointestinal evaluation should include an esoph-
agogastroduodenoscopy with biopsies of the gastroesopha-
geal junction and stomach to detect esophageal mucosal 
abnormalities (e.g. reflux esophagitis, Barrett’s mucosa, 
esophageal/gastric malignancies, the presence of Helicobacter 
Pylori (HP)) and a barium swallow to detect hiatal hernia.

12.5	 �Patient Preparation

A good patient preparation is of the utmost importance to 
reduce the surgical aggression. Drugs interfering with the 
surgical procedure (anticoagulants) and substances of abuse 
(nicotine and alcohol) must be discontinued. Comorbidities 
should be addressed as needed. T2DM, arterial hypertension 
should be stabilized by adequate medication; sleep apnea 
should be treated preoperatively by a continuous positive 
pressure device (CPAP).

Patients routinely are put on a protein diet for at least 7 
days prior to surgery to reduce steatosis

12.5.1	 �Different Types of Procedures

12.5.1.1	 �Adjustable Band

Principle of the Procedure
The satiety center is stimulated by gastric distension and 
suppresses the feeling of hunger. However, when one eats 
too fast, the satiety center does not obtain appropriate activa-
tion at an optimal time. The feeling of hunger then persists 
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and encourages to continuing eating. With time the stomach 
adapts and becomes progressively distended which allows 
the individual to ingest increasingly larger quantities of food 
without feeling full. The principle of AGB is to reduce the 
stomach’s volume by dividing it into two parts, similar to an 
hour glass. With AGB the first compartment has a volume of 
25 cc, the equivalent of two tablespoons. The second com-
partment comprises the rest of the stomach. As soon as one 
ingests two spoonfuls, the first compartment is filled and one 
experiences a feeling of fullness. Since it takes a long time 
for the first compartment to empty because of the narrow 
outlet, more food can only be ingested after substantial time 
has elapsed. One must therefore eat at a much slower pace. 
Because of the slower emptying pace, the satiety center has 
the time to be stimulated. As the hunger sensation is no lon-
ger present, overall food intake is reduced. The outlet size of 
the first compartment can be adjusted as needed and the pace 
at which the stomach empties depends on the outlet size, as 
determined by the status of inflation of the band cuff, depend-
ing on the amount of fluid injected into a subcutaneous port 
which is connected to the cuff.

Instruments
•	 5 trocars: 3 trocars of 5 mm, 1 trocar of 10 mm, 1 trocar 

of 15 mm
•	 30° optical system
•	 Veres needle
•	 band
•	 4 atraumatic grasping forceps
•	 coagulating hook
•	 suction device
•	 scissors
•	 needle-holder
•	 two stitches of Silk or Prolene 2/0
•	 two stitches of Ethibond 2/0

Technique

Patient, Team and Trocars Position
The patient is positioned supine with the legs apart and is 
carefully strapped to the operation table. The arms are placed 
in abduction. Shoulder supports are placed as well and 
extreme care is taken to pad the pressure points and articula-
tions with foam cushions. The sequential calf compression 
devices are placed around the legs and activated. The sur-
geon (5) stands between the patient’s legs, the cameraman to 
the patients right (C), the assistant to the patient’s left (A). 
Abdominal insufflation up to 16 mmHg is obtained with the 
insertion of a Veres needle at the left upper quadrant, or, 
alternatively, at the umbilicus. Trocars are placed as follows: 
a 10 mm trocar (Ti) for the optical system (30° angled scope) 
just to the left of the midline, 10 cm distal to the xyphoid 
process; a 15 mm trocar (T2) on the left anterior axillary line 

2 cm below the costal margin; a 5 mm trocar (T3) in the left 
upper quadrant on the mid clavicular line and between the 1″ 
and 2′d trocar; a 5 mm trocar (T4) in the right upper quadrant 
on the right mid clavicular line; a 5 mm trocar (T5), used for 
liver retraction, just distal and to the left of the xyphoid 
process.

Dissection of the Phrenogastric Ligament 
and of the Retrogastric Area
The grasper (T2) pulls the gastric fundus caudally in order 
to put the phrenogastric ligament under tension. A small 
window is now created in this ligament using the coagulat-
ing hook (T3). Location of this window is usually half way 
between the upper pole of the spleen and the esophagus 
just to the left side of the left crus (A). The gastrohepatic 
ligament is opened widely. The base of the right crus cov-
ered by the peritoneal sheet (posterior layer of the gastro-
hepatic ligament) is identified. The peritoneal sheet is 
incised (B).

Retrogastric Tunnel
A grasper (14) is advanced under direct vision from the right 
crus to the left staying close to the hiatus. The grasper is 
advanceed until its tip becomes visible in the dissection area 
of the phrenogastric ligament.

Introduction and Placement of the Band
An adjustable band with its tubing is introduced into the 
abdominal cavity through the 15 mm port (12). The band is 
grasped by the grasping forceps (14) and looped around the 
stomach at the level of the dissection. The tip of the tubing is 
introduced in the locking area of the band.

Calibration and Suture Stabilization of the Band
The anaesthesiologist introduces a balloon tiped orogastric 
tube inside the stomach, and 25 cc of air is insufflated in the 
balloon. The tube is pulled back until it fits snugly below the 
gastro-esophageal junction (A). The surgeon can now be 
ascertained of the correct positioning of the band, and the 
band is tightened around the stomach and locked. Four to 
five stitches (Silk or Prolene 2/0) are placed between the 
serosa of the stomach just above and below the band to avoid 
slipping (BC).

Placement and Injection of the Port
The 15 mm port is removed, and the non-kinking tube is cut 
to an appropriate length and connected to the injection port 
(A). The port is buried, convex side up, and stitched (Ethibond 
2/0) to the parietal fascia overlying the costal margin to the 
left (B). The band is left deflated. Alternatively, a minimal 
amount of methylene blue can be infused into the band 
through the port, in order to facilitate subsequent fill-up 
sessions.
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12.6	 �Postoperative Management

First postoperative day: a gastrograffin swallow is performed 
and provided good passage is demonstrated and the band is 
proven to be in a correct position, the patient can be dis-
charged from the hospital.

The adjustment of the band is performed by the radiolo-
gist as it requires puncture under fluoroscopic guidance. Fill 
up sessions start 1 month postoperatively and are repeated as 
needed. The volume of injected fluid will depend on the pace 
of clearance of ingested contrast material. The band insuffla-
tion will be adjusted based on complications (reflux, food 
intolerance), on the obtained weight loss and on the radio-
graphical findings

12.6.1	 �Gastric Sleeve

12.6.1.1	 �Principle of the Procedure
Sleeve gastrectomy is mainly a restrictive procedure of the 
stomach, aiming at making a gastric tube of 100–150 mL, 
with the preservation of the antrum. The mechanism of 
weight loss is to reduce the intake of food, by volume restric-
tion and by reduction of appetite linked to a reduced ghrelin 
production. Other gastrointestinal hormones may intervene 
as well.

12.6.1.2	 �Instruments
•	 5 trocars : 2 trocars of 5 mm, 1 trocar of 10 mm, and 2 

trocars of 12 mm
•	 30° optical system
•	 Veres needle
•	 4 atraumatic grasping forceps (2 with 5–10 cm marks)
•	 coagulating hook
•	 suction device
•	 scissors
•	 needle-holder (5 and 10 mm)
•	 .1 Harmonic scalpel/Ligasure
•	 60 mm (45 mm optional) linear stapler (5–6 blue/green/

black cartridges)
•	 one or two stitches of PDS 1
•	 one stitch of Vicryl 2/0 and of Vicryl1

12.6.1.3	 �Technique

Patient, Team and Trocars Position
The patient is positioned supine with the legs apart. The 
patient is carefully strapped to the operation table and the 
arms are placed in abduction. Shoulder supports are placed 
and extreme care is taken to pad the pressure points and 
joints with foam cushions. The sequential calf compression 
devices are placed around the patient’s legs and are activated. 
The patient is positioned in slight reversed Trendelenburg 

position with a 10° tilt. The surgeon (S) stands between the 
patient’s legs, the cameraman to the patient’s right (C) and 
the assistant to the patient’s left (A). Abdominal insufflation 
up to 16 mmHg is obtained with the insertion of a Veres nee-
dle at the left upper quadrant, or at the umbilicus. Trocars are 
placed as follows: a 10 mm trocar (Ti) 20 cm distal to the 
xyphoid process for the 30° optical system; a 5 mm trocar 
(T2) on the left anterior axillary line, 5 cm distal to the costal 
margin; a 12 mm trocar (T3) in the left upper quadrant on the 
mid clavicular line just between the 1″ and the 2″d trocars; a 
12 mm trocar (T4) in the right upper quadrant on the right 
mid clavicular line; a 5 mm trocar (T5), used for liver retrac-
tion, just distal and to the left of the xyphoid process.

First Technique
After identification of the pylrus, an area some 3–4 cm proxi-
mal to it is scored by cautery. The lesser sac is accessed 
through a window made in the greater omentum, across from 
the gastric angle, close to the greater curve of the stomach, 
within the epiploic arch. This window is extended in a caudal 
direction in order to devascularize the greater curve up to the 
marking (A). The dissection subsequently proceeds cranially 
in order to completely dissect the omentum off the greater 
curve. The dissection thus reaches the base of the left dia-
phragmatic pillar. The base of the right diaphragmatic pillar 
should be dissected as well to rule out all potential hiatal 
hernia. All retrogastric adhesions must be divided (B). A first 
firing of linear stapler (black or green load) (T4) divides the 
greater curve in the direction of the crow’s foot. Other firings 
of linear stapler (black or green load) (13) transect the stom-
ach parallel to the lesser curve, from the antrum up to the 
angle of His. Before the firing of the stapler, the anesthesi-
ologist advances an orogastric tube of 34 Fr, in order to guide 
the gastric section (C). A running suture (PDS 1) reinforces 
the staple line (D). Alternatively, buttress material may be 
inserted on the staple loads The resected greater curve is 
extracted through the 12 mm left trocar site (T3).

Second Technique
After marking the stomach and opening the lesser sac as in 
the first technique, (A) a window is made in the greater 
omentum, close to the greater curve, across from the gastric 
angulus. The greater curvature is devascularized in a caudad 
direction until the score marks are reached. The stapler is 
inserted and using black or green load the stomach is tran-
sected, hereby guided by an orogastric tube of 34 French 
introduced by the anesthesiologist, but only up to the level 
of opening of the lesser sac. Further firings of the linear sta-
pler (black or green load) are kept parallel to the lesser 
curve. All posterior gastric adhesions are divided. in the 
direction of the angle of His (C). Before the last firing of 
stapler (usually green load) (13) the angle of His is freed. In 
cases where no staple buttressing has been used, the staple 
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line is reinforced by a running suture (PDS 1). The greater 
omentum is dissected from the now separated greater curve 
of the stomach, using the coagulating hook or the Harmonic 
scalpel or Ligasure (0). The resected stomach is then 
extracted through T3.

Leak-Test
The patient is placed in the Trendelenburg position. The 
operating field is immersed in saline solution. Compressed 
air is insufflated by the anaesthesiologist into the gastric 
sleeve. The absence of air bubbles is testimony to the integ-
rity of the sleeve. Importantly, this manoeuvre allows to 
assess good symmetry of the sleeve as well. The procedure is 
concluded with the placement of a nasogastric tube and of a 
drain along the sleeve up to the upper pole of the spleen and 
the 12  mm left trocar site (T3) is closed with absorbable 
suture (Vicryl 1).

Postoperative Management
On the first postoperative day a methylen blue test is per-
formed and provided there is no evidence of a leak, the naso-
gastric tube is removed and the patient allowed to drink 
water. On the third postoperative day the drain is taken out 
and the patient is discharged.

The patient is restricted to a semi-liquid diet for 1 week, 
followed by a pureed diet for another 4 weeks. An office visit 
is scheduled for around that time. When assessment is posi-
tive, the patient is advanced to a regular diet. Exercising is 
encouraged from the fifth postoperative week onwards. 
Patients are instructed to take either an H2 blocker or proton 
pump inhibitor, usually for up to 6 months.

12.6.2	 �Gastric Bypass

12.6.2.1	 �Principle of the Procedure
Biliopancreatic diversion with duodenal switch is primarily a 
malabsorptive procedure. The biliopancreatic diversion, pio-
neered in Genoa (Italy), is widely used in Europe and rela-
tively sparingly in the United States. The duodenal switch is 
an adaptation of the biliopancreatic diversion developed in 
Canada and America. It consists of a combination of a sleeve 
gastrectomy and a biliopancreatic diversion. A Roux-en-Y 
limb is anastomosed to the first part of the duodenum at one 
end, and to the transeeted bowel some 75–100 cm proximal 
to the ileocaecal valve at its other end. With the duodenal 
switch the mechanism of weight loss is double:

	1.	 sleeve gastrectomy ensures restriction in the amount of 
calories taken by mouth

	2.	 the functional shortening capacity of the bowel reduces 
the absorption capacity of the latter since the exchange 
surface is smaller. Moreover fat can only be digested once 

the biliary and pancreatic juices are mixed with the food 
which obviously occurs only quite distally.

12.6.2.2	 �Instruments
•	 5 trocars: 2 trocars of 5 mm, 1 trocar of 10 mm, and 2 

trocars of 12 mm
•	 30° optical system
•	 Veres needle
•	 4 atraumatic grasping forceps (2 with 5–10 cm marks)
•	 coagulating hook
•	 suction device
•	 scissors
•	 needle-holder (5 and 10 mm)
•	 .1 Harmonic scalpel/Ligasure
•	 60 mm (45 mm optional) linear stapler (5–6 blue/green/

black cartridges)
•	 four stitches of PDS 2/0
•	 one stitch of Silk 2/0
•	 2 stitches of Prolene 1

Patient Position and Disposition of Trocars
The patient is positioned supine with the legs apart and is 
carefully strapped to the OR table. The sequential calf com-
pression devices are placed around the patient’s legs and are 
activated. The surgeon stands between the patient’s legs. The 
screen is placed above the patient’s head. The patient is placed 
in steep reversed Trendelenburg. Abdominal insufflation up 
to 16 mmHg is obtained by the insertion of a Veres needle at 
the patient’s left upper quadrant or at the umbilicus.

Trocars are placed as follows: a 10  mm trocar for the 
optical system, (a 30 ° angled scope) immediately to the left 
of the midline (trocar 1), 10  cm distal to the xyphoid, a 
12 mm trocar in the right upper quadrant on the mid clavicu-
lar line (trocar 4), a 12 mm trocar in the left upper quadrant 
on the mid clavicular line at the same level as the optical 
trocar; a 5 mm trocar used for liver retraction just distal and 
to the left of the xyphoid (trocar 5) and finally a 5 mm trocar 
on the left anterior axillary line 5 mm distal to the costal 
margin (trocar 3).

Dissection of the His Angle
The liver is retracted with a 5  mm rod retractor inserted 
through the subxyphoid port. The root of the left diaphrag-
matic crus is exposed by caudad traction on the stomach fun-
dus by the assistant to the patient’s left, and the phrenogastric 
ligament is incised at the level of the angle of His with a 
coagulating hook (3) until visualization of the left diaphrag-
matic crus is obtained.

Dissection of the Lesser Curvature
Dissection is then initiated at the lesser curvature 5–6  cm 
under the esogastric junction. The third vessel (counting 
from proximal) is identified at this lesser curvature and a 
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plane developed between Latarjet’s pedicle and the serosa of 
the stomach. By continuing the dissection posteriorly the 
lesser sac is entered.

Gastric Pouch Manufacturing
The stomach is transected horizontally at that level by one 
firing of the linear stapler, blue load, introduced through the 
right upper quadrant 12 mm trocar. The posterior phrenogas-
tric ligament is dissected until the previous dissection is 
reached.

The linear stapler (blue load) is introduced in the left 
upper quadrant 12 mm trocar and aimed from the left lateral 
horizontal section level towards the angle of His. Two or 
three vertical firings of the stapler are performed to reach the 
His angle. This allows for complete detachment of the gas-
tric pouch from the remnant.

Latero Lateral Mechanical Linear Gastrojejunal 
Anstomosis
The transverse colon is lifted in upwards to visualize the 
Treitz Angle. The reversed Trendelenburg position facilitates 
the identification of the Treitz angle.

The intestinal loop is lifted in an ante-colic position over 
some 100 cm to reach the oesogastric junction. The patient is 
replaced in a neutral position. An opening is created in the 
loop with the coagulating hook which allows the introduc-
tion of a blue load linear stapler. The stapling is realized par-
allel and as close as possible to the vertical staple of the 
gastric pouch. The opening is closed with two running 
sutures (PDS 2.0). The superior running suture is initiated at 
the summit of the stapling line and comprises the gastric 
pouch and anastomosis stapling line.

70  cm of bowel are measured on the alimentary loop, 
from the gastrojejunal anastomosis. The alimentary loop at 
this point is secured to the biliopancreatic loop with a suture 
(silk 2.0). The suture is held by a grasper and is elevated to 
reach the upper part of the stomach.

Mechanical Side to Side Jejunojejusnostomy
A linear mechanical jejunojejunostomy is performed. The 
opening is closed by two converting running sutures (PDS 
2.0). The jejunum in between the two anastomosis is sec-
tioned with a linear stapler with white load.

Closure of the Mesenteric Defect and of the Petersen 
Space
The mesenteric defect, between the alimentary and the bilio-
pancreatic limbs must be closed after conclusion of the jeju-
nojejunostomy. A purse string stitch (prolene 2/0 or 1) is 
used for this purpose. A purse string is preferred over a run-
ning suture because it allows more mobility of the anastomo-
sis, hence avoiding kinking which is the usual cause of blow 
out of the remnant stomach.

Postoperative Management
Provided there is no evidence of a leak, the patient is allowed 
to drink water. On the third postoperative day the patient is 
discharged.

The patient is restricted to a semi-liquid diet for 1 week, 
followed by a pureed diet for another 4 weeks. An office visit 
is scheduled for around that time. When assessment is posi-
tive, the patient is advanced to a regular diet. Exercising is 
encouraged from the fifth postoperative week onwards. 
Patients are instructed to take either an H2 blocker or proton 
pump inhibitor, usually for up to 6 months.

12.6.3	 �Duodenal Switch

12.6.3.1	 �Principle of the Procedure
Biliopancreatic diversion with duodenal switch is primarily a 
malabsorptive procedure. The biliopancreatic diversion 
(BPD), pioneered in Genoa (Italy), is performed mainly in 
Europe The duodenal switch is an adaptation of the BPD and 
was developed in Canada and America. It consists of a com-
bination of a sleeve gastrectomy and a BPD. A Roux- limb is 
anastomosed to the first part of the duodenum at one end, and 
to the transected bowel some 75–100  cm proximal to the 
ileocaecal valve at its other end. With the duodenal switch 
the mechanism of weight loss is double :

	1.	 sleeve gastrectomy ensures restriction in the amount of 
calories taken by mouth

	2.	 the functional shortening capacity of the bowel reduces 
the absorption capacity of the latter since the exchange 
surface is smaller. Moreover fat can only be digested once 
the biliary and pancreatic juices are mixed with the food 
which obviously occurs only quite distally.

12.6.3.2	 �Instruments
•	 6 trocars: 3 trocars of 5 mm, 1 trocar of 10 mm, and 2 

loads linear stapler
•	 30° degree optical system
•	 Veres needle
•	 4 atraumatic grasping forceps (2 with 5–10 cm marks)
•	 coagulating hook
•	 suction device
•	 scissors
•	 needle-holder (5 and 10 mm)
•	 Harmonic scalpel/Ligasure
•	 60 mm (45 mm optional) linear stapler (6–7 black/green 

cartridges and 3–4 white cartridges)
•	 two stitches of PDS 1
•	 two stitches of PDS 2/0
•	 two stitches of Prolene 1 or 2/0
•	 one stitch of white Vicryl 3/0
•	 one stitch of Silk 210
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•	 one stitch of Vicryl 2/0 and 1
•	 one stitch of Ethibond 2

12.6.3.3	 �Technique

Patient, Team and Trocars Position
The patient is placed in the supine position with legs apart. 
The patient is carefully strapped to the operation table and 
the arms are placed in abduction. Sequential calf compres-
sion is used. Shoulder supports are placed as well and 
extreme care is taken to pad the pressure points and joints 
with foam cushions. The table is tilted head up at some 10°. 
The surgeon (5) stands between the patient’s legs, the cam-
eraman to the patient’s right (C) and the assistant to the 
patient’s [eft (A). Abdominal insufflation up to 16 mmHg is 
obtained with the insertion of a Veres needle at the patient’s 
left upper quadrant, or at the umbilicus. Trocars are placed as 
follows: a 10  mm trocar (Ti) 20  cm distal to the xyphoid 
process for the 30° optical system; a 5 mm trocar (T2) on the 
[eft anterior axillary line; a 12  mm trocar (T3) in the left 
upper quadrant on the mid clavicular line just between the 1″ 
and the 2 trocars; a 12  mm trocar (T4) in the right upper 
quadrant on the right mid clavicular line; a 5 mm trocar (T5), 
used for liver retraction, distal and to the left of the xyphoid 
process; a 5 mm trocar (T6) just to the left of the linea alba, 
midway between the umbilicus and the pubis.

Sleeve Gastrectomy
This step constitutes the first part of the procedure and has 
been described in detail in chapter 5.

Duodenal Section and Cholecystectomy
A cholecystectomy is performed and the gallbladder is 
retrieved by T3. Two methods are available for transection of 
the duodenum.

•	 ANTERIOR APPROACH: After identification of the 
pylorus, the anterior peritoneal sheet at the lower border 
of the first duodenum, across from the common bile duct, 
is dissected with the coagulating hook (A). A passage 
between the duodenum and the pancreatic head is created 
under direct vision. This permits the introduction of the 
linear stapler (white load) (T3) (B) and the duodenum is 
transected (D). The gastroduodenal artery should become 
visible at this stage

•	 POSTERIOR APPROACH: The stomach is held up and 
all retrogastric adhesions at the distal end of the antrum 
are divided with the coagulating hook. With gentle dissec-
tion a passage is created just anterior to the pancreatic 
head and to the gastroduodenal artery. The anterior and 
posterior edge of duodenum are dissected (A) and a 
grasper is introduced between them and severs the perito-
neal sheet from posterior to anterior. A tape (Ethibond 2) 

is looped around the duodenum at that level, and facili-
tates in holding the first part of the duodenum upwards. A 
firing of a linear stapler (white load) (T3) divides the duo-
denum (C).

Regardless of the approach, a stitch (white Vicryl 3/0) is 
placed at the inferior angle of the proximal sectioned 
duodenum.

Measurement of Common, Alimentary 
and Biliopancreatic Loops
The patient is positioned in a 10° Trendelenburg position 
with a 100 right tilt. Surgeon and assistants are now posi-
tioned to the patient’s left (A-B). An appendectomy is per-
formed and the appendix is retrieved by T4. The caecum is 
dissected off the parietal wall by the coagulating hook, in 
order to facilitate subsequent lifting of the alimentary loop. 
Starting at the ileo-caecal valve, the small bowel is measured 
for a distance of 75 or 100 cm. A PDS 2/0 stitch is placed on 
the bowel wall exactly at this level and fixed to the abdomi-
nal wall. The bowel distal to the stitch is marked gently with 
a coagulating hook (future common limb). From this point 
another 200 or 225 cm is measured, so that the sum of ali-
mentary + common equals 300  cm. The bowel proximal to 
this point is marked with the coagulating hook (biliopancre-
atic limb) and a marking clip is placed just distal to this point 
(proximal end of the alimentary limb). A firing of stapler 
(white load) (T3) divides the bowel between the biliopancre-
atic and the alimentary limbs (C-D).

Jejunoileostomy: Semi-mechanical Side-to-Side
The bowel at the 75–100 cm marking (the marks will help to 
remain oriented) is sutured to the biliopancreatic limb, using 
the same stitch that was fixed into the parietal peritoneum. 
The common and biliopancreatic limbs are opened by the 
hook (A). A linear stapler (white load) (T3) joins the two 
limbs (B). The enterotomy opening is closed by a running 
suture (PDS or silk 2/0) with two separated suture lengths 
starting at each corner which are then tied together (CD).

Closure of the Mesenteric Defect
The mesenteric defect, located between the common and the 
biliopancreatic limbs, is closed after performance of their 
anastomosis. A purse string stitch (Prolene 2/0 or 1) is used 
to close this defect in order to prevent an internal hernia.

The patient is re-placed in the reversed Trendelenburg 
position. The surgeon returns between the patient’s legs, the 
cameraman to the patient’s right and the assistant to the 
patient’s left (A-B).

Duodenoileostomy Totally Handsewn End- to-Side
The surgeon places himself again between the legs of the 
patients, the two assistants on either side. The alimentary 
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limb is moved up in the direction of the duodenum. A running 
suture (PDS 1) is initiated on the superior corner of the tran-
sected duodenum and successive bites are taken alternatively 
on the duodenum and on the alimentary limb. This suture line 
constitutes the posterior layer of the anastomosis (A). A new 
running suture (PDS1) starting on the superior corner initiates 
the anterior layer of the anastornosis; the duodenum and the 
small bowel are opened with the coagulating hook (B). The 
posterior running suture is carried over the inferior corner of 
the anastomosis and is driven onto the anterior layer for a 
short distance (C). Finally the two running sutures are joined 
together halfway on the anterior layer and tied (D).

Closure of the Petersen’s Space
The Petersen’s space, a potential defect formed as a result of 
the procedure between the alimentary limb and the trans-
verse rnesocolon, has to be closed in order to prevent an 
internal hernia. A purse string stitch (prolene 2/0 or 1) is used 
to this purpose.

Leak-Test of Both Anastomosis
A gastric tube is pushed down by the anaesthesiologist into 
the sleeve gastrectomy until it reaches the pylorus. The 
patient is placed in Trendelenburg position. The operating 
field is immersed in saline solution. Compressed air is insuf-
flated into the gastric tube by the anaesthesiologist. The 
absence of air bubbles is testimony of the integrity of the 
sleeve gastrectomy and of the duo-denoileostomy. 
Subsequently the surgeon manipulates the entire alimentary 
limb until the air reaches the jejunoileostomy and com-
pressed air is used again to test the integrity of the common, 
the alimentary and the biliopancreatic limbs. The procedure 
is concluded by the positioning of two drains, one near the 
sleeve and one near the duodenoileostomy and the 12 mm 
left trocar site is closed with absorbable suture (vicryl 1).

Postoperative Management
First postoperative day: methylen blue test is performed. If 
there is no evidence of a leak the patient may drink water.

Third postoperative day: gastrograffin swallow is per-
formed only if there is suspicion of a leak. If not, the patient 
can start a liquid diet.

Fourth postoperative day: the drain is taken out and the 
patient is discharged if fit.

The patient is put on PPI IV for 24 h, followed by the 
same drug orally for 6 months. The patient is restricted to a 
semi-liquid diet for 1 week, followed by a pureed diet for 
another 4 weeks. An office visit is scheduled at around that 
time. If patient progress is good, the patient is allowed a 
regular diet. Sweets, alcohol and carbonated drinks are pro-

hibited. Exercising is encouraged from the fifth postopera-
tive week on. At 4 weeks, the patient receives follow up 
nutritional counseling for a protein-enriched diet and is 
given twice-daily multivitamins, oral calcium supplements, 
iron and fat-soluble vitamins (A, D, E, K). Laboratory eval-
uation for nutritional deficiencies is performed at each visit, 
including iron, ferritin, vitamin B12, folate, albumin, PTH, 
calcium, alkaline phosphatase, zinc, selenium, lipid profile, 
vitamin A and D levels, electrolytes, total proteins, and 
albumin. Liver enzymes and routine hematology are also 
included.

12.7	 �Follow Up

Obesity is a life long disease. “The fat cell never dies”. 
Despite all surgical efforts, the patient will have a tendency 
to regain weight. The weight regain phenomenon usually 
occurs as of the third postoperative year. The weight regain 
issue as well as the potential complications linked with the 
surgery should be addressed by a multi disciplinary team that 
acts in synergy. To assure long term weight maintenance the 
team must encourage the persistence of the patient’s life 
style changes initiated by the surgery, and, more specifically, 
help the patient to persevere in daily physical activity and 
good dietary choices. The following parameters should be 
monitored on the long term:

	1.	 Nutritional management
	2.	 Weight loss
	3.	 Comorbidities that may have disappeared initially
	4.	 Nutritional status to avoid malnutrition. Should be moni-

tored especially: plasma protein, Potassium, Cholesterol
	5.	 Vitamin and mineral deficiency. Should be monitored 

especially: Iron, Calcium, PTH, the water soluble vita-
mins A, D, E and K, the vitamins B1,B6 and B12, Zinc, 
Magnesium and Selenium

	6.	 Medical symptoms after surgery: vomiting, dumping syn-
drome and hypoglycemia, neurological symptoms

	7.	 Late surgical complications: gall stones, intestinal 
obstruction (internal hernia, trocar hernia), stoma compli-
cations (erosion, ulceration, dilation), candy cane forma-
tion, gastro-intestinal bleeding

	8.	 Psychological issues (anxiety, depression)
	9.	 Physical activity, if possible in cooperation with a trainer 

or physiotherapist

The patient should be seen by the surgeon at least once a 
year, by the medical nutritionist at least three times a year, 
and by the psychologist whenever needed.

12  Selection of Bariatric Procedures
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Gastric Banding

Frank A. Granderath and Andreas Kirschniak

13.1	 �Introduction

The socioeconomic circumstances in the western nations, as 
well as the basic food situation have drastically changed in 
the second half of the last century. As a result of that, the 
prevalence rates of morbid obesity have increased rapidly. In 
some countries obesity has reached an epidemic magnitude 
meanwhile.

Obesity is a multifactorial entity with excessive aggrega-
tion of body fat leading to a general health damage. Basically, 
morbid obesity is defined as an imbalance between calory 
admission and the calory consumption. The causes for this 
imbalance usually differ from patient to patient. For an exact 
definition/classification and measurement of obesity, the body 
mass index (BMI) has been introduced. This BMI is calculated 
as weight divided by the square of height with kilograms per 
square meter (kg/m2). Due to the BMI, obesity is divided into 
three severity grades: A BMI of 30–35 is considered as grade 
I obesity, 35–40 as grade II and a BMI >40 as grade III.

The available therapy programmes, outpatiently or in-
patient, only seldomly reach the demanded high-class stan-
dards which are necessary for an evidence- based treatment 
for morbid obesity patients. Beside the available conven-
tional therapy strategies, like psychological consultation, 
food therapies and diet measures, surgical therapy concepts 
for morbid obesity have increased during the last years.

Since the availability of minimally invasive access to the 
abdominal cavity, bariatric surgery has shown to be a safe 
and effective treatment option with long-term weight loss in 
the morbidly obese patient. Until now, some different bar-

iatic procedures are available such as the laparoscopic 
“Roux-en-Y Gastric Bypass”, the laparoscopic “Sleeve 
Gastrectomy”, the laparoscopic “Biliopancreatic Diversion 
with Duodenal Switch” as well as the laparoscopic 
“Adjustable Gastric Banding”.

Especially the Adjustable Gastric Banding (Lap. AGB) 
has become one of the most popular bariatric procedures in 
the last decade. Many studies could show that the AGB is a 
safe procedure which effectively results in a significant 
weight loss with long-term durability. Another important 
argument for this procedure has estimated to be its revers-
ibility in case of recurrent increase of weight or postopera-
tive complications such as band migration or intragastric/
intraesophageal band erosion. Since the change from the so-
called perigastric technique to the “pars flaccida approach”, 
the incidence of those unsatisfactory complications decreased 
significantly.

The adjustable band is a soft silicon elastomer band that is 
placed approximately 3 cm caudal to the gastroesophageal 
junction creating a 10–20 ml gastric pouch above the band. 
The adjustable band with its elastic ballon then can be 
inflated through a port system according to the individual 
weight situation of the patient.

In a recent publication by Buchwald et al., it became evi-
dent that until 2003, approximately 25 % of all bariatric oper-
ations worldwide have been performed by this technique.

13.2	 �Operative Indications

13.2.1	 �Indication for Bariatric Surgery

Basically, a surgical intervention for weight loss stands at the 
last place of the therapy cascade. A bariatric operation should 
only be carried out if all available conservative therapies 
have not led to an effective weight reduction. The selection 
criterias for bariatric surgery are clearly defined by guide-
lines of the Nationwide institutes for Health and Clinical 
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Excellence (NICE), the American Nationwide Conference of 
State Legislatures as well as the European association for 
Endoscopic Surgery (EAES).

According to the EAES clinical practice guidelines on 
obesity surgery 2005, the following general indication has 
been determined:

“Obesity surgery should be considered in adult patients 
with a documented BMI greater than or equal 35 and related 
comorbidity, or a BMI of at least 40. All patients must fully 
understand and agree with postoperative care, and must 
be  free of general contraindications. Adults with a BMI 
between 30 and 35 accompanied by substantial obesity-
related comorbidity or after prolonged medical treatment 
should undergo obesity surgery only in the context of con-
trolled clinical trials.”

Based on this precondition the following directives are 
formulated furthermore by some obesity socities:

	1.	 The age of the patients lies between 18 and 65 years.
	2.	 The patients must have received an intensive medical/

conservative treatment for weight loss in an obesity treat-
ment center.

	3.	 The patients should have carried out a conservative ther-
apy carried out under medical control for the weight 
reduction with all adequate non- surgical therapies for a 
minimum period of 12 months

	4.	 Patients with an endocrinological cause should be 
excluded.

	5.	 A general anaesthesia ability should be given in all 
patients

	6.	 Consciousness of the patients about long-term (if neces-
sary lifelong) follow-up under medical control.

	7.	 Readiness of the patients to change the existing eating 
habits and way of life.

13.2.2	 �Absolute Contraindications

As an essential contraindication for a bariatric procedure the 
following directives are stated by the appropriate national 
and international professional societies:

	1.	 Abuse of alcohol or drugs
	2.	 Existence of accompanying psychological comorbidities 

such as schizophrenia, active depressions or personality 
disorders.

	3.	 Lacking Compliance of the patient with regard to the nec-
essary lifestyle modifications as well as the suitable after-
care under medical care.

	4.	 Manifest malignancies.
	5.	 Manifest esophagogastric diseases (e.g. gastric ulcer)
	6.	 Limited anaesthesia ability of the patient
	7.	 Pregnancy.

13.2.3	 �Relative Contraindications

	1.	 Large or paraesophageal hiatal hernia
	2.	 Previous upper abdominal laparotomy

13.3	 �Preoperative Work-Up

The preoperative evaluation primarily should include a thor-
ough documentation of the patients history with all non-
surgical attempts for weight loss including psychological 
examination and dietary counseling.

The required preoperative testings usually depend on the 
general health condition of the patients and the personal 
preference and experience of the operating surgeon.

Basically, a complete blood count including thyroid hor-
mones, serum cortisol, serum cholesterol and serum triglyc-
erides should be carried out.

Morbid obesity commonly causes cardiac and pulmonary 
affections, so thorough cardiovascular and pulmonary assess-
ment is mandatory. This should include a cardiac stress test 
to exclude any contraindication to anesthesia, an echocardio-
gram to assess left ventricle ejection fraction, pulmonary 
function tests and arterial blood gas analysis.

An ultrasound examination of the abdomen should be 
done routinely to determine concomitant intraabdominal dis-
eases such as cholelithiasis. In case of unclarity, a CT scan or 
an MRI should be performed.

Due to a rather high incidence of Sleep apnea in morbidly 
obese patients, all patients should be screened either by 
anamnesis or by a formal sleep study.

A complete upper gastrointestinal tract is necessary in all 
patients. This should include an esophagogastroduodenos-
copy with biopsies of the gastroesophageal junction and 
stomach in order to diagnose esophageal mucosal abnormal-
ities (e.g. reflux esophagitis, Barrett’s mucosa, esophageal/
gastric malignancies). A barium swallow is necessary to 
search for a hiatal hernia.

The necessity of preoperative esophageal function test-
ing is discussed controversially. However, esophageal 
manometry with 24  h pH monitoring or multichannel 
impedance measurement can give helpful information about 
the presence of gastroesophageal reflux or esophageal boby 
motility disorders which can adversely affect the postopera-
tive outcome.

13.4	 �Operating Room

13.4.1	 �Patient Position

The patient is placed in reverse Trendelenburg position with 
both legs abducted. Ideally, the patient should be arranged in 
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a half-standing position. To prevent slippage of the patient 
after positioning or intraoperatively, a device to support the 
perineum with additional foot rests is necessary. The patients 
legs optionally can be fixed to the table using adhesive strips 
(Fig. 13.1).

13.4.2	 �Positioning of the Operating Team

The operating surgeon stands between the spread legs of the 
patient. The camera assistant stands on the left side of the 
patient (Fig. 13.2). When necessary, a further assistant stands 
on the patients right side, e.g. for liver retraction. The nurse 
stands at the left foot of the patient. The monitor is located at 
the upper right –hand side of the patients head.

13.5	 �Surgical Technique

13.5.1	 �Trocar Position

Usually, laparoscopic gastric banding is performed with five 
trocars. After establishing the pneumoperitoneum, the opti-
cal trocar (A) is placed approximately 10  cm above the 
umbilicus depending on the size and thickness of the abdom-
inal wall. The second trocar (B) then is placed 5 cm below 
the xyphoid. The third trocar (C) for left liver lobe retraction 
is placed in the mid-clavicular line at a level between the 
umbilicus and the optical trocar. The fourth trocar (D) for the 

preparation device is placed subcostal in the mid-clavicular 
line left and the fifth trocar (E) 5–10 cm below paraumbili-
cally on the left side (Fig. 13.3).

	(A)	 Camera (Assistant)
	(B)	 Grasping device (Surgeons left hand)
	(C)	 Liver Retractor (second assistant or mecjanical retract-

ing device)
	(D)	 Preparation device (e.g. Harmonic scalpel)
	(E)	 Additional retraction or preparation

13.5.2	 �Exposure

After introduction of the instruments the left lobe of the liver 
is retracted cephalad and laterally for visualization of the 
gastroesophageal junction. Liver retraction can be effectively 
achieved by using a mechanical liver retractor with extracor-
poral fixation. Liver retraction has to be performed carefully 
to avoid capsule injury. To optimize the exposure of the hia-
tal region, the cardia can be retracted down (Fig. 13.4).

13.5.3	 �Retrogastric Tunnel

At first, the pars flaccida is opened and dissection will be 
continued to the right diaphragmatic crus. This can be per-
formed with a harmonic scalpel, by hook or by scissors. At 
this point, a nasogastric tube should be inserted for better 

Fig. 13.1  Positioning of the 
patient
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visualization and identification of the distal esophagus and 
the gastroesophageal junction. Before the retrogastric tunnel 
is prepared, the cardia can be gently retracted downwards to 
the patients left side with an atraumatic grasper. An incision 
of the gastrophrenic ligament has to be performed at the 
angle of His with identification of the left crus (Fig. 13.5).

Then the retrogastric passage is performed bluntly from 
the right to the left crus. This can easily be done by an angled 
instrument (e.g. Goldfinger). At this point, care has to be 
taken not to injure the small retrogastric vessels. The retro-
gastric tunnelling should be performed closely to the hiatal 
crura to avoid opening of the lesser sac. To find the best dis-
section plane, a balloon-tipped gastric tube now can be 
inserted by the anaesthesiologist into the stomach. After infla-
tion to 15–25 ml, the tube is pulled back up to the level of the 
cardia. Now the retrogastric space can be tunnelled bluntly 
until the tip of the instrument appears at the angle of His. At 
this point care has to be taken in order to avoid splenic injury 
or laceration of the upper short gastric vessels (Fig. 13.6).

Fig. 13.2  Operating team

Fig. 13.3  Trocar placement

Fig. 13.4  View to the gastroesophageal junction

Fig. 13.5  Peritoneal incisions and direction of stomach retraction

Fig. 13.6  Retrogastric tunnel
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13.5.4	 �Band Placement

After extracorporal preparation of the gastric band and the 
catheter system, the gastric band now will be introduced into 
the abdominal cavity. Care has to be taken not to touch the 
ballon during this manoeuvre to avoid ballon leakage. The 
band system easily can be introduced via a 15 mm trocar. 
The gastric band now will be pulled through the retroesopha-
geal tunnel either with the retroesophageal grasping devive 
or by connecting the band to the Goldfinger. After the band is 
pulled through with the ballon placed over the complete 
esophageal circumference, the band can be loosely closed 
(Fig. 13.7).

For creation of a small gastric pouch above the band, the 
ballon of the nasogatric tube now has to be inflated again 
with approximately 15 ml. Now the band will be closed com-
pletely below the inflated ballon. To prevent slippage of the 
band, the fundus will now be fixed with three to four simple 
sutures to the stomach wall above as well as below the gas-
tric band. The first suture should be fixed at the left crus, the 
following sutures surround the band completely. At this point 
it is important to ensure that the gastric fixation is not too 
tight for subsequent effective filling of the band. The naso-
gastric tube now can be deflated and removed by the anaes-
thesiologist (Fig. 13.8).

13.5.5	 �Port Placement

After thorough revision of the operative field, the band cath-
eter now will be removed from the abdominal cavity through 
the subxypoidal or the leftmost trocar. The liver retractor as 
well as the working trocars now can be removed. After exten-
sion of the selected trocar incision, the port has to be fixed to 
the fascia. The reservoir is connected to the catheter and the 
port will be sutured to the fascia with three to four stitches 

and positioned subcutaneously. Rotation of the reservoir 
must be avoided at this point to ensure sufficient punctures 
postoperatively.

13.6	 �Postoperative Care

Postoperative care often depends on the surgeons personal 
experience and standard. The nasogastric tube can be left in 
place for 1–2 days to prevent gastric dilatation or bloating. 
During postoperative hospital stay, a upper GI contrast study 
or cinematographic x-ray with water-soluble contrast should 
be performed to confirm the correct position of the band and 
to preclude esophageal or gastric leakage. Afterwards, the 
patient can return to eating and drinking. For the first postop-
erative period the patients should be administered to a stan-
dard postoperative diet with mixed fluid and solid food. After 
discharge, the patients can return to normal diet. Usually 
patients can leave the hospital within the first 4 days after 
surgery. A standard follow-up should be performed the con-
trol weight loss.

13.7	 �Complications

13.7.1	 �Infection

Due to the prevention of port or band infection, intravenous 
antibiotics may be necessary for a maximum of 5 days after 
surgery. Acute or persistent chronic port infection usually 
requires surgical reintervention. If the infection is isolated to 
the port without any signs of band infection or other intraab-
dominal affections, it should be considered to only explant 
the port system with preservation of the gastric band. The 
catheter then can be cutted and clipped and left in the abdom-
inal cavity. After consequent antibiotic therapy with com-

Fig. 13.7  Placement of the band Fig. 13.8  Fundus fixation above the band
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plete resolve of the infection, a new port system can be 
implanted. If there is any evidence of intrabdominal infec-
tion, both band and port system have to be removed.

13.7.2	 �Pouch Dilatation/Slippage

Pouch dilatation commonly occurs in case of a too tight band 
or when the patient continues to overeat during the short- and 
mid-term postoperative period. If a too tight band is sus-
pected, a cinematographic x-ray barium swallow can ensure 
the diagnosis. The too tight band also can lead to a band slip-
page. This slippage is induced by the increased size of the 
pouch pushing the gastric band distally. Therefore the band 
has to be loosened immediately. The location of the slippage 
somewhat depends on the unique technique of band implan-
tation. Posterior slippage more likely occurs with the peri-
gastric technique, whereas anterior slippage commonly 
occurs with the pars flaccida approach. Usually, surgical 
reintervention is necessary according to the morphological 
situation. In case of cephalad position of the stomach, the 
fixation sutures have to be divided and the stomach has to be 
reduced through the band. The band then can be re-positioned 
and a new gastric fixation be performed.

13.7.3	 �Band Erosion

Band migration with esophageal or gastric erosion is a rare 
complication after gastric banding with occurrence rates of 
1–3 % in the literature. There is a chacteristic tendency of 
foreign body to migrate or erode, so every step of band 
implantation has to be done carefully. To avoid this compli-
cation, serosal damage has to be avoided. Furthermore, the 
band should not be too tight around the gastric wall. All fixa-
tion sutures should be done only to approximate the gastric 
tissue without constriction of the gastric wall. Additionally, 
the first band adjustment should be done 6–8 weeks postop-
eratively at the earliest.

If there are any signs of band migration or band erosion, 
the band has to be removed immediately. In case of complete 
intragastric migration the band sometimes can be removed 

endoscopically with laparoscopic surveillance. After band 
removal with simultaneous repair of the perforation, another 
bariatric procedure can be performed after complete healing 
(Fig. 13.9).

13.8	 �Results

Altogether, laparoscopic gastric banding has shown to be a 
safe and effective bariatric procedure leading to significant 
weight loss with resolution of obesity related comorbidities 
such as diabetes, sleep apnea or cardiovascular affections. 
The reported percentage of weight loss has been reported to 
be more than 50 % excessive weight loss at 5 years. The aver-
age weight loss after alternative procedures such as the 
Gastric bypass or the biliopancreatic diversion often is 
higher, however, the peri-and postoperative morbidity and 
mortality rates after laparoscopic gastric banding is signifi-
cantly lower. As a result, laparoscopic gastric banding is a 
well established procedure in bariatric procedures. Long-
term randomized studies comparing the gastric banding to 
the other available procedures are not yet available.

Fig. 13.9  Intragastric band erosion
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Gastric Bypass

Mario Morino and Gitana Scozzari

14.1	 �Introduction

Gastric bypass is a malabsorptive and restrictive bariatric proce-
dure first described by Mason and Ito in 1967. Their original 
gastric bypass consisted of a 100–150  ml horizontal pouch 
anastomosed to a loop of proximal jejunum. In 1977 Griffen 
introduced the Roux-en-Y gastrojejunostomy in place of the 
loop gastrojejunostomy, and in 1983 Torres stapled the stomach 
vertically rather than horizontally, a modification that has 
become the standard method for constructing the gastric pouch. 
The laparoscopic approach to gastric bypass has been described 
by Wittgrove, Clark and Tremblay in 1994. To date, gastric 
bypass is one of the most applied bariatric procedures. According 
to a 2008 survey [5] on bariatric surgery, it accounts for 51 % of 
bariatric procedures in the USA and 49.3 % worldwide.

The gastric bypass involves three main components: cre-
ation of a small gastric reservoir resulting in food intake 
reduction (restrictive component), bypass of the duodenum 
leading to a change in the secretion of gastrointestinal hor-
mones (hormonal component) and exclusion of a variable 
length of the absorptive small bowel producing a degree of 
malabsorption (malabsorptive component).

14.2	 �Indications and Preoperative 
Work-Up

Strict indications and a comprehensive preoperative work-up 
are crucial to obtain good clinical results. We refer to the 
2004 EAES Consensus Conference [1] (http://www.eaes.eu/
getmedia/65103216-27ef-4de6-9034-1cc447a41b20/
Sauerland-Obesity-Surgery-guidelines-EAES-Surg-Endosc-
2005-pdf.pdf).

14.3	 �Operating Room

The operating room must be equipped for laparoscopic bar-
iatric surgery. Notably, the operating table should be able to 
sustain the weight of the obese patients and capable of being 
put into reverse Trendelenburg position.

The patient is placed in the lithotomy position in steep 
reverse Trendelenburg with legs wide apart and arms posi-
tioned upwards. The procedure is done under general anes-
thesia and endotracheal intubation. A Foley catheter and a 
nasogastric tube are inserted after anesthesia induction. The 
operating surgeon stands on the patient’s right during bowel 
manipulation, and between the patient’s legs during the 
supramesocolic phase of the procedure; first assistant (cam-
era assistant) stands on the right, and the second one on the 
left side of the patient. The scrub nurse stands at the level of 
patient’s left foot (Fig. 14.1).

14.4	 �Surgical Technique

Since its introduction in 1994 [2], laparoscopic gastric 
bypass has been compared to open surgery in different ran-
domized and non-randomized clinical trials [3]. Published 
studies showed no difference between the two approaches 
in regard to excess weight loss, long-term quality of life, or 
resolution of comorbidities, whereas the laparoscopic 
approach demonstrated significant advantages in terms of 
shorter length of stay, lower incisional pain, faster return 
to daily activities, better aesthetic results and lower com-
plication rates with a markedly decreased rate of wound 
infection and incisional hernia. Although operative times 
vary from surgeon to surgeon, with the increased laparo-
scopic experience to date the mini-invasive and the open 
approach are more or less equivalent. Costs per procedure 
are also similar, since the major cost of disposable instru-
ments needed for laparoscopy equals the cost of longer 
hospital stay for open procedures. Although gastrojejunal 
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anastomotic strictures have been described more fre-
quently after laparoscopic gastric bypass, other major 
complications such as anastomotic leak, venous thrombo-
sis, and pneumonia are decreased in laparoscopic approach, 
which has furthermore demonstrated to reduce overall 
postoperative mortality.

Therefore, to date laparoscopy is the preferred approach 
in obese patients, and it must be considered as the gold 
standard.

14.5	 �Operative Technique

The pneumoperitoneum is established according to sur-
geon’s preference: using a Veres needle, an Hasson can-
nula or an optical trocar. Hasson’s technique could be quite 
difficult in severe obese patients. Insufflation to 
14–16 mmHg will usually be adequate to achieve correct 
visualization.

14.6	 �Position of Trocars

The trocars’ positions are shown below in Fig. 14.2.

14.7	 �Liver Retraction

In obese patients the liver is often very large and can repre-
sent an impediment to visualization of the esophagogastric 
junction and the gastric body. To retract the left lobe of the 
liver, a Nathanson-type retractor inserted through a epigas-
tric port or a paddle retractor introduced through port just 
below the xiphoid or laterally in the right hypocondrium are 
used.

14.8	 �First Operative Phase: Roux-en-Y 
Limb Construction

The transverse colon is lifted with an atraumatic grasper and 
the ligament of Treitz is identified. The jejunum is transected 
50 cm distally to Treitz with a linear stapler and the mesen-
tery is transected perpendicularly to the bowel wall using 
bipolar electrocautery or ultrasound shears. Afterwards, the 
Roux-en-Y limb is measured, with the aid of two graspers, 
one of which with a strip placed 10 cm from the tip. Care 
must be taken when handling the intestinal limbs, always 
grasping the antimesenteric bowel border.

At the level chosen for the jejunojejunostomy, the bilio-
pancreatic limb is fixed to the alimentary one with a stay 
suture. The jejunojejunostomy is created with a firing of a 
45-mm linear stapler using a white cartridge inserted through 
two small enterotomies created on the antimesenteric side of 
the bowel loops. The site of stapler insertion is closed, pref-
erably by hand sewn extramucosal running suture.

The triple-stapled technique for jejunojejunostomy, 
described by Madan and Frantzides, involves two staple 
lines fired in opposite directions, with a third staple line 

Fig. 14.1  Patient positioning for laparoscopic gastric bypass

Fig. 14.2  Trocar positioning for laparoscopic gastric bypass
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closing the common enterotomy. This allows for a large pat-
ent anastomosis with a lower risk of stenosis. Closure of all 
mesenteric defects with interrupted stitches of non-reabsorb-
able suture should be carefully done in order to decrease the 
incidence of internal hernia, a postoperative complication 
that has become more frequent in the laparoscopic era, due to 
the lack of adhesions after laparoscopic surgery.

14.9	 �Technical Consideration: Limb Position

The retrocolic-retrogastric, retrocolic-antegastric, and antecolic-
antegastric routes all are acceptable for the Roux limb 
(Fig. 14.3), and while debate continues over the best approach, 
literature data does not seem to definitively prove the superiority 
of a technique over another. Antecolic technique is considered 
to be technically easier, with consequent reduction of operative 
time, whereas the main concern is that excessive tension may be 
placed on the gastrojejunal anastomosis causing a potential 
increased leak rate. If antecolic limb position is chosen, the 
omentum is divided in the midline down to the colon wall 
(‘omental split’) and the Roux limb is brought into the upper 
abdomen through the defect in the omentum, in order to reduce 
the distance from the gastric pouch.

In the transmesocolic approach, once the colon is reflected 
cephalad and the ligament of Treitz is identified, a 2- to 4-cm 
opening is made above the lower edge of the pancreas in the 
mesocolon. Afterwards, the end of the Roux limb is placed 
carefully into the upper abdomen through the mesocolon, 
behind the stomach (retrocolic-retrogastric way) or anteri-
orly to this (retrocolic-antegastric way).

14.10	 �Technical Consideration: Limb Lengths

Several authors have studied the effects of different limb 
lengths. In patients with BMI below 50 kg/m2, both retro-
spective and prospective data failed to show a benefit for lon-
ger alimentary limbs. In patients with preoperative BMI 

above 50 kg/m2, most authors reported significantly improved 
excess weight loss with longer limbs, although alimentary 
limbs longer than 150 cm may increase nutritional complica-
tions. Therefore, different authors suggest that Roux limb 
length should be adapted to patient’s preoperative BMI, and 
should be created so that it measures 75–100 cm in patients 
with BMI under 50 kg/m2, and between 100 and 250 cm in 
case of a higher BMI.

14.11	 �Second Operative Phase: Gastric 
Pouch Construction

The gastric pouch is constructed creating a 15- to 30-ml verti-
cal, lesser curve-based, pouch. A window in the gastro-
hepatic ligament is created using the electrocautery hook, 
5–6 cm distally to the gastro-esophageal junction, close to the 
wall of the lesser curvature of the stomach to decrease blood 
loss and to preserve vagal nerves. The perigastric dissection 
proceeds until the space posteriorly to the stomach has been 
opened, making sure that there are no posterior adhesions. 
The window must be small (1–1.5 cm) in order to permit the 
linear stapler passage avoiding vascular injuries to the pouch.

Afterwards, with an endoscopic 45-mm linear stapler, a 
transverse division of the stomach is created introducing the 
stapler through the trocar in the right hypochondrium. The 
level of the division can be chosen simply measuring 5–6 cm 
from the cardia with a decimetre rule or a marked instrument, 
or using a calibration balloon inserted into the stomach; gen-
erally the line is just below the first vascular arcade. It is very 
important to remember to remove the nasogastric tube before 
the stapler is fired.

After the transverse division, sequential transections of 
the stomach vertically up to the angle of His should result in 
a 20- to 30-cc pouch (for the longitudinal stapling, the stapler 
is introduced through the trocar in the left hypochondrium) 
(Fig. 14.4). We recommend stapling the stomach over a cali-
brating orogastric boogie, 12-mm in diameter, to allow for a 
well shaped pouch and to avoid esophageal injuries. For the 

Antecolic limb Retrocolic retrogastric limb Retrocolic antegastric limb

Fig. 14.3  Roux-en-Y limb positions for gastric bypass procedures
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transverse and the first longitudinal gastric transection, we 
suggest to use green cartridge (4.8-mm staples) due to the 
gastric wall thickness, while in the proximal stomach blue 
cartridge (3.5-mm staples) can be safely used. To facilitate 
the upper completion of the pouch, opening the peritoneum 
over the diaphragmatic muscle at the angle of His with elec-
trocautery hook allows to better visualize the angle of dissec-
tion; during the dissection, that must stay close to the left 
crus, care must be taken to avoid injuries to the spleen.

14.12	 �Third Operative Phase: Gastrojejunal 
Anastomosis

The gastrojejunostomy is a critical aspect of the gastric 
bypass procedure because patients may develop early leaks 
and/or late stenosis. Moreover, gastrojejunostomy must be 
carefully calibrated, since a strict passage can lead to dys-
phagia and vomiting, while a too large anastomosis can 
result in insufficient weight reduction.

Before the gastrojejunostomy construction, the alimen-
tary limb is brought in the upper abdomen, taking care to 
avoid any twist on the mesentery. The anastomosis can be 
hand-sewn or stapled, either linear or circular.

14.12.1  �Hand-Sewn Technique

Although the hand-sewn technique is the least expensive 
option and has the added benefit of decreasing the wound 
infection rate, it requires advanced laparoscopic skills.

The anastomosis construction begins with a posterior, 
running layer created between the inferior staple line of the 
gastric pouch and the antimesenteric side of the Roux limb 
using 3–0 absorbable suture, incorporating the staple line in 
the suture. Two enterotomies are made in the gastric pouch 
and jejunum and a second posterior running, full thickness 
layer is performed and continued anteriorly beyond the ter-
mination of the first posterior suture. Prior to completion of 
the anastomosis a calibrating bougie is carefully passed 
through the anastomosis and the two anterior sutures, inner 
(full thickness) and outer (seromuscular), are completed.

14.12.2  �Linear Stapled Technique

The gastric pouch and the jejunal loop can easily be anasto-
mosed by a linear stapler. To facilitate the anastomosis, a 
stitch is placed between gastric pouch and limb. With the 
electrocautery hook, two little enterotomies are made in both 
the Roux limb and pouch (Fig.  14.5). The linear cutter 
(45 mm, blue cartridges) is placed and fired (Fig. 14.6).

The enterotomy is closed using an hand-sewn absorbable 
3–0 suture, or with a second application of the stapler. This 
gastrojejunostomy can be created either with or without a 
hand-sewn outer layer. This technique is faster and cheaper 
than the circular one, and does not require a dilation of the 
port site for stapler introduction, since the linear stapler can 
be introduced through a 12  mm trocar. Nevertheless, this 
technique presents some disadvantages: the anastomosis 
may not be uniform from case to case, parallel staple lines 
created may cause segments of gastric necrosis causing a 

Fig. 14.4  Creation of the gastric pouch

Fig. 14.5  Enterotomies in the gastric pouch and Roux-en-Y limb for 
placement of lineal stapler. (Reproduced with permission of Prof. Guy-
Bernard Cadière, illustrator: Massimiliano Crespi)
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leak, and small pouch size may be compromised as a larger 
pouch is required to accept the linear stapler.

14.13	 �Circular Stapled Technique

The circular-stapled anastomosis advantages include shorter 
operative time and a standardized anastomosis size; from an 
economic point of view, it is the most expensive technique, 
since it requires a circular stapler for the anastomosis and a 
linear one for the pouch construction. Concerning stapler 
size, published data on randomized and non-randomized 
comparisons between 21- and 25-mm stapler strongly 
favoured the latter, due to the lower anastomotic strictures 
rate. Two common variations involve the way in which the 
circular anvil is placed in the gastric pouch.

	(a)	 pulldown. In the pulldown technique, largely popular-
ized by Michel Gagner, the anvil is fixed to the end of a 
nasogastric tube (of note, while until recently the anvil 
had to be angled and fixed manually to a nasogastric 
tube, to date the anvil is sold ready-to-use from the man-
ufacturer). The anvil is guided into the posterior pharynx 
orally by the anesthesiologist and then a jaw lift is per-
formed and the anvil drawn gently down into the oesoph-
agus. Catching the nasogastric tube end with a grasp 
through a small opening of the pouch previously created 
with the electrocautery hook or the ultrasound dissector, 
the tube is pulled just to properly position the anvil in the 
gastric pouch. After the anvil has been correctly posi-
tioned, the nasogastric tube is removed from the anvil 

and take-out from the abdomen through the trocar in left 
hypochondrium. Technical note: occasionally the anvil 
will be difficult to pull down: most of the time it is caught 
at the cricopharyngeal junction and sometimes taking 
down the balloon of the tracheostomy tube will facilitate 
its passage.

	(b)	 intra-abdominal. The circular stapler can be introduced 
into the stomach by making an enterotomy on the gastric 
fundus, far from the pouch suture line, and inserting the 
anvil in the pouch through the gastric wall prior to com-
pleting the vertical division of the stomach. To catch the 
anvil, we suggest to introduce it into the abdomen after 
having inserted it in a small portion of a nasogastric tube, 
with a silk suture passed through the tip; the silk suture 
will be easily caught with a grasp or a specifically designed 
instrument, such as in our personal technique. The intra-
abdominal technique may take more time to perform, but 
it has the advantage of significantly reduce the wound 
infection rate and to avoid the anvil passage through the 
oesophagus with possible pharyngoesophageal injury, 
while it leaves an anterior gastric enterotomy to be closed 
(generally, with a running hand-sewn reasorbable suture).

Once the anvil has been placed in the gastric pouch and 
the Roux limb has been brought into the upper abdomen, the 
circular stapler is introduced into the abdomen, usually 
through the left mid-clavicular port after dilation of the port 
site. The circular stapler can be wrapped with a plastic cover 
to protect the abdominal wall incision. The circular stapler is 
placed into the lumen of the jejunum after a large enterotomy 
has been made with ultrasound shears, and the needle of the 

Fig. 14.6  Stapled anastomosis between gastric pouch and Roux-en-Y 
limb. (Reproduced with permission of Prof. Guy-Bernard Cadière, 
illustrator: Massimiliano Crespi)

Fig. 14.7  Circular stapled anastomosis between gastric pouch and 
Roux-en-Y limb
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stapler is extruded through the wall of the jejunum, approxi-
mately 4 cm from the cut end. The needle is docked to the 
anvil under direct vision checking that the Roux limb mesen-
tery is not twisted. The stapler is fired and removed, and the 
Roux limb end is closed with a linear stapler. The blind end 
of the alimentary loop should not be very long, and unde-
sired excess jejunum can be excised while closing the end of 
the Roux limb. At the conclusion of the procedure the left 
mid-clavicular port site is largely irrigated with povidone-
iodine and fascial stitches are made (Fig. 14.7).

14.14	 �Checking for Anastomotic Leak

All gastrojejunal anastomoses, regardless of technique, are 
checked by obstructing the Roux limb with an atraumatic 
clamp. The anastomosis can be checked by filling the intra-
abdominal field with water and insufflating air into the gas-
tric pouch, or with methylene blue test (150  ml of diluite 
methylene blue injected through the nasogastric tube). 
Closure of any leak is done with a transanastomotic hand-
sewn suture. Some authors routinely perform an intra-
operative upper endoscopy to check the anastomosis.

14.15	 �Staple-Line Reinforcement Materials

The staple lines can be reinforced by a hand-sewn running 
suture, or by different materials that have been tested in order 
to reduce staple-line bleeding and/or leaks, such as bovine 
pericardial strips and glycolic copolymer sleeve. All these 
options have never proven to be cost-effective.

14.16	 �Drains and Tubes

A perianastomotic surgical drain should be placed and 
removed postoperatively after a radiographic contrast study 
confirms the integrity of the anastomosis and the patient 
begins a liquid diet.

The nasogastric tube may be removed at the end of the 
surgical procedure, or kept in place and removed after the 
contrast study.

14.17	 �Postoperative Care

Bariatric patients with minimal comorbidities may be safely 
transferred from the operating room directly to the ward, 
whereas patients with cardiac or pulmonary diseases, par-
ticularly sleep apnea syndrome, may benefit from a 24–48 h 
intensive care unit admission. As with other clean-contamined 
procedures, there is no evidence supporting prophylactic 
postoperative antibiotics. Considering that deep vein throm-

bosis with pulmonary embolism is one of the most feared 
bariatric surgery complications, all patients should receive 
one or more forms of prophylaxis; these include early ambu-
lation, pneumatic compression devices, low-molecular-
weight heparin, and inferior vena cava filter in selected 
high-risk patients. Careful postoperative pain control is rec-
ommendable since it aids in early ambulation, which 
improves pulmonary mechanics and reduces risk of venous 
thrombosis. Patients with fever greater than 38.5 °C, tachy-
cardia above 110 heart beats per minute, oliguria, or who 
“don’t look right” should undergo further evaluations, 
because these findings may be the first indication of leakage. 
It is critically important to remember that physical examina-
tion of the abdomen in a morbidly obese patient is frequently 
unreliable.

14.18	 �Postoperative Complications

Reported perioperative (≤30 day) mortality rates range from 
0.2 to 1 % in most recent published series [4]. The most 
severe early complications include anastomotic leakage, gas-
trointestinal tract hemorrhage, internal herniation with or 
without strangulated bowel obstruction, and perforated mar-
ginal ulcer. A severe complication of the gastric bypass is the 
so-called “bypass obstruction”, a diagnosis that includes 
both paralytic and mechanical ileus involving the bypassed 
upper digestive tract. Bypass obstruction is the most urgent 
of all closed segment bowel obstructions because of the large 
volume of digestive fluids entering the bypassed upper diges-
tive tract, and it implies a great urgency for diagnosis and 
treatment. Less severe complications include anastomotic 
stenosis, usually occurring during the first postoperative 
months, wound infection, and incisional hernia. Long-term 
gastric bypass complications include stomal stenosis, perian-
astomotic ulcer, vitamin and mineral deficiencies, internal 
hernia, dumping syndrome (an adverse event caused by eat-
ing refined sugar, symptoms of which include rapid heart 
rate, nausea, tremor, faint feeling and diarrhoea), and, more 
rarely, hypoglycaemic symptoms due to hyperinsulinemic 
state (nesidioblastosis).

14.19	 �Postoperative Imaging

Although routine postoperative imaging has not been shown 
to reduce morbidity or mortality after laparoscopic gastric 
bypass, it is recommendable to perform a contrast study of 
the gastrojejunostomy with water-soluble contrast on first or 
second postoperative day, to confirm the integrity and 
patency of the anastomosis and to compare it if studies will 
be needed in the follow-up.

Upper GI series are very useful in evaluating the febrile, 
tachycardic or oliguric patient, since it is considered to be the 
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gold standard for demonstrating leaks from the gastric pouch 
or proximal anastomosis; unfortunately, it is ineffective in 
evaluating the distal anastomosis. If a leak is suspected distal 
to the gastrojejunostomy, immediate return to the operating 
room should be considered. CT scan can be useful in evaluat-
ing the gastric pouch, proximal anastomosis and distal anas-
tomosis. It should be remembered that CO2 insufflation is 
generally reabsorbed by 24 h and that free intra-abdominal 
gas seen after that time should raise the suspicion of a leak. 
Upper GI-series and CT are not 100 % sensitive, and a nega-
tive imaging study should never preclude a return to the 
operating room if there is clinical suspicion of an intra-
abdominal leak.

14.20	 �Follow-Up

Close, long-term follow-up is recommended for patients 
after gastric bypass. A typical scheme for follow-up would 
be at 1 and 4 weeks, followed by quarterly visits during the 
first year and annually thereafter, to assess weight loss, reso-
lution of comorbidities, long-term complications, and need 
for continuing education and support.

14.21	 �Different GBP Techniques

Several variations to the “standard” gastric bypass have been 
proposed.

14.21.1  �Mini-gastric Bypass

The mini-gastric bypass was the first version of the gastric 
bypass, but it was soon abandoned because of biliary reflux 
with bile gastritis and esophagitis, and dangers of esopha-
geal cancer. The current laparoscopic mini-gastric bypass, 
proposed by Rutledge in 2001, is a modification of the clas-
sic loop gastric bypass described by Mason and Ito, and 
consists of a long, narrow, vertical gastric tube along the 
lesser curvature of the stomach that is end-to-side connected 
to a loop of small bowel approximately 200  cm from the 
ligament of Treitz in an antecolic fashion. Despite isolated 
reports promoting the minigastric bypass as a simpler alter-
native approach, with shorter operative times and lower 
cost, the chronic alkaline bile reflux remain a significant 
concern.

14.21.2  �Long-Limb Roux-en-Y Gastric Bypass

Long-limb and very long-limb or distal gastric bypass, are 
gastric bypasses with a long Roux limb and a long bypassed 
limb joined together to form a short common channel 

(150 cm or less) of distal small intestine. This modification 
was designed by Torres and Oca, and later promoted by 
Brolin, to enhance the malabsorptive effect in patients previ-
ously submitted to standard gastric bypass with failed weight 
loss.

14.21.3  �Banded Gastric Bypass

A prosthetic band can be used to stabilise the gastroenteros-
tomy, preventing late stretching of the opening and improving 
long term weight control. The bands or rings used in these 
operations, largely promoted by Fobi and Capella, are various 
(e.g., linea alba, fascia lata, Gore-Tex, Marlex, Silastic ring, 
porcine and bovine grafts), although Silastic ring tubing is the 
most commonly used material. Banded gastric bypass does 
not seem to result in a significantly different weight loss or 
comorbidities resolution, and could lead to worse gastrointes-
tinal symptom, such as emesis rate and food intolerance. 
Furthermore, the presence of a foreign body can lead to com-
plications such as stenosis, erosion, and infection.

14.21.4  �Laparoscopic Staged Roux-en-Y 
Gastric Bypass

In the effort to minimize perioperative morbidity in the 
super-super obese patient (BMI >60 kg/m2), the concept of a 
two-stage laparoscopic gastric bypas has been developed. 
The staged gastric bypass consists of a modified gastric 
bypass with construction of a larger gastric pouch and a low 
gastrojejunal anastomosis. Construction of a large gastric 
pouch avoids the difficult dissection of the angle of His, 
while the construction of a low gastrojejunal anastomosis 
minimizes tension on the anastomosis and hence reduces the 
chance for leaks. In the second stage, 6–12 months later, the 
volume of the gastric pouch is reduced by performing a 
sleeve gastrectomy of the gastric fundus.
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Sleeve Gastrectomy

Konstantinos Albanopoulos and Joanna Papailiou

15.1	 �Introduction

Sleeve gastrectomy (SG) is a relatively new bariatric proce-
dure that has come to be the most popular choice among 
metabolic surgeons. It was first published in 1993 by 
Marceau et al. [1] as part of the duodenal switch malabsorp-
tive operation, in an attempt to improve results of biliopan-
creatic diversion without performing a distal gastrectomy. 
Over the years tremendous interest has been shown world-
wide by bariatric surgeons. It has been used as a first-step 
procedure in severely obese patients, as a sole bariatric oper-
ation in patients with body mass index (BMI) ranging from 
35 to over 65, as a good choice for patients >65 years old, 
high risk patients, patients with diabetes mellitus type 2 
(DM2), in combination with ileal transposition, with Roux-en 
Y gastric bypass, etc. Evidence have shown that SG reduces 
ghrelin levels leading to hunger suppression and possibly 
accelerates gastric emptying, showing that way a physiologic 
advantage in maintaining weight loss over other restrictive 
procedures. It can be performed both open and laparoscopi-
cally (LSG), with the latter being the preferable approach.

LSG has been proved to have low morbidity and mortality 
rates, achieves satisfactory excess body weight loss, varying 
from 51 to 83 % in 1 and 5 years, and requires less postopera-
tive follow-up. Furthermore, it is a procedure where no anas-
tomoses are required, takes 30–45 min to be performed in 
experienced hands and has a small learning curve, facts that 
have rendered LSG as the most attractive bariatric procedure 
among surgeons.

15.2	 �Indications

Selection criteria include BMI >40 kg/m2 or BMI >35 kg/m2 
with at least two comorbidities associated with morbid obe-
sity, previously attempted nonsurgical weight-loss treat-
ments and failed to achieve long-term weight loss, patient’s 
personal preference, high-risk patients, older patients, 
contra-indications for other types of bariatric procedures 
(inflammatory bowel disease, celiac sprue). Young patients 
with no other comorbidities may be perfect candidates, since 
they potentially have a long lifespan without needing to take 
daily substitutes or medicaments for lifetime. Furthermore, 
LSG has been shown to be an excellent choice as a first-step 
bariatric procedure in super-super obese patients with BMI 
>60 kg/m2 and can be easily followed by another malabsorp-
tive procedure if patients do not reach a satisfactory weight. 
Contraindications include substance abuse, patients that had 
previous upper GI operation (i.e., for perforated ulcer), 
severe gastric reflux disease, unhealed gastric ulcer and 
Barret’s esophagus.

15.3	 �Preoperative Work-Up

A multidisciplinary approach of SG candidates is essen-
tial. Preoperatively, the patient is evaluated by the bariat-
ric surgeon, a dietitian, a psychologist and an internist or 
endocrinologist. Patient’s eating habits must be evaluated 
by a trained dietician and more than one visit may be 
essential so as for the patient to familiarize with the strict 
postoperative diet and be educated to a new way of con-
suming food (smaller quantities, good chewing, multiple 
meals/day). Psychiatric/psychological evaluation should 
be carried so as to rule out psychocological or neurologi-
cal disorders associated with boulemia, to estimate 
patients’ postoperative expectations and ensure that the 
patient has a clear and realistic understanding of the ben-
efits, risks and long-term consequences of this surgical 
treatment.
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A preoperative gallbladder ultrasound is performed to 
evaluate the existence of gallbladder stones, so as to proceed 
to concomitant cholecystectomy after patient’s informed 
consent. Esophagogastroscopy is required to rule out Barret’s 
esophagus, gastric ulcers or unidentified gastric tumors. 
Patient is tested for H. pylori and eradication therapy is pre-
operatively prescribed. Manometry is a prerequisite only in 
severe preoperative GERD symptoms. In selected cases, fur-
ther preoperative cardiac, pulmonary, and endocrine evalua-
tion may be needed.

Patient must be fasted at least 12  h before surgery and 
without per os fluids the last 8  h. Preoperatively, properly 
sized compression stockings must be applied and the area 
from the nipples to the pubic symphysis is shaved.

15.4	 �Operating Room

After induction of anesthesia and endotracheal intubation, 
the patient is set up in a semilithotomy position with both 
hands extended (Fig. 15.1). Antisepsia and dressing is car-
ried in a routine manner. The fiberoptic light cable, gas tub-
ing and suction irrigator are usually placed to the head of the 
patient, while the video monitor is placed on the left side of 
the head of the patient. The scrub nurse and Mayo instrument 
tray is positioned toward the right foot of the operating table. 
The surgeon takes position between the legs and the assis-
tant, on the right side of the table.

15.5	 �Surgical Technique

An orogastric tube is placed by the anesthesiologist to 
decompress the stomach before the beginning of the proce-
dure. Usually three to five ports are used, depending on the 
experience of the surgeon and the intraoperative difficulty 
(Fig. 15.1). Entering the abdominal cavity is performed with 
a Veres needle and then a 10 mm trocar or an Optiview™ 
(Ethicon EndoSurgery, Cincinnati, OH) for the videoscope, 
approximately 20 cm below the xiphoid process and 2–3 cm 
to the left, while the patient is still in supine position. We 
prefer to perform the inscision through the left rectus abdom-
inal muscle, so as to have a better view of the gastroesopha-
geal junction and avoid suturing the midline after the removal 
of the trocar. If this is very near the umbilicus, the trocar may 
be placed through the umbilicus. Intraperitoneal space is 
insufflated with CO2 at 15 mmHg. Patient is then placed in a 
steep anti-Trendelenburg position and the rest of the trocars 
are inserted under direct vision. A 10 mm trocar is placed 
immediately under the xiphoid process for the liver retractor, 
a 12  mm port is used for the endoscopic cutting-suturing 
instrument, placed in the right midsubcostal line 5–6  cm 
below the level of the videoscope and a 5 or 10 mm port is 
used for the ultrasonic dissector placed on the left midsub-
costal line at the same level as the videoscope (Fig. 15.2). An 
extra 5  mm port may be placed if additional traction is 
needed. This can be placed on the left anterior axillary line, 
again at the same level of the first trocar. A 30° videoscope is 
inserted in the abdominal cavity and all four quadrants are 
explored. A flexible fan or loop-shaped liver retractor is 
induced through the xiphoidal port and the left lobe of the 
liver is retracted superiorly and medially. In case a liver 
retractor is unavailable someone can use a spare videoscope 
as a lever or a grasper that is entered under the liver and 

Fig. 15.1  Positioning of the patient for sleeve gastrectomy Fig. 15.2  Trocar positioning for sleeve gastrectomy
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locked grasping the right crus muscle of the diaphragm, sta-
bilizing the left liver lobe. All trocars are inserted obliquely 
towards the surgical field.

Exposure, identification and instrumental palpation for 
confirmation of the pylorus is performed. In general, the sur-
geon is using the left and right midsubcostal ports for the two 
instruments and the first assistance handles the videoscope 
and the liver retractor if needed. In case of five trocars, a 
second assistant is used. If the left liver lobe and the stomach 
is relatively small in size and the surgeon is experienced, he 
can use only three port sites, one for the laparoscope, the 
12 mm trocar and the left working trocar. The surgeon can 
push the left liver lobe with the laparoscope during the sta-
pling for better visualization.

The dissection begins with the surgeon grasping the 
greater curvature of the stomach with a Babcock clamp, 
retracting the stomach anteriorly. Many surgeons start divid-
ing the branches of the right gastrepiploic artery from the dis-
tal great curvature of the stomach at 6–8 cm proximal to the 
pylorus (Fig. 15.3). We prefer beginning at 2–3 cm from the 
pylorus, since it is possible that pylorus after gastric adapta-
tion to SG postoperatively might act as a reservoir (Fig. 15.3). 
Up to now, no gastric emptying problems have been ever 
referred by patients. The suitable point is selected and opened 
with blunt dissection. Ultrasonic dissector begins sequential 
division of the greater omentum and the short gastric vessels 
along the greater curvature proximally to the level of the left 
crus. The surgeon has not worry about any thermal injuries at 
the surface of the greater curvature of the stomach since this 
part is going to be removed, though he must always be careful 
in case of an incidence that will force him to stop the proce-
dure. A slight traction of the stomach caudally and to the right 

by the assistant’s grasper helps stretching the tissues and the 
gastrosplenic ligament. If the stomach is very large, the sec-
ond assistant may stretch the omentum laterally via the fifth 
lateral anterior axillary port. It is important to free all the pos-
terior attachments of the stomach to the pancreas, since they 
can tear and result in significant bleeding during stapling or 
prevent the surgeon from making the sleeve “tight”.

At the short gastric vessels, surgeon must clearly visualize 
the tissue grasped by the ultrasonic dissector, especially in its 
tip, so as to avoid partial dissection of the next short gastric 
vessel, which would also result in bleeding and distortion of 
the surgical field. In case of hemorrhage you can put a gaze 
and tamponade through one of the two working ports. A bet-
ter visualization of the lesser sac space and the path of the 
gastrosplenic ligament are obtained if the stomach is grasped 
along its posterior wall beneath the cut. Short gastric vessels 
dissection is completed when the spleen is free and the left 
crus of the diaphragm and esophagus are visualized. Caudal 
traction helps to identify and expose a possible hiatal hernia. 
With further Babcock retraction near the top of the great cur-
vature, a few posterior peritoneal adhesions at the back of the 
stomach may be recognized and divided (Fig. 15.4).

At this point the surgeon asks the anesthesiologist and 
confirms the removal of the orogastric tube. The anesthesi-
ologist then inserts transorally, with caution, the bougie to 
the pyloric channel. It is very important that the orogastric 
tube is removed, because otherwise it may be stapled and 
incarcerated in the staple line. The surgeon can help direct-
ing the bougie to the pylorus with two bowel graspers. A lot 
of discussion has been done over the size of the bougie that 

Fig. 15.3  Dividing the branches of the right gastro-epiploic artery. 
(Reproduced with permission of Prof. Guy-Bernard Cadière, illustrator: 
Christian Bogaert)

Fig. 15.4  Release greater curvature completed. (Reproduced with per-
mission of Prof. Guy-Bernard Cadière, illustrator: Christian Bogaert)
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should be used in LSG, with a number of studies presenting 
contradictory results. Sizes in literature vary from 32–60 Fr, 
though most surgeons use a 32–42 Fr bougie, our team pre-
fers the 38 Fr bougie. A linear stapler device is inserted 
through the 12 mm trocar, tightly suppressed to the bougie 
and gastric division begins (Fig. 15.5).

At this step it is important that the assistant retracts the 
body of the stomach caudally for the first firing and laterally 
for the rest so that no folding of the wall of the stomach will 
occur inside the stapler. Stapling continuous cranially along 
the bougie while the surgeon applies the stapler with his left 
hand, retracting the gastric stunt from the staple line with his 
right hand. Usually a total of 5–6 firings are enough. Green 
cartridges are used for the first two firings, in order to secure 
the staple line at the thickened antral stomach and blue car-
tridges are suitable for the rest of the staple line. We prefer to 
have the last firing approximately 1–2 cm away from the gas-
troesophageal junction in an attempt to reduce the percentage 
of staple line leakage from that area. Extra caution must be 
taken not to push the stapler down during applying, something 
that may result in taking too much tissue from the posterior 
wall of the stomach and lesser from the anterior. Some sur-
geons use buttress material in an attempt to reduce staple-line 
hemorrhage and possibly leak rate. Our team and other inves-
tigators too have not seen any differences in leak rates by sta-
ple line reinforcement either with buttress materials or with 
the continuous suture [2]. We do not use it routinely and in 
cases we have a staple-line hemorrhage we prefer to use an 
eight figure interrupted suture with a polypropelene nonab-
sorbable 2/0 suture or a metallic clip. If we decide to oversew 

the staple line we use a continuous polypropelene nonabsorb-
able 2/0 suture, though surgeon must keep in mind that he 
might make the sleeve even “tighter”. We always reinforce the 
staple line in cases of LAGB removal and simultaneous LSG 
and inform the patient of a higher risk for leak rate (Fig. 15.6).

Having throughout the procedure the bougie in position 
and pressing it to the lesser curvature with the stapler, helps 
the surgeon to achieve a smooth shaped sleeve and avoiding 
formation of hourglass-shaped SG. Moreover, it is manda-
tory to push down and to maintain the bougie beyond the 
gastric angulus in order to avoid an excessive narrowing at 
that spot, that may cause dysphagia and vomiting and a post-
operative stricture.

The anesthesiologist then removes the bougie and inserts 
the nasogastric tube. Pylorus is clamped by compression and 
the anesthesiologist instills methylene blue mixed with saline 
through the nasogastric tube (usually 60 cc) to test for any sta-
ple line leaks. We prefer to leave the nasogastric tube in place 
for 24 h postoperatively, since we believe that it helps in releas-
ing the entrapped air and the increased pressures of the gastric 
tube, mechanisms that might be an additional risk for leak.

The resected stomach is extracted from the right midline 
port site; a finger dilatation of the anterior and posterior 
abdominal rectus sheath may be required. No drains are 
placed. Abdomen is decompressed, all trocars are removed 
and port sites are injected with local anesthetic. Skin is 
sutured with endodermal absorbable No3/0 or interrupted 
plain or vertical mattress No3/0 nonabsorbable sutures.

After the procedure, patients are transferred to the recov-
ery room and then to their room. Only few patients with 

Fig. 15.5  Bougie guides transection of the stomach. (Reproduced with 
permission of Prof. Guy-Bernard Cadière, illustrator: Christian Bogaert)

Fig. 15.6  Staple line reinforcement by running suture. (Reproduced with 
permission of Prof. Guy-Bernard Cadière, illustrator: Christian Bogaert)
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serious comorbidities may require intermediate care unit 
for 24 h.

In single-incision laparoscopic sleeve gastrectomy 
(SILS-SG), patient is placed again in semilithotomy reverse 
Trendelenburg position, with the surgeon between the legs 
and the assistant on the right side of the patient. The spe-
cially designed trocar for SILS is placed with open technique 
through a 2–3 cm umbilical incision. Pneumoperitoneum is 
produced at 15 mmHg pressure. A 30° video laparoscope is 
used along with a 5  mm ultrascissor dissector, standard 
straight graspers and a multiple applications 60-mm stapler 
(Echelon Flex-Ethicon-Endosurgery). SILS-SG’s feasibility 
depends strongly on the experience of the bariatric surgeon, 
patient’s left liver lobe size and short umbilicus-xiphoid dis-
tance (<25  cm). To retract the left liver lobe you can put 
another trocar under the xiphoid process or put an external 
suture with straight needle through the abdominal wall, pass 
it under the left lobe and exit again through the abdominal 
wall at the right midclavicular line. Furthermore, you can use 
an external suture for the traction of the greater curvature of 
the stomach, if needed. The operative steps are similar to 
standard LSG and the specimen is extracted by the umbilical 
incision. The fascial defect is closed with a figure of eight 
absorbable suture No2/0 to avoid postoperative port site her-
nia. Lately, robotic SG has been referred in the literature [3] 
involving a higher cost of disposables, without adding any 
actual benefit to the procedure.

15.6	 �Postoperative Care

Patient is administered LMWH at prophylactic dose 6 h after 
the operation and is mobilized the same evening. The naso-
gastric tube is removed on the first postoperative day. If there 
is no indication of a complication and his blood tests are nor-
mal, the patient starts liquid diet and is released from hospi-
tal on the second postoperative day. He is administered 
LMWH in prophylactic dose for 20 days postoperatively, 
PPIs in cases of gastroesophageal reflux symptoms, a multi-
vitamin supplement for a month and he is prescribed by the 
dietician a liquid diet for the first ten posotperative days fol-
lowed by semiliquid diet for another 10 days. Patients in our 
clinic are instructed to have a complete blood count and CRP 
every 2 days until the 15th postoperative day. We have 
noticed that white blood cell count and CRP increase in the 
first 24  h and then progressively decrease. If these values 
continue rising or re-increase or if the patient experiences 
fever, discomfort, tachycardia, tachypnea, abdominal pain, 
nausea, vomiting or any other clinical signs suggestive of 
complication we request the patient to visit the hospital for a 
physical examination. In case of leak suspicion we perform 
gastrografin swallow test and dependently an abdomen CT 
scan.

One of the most serious complications after SG is gastric 
leak. Leaks are identified as early leaks (first to third postop-
erative day), intermediate leaks (fourth to seventh postop-
erative day) and late leaks (>8th postoperative day). The 
majority of leaks are located near the esophageal junction. 
Up to now no universal guidelines are issued about its man-
agement and every institution has its own protocols, though 
all surgeons agree that early diagnosis is key to adequate 
treatment. In our department we have developed a treatment 
algorithm, according to our experience and the evolving 
published data. Prolonged hospital length of stay is a com-
mon consequence of gastric leak, with an average of 4–6 
weeks.

Another not so frequently mentioned complication of SG 
is stricture of the gastric tube. The patient usually presents 
with dysphagia, epigastric pain and continuous vomiting and 
a contrast swallow test reveals the site of the stricture. It is 
most likely to occur when no bougie is used in the initial 
operation, or if it is removed before the end of the stappling, 
by kinking of the gastric tube or during oversewing of the 
staple line or after a cured leak due to retraction by scarring. 
Therapeutic esophagogastroduodenoscopy with balloon 
dilations are used to relieve the stenosis. In case of failure, 
some surgeons favor therapeutic stenting for bridging the 
distal gastric stenosis, while others prefer to proceed to lapa-
roscopic stricturoplasty if the length is small or seromyot-
omy for longer stenosis. After seromyotomy a leak test must 
be executed to ensure no gastric mucosa perforation is done 
and myotomy is covered by omentoplasty with interrupted 
absorbable sutures. If none of these methods provide a satis-
factory result and resection and conversion of SG to gastric 
bypass proximal to the stricture or even total gastrectomy is 
the remaining solution [4].

Following surgery patients are monitored by the dietician 
for weight loss, BMI, weist to hip ratio and their nutritional 
status and habits. Their immediate postoperative diet con-
sists of only fluids for 10 days, blender for the following 10 
days and free diet afterwards. Total blood count and CRP are 
performed Nutritional and metabolic blood Following sur-
gery, patients were monitored for weight loss, BMI and per-
centage EWL, WHR in 30 days, 3, 6 and 12 months 
postoperatively. Nutritional and metabolic blood tests are 
performed on a frequent basis (at 3, 6 and 12 months after 
surgery and annually thereafter). At 12 months and annually 
thereafter patients are advised to have a gallbladder ultra-
sound for possible chololithiasis.

SG is considered to be a technically easier operation com-
pared to gastric bypass and biliopancreatic diversion. It has a 
small morbidity and mortality rates with satisfactory results 
in body weight loss even in super-super obese patients. 
Despite the low rate of complications that range from 
(0.7–4 %) some of them are potentially fatal. Therefore the 
surgeon must always be careful in the operating details and 

15  Sleeve Gastrectomy



106

alert for their existence and their mechanisms of production 
will help preventing them and preserving the safety of the 
technique.

References

	 1.	Marceau P, Biron S, Bourque RA, et al. Biliopancreatic diversion 
with a new type of gastrectomy. Obes Surg. 1993;3:29–35.

	 2.	Albanopoulos K, Alevizos L, Flessas J, et al. Reinforcing the staple 
line during laparoscopic sleeve gastrectomy: Prospective random-
ized clinical study comparing two different techniques. Preliminary 
results. Obes Surg. 2011;22(1):42–6.

	 3.	Diamantis T, Alexandrou A, Nikiteas N, et  al. Initial experience 
with robotic sleeve gastrectomy for morbid obesity. Obes Surg. 
2011;21:1172–9.

	 4.	Zundel N, Hernandez JD, Galvao Neto M, et  al. Strictures after 
laparoscopic sleeve gastrectomy. Surg Laparosc Endosc Percutan 
Tech. 2010;20:154–8.

K. Albanopoulos and J. Papailiou



107© Springer International Publishing Switzerland 2017
H.J. Bonjer (ed.), Surgical Principles of Minimally Invasive Procedures, DOI 10.1007/978-3-319-43196-3_16

Laparoscopic Biliopancreatic Diversion 
with Duodenal Switch

Catalin Copaescu

16.1	 �Introduction

The biliopancreatic diversion with duodenal switch (BPD-DS) 
was proposed in 1988 by Hess and Marceau [1], as a modifica-
tion of the biliopancreatic diversion (BPD) previously 
described by N. Scopinaro [2], aiming to reduce some of the 
its complications (marginal ulcers and dumping syndrome). 
The technique of BPD-DS combines a pylorus-preserving 
gastric sleeve resection with a duodenal switch, providing a 
moderate food intake restriction with a considerable reduction 
of the fat absorption, as a support for an efficient and durable 
weight loss. BPD-DS has been shown to have the best results 
of any bariatric procedure, in terms of magnitude and duration 
of weight loss as well the co-morbidities control. (Fig. 16.1).

M.  Gagner performed the first laparoscopic duodenal 
switch (LBPD-DS) in 1999 [3]. The procedure is a complex 
one, associating an important risk of peri-operative morbid-
ity, especially in the super-obese (SO) patients. The advan-
tages of laparoscopic surgery may decrease the surgical 
trauma, the pulmonary and wound complications.

Moreover, the actually recommended strategy of 2-steps 
LBPD-DS is likely to increase in popularity for the treat-
ment of morbid obesity, especially with the recent advent of 
laparoscopic sleeve gastrectomy (LSG) for higher-risk 
patients [4].

16.2	 �Indications and Contraindications

16.2.1	 �Indications

–– The obese patients with BMI greater than 40 kg/m2, who 
have attempted unsuccessful behavioral weight loss ther-
apy are considered good candidates for primary LBPD-DS.

–– Also, it is well-known that, in the obese patients with BMI 
greater than 50 kg/m2, the long-term efficiency of LBPD-DS 
is superior to any other bariatric operation. On the other 
hand, the indication for a primary LBPD-DS in this sub-
group is limited because of the complexity of the procedure 
and the relative high morbidity and mortality risk. There for 
a LBPD-DS performed as a second stage bariatric proce-
dure (after LSG) is more appropriate for these cases.

–– LBPD-DS is more indicated for the morbidly obese 
patients with severe arthritis having a need for a long 
term therapy in comparison with the high ulcerogenic 
potential of a gastric bypass (GBP).

–– Similar to Scopinaro-BPD, LBPD-DS is very effective on 
metabolic disorders (Type II diabetes mellitus, severe 
dyslipidemia) but associates less complication (no mar-
ginal ulcers or dumping syndrome)

–– LBPD DS is also often considered as a redo procedure 
after failure of other bariatric procedures like open/lap-
aroscopic gastric banding (GB), laparoscopic sleeve gas-
trectomy (LSG), greater curvature plication (GCP) or 
vertical banded gastroplasty (VBG). Especially after 
VBG, LBPD-DS is superior to BPD or GBP as the small 
bowel would be anastomosed to the duodenum, away 
from the site of the previous surgery.

16.2.2	 �Absolute Contraindications

Absolute contraindications would include those patients who 
are vegetarian, or have inflammatory bowel disease.

16.2.3	 �Relative Contraindications

Relative contraindications of LBPD-DS include:

–– patients with previous abdominal surgery especially those 
who undergone prior open gastrectomy. The gastric dis-
section may be difficult due to intense adherences.
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–– patients who have colon resections that could affect water 
reabsorbtion, resulting in uncontrollable diarrhea.

–– patients with proteinuria (this condition may severely 
influence on the protein balance).

–– patients with severe gastro esophageal reflux disease. 
As  the gastric sleeve resection removes the fundus of 
the  stomach it is impossible to perform an anti-reflux 
procedure (total or partial fundoplications), except for 
the hiatal closure and/or a cardiopexy (Narbona-Arnau or 
Lucius Hill like procedure). These patients are probably 
better served by the Roux-en-Y GBP.

–– pathologies requiring a future retrograde colangio-
pancreatography (ERCP) – because it is virtually impos-
sible to perform it up through the biliopancreatic limb.

16.2.4	 �Relative Contraindications for One Step 
LBPD-DS

Relative contraindications for one step LBPD-DS include 
high risk patients/situations. In these cases a LSG as a first 
step of LBPD-DS is recommended.:

–– patients with BMI over 50  kg/m2, especially over 
60 kg/m2

–– patients presenting severe co-morbidities (liver cirrhosis, 
respiratory or renal failure, coagulopathies)

–– an estimated technically difficult procedure
–– surgeon’s low level of expertise with LBPD-DS (mentor 

is necessary)

16.3	 �Preoperative Evaluation and Work-Up

Due to the complexity of the pathology and of the LBPD-DS 
procedure it is necessary for all the patients to be included in 
a Bariatric Program run in a certified Center of Excellence in 
Bariatric Surgery.

The preoperative evaluation, including all diagnostic 
tests, is critical in the screening process of a bariatric patient, 
as it is the opportunity to identify abnormalities and condi-
tions that must be treated prior to surgery.

The respiratory tests are mandatory to evaluate the lung 
function. Moreover, in a large number of morbidly obese 
patients sleep studies are necessary in order to identify those 
cases that require continuous positive airway pressure 
(CPAP) for several weeks before the operation.

Abdominal sonography with vascular Doppler evaluation 
and sometimes CT- scan are necessary to identify other 
pathologies and the thrombotic risk.

An upper GI contrast study and an esophago-gastro-
duodenoscopy are routinely performed to exclude any gastric 
or duodenal pathology as well the presence of Helicobacter 
Pylori (HP). If HP are identified medical therapy is adminis-
trated in order to eradicate the bacteria.

Colonoscopy is indicated in the patients with clinical his-
tory of an inflammatory bowel disease and in all the patients 
older than 50 years.

Routinely, the laboratory tests include electrolyte and 
hematology panel.

All the patients are seen by an anesthesiologist. The pre-
operative evaluation of the airway (including the neck girth 
of the patient) is necessary in order to identify and avoid any 
potential difficulty.

Each patient undergoes preoperative evaluation by a psy-
chiatrist and by a nutritionist.

The LBPD-DS patients are admitted to the hospital on the 
day before surgery and are instructed to take a clear liquid 
diet. Patients are given an anticoagulant, Fragmine, in the 
evening of day before operation.

Bowel cleansing with purgatives (Dulcolax-ten tablets) 
is routinely recommended. As the small bowel is emptied 
additional space will be obtain and the loops are easier to 
be manipulated.

All the patients are told to take their antihypertensive 
medications, including the morning of surgery but to hold 
any anti-diabetic medication.

Fig. 16.1  Biliopancreatic diversion with duodenal switch
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16.4	 �Operating Room and Patient Set-Up

In order to perform the laparoscopic BPD-DS the patients 
undergo general anesthesia and endotracheal intubation. 
Often the control of these patients is challenging justifying 
the presence of a very skilled anesthesiologist, familiar with 
the particularities of a bariatric patient. When the anesthesi-
ologist identifies that an obese patient will be difficult to 
intubate, the safest approach and the standard of care requires 
awake fiber optic intubation.

During the anesthesia appropriate vital parameters moni-
toring is mandatory. Occasional central IV line is required. A 
urinary catheter, an 18 Fr oro-gastric tube to decompress the 
stomach, as well sequential pneumatic compression boots 
are placed on. Prophylactic antibiotic therapy is adminis-
trated at the beginning of the procedure.

The procedure is performed using the French position: the 
patient is laying on the operating table with the legs abducted. 
Initially the surgeon stands between the patient’s legs with 
the assistants on both sides and later on, during the proce-
dure, he will move left laterally (Fig. 16.2).

Operating tables designed for bariatric patients are rec-
ommended. A proper placement and fixation of the patient 
on the operating table is essential to avoid postural complica-
tions. Foot plate supports attached to the operating table will 
properly secure the extremities. Using gel pads may decrease 
the risk of postural trauma, especially in extreme obese 
patients and/or estimated long lasting operations.

A laparoscopic complete equipment including an high 
resolution camera is recommended. The image will be dis-
played on two separate monitors able to rotate around the 
patient, accessible to all the members of the team. A 10 mm 

Fig. 16.2  Patient positioning for 
laparoscopic biliopancreatic 
diversion with duodenal switch

16  Laparoscopic Biliopancreatic Diversion with Duodenal Switch



110

45° extra-long laparoscope, an adequate liver retractor and 
long laparoscopic instruments (length greater than 42  cm) 
are necessary. Endoscopic staplers and efficient energy 
devices are mandatory.

16.5	 �Surgical Technique

16.5.1	 �Surgical Technique Strategy

The laparoscopic BPD-DS involves several steps which 
include: division of the duodenum, sleeve gastrectomy, 
measurement of the alimentary limb, creation of a duode-
noenterostomy, approximation the common channel and a 
distal ileoenteric anastomosis. This order of the operative 
steps is usually respected as well some surgeons prefer 
to  start the procedure with the distal anastomosis (the 
ileo-ileostomy).

The demonstrated advantages of the LSG as a first step of 
a LBPD-DS in high risk obese patients determined us to con-
sider that is safer to start with the sleeve resection. For exam-
ple, if the LBPD-DS candidate presents intra-operative 
arguments for an estimated technically difficult procedure 
(severe fat infiltration of the viscera, short and retracted mes-
entery) or he/she is not able to tolerate a long pneumoperito-
neum, the operation may be shortened at this point, without 
compromising the rest of the procedure or the patient. The 
enteric anastomosis especially the duodeno-ileostomy which 
is the most challenging one, may be performed at the time of 
the second stage, after at least 6 months and an important 
weight loss, with improved technical conditions and a 
decreased anesthetic risk.

Cholecystectomy is performed selectively when gall-
stones are present. Intraoperative ultrasonography may help 
in the diagnosis. Routine appendectomy is not necessary.

16.5.2	 �Pneumoperitoneum

For the LBPD-DS, the first entry into the peritoneal cavity is 
established at the umbilicus using an open technique or a 
blind technique. Pneumoperitoneum is initially limited to 
12  mmHg and later this value may gradually rise to 
15 mmHg, reducing the hemodynamic impact of the intra-
abdominal gas pressure.

16.5.3	 �Port Placement

Seven ports are routinely inserted for the laparoscopic 
BPD-DS procedure, but up to nine ports may be used. Extra-
long trocars are occasionally needed in patients who have a 
very thick abdominal wall.

The standard position of the trocars is depicted in 
Fig. 16.3. Three 10 mm reusable trocars, one 5 mm reusable 
trocar and three disposable 5–12 or 5–15  mm ports are 
inserted:

•	 A 10 mm reusable trocar at the umbilicus – used to intro-
duce the 10 mm 45° laparoscope (Optical trocar 1)

•	 A 10 mm reusable trocar at the epigastric left paramedian 
position. This access port is used to introduce the 10 mm 
45° laparoscope (Optical trocar 2) facilitating the ade-
quate view of the structures at the time of proximal dis-
section and resection of the gastric fundus.

•	 A 10 mm reusable one at the subxifoidian area, slight to 
the right paramedian position, at the level of the left liver 
edge. Through this access port the articulated 10 mm liver 
retractor (Cuschieri Retractor, Karl Storz, Germany) is 
introduced to elevate the left liver lobe. I prefer the 
Ternamian reusable cannula (Karl Storz, Germany) which 
permits a blunt and less traumatic insertion, lowering the 
hemorrhagic risk at this level.

•	 A 5–15 mm disposable port is inserted in the left subcos-
tal area, in the midclavicular line. Through this port 
energy devices, endoscopic staplers as well other laparo-
scopic instruments (forceps, scissors, needle holder) are 
introduced into the operative field.

•	 A 5–15 mm disposable trocar is inserted in the right mid-
abdomen, in the right subcostal area, several centimeters 
above the level of the umbilicus, in the midclavicular line.

Fig. 16.3  Port positioning for biliopancreatic diversion with duodenal 
switch
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•	 A 5–12 mm disposable trocar is inserted in the left infra-
umbilical area, and

•	 A 5 mm reusable port is placed in the left, lateral position, 
in the anterior axillary line approximately 3–4 cm below 
the left costal margin.

Additional disposable or reusable trocars are inserted 
according to the individual characteristics of the patient.

16.5.4	 �Gastric Sleeve Resection

The operating table is positioned in reverse-Trendelenburg, 
slight rotated toward the right side and the surgeon stands 
between the patient’s legs. A 10 mm articulated liver retrac-
tor is introduced through the 10 mm xyfodian port to elevate 
the left lobe and to expose the entire anterior aspect of the 
stomach. An external arm will hold the retractor for a stabile 
position during the procedure (Fig. 16.4).

The gastrectomy begins by transecting the gastric vessels 
of the greater curvature at the level of gastric angle, where 
entering into the lesser sac is facile. Appropriate control of 
the vascular branches divided towards the His angle or duo-
denum is obtained only with an opened lesser sac.

The short gastric vessels are divided with a long laparo-
scopic sealing/divider instrument (LigaSure, Medtronic, 
US.) or an ultrasonic dissector (Harmonic-ACE, Ethicon, 
US). Care must be taking not to injury the spleen or its ves-
sels during the completion of greater curvature freeing or 
division of the retro-gastric attachments.

Distally, the dissection is continued along the greater cur-
vature, near the gastric wall, for 2–3 cm beyond the pylorus. 
At this point, a retroduodenal tunnel is created by gentile 
dissection maneuvers starting with the inferior duodenal 
margin. The dissection is carried out very close to the poste-
rior wall of the duodenum, in a plane superior to the gastro-
duodenal artery (which is often seen posterior). A small 
supraduodenal window is created medially to the common 
bile duct and lateral to the hepatic artery, to orientate the 
transection of the duodenum between these very important 
structures. The small arterial branches approaching the supe-
rior margin of the proximal duodenum are preserved.

The duodenum is usually divided 2–3  cm distal to the 
pylorus with a 45–3.5 linear stapler which passes gently 
along the retroduodenal just-created route. Injury to the pan-
creas, the gastroepiplooic or the gastroduodenal arteries is 
avoided.

The control of the bleeding on the distal duodenal stump 
may be realized with a running suture of 2.0 Vircyl. This 
suture may incorporate periduodenal fat in an attempt to 
reduce the possible postoperative duodenal leak. Haemostatic 
clips or buttresss material cannot be used on the proximal 
duodenal stump when a stapled duodeno-enterostomy is 
intended.

The sleeve gastrectomy is initiated at 6 cm proximal to 
the pylorus, with a firing of 4.8 or 3.5 linear stapler inserted 
through the right sided 5–15 mm disposable port. Next, a 56 
French bougie inserted oro-gastrically by the anesthesiolo-
gist is passed into the distal antrum and aligned medially 
along the lesser curvature of the stomach.

Fig. 16.4  Positioning of the 
surgical team
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The LSG is completed by sequential firings of blue or 
green 60 mm straight linear staplers, inserted through the left 
sided 5–15 mm disposable port and oriented parallel to the 
calibration bougie. Before every firing the stomach is 
retracted laterally. Careful inspection of its anterior and pos-
terior aspect is necessary in order to ensure enough distance 
away from the incisura anglaris and lesser curvature, to avoid 
any ischemic gap along the stapled line, any stenosis or axial 
twist of the gastric tube. Also we are aware that a too close 
transaction to the gastroesophageal junction may result in a 
severe stenosis or leak and a too far transaction may lead to 
fundus dilatation and weight regain.

Buttress material is often used for sleeve resection: non-
resorbable bovine pericardium (Peristrips Veritas, US) or 
Bioabsorbable Seamguard (Gore, Flagstaff, Arizona, US). 
This material covers both the anterior and the posterior gas-
tric walls trying to decreased the bleeding and the leakage 
rate from the staple line.

Looking insistently for bleeding sources on the stapled 
line after intraoperative rise up of the blood pressure with 
Neosynephryne is our routine attitude thus significantly 
reducing the rate of postoperative hemorrhagic complica-
tions. Haemostatic clips or stapled line oversewing are used 
to control the bleeding [5].

The 56-Fr bougie is removed and the resected lateral part 
of the stomach is extracted in a plastic bag.

16.5.5	 �Small Bowel Measurement

The operating table is placed in the horizontal position and 
tilt to the left, while the surgeon moves to the left side of the 
patient. The small intestine is measured with the help of two 
previously marked at 5  cm atraumatic double-fenestrated 
5 mm graspers starting from the ileocecal valve. A 100 cm 
common channel is marked with a green stitch. Another 
150 cm are proximally measured and, at this point, the proxi-
mal end of the alimentary channel is marked with a black 
stitch. The enteric measurement continues up to the first jeju-
nal loop, evaluating the dimension of the biliopancreatic 
limb (BPL) and completing the information about the total 
length of the small bowel.

This information is very important to appreciate if indi-
vidual adjustments to the above mentioned figures are 
needed. It was demonstrated that the total length (TL) of 
the small bowel vary from 4 to 10 m and only a combina-
tion of 40 % of TL for the alimentary channel with 10 % of 
TL for the common channel provides good long-term 
results and less complications. An error in this distribution 
may affect the late outcome of the patient from a severe 
malabsobtion (the common channel is relatively too short) 
to inadequate weight loss (the alimentary limb is too long). 
The limbs are constructed in increments of 25 cm, the final 

length being the point nearest to the 10 or 40 % of the 
TL. For example, the common channel (CC) may be 50, 75 
or 100 cm while the alimentary channel (AL) may be 250, 
275, 300 or more [1].

Beside the importance of this very useful rationale in a 
large majority of cases the formula 75/100 for CC and 
250 cm for AL is appropriate.

Next, at the proximal end of the AL, the ileum is tran-
sected with a 45–2.5 linear stapler and its mesentery is 
divided. The distal end of the transected ileum will be 
brought up to the duodenum to create the duodeno-ileal 
anastomosis, while the proximal ileal end is anastomosed 
with distal intestine to form the common channel (CC). The 
BPL must be coming from the left side of the abdomen while 
AL and CC are on the right side. There must be no twist of 
the mesentery and this should been tested prior to both 
anastomoses.

16.5.6	 �Duodeno-Ileal Anastomosis

Often, an antecolic end-to side duodenoenterostomy is pre-
ferred but sometimes, a transmesocolic route and/or an end-to 
end variant is chosen. Occasionally, the right colon has to be 
mobilized and/or the greater omentum divided in order to 
bring the ileum and its mesentery higher up without tension.

For LBPD-DS, the duodeno-ileal anastomosis can be 
fashioned in several ways : with a circular stapler, a linear 
stapler or manually and all these variants are described 
below.

16.5.6.1	 �Circular Stapler
The anvil of a 25-CEEA circular stapler (Covidien, US) is 
delivered into the proximal duodenal stump using two differ-
ent ways:

•	 Transoral, using a 25-Orvill® (Covidien, US) or a modi-
fied nasogastric tube-anvil apparatus as was proposed by 
Gagner [3]

•	 Transabdominally: the anvil is introduced through one of 
the ports and then passed into the duodenum:
–– via a gastrotomy performed on the area planned to be 

removed at the sleeve resection or
–– via a duodenotomy, closed with a 2.0 purse-string 

suture.

The end-to site duodeno-enterostomy is created by pass-
ing the circular stapler transabdominally, advancing it into 
the intestinal lumen and attaching it to the anvil. After firing, 
the circular stapler is removed and the open end of the ileum 
is closed with a linear stapler. A plastic camera drape, covers 
the circular stapler and protects the wound during the pas-
sage of the contaminated shaft.

C. Copaescu
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16.5.6.2	 �Linear Stapler
Small enterotomies are done on the inferior margin of the 
duodenum and on the antimesenteric side of the ileum. 
Minimal tension between the two is mandatory to prevent the 
enlargement of the opening after firing. A side-to side 
duodeno-enterostomy is created by a 30 mm 3.5 linear sta-
pler. The opening is closed with a 2.0 PDO running suture.

16.5.6.3	 �Manually
The end-to site or end-to end hand sewn duodenoenteros-
tomy may be fashioned in one or, more often, two layers. 
Two stay-stitches are placed at the superior and inferior bor-
ders of the duodenum and ileum. The posterior layer is real-
ized by a 2.0 silk running suture, incorporates the staple line 
and ensures the opposition of the two. Enterotomies are then 
performed with the monopolar hook on the duodenum and 
ileum sites. The second posterior layer is a 2.0 PDO running 
suture. Next, two other anterior 2.0 running sutures will 
close the anastomosis (Fig. 16.5).

Finally, a nasogastro-duodenal tube will be placed just 
before the anastomosis. A methylene blue test is performed 
with the small bowel distally clamped to confirm the integ-
rity of all staple-lines. The size of the gastric pouch is 
approximated by the volume of methylene blue required to 
distend the pouch and usually is around 150 ml.

Apparently the stapled technique is simple but some par-
ticularities for the LBPD-DS limit its use:

–– The 25 CEEA stapler is often difficult to insert in a rela-
tively small distal ileum,

–– The 25 anvil’s passage through the pylorus needs dilata-
tion which may favor the dumping syndrome and the 
postcibal disorders.

–– By using of a smaller circular stapler CEEA-21 the risk of 
stenosis is increased

–– Direct insertion of the anvil into a short proximal duode-
num needs a purse-string suture which is not easy and 
time consuming.

–– The linear stapler presents a too long inactive tip and 
sometimes may create ischemic gaps.

In these conditions the manually technique, personally my 
favorite one, is more and more accepted by the surgeons.

16.5.7	 �Distal Ileo-Ileal Anastomosis

The proximal end of the transected ileum (the biliopancre-
atic limb) is anastomosed to the distal ileum, at 75/100 cm 
proximal to the ileocecal valve, to form a short common 
channel. This ileo-ileostomy is performed in a standard site-
to side fashion with 2.5 linear staplers. Small enterotomies 
are done on the antimesenteric borders of the two intestinal 
loops. Each jaw of the linear stapler is inserted into an enter-
otomy and the instrument is fired (Fig. 16.6). Double stapled 
technique, with another stapler fired in opposite direction, is 
more appropriate for this anastomosis as the ileum is often 
very narrow. The opening is closed with a 2.0 PDO running 
suture or a linear stapler transversally orientated.

16.5.8	 �Final Inspection and Mesenteric Defect 
Closure

All the mesenteric defects, at the ilieo-ileostomy and between 
the transvers colon mesentery and the ileum mesentery 

Fig. 16.5  Duodeno-enterostomy
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should be closed with 2.0 running nonabsorbable stitch. The 
supracolic retrogastric defect (the defect above the transvers 
colon) is not closed as the internal hernia may exceptionally 
occur through it.

Before the end of the procedure, the gastric tube, the two 
anastomoses are once again inspected, a search for all the 
bleeding sources is done, the orientation of the limbs is 
verified.

Next, two suction drains are placed: one near to the proxi-
mal anastomosis and duodenal stump, and one over the distal 
anastomosis.

All trocar sites greater than 10 mm are closed with absorb-
able sutures using a fascia closure device (Karl Storz, 
Tutlingen, Germany). The skin is closed with staplers or 
interrupted 3.0 sutures.

16.6	 �Postoperative Care

In the first postoperative day (POD-1), patients receive only 
clear liquids diet. An upper gastrointestinal study with 
water-soluble contrast (Gastrografin®) is routinely per-
formed on the second postoperative day (POD-2) in all 
patients, to evaluate and document the shape of the stomach 
and its capacity to be filled and emptied into the ileum. For 
the next 3 weeks a proteinen-riched diet (liquids/puree) is 
instituted.

For the patients with intraoperatively technical difficulties 
and for those who show clinical signs of an postoperative 
complication: leakage (fever, tachycardia, leucocytosis) or 
stenosis, the upper gastrointestinal study will be performed 
in POD-1.

The preoperative medication for comorbidities is contin-
ued and later may be adjusted. Oral analgesics are recom-
mended for the next postoperative days. Proton pomp 

inhibitors (ex. Es-omeprasole) and low molecular heparin 
are administrated for at least 3 weeks.

Before hospital discharge all the drains are removed.
Follow-up appointments are scheduled for 4 weeks, 3, 6, 

12 months and annually thereafter.
All patients receive follow-up nutritional counseling for 

proteinen-riched diet and are given daily multivitamins, oral 
supplements with calcium, iron and fat-soluble vitamins (A, 
D, E, K). Patients with intact gallbladders are prescribed 
500 mg/day of ursodeoxicolic acid for a 6 months gallstone 
prophylaxis.

Laboratory evaluation for nutritional deficiencies is per-
formed at each visit beginning with 3 months. This includes 
electrolyte and hematology panel as well iron, ferritin, B12, 
folate, albumin, protein, PTH, calcium, phosphorus, alkaline 
phosphatase, zinc, selenium, manganese, cholesterol profile, 
triglycerides, occasional Vitamin D and A levels.

An upper GI Endoscopy is performed at every 6 months 
or any time imposed by a clinical sign (ex.alterated food 
tolerance).
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Revisional Procedures for Failed 
Bariatric Operations

Jacques Himpens and Ramon Vilallonga

17.1	 �Introduction

The exponential growth in numbers of laparoscopic bariatric 
procedures is logically followed by a significant number of 
revisional procedures, either for complications or for out-
right failures. These failures may be due to technical issues 
linked with the surgical technique, to a wrong choice of ini-
tial procedure’s type, to poor compliance from the patient, or 
to poor follow-up on the surgeon’s part. Obviously, the latter 
two conditions should be addressed by non-surgical means. 
The former two conditions, however, may benefit from a sur-
gical (laparoscopic) approach.

The decision as to how to surgically correct a bariatric 
procedure should take into account how the failure actu-
ally occurred. The pathogenesis of the failure should lead 
to the cure.

Unfortunately, corrective procedures, for whatever reason 
performed, are characterized by a greater incidence of com-
plications than primary procedures. Therefore, when correct-
ing an existing procedure, priority should be given not to 
endanger the patient. In this frame of mind, several attempts 
have recently been made to find endoscopic solutions for an 
ailing bariatric construction because they are considered less 
invasive. Even so, endoscopic procedures should take into 
account the pathophysiology of the initial failure as well. If 
not, outcome will be poor as demonstrated by the several 
attempts at endoscopically reducing stoma sizes after Roux-
en-Y gastric bypass (RYGB), that have not generated the 
anticipated clinical results.

17.2	 �Addressing Technical Issues/Flaws

The anatomical alterations caused by a bariatric procedure 
aim at creating a surgical system consisting of three ele-
ments: a gastric pouch, connected cranially to the esophagus 
through an “inlet”, and to the distal structure through an 
“outlet”(the distal structure can be the stomach itself, as in 
adjustable gastric band (AGB), or vertical banded gastro-
plasty (VBG), or the antrum-pyloric system, as in sleeve gas-
trectomy (SG), or the anastomosed small bowel, as in RYGB) 
(Fig. 17.1).

The gastric pouch at the center of the system is obtained 
by the actual transversal (as in RYGB) or vertical (as in VBG 
or SG), or virtual (as in AGB) transection of the stomach. 
When reduction of caloric intake is searched for, the pouch 
should be small, and both inlet and outlet should be rather 
tight to be effective in terms of weight loss. When any of the 
compartment elements fails, the procedure will become 
ineffective.

17.2.1	 �Inlet Failure

Typically, the inlet is constituted by the gastro-esophageal 
(GE) junction and its lower esophageal sphincter (LES). 
When the latter fails, the pouch compartment will inevitably 
expand towards the esophagus and reflux and weight (re)
gain will ensue (Fig. 17.2).

Similarly, in case of pre-existing hiatal hernia (HH), an 
effective bariatric system cannot be obtained without cor-
recting this situation. Consequently, an essential part in 
avoiding recurrent weight issues, is to correct any HH at the 
time of the initial surgery. Because the diagnosis of HH is not 
reliably obtained by the usual diagnostic means such as 
endoscopy or barium swallow, a full dissection of the hiatal 
region is advised, even during the first procedure. This strat-
egy may reduce the incidence of de novo HH that is remark-
ably high, as described by Higa (Fig. 17.3).
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The cure of a HH is best performed through a thorough 
dissection, and should imply a posterior repair, carried out 
with non-resorbable suture material.

Anterior stitches, often advocated for simplicity sake, 
should be avoided, because they do not allow for the anterior 
angulation of the GE junction, which is part of the anti-reflux 
mechanism (Fig. 17.4). Conversely, there is no evidence that 
the correction of a HH should be accompanied by the place-
ment of prosthetic material, because of the risk of erosion 
into the gastric pouch.

An ingenious technique to reinforce the LES after RYGB 
was described by Kawahara. With this technique, the rem-
nant is mobilized in its apical fundic part, and this part of the 
remnant is wrapped around the proximal end of the gastric 
pouch, much as in Nissen’s fundoplication (Fig. 17.5). This 
“passive wrap” might reinforce the pressures in the distal 
esophagus and help reconstitute a continent “inlet”.

Bariatric
surgical system

Inlet

Pouch

Outlet

Fig. 17.1  The three components of the “bariatric surgical system”

Decompensated inlet

Fig. 17.2  Decompensation of the “inlet” results in the abolition of the 
bariatric system

Esophagus

Hiatus

Fig. 17.3  Typical aspect of a hiatus in a redo case. Despite a normal 
endoscopy and Barium Swallow there is a clear diastasis of the hiatal 
crura causing herniation

Esophagus

Fig. 17.4  Typical aspect of a cure of a HH with a posterior repair, car-
ried out with non-resorbable suture material

Remnant
wrap

Gastric
pouch

Gastroentero
anastomosis

Fig. 17.5  Remnant’s fundus to wrap around the proximal gastric 
pouch, mimicking a Nissen’s fundoplication. In the inferior part we 
observe the gastroentero anastomosis
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17.2.2	 �Pouch Failure

Because of the relative obstruction generated by the outlet, 
and according to Laplace’s law, the pouch will have a ten-
dency to dilate, and to accommodate larger volumes of food. 
Obviously, when pouch dilation occurs together with inlet 
failure, the food volumes will substantially increase and pos-
sibly lead to weight (re)gain (Fig. 17.6).

For AGB, pouch dilation has been described extensively. 
The pouch volume can be corrected by laparoscopically 
replacing the band in a more proximal position. There is 
however hardly a consensus in the literature concerning this 
strategy, possibly because of the lack of addressing the inlet 
at the same time.

For VBG, pouch failure usually is caused by the break-
down of the staple line, most likely in consequence of exag-
gerated intracavitary pressure caused by over-eating. With 
this etiology, repeat stapling is considered senseless.

For RYGB, it appears that isolated attempts at reducing 
the volume of the pouch (either endoscopically or laparo-
scopically) have not been effective on the long term. 
Consequently, most efforts after RYGB have focused on the 
outlet (the gastro-enterostomy), see below.

For SG, there is no clear evidence that a larger volume of 
the stomach is linked with weight regain. Whereas some 
authors claim good outcomes with re-sleeving the stomach, 

there is growing evidence that ancillary procedures like a 
duodenal switch (DS) carry better and longer lasting results. 
Conversely, when part of the stomach clearly has decompen-
sated secondary to the high pressure system generated by the 
tubular shape of the stomach, trimming this part of the stom-
ach might be useful. A plausible explanation to this outcome 
is that part of the body of the stomach constitutes a weak 
point for the intraluminal high pressure.

17.2.3	 �Outlet Failure

When the outlet fails, the pressure gradient between the 
pouch and the efferent system drops, and both the pouch and 
the efferent system behave as one system, hence with very 
limited volume limitation. We mentioned above that too tight 
an outlet may cause a dilation of the pouch, hence the impor-
tance of obtaining an ideal outlet size (Fig. 17.7).

For AGB, the ideal band volume corresponds to the 
“green” zone described by the manufacturer, and is charac-
terized for the patient by a feeling of restriction without dys-
phagia. Increasing the volume will bring the patient into the 
“red” zone where dysphagia will occur, which may lead to 
wrong food choices. Conversely, too little volume in the 
band will lead to the disappearance of the outlet barrier and 
failure of the system (Fig. 17.8).

Another typical condition encountered in AGB is band 
erosion. In a recent survey of our patients, close to one third 
of the patients suffered this complication, but many of the 
patients did not suffer any symptoms. Therefore, the rela-
tively low incidence of erosion reported in the literature 
probably underestimates the actual incidence of intragastric 
band migration, because most authors did not actively look 
for this condition by systematical endoscopy. Treatment of 
band erosion is quite controversial. Some authors (e.g. 
Niville) do not hesitate to replace a new band after a lag time 

Fig. 17.6  Isolated pouch failure results in larger food volumes

Failed outlet

Fig. 17.7  When the outlet fails, the pouch is no longer limited by its outlet, 
which translates into a considerable increase of functional pouch volume
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of a few months. Conversely, Weiner and Allé consider the 
zone of erosion as a no-go territory and prefer to proceed 
with biliopancreatic diversion (BPD) and transect the stom-
ach well distal to the diseased area. Most authors, however, 
rely on the lag time after band removal to allow for the tis-
sues to heal and to permit the safe placement of staples. 
RYGB is their favorite corrective procedure, while SG, on 
the other hand, is usually not performed after band erosion.

For VBG, outlet stenosis has been described extensively. 
Whereas treatment seems obvious (transection of the band), 
the disappearance of all restriction at the level of the outlet 
invariably causes massive weight regain. Hence, all proce-
dures addressing the banded outlet in VBG should be com-
plemented by another type of operation, either malabsorptive 
(BPD), or hybrid (RYGB).

For RYGB, outlet failure results in an extension of the 
pouch and the efferent system into becoming one system 
that, because of Laplace’s law has the tendency to dilate. 
Efforts to reduce the volume of this new entity consist of 
longitudinally transecting pouch, anastomosis and alimen-
tary limb, as proposed by Gagner, or of plicating these ele-
ments, as we have done. Unfortunately, these efforts have 
proven to be vain on the long term, except when one of the 
elements has evolved to become a large reservoir, as in the 
candy cane deformity of the blind end of the alimentary limb 
(Figs. 17.9 and 17.10).

Additionally, in RYGB dilation of the outlet will result in 
accelerated emptying of the pouch and premature delivery of 

the food stuffs into the efferent system, a condition that may 
lead to exaggerated dumping and hypoglycemia, and, subse-
quently, weight gain. Correcting the outlet for this condition 
can be achieved by reducing the anastomosis (either endo-
scopically or laparoscopically), or by the placement of an 
external restricting system, either non-adjustable (Fobi-ring), 
or adjustable (an AGB). In our experience, the use of an arti-
ficial band has created a significant number of complica-
tions, including erosions in a great number of patients.

For SG, the outlet, constituted by the antrum-pylorus unit, 
is responsible for a number of recurrent weight issues. Whereas 
the sleeve itself rarely dilates, the antrum will dilate when ini-
tial resection has been too parsimonious. There are very few 
reports on selective antral re-resections, partly because of 

Fig. 17.8  Importance of correct outlet adjustment in adjustable band 
gastroplasty. The yellow, green and red zones correspond to too little, 
adequate or too much restriction, respectively. Zones can be changed by 
varying the filling volume of the laparoscopic adjustable gastric band 
(Source: internet shareware)

Gastric
pouch

Alimentary limb
Candy cane

Fig. 17.9  Typical “candy cane” deformation, adding to the volume of 
the system (besides other symptoms including vomiting)

Candy cane

Gastric pouch

Alimentary
limb

Fig. 17.10  Typical “candy cane” deformation, adding to the volume of 
the system while resected (besides other symptoms including vomit-
ing). Here resecting with an endostapler the candy cane
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fears for interference with the gastric emptying, a condition 
that might be of significant importance for the secretion of 
gastro-intestinal hormones including GLP1 and GIP.

17.3	 �Choice of Secondary Procedure 
(Conversion)

When all obvious technical flaws have been ruled out, the 
history of the patient suffering weight (re)gain should be 
closely analyzed. There is a substantial difference between 
weight loss failure and weight regain. Whereas the former 
seems to indicate that the procedure probably did not match 
the patient’s profile from the beginning (hence that a differ-
ent type of procedure should be performed), the latter might 
be caused by adjustment of the patient to the procedure, most 
likely by adaptation of the eating pattern. Adaptation on the 
patient’s part should preferably be addressed by behavioral 
and dietary counseling. Conversely, in this section we will 
focus on operations that might be salutary after the outright 
failure of a bariatric procedure.

Bariatric procedures obtain their goal by reducing the 
amount of calories made available to the patient’s metabo-
lism. Caloric reduction is obtained either by restricting the 
intake (i.e. the number of calories making it to the digestive 
tract), or by limiting the uptake (i.e. the number of calories 
being absorbed through the digestive tract). Some operations 
will take advantage of the two main mechanisms. As a gen-
eral rule, failed restrictive operations will be addressed by a 
malabsorptive construction, and vice-versa.

17.3.1	 �The AGB

The AGB procedure is considered purely restrictive, because 
there appears to be no interference with the secretion pattern 
of the gastro-intestinal hormones. A relevant hormone in the 
bariatric domain is Ghrelin, an orexogenic peptide that influ-
ences glucose metabolism through a decrease of insulin pro-
duction. This hormone is not influenced by AGB.  Since 
sleeve gastrectomy, unlike AGB, typically is followed by a 
sharp decline in Ghrelin, transforming an AGB into a SG 
may appear attractive. There are however practical issues 
that plead against this choice. First, the incidence of proxi-
mal leaks after SG does appear to be higher in redo surgery, 
and there is sufficient evidence that such leaks are extremely 
difficult to handle. Second, we have demonstrated that a sub-
stantial number of patients develop gastro-esophageal reflux 
(GERD) after AGB, and that GERD is a frequent and unde-
sired side effect after SG as well. Hence, because of fears for 
surgical complications and for GERD we are reluctant to 
convert an AGB into a SG. Alternatively, the typically restric-
tive AGB might be transformed into a malabsorptive proce-

dure, such as Duodenal Switch (DS). As mentioned above, 
however, we are concerned to perform a SG in a band patient, 
and since the SG is an inherent part of the DS, we rather will 
not perform a DS in a band patient.

Typically, a failed AGB will be converted to a RYGB. We 
and others have shown that weight loss improves significantly 
after conversion of AGB to RYGB, be it at the cost of more 
complications. Some authors prefer to convert AGB to RYGB 
in two stages. In our practice, removal of the band and per-
forming the RYGB are routinely performed in one stage 
because the band is used as a landmark as well as a retraction 
tool. It is important to perform a thorough dissection of the 
hiatus, to detect any hidden pouch dilation, and to rule out a 
hiatal hernia, a condition that has proven to appear de novo 
after AGB. As a routine, we thoroughly dissect the hiatus and 
perform a posterior hiatal closure. Another important techni-
cal detail in our practice is our strategy of systematically 
resecting the fundus. There is some evidence that resecting the 
fundus improves weight loss figures, probably because of 
Ghrelin issues, but more importantly, we feel that resecting the 
fundus reduces the incidence of post-AGB gastro-gastric fis-
tula, which constitutes a therapeutic challenge. Finally, we 
routinely transversally incise the pseudo-capsule induced by 
the band, to avoid dysphagia after the RYGB (Fig. 17.11).

17.3.2	 �The VBG

Most vertical banded gastroplasties will have been performed 
by laparotomy and constitute a real challenge for the laparo-
scopic surgeon. Laparoscopic conversion of a VBG to another 
construction remains a hazardous endeavor, and the preva-
lence of complications should dictate our attitude in choosing 
an alternative procedure. Transforming a VBG into a SG is 
fraught with a significant number of complications, including 
substantial mortality and should be avoided. Consequently, 
reconversion into a DS is hardly advisable as well.

Our attitude after failed VBG is to perform RYGB. The 
two major hazards after VBG consist of the vertical staple 
line and the stoma-reinforcing band. The latter often is made 
of knitted polypropylene, a material that causes very dense 
adhesions. Removal of the band is often impossible; there-
fore, some surgeons prefer to transversally incise the band 
and to perform the gastro-enterostomy a few cm proximal or 
distal to the band, while others, including us, prefer to resect 
the portion of the stomach together with the band. Concerning 
the vertical staple line, care must be taken not to staple to the 
left of the staple line, because this will result in a lymphocele 
between the two staple lines. We lost one of our patients who 
suffered a blow-out of such a lymphocele, several weeks 
after the procedure. Consequently we favor the policy to 
resect the VBG-staple line together with the fundus to the 
left of the staple line, to avoid a blind space between the 
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staple lines and to prevent the formation of a gastro-gastric 
fistula (Fig. 17.12).

17.3.3	 �The RYGB

The RYGB is a “hybrid restrictive-malabsorptive” procedure. 
Besides manipulating restriction, as with a band, malabsorp-
tion may be addressed as well. Christou and Mac Lean dem-
onstrated some time ago that lengthening the alimentary limb 
after RYGB did not significantly influence long term weight 

loss. Buchwald and, separately, Brolin, induced extreme mal-
absorption after RYGB by conversion to a “distal bypass”. 
Typically, a distal bypass consists of a long alimentary limb 
and of a common limb of some 75 cm. Such a construction 
however exposes the patient to excessive loss of calories 
because of the existing volume-restriction with on top of this 
marked fat malabsorption, and the concomitant loss of fat 
soluble vitamins. Morbidity and mortality after such a “distal 
bypass” were considerable and the procedure was abandoned 
as such. A “softer” version of the distal bypass consists of 
constructing an alimentary limb and a common limb of 
150 cm each. In our experience, weight loss with this type of 
distal bypass reached 100 % of the excess weight, but still a 
significant number of patients required re-conversion to a 
more proximal bypass because of unbearable side-effects. We 
therefore are no longer keen on this type of procedures, and 
try to obtain malabsorption by reversal of the bypass to nor-
mal anatomy, followed by conversion to a DS. With this strat-
egy, the ill effects of the quite pronounced gastric restriction 
are avoided, and we can offer the patient a well-known and –
documented procedure that has proven to be effective and 
safe, provided patient compliance with vitamin- and mineral 
supplementation is good (Fig. 17.13).

17.3.4	 �The LSG

Except for the rather rare cases where a saccular dilation of 
the proximal part of the gastric sleeve indicates a loss of the 
pressure inside the stomach, re-resection of the stomach will 
usually not be followed by satisfactory weight loss. 

Remnant
stomach

New
gastric
pouch

Fig. 17.12  Transection line of fundus. The remnant stomach will be 
removed through a 12 mm trocar. Adding this resection, avoids possible 
gastro gastric fistulas formation

Gastric pouch

Perigastric capsule

New gastirc pouch

Smaller gastric
curvature

Transection line
of fundus

Fundus

Phrenogastric
ligament

Fig. 17.11  Specific strategy 
for transforming adjustable 
band into Roux-en-Y gastric 
bypass (From: Cadière et al., 
with permission)
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Converting the restriction created by the gastrectomy to 
another weight loss mechanism can be obtained by changing 
the construction into a RYGB or into a DS.  The gastric 
bypass is perhaps the best (and only) option in case of sig-
nificant GERD, because conversion into a DS will not 
significantly influence this condition. In terms of weight 
loss, however, outcomes after RYGB post-SG are usually 
rather modest. Conversely, a truly malabsorptive operation 
such as DS carries excellent results as far as weight loss is 
concerned. Initially, the SG was considered as an inherent 
part of a DS construction and only recently did the SG obtain 

right of existence on its own. Since a significant percentage 
of patients will experience weight regain after SG they will 
become natural candidates for DS. The fact that the DS is 
thus split into two stages improves the morbidity and appar-
ently does not influence the final weight loss. Moreover, 
staging a procedure with considerable metabolic implica-
tions as the DS may add to the safety by allowing to spot and 
eliminate poorly compliant bariatric candidates. There is no 
consensus as to the ideal time for a DS after a SG.  In our 
experience, patients request a revisional procedure between 
the first and the fifth year after the initial procedure, with a 
median after 3 years (Fig. 17.14).

17.3.5	 �The DS

Some patients experience problems of insufficient weight 
loss even after DS. Moreover, the patients may experience 
unwanted side effects including diarrhea and protein malnu-
trition concomitantly with weight (re)gain. Obviously, 
dietary counseling with re-education of the patient in terms 
of choosing for protein-rich food stuffs rather than carbohy-
drates is the most important treatment for this condition. As 
for surgical correction, thanks to the laparoscopic approach, 
reconstructing the alimentary, biliary and common limb and 
changing their length for influencing the degree of malab-
sorption has become quite realizable. As a rule of thumb, 
therapy-resistant diarrhea (in fact steatorrhea) can be man-
aged by increasing the length of the common limb. In case of 
severe diarrhea, lengthening the common limb to some 
150 cm is advisable (Fig. 17.15).

Since lengthening the common limb will be followed by 
additional weight gain, because of the increased absorption 
of fat, two options remain: concomitant shortening of the ali-
mentary limb (Fig. 17.16), or reduction of caloric intake (by 
reducing the stomach volume).

Failed RYGB

Add restriction Add
malabsorption

Fobi-ring/
adjustable band

Reversal

Distal bypass Normal anatomy

→ Sleeve
→ Duodenal
    Switch

Fig. 17.13  Algorithm for failed Roux-en-Y gastric bypass

LSG

failure

Anatomical flaw

Re-resection

GERD

RYGB DS

Weight (re)gain

Fig. 17.14  Algorithm for failed sleeve gastrectomy

A = alimentary limb

B = biliary limb

C = common limb

Fig. 17.15  Lengthening of the 
common limb at the cost of the 
biliary. The common loop is 
lengthened without shortening of 
the alimenta
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If shortening the alimentary limb is chosen, care must be 
taken not to decrease the total “active” bowel length (alimen-
tary + common) below 300  cm, because hypoproteinemia 
will invariable follow, as demonstrated by Scopinaro. In our 
practice, we usually will prefer to reduce the volume of the 
stomach, preferably by radicalizing the resection at the level 
of the distal stomach, where the risk for fistulas is less.

�Conclusion

Thanks to the laparoscopic approach, revisional proce-
dures become less of a challenge. On one hand, adhe-

sions caused at the first laparoscopic procedure are 
limited, while on the other hand trauma to the patient is 
less significant during the revisional procedure. 
Nevertheless, complications are more prevalent in revi-
sional surgery and conservative measures should, as a 
rule, be attempted first. When conservative measures fail, 
analysis of the reason why the procedure did not succeed 
should indicate how to surgically correct the existing 
construction. The three elements of the bariatric surgical 
system (inlet, pouch and outlet) must be evaluated and 
addressed if needed. Alternatively, the ailing mode of 
action (restriction versus malabsorption) may be altered 
by laparoscopically converting the procedure to a differ-
ent type.
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Laparoscopic Liver Resection

Giulio Belli, Corrado Fantini, Alberto D’Agostino, 
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18.1	 �Introduction

In the 1990s laparoscopic liver surgery was considered an 
innovative, promising but very demanding technique 
reserved for benign lesions or selected cases where the 
malignant tumour could be removed by minor and superfi-
cial resection. Subsequently the widespread introduction of 
laparoscopic hepatectomy in the surgical community, due to 
improvements in laparoscopic techniques, technological 
advances in laparoscopic devices and even to increasing 
patient’ awareness and demand for these procedures, showed 
it was a safe, successful and well-tolerated treatment for a 
range of benign and neoplastic hepatic diseases. In fact, after 
the first laparoscopic partial hepatectomy, reported in 1992, 
the minimally invasive approach has been used increasingly 
in the management of hepatic diseases showing that despite 
several technical challenges, can obtain reduced operative 
blood loss, fewer early postoperative complications and 
shorter hospital stay with oncologic clearance and a survival 
rate similar to open surgery [1].

Therefore, the place of laparoscopy in liver surgery is 
increasing, and many types of liver resections, including 
major hepatectomies, are now performed by laparoscopy in 
specialized centres.

Even in cirrhotic patients laparoscopic hepatectomy is an 
effective treatment for hepatocellular carcinoma when ortho-
topic liver transplantation is not feasible due to the age of the 
patients and the lack of donors [2].

Laparoscopy, by decreasing the abdominal wall injury 
and probably the parenchymal injury, seems to additionally 
improve the postoperative course. In fact, advantages of lap-
aroscopic approach seems to be greater in cirrhotic patients 
in whom postoperative ascites and abdominal wall complica-
tions are decreased compared to laparotomy.

In 2008, leaders in the field comprising also our senior 
author (G.B), met to discuss the current status of laparo-
scopic liver surgery. The Louisville Statement agreed on 
three procedural definitions: pure laparoscopy, hand-assisted 
laparoscopy and hybrid [3] Pure laparoscopy involves com-
plete mobilization and resection via laparoscopic ports, with 
an incision for specimen extraction. Hand-assisted laparos-
copy involves the elective placement of a hand-port for 
mobilization or resection, which is then used for specimen 
extraction. Hybrid refers to a procedure where the resection 
and extraction are performed through a mini-laparotomy, 
though laparoscopy with or without hand-assistance is uti-
lized for mobilization. Nevertheless, about 75 % of all mini-
invasive laparoscopic liver resection are today performed by 
a pure laparoscopic technique.

Following the Louisville Consensus Conference laparo-
scopic hepatectomy should be reserved to surgeons with huge 
experience in both open and advanced laparoscopic surgery.

18.2	 �Indication

The indication for laparoscopic resection should not be var-
ied from open resection. Lesion size and location are the 
most important determinants of when laparoscopic resection 
is appropriate.

The most favourable indications for laparoscopic resec-
tion is a solitary lesions, 5 cm or less, located in peripheral 
liver segments 2–6 (laparoscopic segments).

Left lateral sectionectomy (segments 2–3), anterior seg-
mentectomies or wedge resections are the most widely 
applied procedures. Left lateral sectionectomy should be 

G. Belli, MD (*) • C. Fantini, MD • A. D’Agostino, MD  
L. Cioffi, MD • G. Russo, MD • P. Limongelli, MD, PhD
Department of General and Hepato-Pancreato-Biliary Surgery, 
S.M. Loreto Nuovo Hospital, Naples, Italy
e-mail: chirurgia.loretonuovo@tin.it 

A. Belli, MD 
Department of Abdominal Oncology, Division of Surgical 
Oncology, Istituto Nazionale Tumori Fondazione G. Pascale – 
Istituto Di Ricovero e Cura a Carattere Scientifico, Naples, Italy

18

mailto:chirurgia.loretonuovo@tin.it


126

considered the standard of care in experienced hands. 
Lesions located in posterior segments (1, 7, and 8), can be 
managed by laparoscopy, but this is rarely performed, and it 
is not universally accepted.

Major liver resections (ie, right or left hemihepatecto-
mies) have been shown feasible but remain difficult proce-
dures which should be reserved to experienced surgeons 
already facile with more limited laparoscopic resections.

Tumors larger than 5  cm, central, multiple, bilateral or 
with connections with the liver hilum, major hepatic veins or 
the IVC are considered relative contraindications in most 
centers.

However, in some, very experienced centers, even these 
lesions in selected patients are addressed laparoscopically. 
At last, laparoscopic redo surgery is an other safe and 
feasible indications with advantages for patients and good 
results [4].

18.2.1  �Patient Position and Set-Up

18.2.1.1	 �Segments II-III-IV-V
The patient is placed in supine position, with the primary 
surgeon standing between the patient’s legs, with one assis-
tant on each side. With an open laparoscopy technique, con-
tinuous CO2 pneumoperitoneum is induced at a pressure of 
12 mmHg to prevent the risk of gas embolism.

Once resection has been decided, the lesser omentum is 
checked to verify the presence of a left hepatic artery and 
then sectioned close to the Arantius groove.

18.2.2  �Segments VI-VII

The patient is placed in a left lateral positioning (right-side 
up), in mild reverse-Trendelenburg position, with the operat-
ing surgeon and the assistant standing by the patient’s left 
flank and facing the abdomen. Four trocars typically are used 
in this procedure.

18.2.3  �Pringle Manoeuvre Preparation

After incision of the pars lucida of the lesser omentum the 
hepato-gastric ligament is opened and the porta hepatis is 
surrounded by a tape passed through a 16-Fr rubber drain, 
used as a tourniquet to perform Pringle’s maneuver, if 
necessary. A second option is to employ a curved esopha-
geal retractor, passed through the foramen of Winslow, 
around the porta hepatis, with the vascular tape inserted in 
its open tip (Fig.  18.1). It simply surrounds and subse-
quently ties the hepatoduodenal pedicle to hang it and 
facilitate the Pringle manoeuvre, if necessary. Alternatively 

a vascular clamp can be inserted through an additional 
trocar.

18.2.4  �Exploration and IOUS

A standard diagnostic and staging laparoscopy is performed 
in all cases to assess the stage of the disease using laparo-
scopic ultrasonography to confirm the extension of the lesion 
and its relationships to the vasculature, and to visualize its 
medial margin inside the parenchyma.

18.2.5  �Parenchymal Transection

The extension of resection is identified by the use of intraop-
erative ultrasonography (IOUS), and the area is marked by 
monopolar electrocautery. Specifically, a margin distance 
between the lesion of interest and the cut line on the surface 
of the liver is precisely measured by IOUS: the scored cap-
sule appears as a hypoechoic linear shadow perpendicular to 
the ultrasound probe and is used to verify the surgical mar-
gin’s position and width from the lesion before starting the 
parenchymal transection. Even during parenchymal transec-
tion, ultrasound is employed repeatedly to guide the transec-
tion plane away from the tumor margin.

The hepatic transection is performed with a no-touch 
technique (no tumor manipulation) by sectioning Glisson’s 
capsule with the harmonic scalpel, which is able to secure 
vascular and biliary structures up to 3 mm; minor bleeding is 
managed by bipolar electrocautery forceps simultaneously 
employed with the ultrasonic dissector to provide liver 
retraction and improve hemostasis. Intraparenchimal control 
of major vessels may be achieved with surgical clips or 

Fig. 18.1  Pringle maneuver by a curved esophageal retractor, passed 
through the foramen of Winslow, around the porta hepatis, with the 
vascular tape inserted in its open tip
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devices such as harmonic scalpel or Vessel Sealing System. 
A linear stapler (vascular cartridge type) may be also 
employed with or without surrounding the vessels.

Laparoscopic CUSA can be useful to skeletonize the vas-
cular structure and electively ligate them. The thickness of 
the parenchyma is progressively reduced: small structures 
are clipped and sectioned. Bipolar forceps can be used to 
control small bleeding and oozing from the transection line.

Argon Beam coagulator can be applied to control blood 
oozing from the transection plane providing the abdominal 
pressure (<15 mmHg) is carefully monitored to prevent the 
risk of gas embolism. Resection bed surfaces may be treated 
with biologic fibrin glue or hemostatic gel to minimize the 
risk of biliary leak and to ensure haemostasis. Drain may be 
inserted next to the site of resection. Desufflation of CO2 is 
performed before trocars are removed under direct vision.

18.2.6  �Wedge Resection

The patient’s position depends of lesion’s site. The extension 
of resection is identified by the use of ultrasonography, and 
the area is marked by monopolar electrocautery. Specifically, 
a margin distance between the lesion of interest and the cut 
line on the surface of the liver is precisely measured by ultra-
sonography. The ultrasonography is employed repeatedly to 
guide the transection plane away from the tumor margin. The 
parenchimal transaction is performed as previously 
described.

18.2.7  �Left Lateral Sectionectomy

Pringle maneuver is only disposed and is usually not per-
formed unless severe bleeding appears. Furthermore, reduc-
tion of the blood pressure by up to 25–30 % in the portal 
region during laparoscopic surgery is well proved. The falci-
form ligament is then sectioned with endoshears, with mono 
or bipolar coagulation, or with a harmonic scalpel up to the 
hepatic veins. In this way, the liver does not fall downward or 
forward, facilitating the parenchymal transection. We do not 
section the round ligament, either to save the umbilical vein, 
as we usually do in cirrhotic patients, or to leave the liver 
attached to the abdominal wall, so allowing better work with 
the harmonic scalpel. In addition, in this position, the instru-
ment is located just in front of the section line. The hepatic 
resection is then performed with a no-touch technique (no 
tumor manipulation) and with the harmonic scalpel, which is 
able to secure vascular and biliary structures up to 3 mm; 
minor bleeding is managed by electrocoagulation, and larger 
structures are secured with clips. The dissection of Rex’s 
recessus exposes the portal triad of segment III, which can 
now be divided between clips, or alternatively with a linear 

stapler without surrounding it. The margin of hepatectomy 
runs 1 cm to the left side of the falciform ligament and the 
hepatic transection is continued with the harmonic scalpel on 
the inferior side of the liver. This maneuver allows us to 
reduce the thickness of the parenchyma and to identify the 
vascular and biliary elements of segment II, which are 
clipped and cut, or alternatively sectioned with a second sta-
pling device, without exposing them. The resection is contin-
ued up to the left hepatic vein, which is sectioned by an 
endoGIA (Fig. 18.2). Only at this moment are the left trian-
gular and coronary ligaments divided, using the harmonic 
scalpel introduced through the trocar located on the left of 
the patient. The dissection from the left side is continued up 
to liver usually does not require additional coagulation, but it 
can be treated with an argon beam coagulator or sealed with 
fibrin glue.

18.2.8  �Segment VI Resection

After incision of the pars lucida of the lesser omentum, a 
curved esophageal retractor is passed through the foramen of 
Winslow around the porta hepatis with a vascular tape 
inserted in its open tip. The tape can simply surround the 
hepatoduodenal pedicle and then be passed through a 16 F 
rubber drain used as a tourniquet to enable the Pringle 
maneuver, if necessary. At this point, the mobilization of the 
liver can begin; the right lateral hepatic attachment and the 
triangular ligament are divided using Ultracision or Ligasure 
devices while the round and falciform ligaments are pre-
served. This dissection is typically carried up to the dia-
phragm, allowing a more effective mobilization of the liver.

The extension of resection is identified by the use of ultra-
sonography, and the area is marked by monopolar electro-
cautery. Specifically, a margin distance between the lesion of 

Fig. 18.2  Left hepatic vein sectioned by an endoGIA
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interest and the cut line on the surface of the liver is precisely 
measured by ultrasonography. It is helpful to pass an 
umbilical tape, controlled by a grasping instrument inserted 
in the medial port, around the right mobilized liver to 
facilitate the lifting and the handling of the segment VI 
(Fig.  18.3). The hepatic transection is then started by 
sectioning Glisson’s capsule with the harmonic scalpel to 
secure vascular and biliary structures up to 3  mm; minor 
bleeding is managed by bipolar electrocautery forceps 
simultaneously employed with the ultrasonic dissector to 
provide liver retraction and improve hemostasis.

18.2.9  �Left Hemihepatectomy

Control of vascular inflow is the first step of the procedure. 
The liver is lifted upwards by two forceps, one on the stump 
of the round ligament and the other on the gallbladder. The 
left portal pedicle is dissected extraparenchymally.

The peritoneum of the hepatic pedicle is incised in its 
left aspect and left arterial and portal branches are dis-
sected and isolated on vessel loops (Fig.  18.4). The left 
hepatic artery is then secured between clips and divided 
(Fig.  18.5). The left portal branch is separated from the 
surrounding lymphatic tissue upwards and then down-
wards to better identify the portal bifurcation. The left por-
tal branch is then managed by two endoclips applied 
proximally and one distally, and then divided. The left 
hepatic duct is also exposed outside the liver parenchyma, 
by division of the hilar plate. The peritoneum of the left 
part of the hilar plate is incised along the inferior surface 
of segment IV, and the upper border of the left hepatic duct 
is smoothly separated from the liver parenchyma. The 
tissue behind the hepatic duct is dissected and the duct 
individualized. A tape is placed around the duct in its left 

portion close to the round ligament, and the left hepatic 
duct is then obstructed by absorbable clips and divided.

18.2.10  �Right Hepatectomy

The patient is placed in supine position with his legs spread 
with the surgeon placed between the legs.

The falciform ligament is dissected while the round liga-
ment can either sectioned and used as an handle during the 
parenchymal transection in order to open and expose the tran-
section line, or spared in case of resection in cirrhotic patients 
in order to preserve the umbilical vein. The liver is then fully 
mobilized (coronary and triangular ligaments section) and 
freed from the diaphragm. Cholecystectomy is performed. 
The gallbladder can be externalized or left attached to the liver 
bed and used as an handle to retract the right liver lobe. The 

Fig. 18.3  Lifting and handling of the segment VI by an umbilical tape Fig. 18.4  Left arterial and portal branches dissected and isolated on 
vessel loops

Fig. 18.5  Left hepatic artery secured and divided between clips
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peritoneum of the hepatic pedicle is incised longitudinally at 
its posterior right side and the stump of the cystic duct can be 
used to open the space where the portal trunk runs (Fig. 18.6). 
An accessory right hepatic artery is identified and sectioned 
between clips if present. The right portal branch (RPB) is 
identified (the portal bifurcation and the origin of the left por-
tal branch must be exposed before occlusion of the RPB. The 
lymphatic tissue on the anterior side of the RPB is then dis-
sected to expose the right branch of the hepatic artery which is 
dissected ligated and divided. The right hepatic duct is also 
identified. It can be ligated at this stage or later on intrapa-
renchimally. At this point the RPB is taped on a vessel loop 
and ligated between absorbable clips or sectioned by the use 
of an endo-GIA if there is enough space for its placement. 
Ischemic demarcation of the transection line is observed on 
the liver surface and marked with monopolar electrocautery 
on the Glisson’ s capsule. In case of anterior approach paren-
chymal transection starts and control of the right hepatic vein 
(RHV) is postponed. The vena cava is dissected by tunnelling 
below the live using harmonic shears . Accessory small retro-
hepatic veins are identified and sectioned between clips. 
Hepato-caval ligament is also divided . The RHV is isolated 
extraparenchimally and taped with a vessel loop, an endo-GIA 
with vascular cartridge is then used to section it After incision 
of the liver capsule the parenchymal transection can be carried 
out by the use of different devices as previously described.

Particular care is taken to identify and ligate electively the 
hepatic veins draining segments 5 and 8 toward the middle 
hepatic vein. Lesion of one of this structures is the main 
cause of bleeding during parenchymal transection and can 
cause an important impairment of laparoscopic view. 
Multiple firing of Endo-GIA can be also used to progress 
during parenchymal transection but an adequate bite of 
parenchyma (not too thick) and an adequate vision of the tip 
of the stapler must be warranted.

The use of an hand port can be useful in case of large 
tumors and difficult mobilization of the right liver [5] 
(Fig. 18.7). The handport is usually introduced in the right 
flank as shown in Fig. 18.2 in line with an hypothetic right 
subcostal incision that can be used in case of conversion to 
laparotomy. When the use of the handport is decided and the 
tumor to be resected is not close to the hilum an intraopera-
tive ultrasound (IOUS) guided intrahepatic approach can be 
used to transect en-bloc the right hepatic triad (Fig. 18.8). 
The hilar plate is gently lowered on the back of Segment IV 
and by the assistance of IOUS two hepatotomies (one on 
medial and transverse aspect of the gallbladder fossa and the 
other across the caudate process are created. The right main 
pedicle, usually running 1–2 cm in depth from the inferior 
surface of the liver, is then isolated digitally and sectioned by 
a single firing of Endo-GIA. This technique allow to skip the 
hilum dissection, thus saving time and can be considered as 
a technical choice or as a bridge to a total laparoscopic right 
hepatectomy.

18.2.11  �Conversion

Conversion should not be viewed as a complication of lapa-
roscopic surgery, and should be performed for lack of case 
progress and or patient safety. In emergent situations, efforts 
should be made to control the bleeding prior to converting, as 
significant time and blood loss can otherwise occur during 
the process of conversion. Conversion to a hand assisted 
approach is more orderly and controlled than conversion to a 
full chevron or midline incision potentially reducing the risk 
of further major hemorrhage and hemodynamic instability. 
Anyway, major vascular injuries, although exceptional, may 
not allow time for conversion and require a surgeon with 
extensive laparoscopic training.

Fig. 18.6  Posterior right side of peritoneum and the stump of the cystic 
duct used to open the space where the portal trunk runs

Fig. 18.7  Use of an hand port can be useful in case of large tumors and 
difficult mobilization of the right liver
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18.2.11.1	 �Specimen Retrieval
In the virgin abdomen, specimens are removed through a 
5–8  cm Pfannenstiel incision. Regardless of the chosen 
incision, the abdominal wall is incised to the fascia and the 
specimen retained under direct laparoscopic vision by hand 
or large specimen retrieval bag (endopouch).

The specimen is then retracted against the fascia, and the 
fascia and peritoneum are opened only as much as necessary 
for retrieval.

The fascial layers are reapproximated and the pneumo-
peritoneum reintroduced. The operative site is lavaged and 
examined for hemostasis and biliary tract integrity.
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Roberto Santambrogio, Matteo Barabino, 
and Enrico Opocher

19.1	 �Introduction

Radiofrequency ablation (RFA) is most commonly per-
formed in the radiology department through a percutaneous 
approach [1], however, there is a sub-group of patients who 
may benefit from a laparoscopic approach (LRFA) [2]. The 
rationale of this technique was to combine the advantages of 
an improved staging allowed by the intracorporeal ultra-
sound examination [3] with a safe approach to liver lesions 
difficult or impossible to be treated percutaneously.

Microwave ablation (MWA) has an important advantage 
compared to RFA, which is that treatment efficacy is less 
affected by vessels located in the proximity of the tumor. 
Cryoablation had now limited application: the complication 
rate is not negligible, particularly because of the risk for 
“cryoshock”, a life threatening condition resulting in multi-
organ failure, severe coagulopathy and disseminated intra-
vascular coagulation following cryoablation.

19.2	 �Indications

The prerequisite of the success of the procedure is the appro-
priate multidisciplinary selection of the patient a priori, accord-
ing to tumor’s features, liver function and co-morbidities.

Relative contraindications for LRFA ablation are:

•	 Tumour located adjacent to main biliary duct (due to risk 
of delayed stenosis of the main biliary tract)

•	 Intrahepatic bile duct dilation
•	 Bilioenteric anastomosis
•	 Untreatable/unmanageable coagulopathy

19.2.1	 �Hepatocellular Carcinoma (HCC)

Barcelona Clinic Liver Cancer (BCLC) group (and further 
AASLD updates) proposed a staging/treatment classifica-
tion, based on the authors’ synthesis of several studies includ-
ing variables related relating to the tumor, liver function and 
physical status [4]. The BCLC group recommended liver 
resection as the first therapeutic option only for stage A1 
patients (single tumor less than 5 cm, Child class A, no portal 
hypertension, and normal bilirubin), while for patients at the 
other A stages RFA and/or OLT have been suggested.

If percutaneous RFA should not be accomplished, a LRFA 
could be indicated in patients that had at least one of the fol-
lowing criteria:

	(a)	 severe impairment of the coagulation tests (plate-
lets < 40,000 and/or International Normalized Ratio 
(INR) > 1.20);

	(b)	 large tumors (but with a diameter inferior to 5  cm) or 
multiple lesions requiring repeated punctures;

	(c)	 superficial lesions adjacent to visceral structures which 
could be displaced by laparoscopic maneuvers: colon 
appears to be at greater risk than the stomach or small 
bowel for thermally mediated perforation;

	(d)	 lesions close to intra-hepatic structures: the laparoscopic 
approach guarantees a lower risk of biliary thermal inju-
ries either performing a “cooling technique” for these 
lesions or associating a cholecystectomy for lesions 
close to gallbladder;

	(e)	 deep-sited lesions with a very difficult or impossible per-
cutaneous approach;

	(f)	 short-term recurrence of HCC following liver surgery, 
ethanol injection or TACE.

19.2.2	 �Liver Metastases (LM)

Surgical resection represents the gold standard for the man-
agement of LM. Unfortunately, only 10–25 % of patients are 
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amenable to liver resection due to the characteristics of either 
hepatic lesions (location, number, remnant liver volume) or 
patients (co-morbidities, chemotherapic toxicity, perfor-
mance status). In this setting of unresectable patients, RFA 
could represent a good indication. The number of lesions 
should not be considered an absolute contraindication to 
RFA: nevertheless, most centres preferentially treat patients 
with five or fewer lesions. The target tumour should not 
exceed 3 cm in longest axis to achieve best rates of complete 
ablation with most of the currently available devices. MWA 
had the potential to result in less local recurrence because, 
compared with RFA, MWA shows several advantages such 
as an improved convection profile, higher intratumoural tem-
peratures, faster ablation, larger ablation volume, and less 
susceptible to ‘heat-sink effect’.

19.3	 �Preoperative Work-Up

All patients considered for image-guided therapy of their 
hepatic tumors should undergo high-quality CT or MRI stud-
ies. These allow determination of the number and size of 
lesions, evidence of extrahepatic spread, and the tumor’s 
relationship with contiguous structures such as blood ves-
sels, bile ducts, gallbladder, diaphragm, and bowel. We also 
perform a pre-ablation planning ultrasound to determine 
optimal patient positioning and approach.

Laboratory examens including serum chemistry panel 
with liver function tests and appropriate tumor markers such 
as alphafetoprotein (AFP) for HCC and carcinoembryonic 
antigen (CEA) for LM, electrocardiogram and chest x-ray 
should be performed in all patients.

19.3.1	 �Hepatocellular Carcinoma (HCC)

The diagnosis and staging of HCC is based on the appropri-
ate imaging studies including triple-phase CT scan and/or 
MRI according to the AASLD guidelines, and histological 
assessment only when required [4]. The residual liver func-
tion is evaluated using the Child-Pugh classification.

The presence of preoperative portal hypertension is 
assessed: direct measurement of venous pressure is not per-
formed routinely, and portal hypertension is arbitrarily 
defined as esophageal varices detectable at endoscopy or 
splenomegaly (major diameter: >12 cm) with a platelet count 
<100,000/mm3 [4].

19.3.2	 �Liver Metastases (LM)

The pre-operative imaging assessment includes CT, MRI 
and, in selected cases, positron emission tomography with 
18FDG (PET-CT). MRI shows higher sensibility detection 

after chemotherapy and PET-CT is indicated as complemen-
tary exam in front of patients with high risk of extra-hepatic 
disseminated disease.

19.4	 �Operating Room

A proper table that allows the patient to be placed in both full 
Trendelemburg and reverse Trendelemburg positions during 
operation is essential. The optimal situation is to have the 
ultrasound monitor in the same line of vision as the monitor 
for the laparoscopic telescope. A convenient way to visualize 
both laparoscopic and ultrasound images simultaneously is 
to employ a screen-splitting device for a single monitor: a 
picture-in-picture visualization is particularly helpful during 
LRFA procedure. Generally, the ultrasound unit is located on 
the right side of the patient adjacent to the armboard with the 
laparoscopic equipment off the right shoulder of the patient: 
the surgeon goes to the right side of the patient. Also the 
RFA/MW machine is positioned on the patient’s right side.

An equipment checklist is necessary to ensure that all 
items are available:

•	 Laparoscopic equipment (generally housed in a cart on 
wheels):
–– Monitor: flat panel monitor has better resolution and it 

is more mobile than the than traditional monitor;
–– Insufflator: we recommend a high-flow insufflator 

capable of delivering flow rates up to 30 L/min;
–– Camera – processor unit: Laparoscopic camera can be 

either of single chip or three chip. This has high-quality 
colour reproduction and highest degree of fidelity;

–– Light source: a high intensity light source is a requisite 
for a satisfactorily bright laparoscopic image.

•	 Laparoscopic optics: a 30° or 45° laparoscope is prefera-
ble for close-up viewing of the surface architecture of the 
liver and for providing guidance to the electrode under 
direct vision. In addition, by rotation of the telescope, it 
allows different angles of inspection during the electrode 
infission.

•	 Energy sources for coagulation and cutting: standard uni-
polar or bipolar electrocautery can be used for hemostasis 
and dividing tissue. For cirrhotic patients with extremely 
vascular tissue such as adhesions, alternative energy 
sources such as ultrasonic coagulation may be more 
suitable.

•	 Ultrasound equipment: we used an ultrasound machine 
connected to a laparoscopic ultrasound (LUS) probe with 
a flexible tip, 10 mm in diameter and 50 cm in length. A 
5–7.5  MHz linear-array transducer was side-mounted 
near the tip of the shaft. The length of the transducer sur-
face was 38 mm, which produced an image footprint of 
approximately 4 cm in length and 6 cm in depth. Recently 
we also used a micro-convex probe that permits the appli-
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cation of intravenous ultrasound contrast agents during 
LUS of the liver: the addition of contrast enhancement 
during the intra-operative ultrasound will improve image 
conspicuity, correct diagnosis of new malignant nodules, 
ablation efficacy in hepatic tumors and oncologic margin 
outcomes (Fig. 19.1);

•	 Suction irrigator;
•	 Table with small retractors for umbilical incision, trocar 

cannulae (size and number depend on the planned opera-
tion) and laparoscopic instruments (atraumatic gaspers, 
bowel grasping forceps, coagulated hook and scissors);

•	 18G tru-cut biopsy needle: it is useful to use a cutting 
needle with an automatic trigger mechanism in order to 
hold the probe with one hand and the needle with the 
other. Because of the presence of pneumoperitoneum 
which separates the surface of the liver from the abdom-
inal wall, the use of longer needles (25–27 cm) could be 
necessary for lesions localized in the posterior seg-
ments or in the highest part of the liver (segments IVa 
and VIII).

•	 RFA/MWA machine and electrode/antenna: actually we 
used a dual ablation system which in the same hardware 
has both a microwave and a RFA energy generator. For 
RFA technology, we prefer a 17G internally cooled elec-
trode with an exposed tip length of 3 cm and shaft length 
of 250 mm. For MWA technology, we use a 14G intersti-
tial antenna with a shaft length of 270 mm.

19.5	 �Surgical Technique

LRFA is performed under general endotracheal anesthesia. A 
Foley catheter is useful only for cirrhotic patients for moni-
toring postoperative urinary output. A nasogastric tube is 

sometimes useful to deflate the stomach before the proce-
dure. If RFA equipment is used, at least two large surface 
area grounding pads must be used.

Patient positioning is dependent on the location of the 
hepatic lesions to be treated (Fig. 19.2). Generally, position 
of the patient is supine on the operating room with the left 
arm extended: the surgeon stands either on the right side or 
between the legs of the patient (Fig. 19.2a, b). Patients with 
tumors in segments VI and VII can be placed in either a 
oblique position with the right side elevated up to 45° or left 
decubitis position with the right arm elevated and across the 
chest and the surgeon stands at either the right or the left side 
of the patient (Fig. 19.2c, d).

The location of introduction of LUS probe is limited by 
the location of the trocars: first, the umbilical port can be 
made for laparoscopic exploration, and the second trocar site 
for LUS can be selected depending both the preoperative 
imaging evaluation and the intraoperative conditions as 
determined by laparoscopy.

Exploration of the liver parenchyma can be usually per-
formed with a direct contact technique: however, the dome 
of the liver may be difficult to examine because of the lack of 
adequate contact between the probe and the convex liver sur-
face: this can be overcome by instilling saline solution and 
scanning the highest part of the organ through the fluid 
(water-immersion method) (Fig. 19.3). Furthermore, in some 
instances, it should be useful to low to 6–8 mmHg the pneu-
moperitoneum favoring a correct angle of transducer contact 
with the liver surface.

The whole liver is initially screened and each tumor is 
measured in size by LUS and described according to the 
Couinaud classification of liver anatomy. After the lesions 
have been identified, the therapeutic electrode can be accu-
rately inserted into the tumor.

Fig. 19.1  A microconvex 
transducer is introduced in the 
peritoneal cavity through a 3-cm 
access. It permits the application 
of intravenous ultrasound 
contrast agent to improve nodule 
characterization in comparison 
with unenhanced ultrasound
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When dealing with lesions localised in segment 1 or in 
the posterior segments of an enlarged liver, a longer laparo-
scopic electrode could be necessary (27 cm). A LUS-guided 
interventional procedure can be successfully performed if 
the following ideal working conditions are fulfilled: (1) the 
lesion has to be well visible: the ultrasound probe must be 
oriented on the liver surface to display the largest diameter 
of the entire lesion; (2) the electrode must be positioned 
near the transducer of the LUS probe in order to introduce it 
slightly oblique to the transducer and with an acute angle to 
the axis of the LUS probe (Fig. 19.4). In fact, after inserting 
the electrode into the liver parenchyma, slight rotation of 
the probe can identify the mark of the electrode and guide 
its tip into the lesion. For lesions located at posterior seg-
ments, it is necessary to insert the electrode on the liver sur-
face further than the lesion: in this case, the transducer can 
not visualize contemporary the tumor and the electrode tip 

a b c d

Fig. 19.2  Patient and operating room positions for LRFA. (a) supine 
position with legs abducted (surgeon stands between the legs) for 
lesions in segments 2,3 and 4; (b) supine position with legs adducted 
(surgeon stands on the patient’s right side) for lesions in segments 4, 5 

and 8; (c) oblique position with the right side elevated up to 45° or (d) 
left decubitis position with the right arm elevated and across the chest 
(surgeon stands at the left side of the patient) for lesions in segments 6 
and 7

Fig. 19.3  The dome of the liver may be more easily examined by 
instilling saline solution (SS) and scanning this part of the organ 
through the fluid which creates an acoustic window
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(Fig.  19.5). On the other hand, because any LUS-guided 
interventional procedure is totally free-hand, a puncture 
adapter has been proposed: the incorporation of the biopsy 
channel into the shaft of the ultrasound probe permits accu-
rate placement of the electrode only in lesions seated in 
some areas of the liver.

For lesions that required multiple overlapping abla-
tions, the zones farthest the LUS transducer were ablated 
first so that the ultrasound artefacts of dissolved nitrogen 
did not obscure electrode placement for subsequent 
ablations.

19.5.1	 �Technical Variants: Intra-hepatic 
Vascular Occlusion

This approach determines an ischemic area surrounding the 
lesion increasing the necrosis volume [5]. This effect could 
reduce the risk of immediate therapy failure (partial ablation) 
and of local recurrences. In order to obtain a selective intra-
hepatic portal venous occlusion, the primary vessel of the 
lesion was identified by color doppler imaging: using ultra-
sonographic guidance, the electrode was directed towards 
this area with direct puncture of the nearby blood vessel and 
the ablation cycle lasted either 2–4 min using RFA or 60–90 s 
using MWA. Another evaluation with color doppler imaging 
was performed to confirm a coagulative ablation of the vas-
cular area: a discolored area on the liver surface can be also 
visualized (Fig. 19.6). Then, the lesion was treated with the 
insertion of the electrode in the usual way.

19.5.2	 �Technical Variants: Cooling Technique

If the tumor is located in the hepatic hilar region, RFA may 
cause bile duct stenosis due to physical or heat damage to the 
bile duct.

It is possible to prevent this biliary damage producing an 
intraductal cooling of the main bile ducts during laparo-
scopic RFA: a tube can be inserted in the main biliary duct 
either through the cystic duct (cholecystectomy must be 

Fig. 19.4  In order to centre exactly the lesion, it is important to evalu-
ate both the angles of the electrode incidence respect to the LUS image 
of the lesion

Fig. 19.5  If the lesion is situated into the posterior segments, the elec-
trode must be inserted more fore into the liver (blind zone of insertion) 
to reach a deep-located tumor (7 segment, i.e.)

Fig. 19.6  The primary vessel of the lesion was identified by color dop-
pler imaging: using LUS guidance, the electrode was directed towards 
this area with direct puncture of the nearby blood vessel and the abla-
tion cycle lasted 2–4 min: a discolored area on the liver surface can be 
visualized. Then, the lesion was treated with the insertion of the elec-
trode in the usual way

19  Non-resection: Radiofrequency Ablation, Cryo, Microwave



136

performed) or through a direct incision of the main bile 
duct (choledochotomy). However, these procedures could 
be very difficult in cirrhotic patients.

We prefer a less invasive approach. We insert some gauzes 
in the peritoneal cavity and we place them around the hepato-
duodenal ligament. Then, an irrigator with cold saline solu-
tion infuses them: cold vascular flow in the portal and arterial 
systems protects the bile ducts from the thermal effects of 
RFA by dissipating the heat generated in the ablated area.

The possible “heat sink” effect of central bile duct cooling 
might also affect the efficacy of RFA in terms of local recur-
rences, but in our experience neither biliary damage nor par-
tial ablation or local recurrence of HCC was observed.

19.5.3	 �Technical Variants: Adhesions 
for Previous Surgical Operations

Adhesions between the liver and the abdominal wall and vis-
cera are taken down using ultrasonic coagulator and bipolar 
forceps. In the event of prior right upper quadrant surgery 
(hepatic resections, i.e.), two/three 10-mm ports are placed 
in the left upper quadrant if the patient has tumors in seg-
ments VI and VII: in this case patient can be placed in a 
oblique position with the right side elevated up to 45° and the 
surgeon stands at the left side of the patient. Sometimes, it is 
also necessary to divide the falciform ligament in order to go 
from the left lobe to the right. In the other cases, it can be 
useful to place the patient in the low lithotomy position and 
the surgeon operates between the patient’s legs (see 
Fig. 19.2).

19.6	 �Postoperative Care

In the immediate postoperative period, slight pain and nau-
sea are the two most likely effects of image-guided 
RFA. Administration of an intravenous antiemetic and anal-
gesic agents immediately postablation may be necessary, but 
subsequent symptoms usually can be controlled with oral 
drugs. Fever up to 102 °F may occur as part of a postablation 
syndrome but generally subsides within 5 days. With any of 
the ablation techniques, liver abscess is a rare but potentially 
life-threatening complication.

Patients with cirrhosis require careful consideration with 
regards to intravenous crystalloid administration. Crystalloids 
that have high-sodium content should be avoided to prevent 

complications such as ascites accumulation. Potassium can-
renoate is routinely administered at a dosage depending on 
the urinary output. Intravenous infusion of potassium canre-
noate is shifted to oral spironolactone (100  mg/day). 
Furosemide is given if water tended to be retained or if potas-
sium canrenoate alone is ineffective in controlling ascites. 
The dosage of furosemide is started at a ratio of 20 mg of 
furosemide per 100 mg of potassium canrenoate. In presence 
of ascites and hypoalbuminemia, low-salt albumin infusion 
should begin to maintain a normal oncotic pressure.

LRFA is usually a fast-recovery procedure and patients 
are discharged from the hospital stay area within 2–3 days 
after the procedure. For elderly patients and those with other 
medical conditions (cirrhosis i.e.), recovery may be slower.

Follow-up of tumors treated with LRFA varies by institu-
tion. Our current protocol is to perform spiral CT scans after 
1 month, followed by additional scans at 4 months and then 
every 6 months to evaluate for local recurrence, remote intra-
hepatic recurrence, and extrahepatic disease. In addition to 
imaging studies, alpha-fetoprotein and CEA levels should be 
obtained every 6 months in patients with HCC and colorectal 
hepatic metastases, respectively. As long as sufficient viable 
hepatic tissue remains, there is no accepted upper limit for 
how often tumor recurrence may be reablated. However, if 
extrahepatic spread occurs or extensive intrahepatic LM dis-
ease develops, systemic therapy may be preferable, while 
TACE may be preferred over other ablative techniques for 
extensive intrahepatic HCC recurrence.
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Cholecystectomy

Jack J. Jakimowicz and Johannes F. Smulders

20.1	 �Introduction

Laparoscopic cholecystectomy became the procedure of 
choice for treatment of symptomatic gall stone disease, and 
nowadays it is considered to be the gold standard. In the 
United Stated 90 % of cholecystectomies are performed lap-
aroscopically. In spite of improvement of instrumentation, 
surgical techniques and growing experience of surgeons in 
laparoscopic procedures the morbidity rate, due to major 
biliary tract injuries remains relatively high (0.3–0.5 %) [1, 
2].This not only has a dramatic impact on the wellbeing of 
patients but also generates high costs of treatment and leads 
to medical legal litigation driving up health care costs. 
Salvader et al. estimated that laparoscopic cholecystectomy-
related bile duct injuries were associated with an additional 
50,000 US Dollars in costs, 32 days of inpatient hospitaliza-
tion, 378 days of chronic biliary intubation, and 4 % mortal-
ity per case [3]. Adopting the concept of a “standardized 
operative procedures (SOP)” approach is of paramount 
importance to assure safety and quality of performance. 
Breaking up a procedure in component tasks and executing 
these tasks meticulously can undoubtedly reduce risks of 
complications in any kind of surgical procedure and cer-
tainly in laparoscopic cholecystectomy.

20.2	 �Indications and Contra-indications

The main indications for laparoscopic cholecystectomy are 
symptomatic cholecystolithiasis and acute cholecystitis. It is 
also indicated in patients with calcified (porcelain) and 
sclera-atrophic gallbladders, because of the theoretical risk 
of the progression of cancer. Asymptomatic cholecystolithia-
sis, in general, does not warrant cholecystectomy at all.

Absolute contra-indications for laparoscopic cholecystec-
tomy are lack of equipment, lack of surgeon expertise and 
septic shock from cholangitis. Other main contra-indications 
for cholecystectomy are generalized peritonitis, septic shock 
from cholangitis, severe acute pancreatitis, cirrhosis with 
portal hypertension, severe coagulopathy that is not cor-
rected and known dense adhesions in the upper abdomen. 
Extreme caution should be taken in groups of patients with 
severe associated cardiorespiratory diseases, previous upper 
abdominal surgery, symptomatic cholecystolithiasis in the 
second trimester of pregnancy.

20.3	 �Laparoscopic Cholecystectomy 
Component Tasks of Procedure

20.3.1	 �Preparation of the Procedure

Several steps have to be taken in preparation of the proce-
dures. Firstly the following instruments have to be set up: a 
laparoscopic stack, 30 degrees or 0 degree optics 10 or 5 mm, 
traumatic and atraumatic graspers, curved dissector forceps, 
straight dissector forceps, laparoscopic scissors, suction and 
irrigation system and electro surgery unit or other energized 
instruments for haemostasis and dissection. The patient is 
positioned is a supine position with legs together and both 
arms out (Fig. 20.1).

Pneumoperitoneum is established through an open intro-
duction or with a Veres needle. After inserting the first trocar 
for the laparoscope, the patient is placed in head up position 
with slight tilt towards the left. The surgeons stands at the 
left side of the patient, the assistant at the right side. If a sec-
ond assistant operates the camera, he/she should stand at the 
left side of the patient, left of the surgeon. In case the scrub 
nurse operates the camera he/she takes place at the right side 
of the assistant at the right side of the patient (see Fig. 20.1). 
This is the so-called “American position”. The alternative is 
the so-called “French position”, where the surgeon stands 
between the patient’s legs. Here the assistant stands at the 
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left side of the patient, as well as the camera person, if pres-
ent. Monitors (minimal two) are place ergonomically in front 
of the surgeon and assistant at the distance, twice diagonal of 
monitor, and allowing observation with a gaze down of 10 up 
to 15 degrees. Nasogastric tube is placed for the duration of 
the procedure, and is removed before the patient leaves the 
OR. Antibiotic prophylaxis is not indicated for elective pro-
cedure. Use of antibiotics should be considered on 
indication.

Access and placement/position of trocars. It is up to the 
surgeon’s preference in which way access to the peritoneum 
is established. Open introduction can be performed at the 
umbilical area just caudally to or transumbilically. In case a 
Veres-needle is used to create the pneumoperitoneum it 
should be inserted not at the umbilicus, but in the left upper 
abdominal quadrant just below the costal margin (Palmers’ 
point). The use of four trocars to perform a laparoscopic cho-
lecystectomy is strongly recommended, and for safe perfor-
mance of the procedure almost mandatory. Before placing 
the trocars local anaesthetics is injected at the incision spot, 
infiltration the abdominal wall at the place of insertion. The 
first trocar, the so-called optical one, through which the lapa-
roscope will be introduced, is placed at the umbilicus. In 
obese patients where the xiphoid-umbilical distance is long, 
supra-umbilical insertion should be considered. While plac-
ing the first trocar to create a pneumoperitoneum use of a 
so-called optical trocar system allowing introduction of tro-
car under direct visual control of a laparoscope should be 
considered. It is recommended to place the second, 5 mm 
trocar at or above the level of the umbilicus in the anterior 

axillary line. After inserting an atraumatic grasper the fundus 
of the gallbladder is grasped and pushed cephalic (cranially). 
In this way the position of the two remaining working ports 
can be optimized. The third trocar is a 5 mm one in the mid-
clavicular line for the surgeons left hand and the fourth one 
for the surgeon’s right hand (10 mm) is placed up to 3 cm 
caudally to the xyphoid to the right of the midline (linea 
alba), i.e. to the right of the ligamentum tereshepatis. One 
should be aware of the superior epigastric artery and vein 
running a few centimetres laterally to the linea alba. For 
location of the trocars, see Fig. 20.2.

One has to bear in mind that introduction of trocars has to 
take place after creating adequate pneumoperitoneum, and 
under visual control. Only after creating peritoneum the 
choice of location of ports can be correctly assessed, and 
optimal ergonomic setting achieved, taking in account cor-
rect manipulation and elevation angles and the distance to 
the target area: the gallbladder.

20.3.2	 �Exploration of the Abdomen 
and the Operation Area

The exploration of the abdomen is mostly focused on the 
upper abdomen, providing no other reasons indicate need for 
extensive exploration of the whole abdominal space. The 
operation area should be thoroughly assessed for the pres-
ence of adhesions, liver pathology, cirrhosis. To determine 
surgical strategy thorough evaluation of the condition of the 
gallbladder, presence of post-cholecystitis fibrosis, shrunken 
gallbladder, or presence of cholecystitis (edema or even 
necrosis of the wall) as well as presence of fragile thin wall 
gallbladder is mandatory. Each of the mentioned conditions 

Fig. 20.1  Patient positioning for laparoscopic cholecystectomy Fig. 20.2  Trocar positioning for laparoscopic cholecystectomy
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necessitate correct choice of instruments to be used and 
determines the way of handling tissue to be able to perform 
the procedure efficiently and safely. When inspecting the 
operation area identification of the sulcus of Rouvière, 
located to the right of the gallbladder between the segment V 
and VI of the liver, allows determining the dorsal border of 
dissection. There are, however, some exceptions: vital struc-
tures of the hepatoduodenal ligament can also be located 
above (ventrally) the level of the sulcus.

20.3.3	 �Dissection of the Anatomic Structures 
of the Triangle of Calot Area, i.e. 
the Cystic Duct and Artery: Achieving 
Critical View of Safety (CVS)

To enable safe dissection of the cystic duct and artery, ade-
quate retraction of the gallbladder to expose the area of 
Calot’s triangle is mandatory. Two atraumatic graspers are 
used to retract and manipulate the gallbladder. One is retract-
ing the gallbladder and the right liver lobe, grasping the fun-
dus of the gallbladder, and pushing/pulling the gallbladder 
cranially almost over the liver. This instrument is held by the 
assistant, static traction holding the gallbladder in position. 
The second grasper is placed at the infundibulum area of the 
gallbladder. This instrument is handled by the surgeon him-
self, and is used to retract the infundibulum anterolaterally 
and slightly caudally (Fig.  20.3). Correct retraction brings 
the cystic duct in position, perpendicular towards the com-
mon bile duct (CBD), and provides optimal exposure of 
Calot’s triangle.

Exposure is enhanced by dynamic retractions, using flag 
movements to visualize posterior and anterior aspect of the 
peritoneal envelope of Calot’s area. Dissection starts at the 

infundibulum of the gallbladder and is performed from front 
(anterior) and back (posterior) of the triangle of Calot. 
Dissecting the posterior sheath of the peritoneal envelope 
enhances the retraction and enables gaining more length of 
the cystic duct. For the purpose of dissection the use of a 
curved or straight dissecting forceps is advised. The use of 
electrosurgical hook counter for dissecting the structure of 
Calot’s triangle is risky and should be abandoned. Dissection, 
using dissector forceps, consist of picking up a small volume 
of peritoneum, fatty or fibrotic tissue, and stripping it of from 
the underlying structures. The use of cautery should be 
restricted to short burst of 2 up to 3 seconds to minimize 
thermal spread to surrounding structures. Power settings of 
the generator, smaller or equal to 20/40 Watt are recom-
mended. Blunt dissection, spreading tissue along the cystic 
duct and artery allows easy clearing fatty and fibrotic tissue 
from the structures. In the same way the gallbladder infun-
dibulum is separated from the liver and cystic plate (gall-
bladder bed is this way brought in sight). One quarter to one 
third of the gallbladder length should be separated from the 
cystic plate. Both cystic duct and cystic artery should be cir-
cumferentially cleared over a length enabling safe placing of 
clips or ligatures to control both structures. Once this is 
achieved there will be two and only two structures left enter-
ing the gallbladder. Two broad windows are created, one 
between the cystic duct and cystic artery, the other between 
the cystic artery and the infundibulum of the gallbladder and 
liver. At this point the dissection of Calot’s triangle is accom-
plished and critical view of safety is achieved (Fig. 20.4). A 
critical view of safety is not a dissection technique, but iden-
tification technique to allow safe control and division of cys-
tic artery and cystic duct [1, 4, 5]. Only after achieving CVS 
one may proceed with division of structures and separate and 
remove the gallbladder.

Fig. 20.3  Retraction of the gallbladder exposing Calot’s triangle Fig. 20.4  Critical view of safety in laparoscopic cholecystectomy
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20.3.4	 �Intraoperative Diagnostic Procedures: 
Intraoperative Cholangiography (IOC) 
and/or Intraoperative Ultrasonography 
(IOUS)

Routine intraoperative cholangiography in course of laparo-
scopic cholecystectomy is recommended for verification of 
anatomy and prevention of CBD-lesions, although it seems 
not to be a general practice in the Netherlands. The discus-
sion regarding the role of cholangiography is ongoing and is 
evoked by a new recently recent published cohort study of 
92,932 patients which concluded that there was no statisti-
cally significant association between intraoperative cholan-
giography and common duct injury [6]. In some countries, 
not performing IOC may be seen as negligence if CBD-
lesion occurs. A viable alternative for IOC is laparoscopic 
intraoperative ultrasonography (LIOU). In experienced 
hands ultrasonography provides both adequate information 
on anatomy and pathology, as IOC does [7]. In case of 
obscured anatomy, if CVS is not accomplished, an intraop-
erative diagnostic procedure should be performed. Emerging 
new technologies such as near-infrared fluorescent cholangi-
ography may in the near future become a substitute of IOC or 
ultrasonography

20.3.5	 �Control of Cystic Artery and Cystic Duct 
and Division of Both Structures

The most clearly applied method of securing the cystic artery 
and duct is the use of clips. Two clips should be placed cen-
trally and one peripherally on each of these structures. The 
distance between central and peripheral clips should be large 
enough to allow safe division of the structure leaving ade-
quate cuff of tissue, minimally one mm away from the clip 
(Fig. 20.5).

It is advisable to divide first the artery and then the cystic 
duct, although it is dependent on the existing access to these 
structures and judgement of the surgeon (Fig. 20.6) [5]. The 
sequence of division may be altered depending on specific 
anatomic situation up to the judgment of the surgeon.

20.3.6	 �Separation of the Gallbladder 
from the Liver

Dissecting the gallbladder from the liver/cystic plate con-
sists of sharp or blunt dissection. Instruments, as scissors, 
cautery spatula, cautery hook, and blunt dissection are 
mostly used. Taking down and transection of the perito-
neum at the edge of the gallbladder, step by step, allows 
preservation of the cystic plate and avoids bleeding from 
damaged liver tissue.

20.3.7	 �Inspection of Operation Field 
and Removal of the Gallbladder

After thorough inspection of the operative field for bleeding 
or presence of bile, rinsing of the operation field with warm 
saline to remove tissue debris and blood is performed. The 
gallbladder can be removed through the subxyphoidal trocar 
site or through the umbilicus. In the latter, the laparoscope is 
changed to the subxyphoidal trocar and the gallbladder is 
removed through the umbilical access wound. When using a 
5  mm laparoscope and a 5  mm trocar at the umbilicus it 
makes sense to remove the gallbladder through the 10–12 mm 
trocar site at the subxyphoidal place.

In case of multiple or large stones the infundibulum of the 
gallbladder is pulled out through the chosen trocar site and, 
after opening the gallbladder small stones are removed and 

Fig. 20.5  Placement of clips on cystic duct and cystic artery

Fig. 20.6  Cutting cystic artery
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easy extraction of the gallbladder than is possible, preferably 
using a retrieval bag. Use of retrieval bag may prevent spill-
age of bile or stones.

In case of large stones: mechanical lithotripsy, using 
strong forceps can be performed to facilitate removal of the 
gallbladder without enlarging/dilating incision, can take 
place. Subsequently after removal of the gallbladder the 
umbilical trocar is inserted and pneumoperitoneum restored. 
Under visual control the trocars are removed. Closure of the 
umbilical access incision as well as the other 10–12 mm tro-
car site fascia is mandatory to prevent a hernia. Use of local 
anaesthetics, injected at the access sides, should be consid-
ered if not done before placement of the trocars.

20.4	 �Intra-operative Complications

In presence of an acute cholecystitis or post-cholecystitis, 
fibrosis and shrinking of the gallbladder increase the chance of 
injury of the biliary tract and portal structures significantly. 
Meticulous operative technique and achieving CVS is critical 
in such cases. If clear identification of anatomy is impossible 
or IOC or IOS cannot be performed, conversion to open sur-
gery should be considered. An alternative in high-risk patients 
is subtotal cholecystectomy. This procedure consists of resect-
ing the fundus part of the gallbladder, removal of the stones 
and closing the remaining part of the gallbladder by suture 
while leaving a Foley-catheter in situ to drain any bile.

In case of bleeding from Calot’s triangle, cystic plate or 
gallbladder bed, the first step is to tamponade the bleeding, 
using a swab or adequate instrument present in the operation 
area. In case of bleeding from the liver bed while the gallblad-
der has not yet been removed, the gallbladder can be used to 
tamponade the bleeding. Subsequently blood and cloths have 
to be removed, and the source of bleeding, if it is still ongoing, 
should be identified. Blind placement of clips or use of cau-
tery in areas of Calot’s triangle is not allowed. Use of clips or 
ligature should take place after visualization and identification 
of the bleeding structure. If the bleeding cannot get under con-
trol, conversion to open surgery should be considered. The use 
of cautery or use of haemostatic material to stop bleeding 
from the liver parenchyma or liver bed is recommended.

20.4.1	 �Bile Spillage and Stones Loss

To avoid infectious complications, fluid collections and 
abscess formation, all lost stones should be as far as possible 
removed without taking risks of causing complications. The 
operation field should be rinsed to remove debris and spilled 
bile. Use of Redon drain placed subhepatically should be 
considered to assure removal of fluids left.

20.4.2	 �Occurrence of Bile in Operative Field

If bile leaks from the gallbladder or from the liver bed a per-
foration or Luschka has to be excluded. An underlying lesion 
of the biliary tract has to be considered. One should try to 
identify the area of the bile leak. Ask for assistance of an 
experienced colleague, if possible. If bile appears in the area 
of triangle of Calot and the cystic duct can be cannulated, 
performing intraoperative cholangiography should be con-
sidered. Conversion only for assessment of the lesion is not 
recommendable. If a major lesion of the biliary tract or other 
portal structures is suspected or identified, repair procedure 
is only recommended if expertise is available (hepatobiliary 
surgery expert). Drainage and referring patient to a center of 
expertise is strongly recommended.

20.4.3	 �Conversion

Conversion to open surgery is not a complication but a 
step to safeguard best possible outcome for the patient. 
Main reasons for conversion are significant bleeding that 
cannot be controlled by laparoscopy, difficulty in visuali-
sation, obscured/unclear anatomy, lack of progress dur-
ing dissection for longer than 15–20 min. However, one 
should consider that in some situations conversion may 
not contribute to a better outcome. In such cases an alter-
native or a “bail-out” manoeuvre is performing a partial 
cholecystectomy.
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Surgical Management of Ductal Calculi

Alessandro M. Paganini, Silvia Quaresima,  
Andrea Balla, and Emanuele Lezoche

21.1	 �Introduction

Laparoscopic cholecystectomy (LC) is the standard treat-
ment for patients with symptomatic gallstones and is one of 
the most commonly performed procedures in abdominal sur-
gery. In patients undergoing laparoscopic cholecystectomy 
for symptomatic gallstones the prevalence of common bile 
duct (CBD) stones is between 8 and 15 % below age 60 and 
increases to 15–60 % in elderly patients [1]. Patients with 
symptomatic gallstones undergoing cholecystectomy should 
therefore be assessed for the presence of CBD stones and 
when these are confirmed they should be treated [1]. The 
methods for diagnosis and treatment of CBD stones are still 
debated.

Two-stage endo-laparoscopic management of gallstones 
and CBD stones (pre- or postoperative ERCP with endo-
scopic sphincterotomy (ES)), and laparoscopic cholecystec-
tomy (LC), has long been standard practice for management 
of CBD stones, instead of traditional open choledocholithot-
omy and cholecystectomy. More recently, single-stage lapa-
roscopic management of gallstones and CBD stones has 
been introduced. In a clinical trial set up by the EAES [2], 
the outcome of single-stage laparoscopic management of 
gallstones and CBD stones was equivalent to the two-stage 
approach, but with a shorter hospital stay. This finding was 
confirmed by a meta-analysis of randomized trials [3] com-
paring single-stage laparoscopic versus double-stage endo-
laparoscopic management, showing no advantage for pre- or 
post-operative ERCP/ES over laparoscopic surgery in elec-
tive patients but with a higher additional procedures’ rate per 
patient in the endoscopic arm (Level of evidence 1a, Grade 
of recommendation A). The single stage laparoscopic 

approach was also associated with significantly less costs as 
compared with the two stage procedure, as demonstrated by 
reports from the U.S.A. [4] and from Europe [5].

21.2	 �Indications and Preoperative 
Work-Up

When evaluating a patient with symptomatic gallstones for 
LC, the possibility of an associated choledocholithiasis must 
be considered. The factors that should be evaluated include:

	(a)	 patient factors, including the patient’s eligibility criteria 
for LC and CBD exploration, and

	(b)	 the predictors of bile duct stones.

21.2.1	 �Patient Factors

To plan the surgical procedure a series of data should be 
obtained. Useful information comes from the patient’s his-
tory, from imaging studies and from laboratory tests.

21.2.1.1	 �History and Physical Examination
A good medical history provides valuable information con-
cerning the ability of the patient to tolerate pneumoperito-
neum and to rule out any bleeding disorder. A disease-specific 
history is also important to identify patients with previous 
episodes of acute cholecystitis, which may increase the risk 
of conversion to open surgery, as well as those at increased 
risk of choledocholithiasis (e.g., those who have had previ-
ous episodes of jaundice, pancreatitis, or cholangitis). 
Physical examination identifies patients whose body habitus, 
such as obesity, may make the operation more difficult and it 
reveals the presence of abdominal scars or incisional hernias 
from previous operations that may anticipate the presence of 
intraperitoneal adhesions.
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21.2.1.2	 �Laboratory Tests
Preoperative blood tests should include liver function, renal 
function, electrolyte, and coagulation studies. Abnormal 
liver function test results, particularly alkaline phosphatase 
and gamma glutamyl transpeptidase levels, may be sugges-
tive of biliary stasis from CBD stones.

21.2.1.3	 �Imaging Studies
Ultrasonography (US) is highly operator dependent, but in 
capable hands it can provide useful information. A shrunken 
gallbladder, a thickened gallbladder wall and peri-cholecystic 
fluid may be predictors of conversion to open cholecystec-
tomy. The presence of a dilated CBD or CBD stones may 
predict choledocholithiasis that should be confirmed, how-
ever, either preoperatively (MRCP or EUS) or intra-
operatively (fluoro-cholangiography or laparoscopic 
ultrasound), before their management is undertaken.

Other preoperative imaging studies of the CBD that are 
aimed at screening the patient for the presence of ductal 
stones include: (i) endoscopic retrograde cholangiopancrea-
tography (ERCP), which should now be a purely therapeutic 
method, considering its morbidity; (ii) magnetic resonance 
cholangiopancreatography (MRCP), (iii) endoscopic ultra-
sonography (EUS), or CT cholangiography. MRCP and CT 
cholangiography have an advantage over ERCP and EUS in 
that they are less invasive. MRCP, however, cannot be 
employed in patients with metal prostheses, such as pace-
makers, and in claustrophobic patients. CT cholangiography, 
on the other hand, cannot be employed in patients with previ-
ous known adverse reaction to iodinated contrast solutions. 
The frequency with which such imaging studies are obtained 
is usually inversely proportional to the technology and exper-
tise for laparoscopic CBD exploration that are available in 
the individual center. When the technology and expertise for 
laparoscopic CBD exploration are lacking, a preoperative 
screening for ductal stones is usually performed in patients 
with positive predictors of choledocholithiasis (selective 
indication). Conversely, in centers where the technology and 
expertise for laparoscopic CBD exploration are present, the 
patient may skip preoperative screening of ductal stones 
altogether and proceed directly to LC with intraoperative 
cholangiography or laparoscopic ultrasound.

21.3	 �Technically Challenging Patients

The surgeon should be able to predict which patients are 
likely to be technically challenging. These include patients 
who have a particularly unsuitable body habitus from obe-
sity, those who are likely to have multiple and dense 
peritoneal adhesions, and those with possible distorted anat-
omy in the region of the gallbladder from previous cholecys-
titis or pancreatitis. Morbidly obese patients present specific 

difficulties and necessitate higher inflation pressures to 
obtain adequate exposure. Patients with a history of multiple 
upper abdominal operations and those with a history of peri-
tonitis may have multiple peritoneal adhesions which make 
access to the abdomen more risky and exposure of the gall-
bladder more difficult. Patients who have undergone gastro-
duodenal surgery, those with a history of acute cholecystitis, 
multiple recurrent biliary colics and severe pancreatitis may 
also be difficult candidates. These patients may present with 
dense adhesions in the region of the gallbladder, the anatomy 
may be distorted, the cystic duct may be foreshortened, and 
the CBD may be very closely and densely adherent to the 
gallbladder. Also the presence of a large gallbladder stone 
that is adherent to the walls of the infundibulum may make 
lateral retraction of the gallbladder difficult. These condi-
tions are not absolute contraindications to a laparoscopic 
approach but the surgeon must be aware that in these cases 
conversion to open surgery, far from being a failure, should 
be considered at an early stage in the operation in the best 
interest of the patient. Failure to recognize this may lead to 
disastrous complications.

21.3.1	 �Predictors of Bile Duct Stones

The presence of stones in the CBD may be investigated pre-
operatively, intraoperatively, or postoperatively. Before elec-
tive LC, it is common practice to classify patients into one of 
three groups, based on the positive predictors of ductal 
stones:

	 (i)	 high risk group, includes patients with clinical jaundice 
or cholangitis and/or visible choledocholithiasis on US;

	(ii)	 intermediate risk group, those who have hyperbilirubi-
nemia, elevated alkaline phosphatase or gamma-GT 
levels, multiple small gallstones and a dilated CBD on 
US, and

	(iii)	 low risk group, those with normal laboratory exams, no 
history of cholangitis or pancreatitis and normal sized 
CBD on US.

With the exception of cholangitis and/or visible ductal 
stones on US, which are the most reliable predictors of duc-
tal stones, the positive predictive value of the indicators of 
ductal stones is low because the prevalence of choledocholi-
thiasis, particularly in younger patients, is also low. If a pol-
icy of selective preoperative investigation of bile duct stones 
is followed in patients considered at high or intermediate risk 
of ductal stones, this may result in a 60–70 % rate of negative 
and therefore useless preoperative examinations, with 
increasing diagnostic burden for the patient, increasing dura-
tion of hospital stay and increasing costs. Moreover, both 
ERCP and ES carry their own risks and in patients who are 
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candidates for LC these risks are additive with the risks of 
surgery.

ES is also associated with long-term morbidity. Late pap-
illary stenosis is reported in 10–33 % of cases with recurrent 
stone formation and cholangitis. Increased incidence of 
bactibilia with chronic inflammation, of biliary hyperplasia 
or atypia and of bile duct cancer have been reported after 
ES. Therefore its use should be a matter of concern, particu-
larly in younger patients.

Low risk patients usually do not undergo any preoperative 
diagnostic study and also intraoperative cholangiography is 
usually omitted in these patients, which results in a 2–4 % 
rate of unsuspected ductal stones which are left behind. In 
approximately two/thirds of these cases the ductal stones 
will not pass spontaneously through the papilla and will 
require ERCP/ES at a later date.

21.3.1.1	 �Intraoperative Screening of Common 
Bile Duct Stones

Intraoperative diagnosis of ductal stones with laparoscopic 
fluoro-cholangiography (IOC) is obtained during the same 
anesthesia and it does not increase the hospital stay. IOC dur-
ing LC is associated with 98 % sensitivity, 94 % specificity 
and 100 % accuracy rates. It should be mandatory in aca-
demic centers where young surgeons are being trained and it 
is a useful technique for training in laparoscopic trans-cystic 
CBD exploration because the required cannulation maneu-
ver is very similar. Shortly after cannulating the cystic duct, 
IOC provides excellent visualization of the entire biliary 
tree. It provides a road map of the biliary tree and the images 
remain for future reference. On the other hand, should an 
iatrogenic biliary injury have occurred, if correctly inter-
preted it allows the surgeon to identify it at an early stage, 
therefore avoiding ductal division and excision (Type III 
injury according to Way’s classification), which continues to 
remain the most severe and most frequent type of biliary 
injury that is observed after LC.

Another interesting option for intraoperative screening 
of ductal stones is laparoscopic ultrasound (LUS), which 
is associated with 100 % PPV, 99.6 % NPV, 92.3 % sensi-
tivity rate and 100 % specificity rate. LUS shares some of 
the advantages of IOC, being obtained during the same 
anesthesia and increasing the safety of LC, but it is 
strongly operator dependent. According to some authors, 
it is better than IOC as it is less invasive and takes less 
time to accomplish. The two imaging techniques are com-
plementary one to the other, with IOC better indicated in 
case of uncertain biliary anatomy and when LUS is not 
available.

Most surgeons, however, advocate the use of selective 
intraoperative imaging of the biliary tree, mostly by IOC, 
during LC.  One reason for this is to reduce the operating 
time. Another reason is that when ductal stones are discovered 

or confirmed at intraoperative imaging, most centers lack the 
technology, expertise and logistics that are required for intra-
operative minimally invasive management of CBD stones, 
whether by laparoscopic or endo-laparoscopic rendez-vous 
techniques.

21.4	 �Patient Preparation

A peripheral central intravenous line is not required for lapa-
roscopic CBD exploration. The same applies for the Foley 
catheter, unless a preoperative diagnosis of multiple and 
large CBD stones is present, and if the operation is expected 
to last more than 2 h. In this case a Foley catheter for the 
duration of the operation is indicated. A naso-gastric tube is 
positioned after general anesthesia is administered and it is 
removed before the end of the procedure.

21.4.1	 �Antibiotic Prophylaxis

Routine preoperative administration of antibiotics to all 
patients undergoing LC with ductal exploration is recom-
mended to reduce peritoneal contamination from spillage of 
bile and stones into the peritoneal cavity.

21.4.2	 �Prophylaxis of DVT

The reverse Trendelemburg position and positive intra-
abdominal pressure lead to venous pooling in the lower 
extremities. This may be minimized by using anti-embolic 
stockings and pneumatic compression devices in every 
patient, together with postoperative low-molecular weight 
heparin.

21.4.3	 �Patient Positioning

In the so called “North American” position, employed by 
the authors, the patient is supine on the operative table and 
the surgeon stands on the patient’s left side (Fig.  21.1). 
The assistant holding the camera also stands on the 
patient’s left side, to the left of the surgeon, while the sec-
ond assistant stands on the patient’s right side. The cart 
with video monitor, camera, light source, and carbon diox-
ide insufflator is positioned on the patient’s right side at 
shoulder’s level. A second light source and camera should 
be available on the same cart, together with a mixer con-
nected to both cameras and video monitor, so as to display 
both the laparoscopic and the choledochoscopic images on 
the same screen. If a mixer is not available, then a second 
monitor should be positioned near the first one on the 
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patient’s right side. It is necessary for the surgeon to have 
both the laparoscopic and choledochoscopic visions at the 
same time. If another video monitor for the second assis-
tant is available, this should positioned on the left side of 
the patient’s head.

Exposure is improved by tilting the operative table in 
reverse Trendelemburg position and rotating it with the 
patient’s right side up. Gravity helps displacing the duode-
num, colon, and omentum away from the gallbladder, 
increasing the working space.

21.5	 �Surgical Technique

After establishing supraumbilical pneumoperitoneum with 
open or closed technique, according to the surgeon’s prefer-
ence and to the presence of scars from previous abdominal 
operations, LC is initiated. Four trocars are usually employed 
(Fig. 21.2). Correct trocar position facilitates both IOC and 
laparoscopic CBD exploration.

The first trocar (T1, 12 mm) is supra-umbilical, to accom-
modate an angled scope (30° or 45°) with camera. Three 
more trocars are then positioned under direct vision.

The second trocar (T2, 12 mm) is introduced two finger-
breadths left of the midline below the costal arch. Unlike 

Fig. 21.1  Patient positioning for 
laparoscopic exploration of the 
common bile duct
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Fig. 21.2  Trocar positioning for laparoscopic exploration of the com-
mon bile duct
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other surgeons, who place this trocar along the midline or on 
the right of the midline, the authors believe the lateral shift of 
the epigastric trocar to the left of the midline to improve the 
coordination of the two operating instruments used by the 
surgeon, which end up to meet almost at right angles inside 
the peritoneal cavity. This facilitates suture of the choledo-
chotomy, should this be required.

The third trocar (T3, 5 mm) is placed along the right ante-
rior axillary line to provide firm cephalic traction to the fun-
dus of the gallbladder with a grasper, so as to expose the 
inferior surface of the liver.

The fourth trocar (T4, 5  mm) is inserted just below the 
costal arch along the right midclavicular line in a position that 
corresponds to the cystic duct, after the grasper entering from 
T3 has exposed the inferior surface of the liver. This trocar 
position is important because after the infundibulum of the 
gallbladder and the cystic duct have been dissected free, the 
cystic duct can be aligned on the same axis of this trocar. By 
doing so, the cholangiography catheter may be safely pushed 
through the cystic ductotomy, taking advantage of the “vis-a-
tergo” on the catheter itself and overcoming the resistance 
offered by continent Heister valves (Fig. 21.3).

As for any patient undergoing LC, the cystic duct is dis-
sected free down to the lateral aspect of the common hepatic 
and common bile duct, to facilitate its cannulation with the 
cholangiogram catheter. The type of cholangiogram catheter 
that is commonly used is a 4 Fr. ureteral catheter, passed 
through a cholangiography clamp.

21.6	 �Trans-cystic or Choledochotomy?

The choice between a trans-cystic or a choledochotomy 
approach to explore the CBD is based on the individual 
patients’ anatomy and ductal stones’ characteristics, as 

shown at IOC. In general, the trans-cystic approach should 
be attempted first because it is less invasive as compared 
to a choledochotomy. A safe choledochotomy requires a 
CBD diameter of at least 8–10 mm and it is indicated when 
any of the following conditions are present: CBD stones 
considerably larger than the size of the cystic duct, multiple 
(more than 5) CBD stones; low and medial cystic duct – 
CBD junction; common hepatic duct stones (Fig. 21.4). In 
the absence of the above conditions, in the authors’ opin-
ion trans-cystic CBD exploration should be the treatment 
of choice.

21.6.1	 �Trans-cystic Approach

The grasper introduced from T3 is moved to grasp the infun-
dibulum, to provide countertraction during the exploration 
maneuvers. All exploration maneuvers are performed 
through T4. If the size of the cystic duct is slightly smaller 
than the size of the CBD stone, it may be gently dilated up to 
a diameter of 6 mm with a balloon ureteral dilator catheter 
inflated with air. The CBD is first explored with a “blind bas-
keting” technique. The cystic duct opening is entered with a 
flat wire stone extractor catheter which is advanced inside 
the CBD for 6–8  cm. When a resistance is encountered 
(sphincter tone), the outer sheath of the catheter is pulled 
backwards to open the basket. The basket is never opened by 
pushing it forward, to avoid trauma on the papilla or on the 
ductal wall. The catheter is then withdrawn from the CBD 
while it is being rotated along its axis, to facilitate capture of 
the stones by the basket. During the extraction manoeuvres, 
gentle external compression on the common hepatic duct is 
exerted with a grasper from the epigastric port to avoid 
stones inadvertently being swept proximal to the cystic duct 
into the common hepatic duct. This exploration manoeuvre 

Fig. 21.3  Cholangiography catheter passed down the cystic duct into 
the common bile duct

Fig. 21.4  Choledochoscope passed down the cystic duct for explora-
tion of the common bile duct
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is simple and it is repeated until all the stones identified at 
IOC have been removed. Next, a completion choledochos-
copy is performed with a flexible choledochoscope or ure-
teroscope. When the cystic duct – CBD junction’s anatomy 
is favourable, the choledochoscope may be directed to 
explore the common hepatic duct and the intrahepatic ducts. 
If control choledochoscopy is negative, the cystic duct may 
be closed with a clip as one would normally do during LC. If 
any stone is still present inside the CBD, it is removed under 
endoscopic control with a 3 Fr. flat wire basket passed 
through the working channel of the choledochoscope. Stones 
that are soft and friable may be fragmented during the explo-
ration maneuvers with the basket. Harder stones that are 
impacted inside the CBD and that are difficult to mobilize 
with a basket, may be fragmented by electrohydraulic litho-
tripsy under endoscopic control. The lithotripsy fiber is 
passed through the working channel of the choledochoscope 
and its tip is placed against the stone under vision. The litho-
tripter is then activated, generating a spark that breaks the 
stone into fragments, which are subsequently removed with 
a basket under vision. It is important to avoid activating the 
lithotripter when the tip of its fibre is near the CBD wall 
because the spark that is generated may damage the ductal 
wall. Smaller stone fragments are flushed away with saline 
irrigation of the CBD through a trans-cystic catheter. To 
facilitate small fragments wash-out, the papilla itself may be 
gently dilated under fluoroscopic vision with a balloon ure-
teral dilator catheter inflated with air. Intravenous adminis-
tration of 1 mg of glucagon may be associated at this time to 
relax the sphincter of Oddi. A completion trans-cystic fluo-
rocholangiogram is routinely performed to check for the 
absence of retained CBD stones or fragments.

After completion of trans-cystic CBD exploration, the 
choice to position an external biliary drainage is taken 
according to the following indications:

	1.	 if fibrin debris or bile sludge are still present inside the 
CBD at the end of the procedure;

	2.	 if any instrumental maneuver on the papilla has been per-
formed, such as papilla dilation or trans-papillary passage 
of the basket, which might be followed by papillary 
edema and possible cholangitis;

	3.	 if a retained stone is demonstrated which cannot be 
removed laparoscopically for technical reasons.

The trans-cystic biliary drainage that is employed is 
derived from a 3 mm. latex T-tube after cutting away its 
transverse branches. One of the two ends is tapered off and 
a small extra hole is cut near this end. After introducing 
the biliary drainage completely inside the peritoneal cavity 
through the epigastric port, its tapered end is introduced 
through the cystic duct opening and is advanced by 2 cm. 

It is then fixed to the wall of the cystic duct with a 4/0 
transfixing absorbable suture on straight needle. The suture 
is passed through both the cystic duct wall and the drain-
age wall, looping it on both sides around the cystic duct 
before knotting it. When a trans-cystic biliary drainage is 
not deemed necessary, the cystic duct is closed with clips. 
If the cystic duct wall is thickened by inflammation and the 
clip is not large enough to close it, the cystic duct may be 
closed with a 4/0 transfixing absorbable suture on straight 
needle.

21.6.2	 �Laparoscopic Choledochotomy

This technique was developed to treat large, multiple ductal 
stones. It is more challenging than the trans-cystic approach 
because it requires laparoscopic suturing expertise but the 
ductal exploration maneuver itself is easier since it is direct.

The authors prefer a transverse rather than a longitudinal 
choledochotomy [6]. The reason is that a transverse incision 
is less apt to be extended, should a larger stone be present. A 
short and transverse choledochotomy interrupts less ductal 
arterioles and its suture gives less ischemia (Fig. 21.5). If the 
stones are larger than the transverse choledochotomy, they 
are preferably fragmented with the lithotripter instead of 
extending the incision. On the other hand, there is a tendency 
to extend a longitudinal choledochotomy when large stones 
are present, and its suture may lead to an hourglass configu-
ration of the CBD and subsequent risk of bile stasis. The 
maneuvers for direct CBD exploration follow the same steps 
as described for the trans-cystic duct approach. A choledo-
chotomy approach allows one to easily explore the common 
hepatic duct as well, a manoeuvre that is usually more diffi-
cult to accomplish through the cystic duct.

After ductal exploration is completed as confirmed by 
completion choledochoscopy, the decision to place a biliary 
drainage is taken according to the previous indications. 
Biliary drainage is obtained either with a trans-cystic duct 
biliary drainage, according to the technique described above, 
or with a T-tube. Ideally, both choledochotomy and cystic 
duct are closed without biliary drainage.

The transverse choledochotomy is closed with one con-
tinuous suture on the left side of the T-Tube. Laparoscopic 
suturing with extracorporeal or intracorporeal knot-tying 
may be time-consuming, particularly at the beginning of the 
experience. A technique of continuous suture of the choledo-
chotomy that avoids the use of knots and avoids placing 
metal clips in contact with the common bile duct was thus 
developed. The suture is an absorbable monofilament 4–0 on 
a straight needle. The thread carries an absorbable Poly-P-
Dioxanone clip placed at 7 cm from the needle and arrested 
by a knot. After two or three stitches have been applied to 
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approximate the edges of the choledochotomy, the suture is 
completed and it requires a second knot. At this point, a 
second absorbable clip is placed on the suture, which is kept 
under tension by the needle-holder.

After the suture is completed, the suture line is tested by 
injecting saline through the T-tube. Should leakage occur, 
the continuous suture may be tightened by pulling at one end 
and applying one more absorbable clip on the suture. A com-
pletion cholangiogram through the T-tube is taken for 
documentation.

If T-tube drainage is not used, the incision is closed by a 
continuous suture with the same technique and the completion 
cholangiogram is done through the cystic duct. Laparoscopic 
cholecystectomy is completed in the usual manner, and a drain 
is placed in the subhepatic space near the T-tube.

21.7	 �Postoperative Care

When a biliary drainage has been positioned intraoperatively, 
the patient undergoes a direct cholangiography on the first 
postoperative day. If the cholangiogram is negative and there 
is free flow of contrast material through the papilla, the drain-
age is closed, it is placed under a medication and the patient 

is discharged. If a residual CBD stone or stone fragment is 
demonstrated at postoperative cholangiography, the biliary 
drainage is used to flush the CBD with saline to aid in clear-
ance of the residual stone fragment. The patient is then dis-
charged with the biliary drainage closed and placed under a 
medication. The biliary drainage is removed 30 days after the 
operation, as a day-hospital procedure, with a direct cholan-
giogram prior to its removal to check again for the absence of 
residual stones. This time interval is required for the develop-
ment of a mature sinus tract around the biliary drainage.

If a residual stone is identified prior to biliary drainage 
removal, the mature sinus tract allows to explore the CBD per-
cutaneously with the 7.5 Fr. choledochoscope in the radiology 
suite under fluoroscopic vision and local anaesthesia. First, a 
soft-tip guide-wire is introduced under fluoroscopic control 
through the biliary drainage into the CBD and through the 
papilla into the duodenum. The biliary drainage is then 
removed leaving the guide-wire in place. Next, the guide-wire 
is introduced inside the working channel of the choledocho-
scope, which is then advanced through the sinus tract until it 
enters the CBD. After guide-wire removal, the residual stone 
is extracted with a 3 Fr. basket under choledochoscopic vision. 
The electrohydraulic lithotripter should be available at this 
time to deal with any residual stone that may be difficult to 
remove with a basket. When the percutaneous approach fails, 
or in patients with suspected residual stones in the absence of 
a biliary drainage, ERCP and endoscopic sphincterotomy are 
employed. In the occasional patient with an impacted CBD 
stone, extracorporeal shockwave lithotripsy (ESWL) may be 
employed, with ERCP and endoscopic sphincterotomy.

21.8	 �Follow Up

After completing the treatment plan, all patients enter a pro-
spective follow-up protocol, which includes: interview by 
the same investigators, aimed at revealing the recurrence of 
biliary symptoms, laboratory exams and ultrasound at 6 and 
12 months for the first year. If any laboratory sign of bile 
stasis appears, MRCP is obtained.

References

1.� �Scientific Committee of the European Association for Endoscopic 
Surgery (E.A.E.S.). Diagnosis and treatment of common bile duct 
stones (CBDS). Results of a consensus development conference. 
Surg Endosc. 1998;12(6):856–64.

2.� �Cuschieri A, Croce E, Faggioni A, Jakimowicz J, Lacy A, Lezoche 
E, Morino M, Ribeiro VM, Toouli J, Visa J, Wayand W. EAES ductal 
stone study. Preliminary findings of multi-center prospective ran-
domized trial comparing two-stage vs single-stage management. 
Surg Endosc. 1996;10(12):1130–5.

Fig. 21.5  Transverse choledochotomy for direct common bile duct 
exploration (Source: Lezoche E, Paganini AM, Guerrieri M. A new 
T-tube applier in laparoscopic surgery. Surgical Endoscopy 1996; 
10:445–8)

21  Surgical Management of Ductal Calculi



152

3. �Martin DJ, Vernon DR, Toouli J. Surgical versus endoscopic treat-
ment of bile duct stones. Cochrane Database Syst Rev. 
2006;(2):CD003327.

4. �Urbach DR, Khajanchee YS, Jobe BA, Standage BA, Hansen PD, 
Swanstrom LL. Cost-effective management of common bile duct 
stones: a decision analysis of the use endoscopic retrograde chol-
angiopancreatography (ERCP), intraoperative cholangiography, 
and laparoscopic bile duct exploration. Surg Endosc. 2001;15(1): 
4–13.

5. �Topal B, Vromman K, Aerts R, Verslype C, Van Steenbergen W, 
Penninckx F. Hospital cost categories of one-stage versus two-stage 
management of common bile duct stones. Surg Endosc. 
2010;24(2):413–6.

6. �Lezoche E, Paganini AM, Guerrieri M. A new T-tube applier in lapa-
roscopic surgery. Surg Endosc 1996;10:445–8.

A.M. Paganini et al.



Part VIII

Pancreas



155© Springer International Publishing Switzerland 2017
H.J. Bonjer (ed.), Surgical Principles of Minimally Invasive Procedures, DOI 10.1007/978-3-319-43196-3_22

Laparoscopic Surgery of Pancreatic 
Body and Tail

Laureano Fernández-Cruz

22.1	 �Introduction

Distal pancreatic resection is commonly performed in 
patients with inflammatory pancreatic disorders for chronic 
pancreatitis and tumours localized in the body and tail of the 
pancreas. The technique, however, varies from surgeon to 
surgeon.

In general, distal pancreatectomy is performed en-bloc 
along with resection of the spleen. Most of the time, the en-
bloc pancreatic-spleen resection is performed for technical 
reasons; it makes the operation short and easy but does not 
offer any special advantage for the patient. Overwhelming 
sepsis in patient after distal pancreatectomy and splenec-
tomy has been reported. Kimura et al. [1] have described the 
technique of preserving both the splenic artery and vein. In 
addition, Warshaw [2] has described a technique of distal 
pancreatectomy in which splenic vessels are ligated both at 
the level of transection of the pancreas and again at the 
splenic hilum, leaving the spleen to survive on blood flow 
through the short gastric vessels. Others have described tech-
niques whereby the pancreas is dissected off the splenic ves-
sels completely.

In recent years, the laparoscopic approach bas been intro-
duced with all the advantages of a minimally invasive proce-
dure [3–5]. The primary differences between the open and 
laparoscopic approaches are the method of access, the 
method of exposure, and the extent of operative trauma. The 
clinical advantages of the laparoscopic approach are the 
reduced length of hospitalization, the reduction in postopera-
tive pain, absence of wound related complications and faster 
recovery.

22.2	 �Laparoscopic Surgery

For suspected benign lesions in the tail of the pancreas the 
patient is placed in the half-lateral position with the left side 
up (Fig. 22.1). The surgeon and assistant stand on the left side 
of the patient and the camera person and scrub nurse on the 
opposite side. However, when suspected malignant lesions or 
big tumors the Lloyd-Davis position of the patient is prefera-
ble and the surgeon is placed between the patient’s legs.

Four 10–5  mm trocars are inserted in the abdominal wall 
3–4 cm above the umbilicus, on the xiphoid area, subcostal on the 
midaxilary line and subcostal to the midclavicular line (Fig. 22.2.).

Pneumoperitoneum is established with CO2. Abdominal 
pressure is monitored and maintained at less than 14 mmHg. 
A 30° scope is used. The liver is explored visually and by 
laparoscopic ultrasonography (7.5 MHz probe, 10 mm diam-
eter; B-K Medical, Gentolfe, Denmark), (LapUS).

22.3	 �Spleen-Preserving Distal 
Pancreatectomy with Splenic Vessels 
Preservation

Step 1  The first step is to start with sectioning the splenorenal 
ligament and dissecting the subjacent fascia lateral to the 
spleen. The splenocolic ligament is divided using harmonic 
scalpel or the LigasureTM device. The splenic flexure of the 
colon is mobilized downward. The gastrocolic omentum is 
widely opened up to the level of the mesenteric vessels, and 
the body-tail of the pancreas is then visualized. The anterior 
aspect of the pancreas is exposed by dividing the adhesions 
between the posterior surface of the stomach and the pancreas. 
Care must be taken to preserve the short gastric and the left 
gastroepiploic vessels. Careful placement of a liver retractor 
creates a substantial working space. A complete dissection of 
the superior border of the pancreas in front of the common 
hepatic artery allows identification of the anterior surface of 
the portal vein. The dissection is continued along the coeliac 
trunk to identify the left gastric artery and the splenic artery.
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Step 2  The inferior border of the pancreas is dissected and 
the body and tail of the pancreas are completely detached 
from the retroperitoneum (Fig. 22.3).

This mobilization of the left pancreas allows visualization of 
the posterior wall of the gland, were the splenic vein is easily 
identified (Fig. 22.4).

The splenic vein is pushed away from the posterior pancre-
atic wall with gentle blunt dissection. Visual magnification 
through the laparoscope permits excellent control of the small 
pancreatic veins, which are coagulated using the LigasureTM 
device, the harmonic scalpel, or clipped with titanium clips. A 

tunnel is created between the splenic vein and the pancreas. 
The splenic artery is identified again through this space using 
blunt careful dissection with a curve dissector (Fig. 22.5).

Step 3  The pancreas is then transected with a 60 mm endo-
scopic linear stapler (Fig. 22.6).

Step 4  The tail of the pancreas is then grasped and retracted 
anteriorly with a 5  mm forceps, and traction is applied to 
expose the small branches of the splenic artery and vein, 
which are coagulated using the LigasureTM device (Fig. 22.6). 

Fig. 22.1  Patient positioning for laparoscopic surgery of the body and 
tail of the pancreas

Fig. 22.2  Trocar positioning for laparoscopic surgery of the body and 
tail of the pancreas

Fig. 22.3  Transecting the splenocolic ligament and opening the retro-
peritoneum (Reproduced with permission of Prof. Laureano Fernandez 
Cruz)

Fig. 22.4  Visualization of the posterior surface of the pancreatic body 
and tail (Reproduced with permission of Prof. Laureano Fernandez 
Cruz)
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The dissection is continued laterally until the splenic hilum. 
The vascular area connecting the end of the tail of the pan-
creas and the spleen is transected with a 30 mm endoscopic 
linear stapler (EndoGIA). Another option is to expose the 
vessels connecting the tail of the pancreas with the splenic 
vessel, which are coagulated.

22.4	 �Spleen-Preserving Distal 
Pancreatectomy Without Splenic 
Vessels Preservation

The technique of spleen-preserving distal pancreatectomy 
without splenic vessels preservation follows the same surgi-
cal step 1 as described above (Fig. 22.7).

Step 2  Lymphadenectomy in the area of common hepatic 
artery, celiac artery and left gastric artery. The splenic artery 
is clipped (7 mm titanium clips) and divided 1–2 mm from 
its origin of the coeliac trunk (Fig. 22.7).

Step 3  The inferior border of the pancreas is dissected and 
the body-tail of the pancreas is completely detached from the 
retroperitoneum. The mobilization of the left pancreas allows 
visualization of the posterior wall of the gland, where the 
splenic vein is easily identified. At this point, the splenic vein 
is divided between 7 mm clips (Fig. 22.8).

Step 4  The pancreas is then transected with a 60 mm endo-
scopic linear stapler (Fig. 22.8).

Step 5  The left pancreas is then lifted up and mobilized pos-
teriorly with the splenic artery and vein. The latter are clipped 
and divided or transected with endoGIA as they emerge from 
the pancreatic tail to enter the hilum of the spleen. 

Step 6  The spleen is kept vascularized solely from the 
short gastric vessels and the left gastroepiploic vessels 
(Fig. 22.8).

Fig. 22.5  Ligation of branches of the splenic vein and artery 
(Reproduced with permission of Prof. Laureano Fernandez Cruz)

Fig. 22.6  Staple transection of the pancreas (Reproduced with permis-
sion of Prof. Laureano Fernandez Cruz) the splenic vein and exposure 
of the splenic artery (Reproduced with permission of Prof. Laureano 
Fernandez Cruz)

Fig. 22.7  Central transection of the splenic artery (Reproduced with 
permission of Prof. Laureano Fernandez Cruz)
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22.5	 �En-Bloc Laparoscopic Distal 
Pancreatectomy with Splenectomy

En-bloc laparoscopic distal pancreatectomy with splenec-
tomy (Lap SxDP) is performed in patients with suspected 
pancreatic malignancy and in patients with ductal adenocar-
cinoma of the body–tail of the pancreas. The principles of 
this operation follow the technique described by Strasberg 
et al. in 2003, called radical antegrade modular pancreato-
splenectomy (RAMPS) [6]. The technical details of this 
operation performed laparoscopically are as follows: The 
patient is placed in the Lloyd-Davis position with the table 
tilted head up. The operating surgeon stands between the 
patient’s legs, and two assistants stand on each side of the 
patient. Four ports are placed: a 10 mm port in the midline 
above the umbilicus for the laparoscope, a 10 mm port in the 
left midclavicular line, 1–3 cm below the costal margin; an 
11  mm port in the left mid-axillary line below the costal 
margin; and 11 mm port in the right midclavicular line. The 
first step is to divide the lienorenal ligament and dissect the 
adjacent fascia lateral to the spleen. The splenocolic liga-
ment is divided using the harmonic scalpel. The splenic 
flexure of the colon is mobilized downward. The gastrocolic 
omentum is widely opened up to the level of the mesenteric 
vessels, and the body–tail of the pancreas is then visualized. 
The anterior aspect of the pancreas is exposed by dividing 
the adhesions between the posterior surface of the stomach 
and the pancreas. The omentum is opened to facilitate iden-
tification of the coeliac trunk and its branches to perform 
regional lymphadenectomy. Careful placement of a liver 
retractor creates a substantial working space. A grasping 
forceps is then passed behind the stomach from left to right 
to facilitate anterior and lateral retraction of the stomach. A 
large lymph node is usually present in the hepatoduodenal 

ligament and the hepatic artery can usually be found just 
cephalic to this. The common hepatic artery is then identi-
fied proximal and distal to the gastroduodenal artery; at this 
point, the lymph nodes are mobilized. A complete dissec-
tion of the superior border of the pancreas in front of the 
common hepatic artery allows identification of the anterior 
surface of the portal vein. This manoeuvre is usually blood-
less and the dissection is continued along the coeliac trunk 
to identify the left gastric artery and the splenic artery. Once 
the lymphadenectomy is completed around these vessels, 
the splenic artery is clipped (7  mm titanium clips) and 
divided 1–2  mm from its origin of the coeliac trunk 
(Fig. 22.9).

The inferior border of the pancreas is dissected and the 
body and tail of the pancreas are completely detached from 
the retroperitoneum. This mobilization of the left pancreas 
allows visualization of the posterior wall of the gland, 
where the splenic vein is easily identified. At this point, the 
splenic vein is divided between 7 mm clips. The pancreas 
is then transected with a 60 mm endoscopic linear stapler. 
The left pancreas is then lifted up and mobilized posteri-
orly with the splenic artery and vein. The lymph nodes 
along the superior border of the body and tail are mobi-
lized. The dissection then proceeds to expose the anterior 
surface of the superior mesenteric artery; in this area, the 
lymph nodes, fat, and fibrous tissue are taken. The dissec-
tion is continued posteriorly and the inferior attachments of 

Fig. 22.9  En-bloc distal pancreatectomy with splenectomy 
(Reproduced with permission of Prof. Laureano Fernandez Cruz)

Fig. 22.8  Transection of the splenic vein (Reproduced with permission 
of Prof. Laureano Fernandez Cruz)
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the pancreas are divided. The inferior border of the pan-
creas is dissected including Gerota’s fascia on the superior 
surface of the kidney. This dissection is continued anterior 
to the adrenal gland which is resected if invaded by tumor. 
When pancreatosplenectomy is indicated, division of the 
lienorenal ligament and division of the short gastric vessels 
are the last step in the procedure. Table 22.1 describes the 
surgical steps using the laparoscopic approach for pre-
sumed benign lesions and for suspected or overt malignant 
lesions.

22.6	 �Enucleation

Laparoscopic enucleation of pancreatic lesions is usually 
performed for neuroendocrine tumors or benign cystic 
tumors assuming do not communicate with the pancreatic 
duct. Bleeding tends to be minimal, there is no reconstruc-
tion required and enucleation is associated with low morbid-
ity and mortality.

The use of intraoperative laparoscopic ultrasonography is 
an integral part of the laparoscopic procedure. After the pan-
creatic tissue is opened at the appropriate site the tumor is 
enucleated taking care not to damage the pancreatic duct 
(Fig. 22.10).
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Laparoscopic 
Pancreaticoduodenectomy

Igor E. Khatkov, Victor V. Tsvirkun, Roman E. Izrailov, 
and Pavel S. Tyutyunnik

23.1	 �Introduction

Laparoscopic pancreaticoduodenectomy has been recently 
adopted as a minimally invasive procedure in pancreatic 
surgery. The first laparoscopic pancreaticoduodenectomy 
was performed by Gagner and Pomp in 1992 [1]. According 
to current data laparoscopic pancreaticoduodenectomy is 
still technically challenging but it seems to be effective for 
patients with pancreatic head and periampullary cancer with 
all the benefits of minimally invasive surgery [2–6]. 
Probably because of its technical difficulties laparoscopic 
pancreaticoduodenectomy is routinely performed by few 
surgical centers in the world. The technique of laparoscopic 
pancreaticoduodenectomy is not standardized and as a result 
the initial learning curve may be difficult.

23.2	 �Patient Selection

Laparoscopic pancreaticoduodenectomy is performed for a 
variety of malignant and benign diseases of the pancreas. 
Still today, surgery is the most effective treatment for the 
pancreatic head cancer, cancer of lower common bile duct 
and peri-ampullary cancer.

Criteria for performing laparoscopic pancreaticoduode-
nectomy are well established and are the same as for open 
pancreaticoduodenectomy.

Patients with meromorphic type of constitution with a 
lower common bile duct tumor with a size between 2 and 
3 cm are the most appropriate candidates for the first laparo-
scopic pancreaticoduodenectomy. Increasing surgical expe-
rience will lead to widening of the indications. Laparoscopic 
resection of portal or mesenteric vein is now technically fea-
sible and safe in experienced centers.

If a surgeon has experience in performing major laparo-
scopic procedures in general and pancreatic surgery, it is 
possible to start any case by laparoscopic approach. 
Intraoperatively, after laparoscopic assessment of the tumor 
by inspection and mobilization, the surgical team needs to 
decide whether to continue laparoscopically or to convert to 
open surgery.

General cancer principles in surgery should not be com-
promised while using the laparoscopic approach to perform-
ing laparoscopic pancreaticoduodenectomy. Extended 
lymphadenectomy does not have any influence on long-term 
survival but is valuable for more accurate staging and 
prognosis.

23.3	 �Operating Room Set Up

The patients is placed with both legs in stirrups to allow the 
primary surgeon to stand between the legs and the first and 
second assistant to the left and right side of the patient. The 
positioning of the patient is shown in Fig. 23.1.

Usually the first trocar is placed right under the umbilicus. 
If the distance between xiphoid process (XP) and umbilicus 
is short (less than half the length of the laparoscopic instru-
ment), the first trocar should be placed 2–3 cm lower than the 
umbilicus. After diagnostic laparoscopy, additional trocars 
are inserted as shown in Fig. 23.2.

The following instruments are used: three fenestrated 
bowel graspers, Maryland dissector, short right angle dissec-
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tor, firm grasper, curved needle driver, ultrasonic dissector 
(Harmonic Scalpel®), pair of scissors, Goldfinger (Ethicon 
EndoSurgery®), straight needle for liver fixation, suction and 
irrigation device, clip applier and endobag. A 30o optics is 
employed.

A straight needle is inserted just next to the xyphoid. The 
liver is lifted and secured in an up right position to the 
abdominal wall by 1–0 suture by means of a straight needle.

The first surgical step is dividing the gastrocolic ligament. 
The gastrocolic ligament is kept stretched with fenestrated 
graspers and divided in a cranio-caudal fashion from the 
short gastric vessels down to the pylorus using an harmonic 
scalpel. In this way the right gastroepiploic artery and vein 
are divided separately using the harmonic scalpel after dou-
ble clipping. Lymphadenectomy of group number 4 and 6 
lymph nodes according to the Japanese Gastric Cancer 
(JGCC) is consequently performed.

The second step involves dissection along the lower edge 
of the pancreas and identification of the superior mesenteric 
vein (SMV). The second assistant tilts the stomach and the 

Fig. 23.1  Positioning of the 
patient

Fig. 23.2  Trocar positioning for laparoscopic pancreaticoduodenectomy
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peritoneum is opened along the lower edge of the pancreas. 
The incision begins at the proximal part of the pancreatic tail 
up to the head of the pancreas. After dissection at the level of 
the middle colic vein, the Superior Mesenteric Vein (SMV) is 
identified. Lymphadenectomy of number 14 lymph nodes is 
performed (Fig. 23.3).

If possible (no adhesion or tumor infiltration) the initial 
steps of tunneling the neck of the pancreas from the SMV 
and PV are performed. If any difficulties are encountered, it 
will be better to first perform the Kocher maneuver.

The third surgical step is the Kocher maneuver which is 
performed as deeply as possible. This maneuver starts with 
division of the peritoneum 1 cm lateral to the descending part 
of the duodenum. The first assistant pulls the duodenum to 
the right by a fenestrated grasper whereas the second assis-
tant pushes the right colon with fat tissue in the opposite 
direction. Lymphadenectomy of lymph nodes number 13a 
and 13b is then performed. The dissection is performed by 
the surgeon with an harmonic scalpel. An incision on the 
upper part of duodenum’s peritoneum is carried out on the 
right side of the hepatoduodenal ligament up to the liver. 
Lymphadenectomy of lymph nodes number 12c and 12 b1 is 
performed. When the mobilization of the pancreaticoduode-
nal complex reaches the lower horizontal part of the duode-
num, the second assistant pushes the duodenum to the left 
whereas the first assistant pushes the transverse mesocolon 
down. The dissection of the lower part of the duodenum is 
carried out when the most distal part of the duodenum is 
mobilized during the transection of the ligament of Treitz. 
Lymphadenectomy of lymph nodes 13a and 13 b is then per-
formed at this stage of the operation.

Mobilization of the uncinate process becomes possible 
after the last two steps of Kocher maneuver. The mobiliza-
tion is started from the deepest part of the lower horizontal 
part of the duodenum toward the end of the incision of the 
peritoneum of the lower edge of the pancreas. The surgeon 
has to be very gentle and precise. He has to clip carefully and 
transect the short veins of the uncinate process. Uncontrolled 
dissection at this point may cause bleeding that is quite dif-
ficult to stop.

The fourth surgical step is inter-aorto-caval lymphadenec-
tomy. The anterior wall of the inferior vena cava (IVC), the 
left renal vein and the anterior wall of the aorta are clearly 
visible after Kocher maneuver. Fat tissue with lymphatic 
nodes in the aorto-caval space is dissected at the level of the 
uncinate process up to the left renal vein. (lymph nodes 
no.16b1). The anterior and left lateral wall of the aorta are 
clearly visible. The prevertebral fascia is a posterior edge of 
the lymphadenectomy in this region.

Inter-aorto-caval lymphadenectomy is still one of the con-
troversial points of discussion in the treatment of pancreatic 
and periampullary cancer. Nevertheless, the inter-aorto-caval 
lymphadenectomy is reasonable because it is safe and pro-
vides better staging.

Dissection of the hepatoduodenal ligament and cholecys-
tectomy is the fifth surgical step of pancreaticoduodenec-
tomy. The operation proceeds to the hepatoduodenal 
ligament. It starts with dividing the lesser omentum (from 
the left to the right) along the lower margin of the left lobe of 
the liver and initial mobilization of the gallbladder. It is eas-
ier to find the left hepatic artery and dissect it in the proximal 
direction up to the proper hepatic artery. Then, using the 
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harmonic scalpel, all the fat tissue with lymph nodes of the 
hepatoduodenal ligament (no.12a1,12a2,12b2,12p2 are dis-
sected). The gallbladder is then removed (pulled down by the 
second assistant) at this stage of the operation. The gastro-
duodenal artery is visualized, dissected and divided between 
double clips. The common hepatic duct is occluded by a vas-
cular clamp in order to prevent bile leakage and consequently 
transected with cold scissors in order to preserve a normal 
wall of the common hepatic duct for anastomosis.

The posterior and left fatty tissue and lymph node groups 
no 12p1,12h 12p1f of the hepatoduodenal ligament are 
removed to the left and transected. Partially, they are removed 
separately from the specimen, being the right part of the hep-
atoduodenal ligament's fat tissue and lymph nodes removed 
with the specimen at the final stage of the operation after 
portal vein (PV) mobilization.

The sixth surgical step involves transection of the stomach 
or the duodenum. The stomach is transected in the middle 
third using a linear stapler. Sometimes it could be transected 
during lymphadenectomy along the hepatoduodenal artery. 
It allows lymphadenectomy performed more easily.

During the laparoscopic pylorus preserving PD, the tran-
section of the duodenum is performed not less than 2  cm 
below the pylorus in order to preserve its function. It is 
important to do that in the direction from the greater to the 
lesser curvature of the stomach, because it provides the most 
appropriate situation for the duodenojejunostomy (DJA).

Transection of the jejunum is the seventh surgical step. 
The deep Kocher maneuver in the lower part of the duode-
num is finished by mobilization of the horizontal part of the 
duodenum. At that moment the surgeon pulls the duodenum 
forward and up with the left hand. The first assistant pushes 
the superior mesenteric vein with the surrounding fat tissue 
back, down and left. The surgeon, using an harmonic scalpel 
with the right hand, dissects the distal part of the duodenum 
free. Dissection under the transverse mesocolon is completed 
with transection of ligament of Treitz. With the help of the 
second assistant the jejunum is pulled into the upper part of 
the abdominal cavity. The mesentery of the jejunum is tran-
sected near the wall of the jejunum using the harmonic scal-
pel 10–15 cm distally of Treitz and the jejunum is transected 
by the linear stapler (45 mm). The transection of the mesen-
tery of the jejunum is continued proximally up to the unci-
nate process and the superior mesenteric vein. At this stage, 
if possible, it is useful to see the superior mesenteric artery 
right below the superior mesenteric vein by pulling the com-
plex strongly forward and to the left (Fig. 23.4). But, if it is 
difficult for some reason, it could be done later.

The eighth surgical step is transection of the pancreas. 
The final tunneling is performed by blind and sharp dissec-
tion using the harmonic scalpel. The pancreas is transected 
by means of harmonic scalpel. It is important to transect pan-
creatic duct by cold scissors in order to provide an adequate 
passage of the pancreatic juice later. The distal part of the 
pancreas is mobilized 3 cm and covered by cotton wool in 

order to prevent the pancreatic juice leaking into the abdomi-
nal cavity.

Final mobilization is the ninth step pancreaticoduodenec-
tomy. The specimen is pulled to the right. At this moment the 
dissection continues towards to the superior mesenteric vein 
and portal vein, dissecting and clipping all short vessels to 
the uncinate process. Pulling the specimen forward, up and 
right (by the surgeon and the second assistant) and pushing 
the superior mesenteric vein to the left (by the first assistant). 
In the majority of cases, it is possible to visualize the supe-
rior mesenteric artery just below the superior mesenteric 
vein (Fig. 23.4). Sometimes it is necessary to push the whole 
specimen to the left side of the patient and pull it to the left 
together with the superior mesenteric vein in order to per-
form the dissection along the superior mesenteric artery.

Sometimes the wall of the aorta has to be visualized and 
fat tissue along the wall of the superior mesenteric artery has 
to be dissected. To perform safe dissection without any 
bleeding requires dissection close to the wall of the artery 
using the harmonic scalpel. With the dissection along the 
superior mesenteric vein and the superior mesenteric artery, 
the mobilization part of the procedure is finished.

The tenth surgical step is resection of the superior mesen-
teric vein. If the tumor infiltrates the portal vein, it is possible 
to mobilize the specimen complex without damaging the 

Fig. 23.4  Exposure of the uncinated process and the superior mesen-
teric vein
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vein. If portal vein invasion has taken place, it would be pos-
sible to perform resection of the portal vein. The resection 
might be a wedge or circular. In such cases, the whole speci-
men is mobilized as usual, and after this the portal vein, 
superior mesenteric vein and splenic vein are mobilized and 
controlled by vascular clamps. If the invasion is localized, a 
partial wedge resection might be carried out and the opening 
of the vein will be sutured using 4.0 Prolene®. When it is 
necessary to perform a circular resection of the infiltrated 
part of the vein, this will be done using cold scissors. If there 
is no tension, an end-to-end anastomosis by 4.0 Prolene can 
be performed. A vascular graft may be used for a patient with 
extended resection of the vein. The choice of the graft 
depends on the diameter of the portal vein or superior mes-
enteric vein. The saphenous vein or an artificial graft are 
both appropriate for such a case. The circular vascular anas-
tomosis could be carried out with running suture by 4.0 
Prolene®.

Reconstruction follows the ten surgical steps to dissect 
and resect the pancreatic head. Obviously, dissection and 
resection are the most difficult and challenging part of pan-
creaticoduodenectomy particularly when a large tumor 
invading the superior mesenteric vein is present. 
Reconstruction is a more straightforward and standardized 
stage of laparoscopic pancreaticoduodenecomy but the qual-
ity of reconstruction will influence the postoperative morbid-
ity and mortality.

All anastomosis are performed on one jejunum loop using 
intracorporeal suturing. For this reconstruction, the surgeon 
works through the trocars on either side of the optics.

For the pancreatojejunostomy, we use in all cases a sin-
gle layer end-to-side dunking anastomosis with interrupted 
sutures. About 20–30 cm of the jejunum loop is carried up 
through the supramesocolic compartment and duodenal 
bed to the upper part of abdominal cavity. It is necessary to 
control the jejunum mesentery’s position in order avoid any 
torsion. The pancreaticojejunostomy is done with 2.0 or 3.0 
nonabsorbable multifilament material. The pancreatic 
stump is stitched from the anterior to the posterior surface 
2–2.5 cm from the cut edge and 0.7–1 cm from the inferior 
part. The jejunum loop is stitched 4–6 cm distal from the 
stump in the middle of the posterior semicircle. The double 
knot is tied with the help of both assistants. The first assis-
tant holds the pancreatic stump and carries out light trac-
tion of the stump to the front. The second assistant pushes 
the jejunum loop as close as possible to the pancreas. At the 
same, time the surgeon ties the knot onto the jejunum wall 
rather than on the pancreas. All the other posterior sutures 
are performed by stitching the pancreatic stump along its 
surface 2 cm distal to the cut edge. All the sutures should be 
quite superficial in order not to damage the main pancreatic 
duct. The distance between sutures is about 1 cm. The last 
suture of the posterior wall is performed the same way as 
the very first one. Using an harmonic scalpel the incision of 
the jejunum is performed along the pancreatic edge, 1 cm 

from the row of sutures. The length of the incision should 
be 1  cm less than the diameter of the pancreatic stump 
(Fig. 23.5).

The anterior row is performed in the same manner as the 
posterior one (parallel to the posterior row of the pancreas). 
It is better to make the upper and the lower sutures one after 
another (an upper at first, after that lower one and finally 2–3 
stitches between). While the surgeon is inserting the stitch, 
the first assistant pushes the pancreatic stump inside the 
jejunum.

The hepaticojejunostomy is performed by two running 
semicircular sutures with 4.0 monofilament. If the common 
bile duct is narrow (less than 5 mm), it should be performed 
by interrupted sutures. The incision of the jejunum wall is 
performed 10–15 cm distal from the pancreaticojejunostomy 
using the harmonic scalpel. The length of the incision should 
be equal to the diameter of the common bile duct. The first 
stitch is performed at 9 o’clock. The free end of the filament 
(without a needle) should be about 3 cm long to enable the 
second assistant to hold it and push towards the patient’s 
right shoulder and elevate the liver at the same time 
(Fig. 23.6).

The first assistant pulls the jejunum in the opposite 
direction so the line of anastomosis becomes parallel to the 
axis of the needle driver. The surgeon stitches the back 
layer of anastomosis with a running suture 2 mm apart. A 
knot is tied at 3 o’clock in order to prevent the stricture of 
the hepaticojejunostomy. The front row of the hepaticoje-
junostomy is performed by the same filament and is fin-
ished at 9 o’clock by tying a knot with the free end of the 
first stitch.

The gastrojejunostomy or duodenojejunostomy is the next 
reconstructive step. In both options the jejunum loop is 
pulled up in antecolic position and an anastomosis is per-
formed 30–40 cm below the hepaticojejunostomy.

For a gastrojejunostomy, the jejunum loop is fixed to the 
lowest part of the gastric stump on the greater curvature by 

Fig. 23.5  Pancreaticojejunostomy
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one stitch. The incisions in the stomach and jejunum are 
performed by monopolar cautery hook, the stapler is 
inserted: one branch in the stomach next to the greater 
curve and another in the jejunal loop. The 45 mm blue car-
tridge is used. The fixation knot is cut off after that and the 
common incision aperture is sutured from the lower part in 
the upper direction by one row running absorbable filament 
material.

For a duodenojejunostomy, an end-to-side anastomosis is 
performed by hand made two row suture. It is not possible to 
use stapler suture in order to preserve the pylorus. The first 
row is performed through the stapled layer of the duodenum 
and jejunum wall parallel to its mesentery by running suture. 
The duodenum and jejunum walls are opened in a longitudi-
nal direction by monopolar cautery hook. Accordingly, the 
internal row of the anastomosis is performed by the same 
running suture and the external row is finished by seromuco-
sal running sutures. The final situation after reconstruction is 
depicted in Fig. 23.7.

At the end of the operation, the abdominal cavity is 
examined for any damage or bleeding and any fluid is 
evacuated. Two drains (in the pancreaticojejunostomy 
and hepaticojejunostomy areas) are inserted through ports 
4 and 5. The greater omentum is pulled up to cover the 
pancreaticojejunostomy so that the gastrojejunostomy 
or duodenojejunostomy are not in direct contact with the 
pancreaticojejunostomy.

The greater omentum is fixed in this position by 2–3 clips. 
It can be done to prevent delayed gastric emptying postop-
eratively. The endobag with specimen complex is removed 
through the widened (3–5  cm) umbilical incision. The 
wounds are closed.

�Conclusion

Laparoscopic pancreaticoduodenectomy is a difficult but 
feasible and safe procedure. Laparoscopic approach 
provides good exposure of the operative field to all mem-
bers of the surgical team and permits a more precise and 
safer operation. It allows the surgeon to perform lymph-
adenectomy following all the principles of cancer surgery. 
The essential criteria for success are to have a motivated 
team of professionals with experience in pancreatic sur-
gery and major laparoscopic procedures.

References

	 1.	Gagner M, Pomp A.  Laparoscopic pylorus-preserving pancrea- 
toduodenectomy. Surg Endosc. 1994;8:408–10.

	 2.	Kendrick ML, Cusati D. Total laparoscopic pancreaticoduodenec-
tomy: feasibility and outcome in an early experience. Arch Surg. 
2010;145:19–23.

	 3.	Palanivelu C, Rajan PS, Rangarajan M, Vaithiswaran V, Senthilnathan 
P, Parthasarathi R, et al. Evolution in techniques of laparoscopic pan-
creaticoduodenectomy: a decade long experience from a tertiary cen-
ter. J Hepatobiliary Pancreat Surg. 2009;16:731–40.

	 4.	Zureikat AH, Breaux JA, Steel JL, Steven J. Hughes can laparo-
scopic pancreaticoduodenectomy be safely implemented? 
J Gastrointest Surg. 2011;15:1151–7.

	 5.	Kim SC, Song KB, Jung YS, Kim YH, Park DH, Lee SS, Seo DW, 
Lee SK, Kim MH, Park KM, Lee YJ. Short-term clinical outcomes 
for 100 consecutive cases of laparoscopic pylorus-preserving pan-
creatoduodenectomy: improvement with surgical experience. Surg 
Endosc. 2013;27:95–103.

	 6.	Boggi U, Amorese G, Vistoli F, Caniglia F, De Lio N, Perrone V, 
Barbarello L, Belluomini M, Signori S, Mosca F. Laparoscopic pan-
creaticoduodenectomy: a systematic literature review. Surg Endosc. 
2014;15.

Fig. 23.7  Completed reconstruction after pancreaticoduodenectomyFig. 23.6  Hepaticojejunostomy

I.E. Khatkov et al.



167© Springer International Publishing Switzerland 2017
H.J. Bonjer (ed.), Surgical Principles of Minimally Invasive Procedures, DOI 10.1007/978-3-319-43196-3_24

Treatment of Severe Complicated 
Pancreatitis

Alfred Cuschieri

24.1	 �Introduction and Pathogenesis

Whilst in the majority of patients, acute pancreatitis is a 
self-limiting disease, in 15–20 % of patients a severe necro-
tising pancreatic/peri-pancreatic process develops accom-
panied by a systemic inflammatory response characterised 
by an activated cytokine cascade and including a destructive 
exaggerated leukocyte tissue response, resulting in a life-
threatening disorder with a reported mortality exceeding 
20 % [1]. There are two subtypes of the necrotizing severe 
disease: (i) early severe acute pancreatitis (ESAP) defined 
as presence of organ failure on admission or soon after and 
accounts for 30 % of patients and (ii) late or delayed severe 
acute pancreatitis. The main factor predisposing to ESAP is 
extensive pancreatic necrosis (odds ratio, 3.8) and in prac-
tice, ESAP more frequently requires necrosectomy and car-
ries an overall higher mortality than the delayed onset severe 
disease [2]. There are different serum markers used as indi-
ces of severe pancreatitis: interleukin-1β, interleukin-6, 
interleukin-18, s-ICAM, C-reactive protein, anti-proteases, 
trypsinogen activation peptide (TAP), carboxypeptidase B 
activation peptide (CAPAP), PMN-elastase and activated 
complement factors.

Bacterial infection of pancreatic necrosis is the most fre-
quent local complication and is associated with the develop-
ment of systemic complications which are responsible for 
the majority of deaths [3, 4]. Organ failure is more frequent 
in patients with infected necrosis and in those with extensive 
pancreatic necrosis. The aetiology of the pancreatitis influ-
ences the microbiology of infected pancreatic necrosis and 
cultures are more often positive in biliary than alcoholic dis-
ease (74 % vs. 32 %). Gram-positive bacteria predominate in 
alcoholic pancreatitis whereas Gram-negative bacteria 
account for the majority of infections in severe biliary pan-

creatitis. Candida infection of the pancreatic necrosis is a 
major problem and is associated with a poor prognosis [5]. 
Recent clinical studies have confirmed that gut permeability 
is increased in patients with severe acute pancreatitis 
(impaired gut barrier function) with increased risk of bacte-
rial/endotoxin translocation from the gut to the systemic cir-
culation [6]. The early use of antibiotics and continuous 
regional arterial infusion of protease inhibitor has been pro-
posed in order to reduce the mortality [7–13]. The best avail-
able guidelines for the management of severe acute 
pancreatitis are those proposed by the Japanese in 2009 (see 
Table 24.1 – reference [14]).

24.1.1	 �Treatment Options

Although necrosectomy is traditionally performed by lapa-
rotomy [15–18], in the last 5–10 years minimal access and 
radiologically-guided approaches [19–23] are increasingly 
used and the growing number of published reports indicates 
that they reduce morbidity (bleeding and intestinal injuries) 
and improve survival significantly. The retroperitoneal 
approach (RPA) allows direct and complete removal of 
necrotic infected tissues and is currently popular [17, 24], 
but the author’s experience is with the operation of infracolic 
pancreatic necrosectomy [25, 26] with continuous irrigation 
and drainage of the lesser sac with the Beger’s technique 
(reference [16]). This procedure is described fully in this 
chapter. It is also used to drain infected pseudocysts via a 
cysto-jenunostomy.

24.2	 �Indications for Surgical Treatment 
and Treatment Options

Treatment of sterile necrosis should be conservative in the 
first instance and should include systemic high dose antibiotic 
(elaborate). However, persistent organ failure that does not 
respond to therapy in the presence of extensive pancreatic 
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necrosis (>50 %) even if this is not infected is an indication 
for necrosectomy. Infected pancreatic necrosis diagnosed by 
radiologically fine needle aspiration of the necrotic area for 
bacteriology (FNAB) constitutes an absolute indication for 
necrosectomy.

24.3	 �Preoperative Work-Up

Patients with established pancreatic necrosis require 
serial contrast enhanced computed tomography or prefer-
ably MRI and if infection is suspected, FNAB is essen-
tial. In some centres ultrasound is used for procurement 
of FNAB.  MRI is increasingly preferred to contrast-
enhanced CT as serial imaging is usually needed in the 
individual patient and this creates radiation risks with 
CT. There are still unresolved issues in the management 
of severe pancreatic necrosis, including antibiotic pro-
phylaxis, indications for and frequency of repeat imaging 
and FNAB, and the role of enteral feeding. However a 
recent Cochrane review reported that early antibiotic pro-
phylaxis reduces the risk of infection of pancreatic 
necrosis.

24.4	 �Laparoscoic Infracolic Necrosectomy

The technique of laparoscopic necrosectomy was first under-
taken in Dundee in 1998. It reproduces the classical open 
necrosectomy to date has been accompanied by reduced 
morbidity and a significant increase in survival rate (90 %). It 
may be carried out totally laparoscopically, or through the 
hand-assisted laparoscopic approach.

Special Instruments  The procedure is greatly facilitated by 
30° forward oblique laparoscope, curved co-axial instru-
ments and flexible ports, prehensile grasper for atraumatic 
gasping of the transverse colon and good pulsed irrigation 
system.

Position of Patient and Ports  The patient is placed in the 
supine position with the surgeon and camera person on the 
right side of the patient and the assistant and scrub nurse on 
the opposite side (Fig. 24.1).

Following induction of capnoperitoneum, the 11.0  mm 
optical port is inserted through the umbilicus and a 10 mm 
30° forward oblique laparoscope is introduced. Two flexible 
instruments ports (for use with curved coaxial instrument) 

Table 24.1  Evidence-based Japanese (JPN) guidelines for the surgical management of acute pancreatitis, excluding gallstone pancreatitis

1. Computed tomography-guided or ultrasound-guided fine-needle aspiration for bacteriology should be performed in patients suspected of 
having infected pancreatic necrosis;

2. Infected pancreatic necrosis accompanied by signs of sepsis is an indication for surgical intervention;

3. Patients with sterile pancreatic necrosis should be managed conservatively, and surgical intervention should be performed only in selected 
cases, such as those with persistent organ complications or severe clinical deterioration despite maximum intensive care;

4. Early surgical intervention is not recommended for necrotizing pancreatitis;

5. Necrosectomy is recommended as the surgical procedure for infected pancreatic necrosis;

6. Simple drainage should be avoided after necrosectomy, and either continuous closed lavage or open drainage should be performed;

7. Surgical or percutaneous drainage should be performed for pancreatic abscess;

8. Pancreatic abscesses for which clinical findings are not improved by percutaneous drainage should be subjected to surgical drainage 
immediately;

9. Pancreatic pseudocysts that produce symptoms and complications or the diameter of which increases should be drained percutaneously or 
endoscopically; and

10. Pancreatic pseudocysts that do not tend to improve in response to percutaneous drainage or endoscopic drainage should be managed 
surgically.

11. Computed tomography-guided or ultrasound-guided fine-needle aspiration for bacteriology should be performed in patients suspected of 
having infected pancreatic necrosis;

12. Infected pancreatic necrosis accompanied by signs of sepsis is an indication for surgical intervention;

13. Patients with sterile pancreatic necrosis should be managed conservatively, and surgical intervention should be performed only in selected 
cases, such as those with persistent organ complications or severe clinical deterioration despite maximum intensive care;

14. Early surgical intervention is not recommended for necrotizing pancreatitis;

15. Necrosectomy is recommended as the surgical procedure for infected pancreatic necrosis;

16. Simple drainage should be avoided after necrosectomy, and either continuous closed lavage or open drainage should be performed;

17. Surgical or percutaneous drainage should be performed for pancreatic abscess;

18. Pancreatic abscesses for which clinical findings are not improved by percutaneous drainage should be subjected to surgical drainage 
immediately;

19. Pancreatic pseudocysts that produce symptoms and complications or the diameter of which increases should be drained percutaneously or 
endoscopically; and

20. Pancreatic pseudocysts that do not tend to improve in response to percutaneous drainage or endoscopic drainage should be managed 
surgically.
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are then placed on each side of the laparoscope. These serve 
as the instrument ports for the surgeon (Fig. 24.2).

The curved coaxial instruments (Storz, Tuttlingen, 
Germany) greatly facilitate the manipulations particularly 
when the lesser sac is entered, but the procedure can be car-
ried out with straight laparoscopic instruments.

24.5	 �Steps of the Laparoscopic Infracolic 
Necrosectomy

24.5.1	 �Elevation of Transverse Colon

This initial step provides the necessary infracolic exposure 
of the lesser sac. The greater omentum is lifted upwards by 
two atraumatic graspers of intestinal clamps until the 

transverse colon is exposed behind it. This may require 
initial division of adhesions binding the greater omentum 
to loops of the small intestine.

The exposed transverse colon is then grasped by a prehen-
sile articulating grasper (Storz, Tuttlingen, Germany) or large 
atraumatic intestinal clamp and elevated upwards to expose 
the inferior surface of the transverse mesocolon and hold it 
stretched over the bulging lesser lessee sac and contents 
behind it. At this stage the patient is tilted slightly head-down 
to improve the exposure. The advantage of the prehensile 
grasper is that it allows ‘ring holding’ of the transverse colon 
and hence reduces the risk of damage to the bowel.

The transverse mesocolon is the rolled over to enhance the 
tense bulge in the lesser sac containing the pancreatic necro-
sis and peri-pancreatic fluid which becomes clearly visible at 
its lower margin as a ‘blue line’ stretching horizontally up to 
the duodeno-jejunal junction/ligament of Treitz (Fig. 24.3).

Fig. 24.1  Patient positioning for 
laparoscopic infracolic 
necrosectomy
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24.5.2	 �Division of the Peritoneum of the 
Inferior Leaf of the Transverse Colon

The peritoneum at the base of the inferior leaf of the trans-
verse mesocolon to the left of the middle colic vessels and 
over the bulging lesser sac is coagulated and divided along 
the blue line by curved scissors to expose the bulging ‘fascia’ 
encasing the pancreatic sequestrum and peri-pancreatic fluid.

The lesser sac fluid surrounding the pancreatic infected 
necrosis is identified and confirmed by needle puncture with 
aspiration of the fluid/pus which is sent for aerobic and 
anaerobic culture and sensitivity (Fig. 24.4).

24.5.3	 �Opening the Lesser Sac and Aspiration 
of Peri-Pancreatic Space

Having confirmed the space by needle aspiration, the fibrous 
layer containing the fluid and the necrosed pancreas and 
peripancreatic fat is divided by scissors just enough to enable 
the insertion of the sucker into the lesser sac. This is used to 
aspirate and wash the closed lesser sac before it is opened 
further for the necrosectomy. This repeated aspiration and 
irrigation by at least 1.0 l of saline of the closed lesser sac is 
very important for reducing the risk of significant bacterial 
contamination of the peritoneal cavity.

Thereafter, the opening in the lesser sac is sac is extended 
(Fig. 24.5) to provide sufficient access for the necrosectomy, 
taking care to avoid damage to the middle colic vessels.

24.5.4	 �Necrosectomy

The visually-guided necrosectomy is carried by a combination 
of ‘pulsed pressure’ irrigation, suction and piecemeal removal 
of the necrotic segments using non-crushing/non-tooth graspers 
or intestinal clamp. The co-axial curved Babcocks and intestinal 
claps instruments are ideally suited for insertion into the lesser 
sac and grasping the pancreatic slough.

Fig. 24.2  Trocar placement for laparoscopic infracolic necrosectomy

Fig. 24.3  The blue line on the inferior aspect of the root of the trans-
verse mesocolon is an indicator of dark peri-pancreatic fluid in the 
lesser sac and confirms pancreatic necrosis

Fig. 24.4  Check aspiration to confirm peri-pancreatic fluid, a speci-
men of which is sent for aerobic and anaerobic culture
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The irrigation is used both to clean the cavity and to dis-
lodge the necrotic pancreatic tissue. Only the loose or loos-
ened necrotic pancreatic slough is grasped and removed. The 
necrosectomy entails piecemeal removal of all the loose 
sequestrum provided there is no bleeding when the necrosec-
tomy is stopped. Adherent slough must not be removed forc-
ibly, i.e., only picking and gentle detachment is allowed. 
Once the necrosectomy is completed, the cavity is given a 
final saline wash and inspected by the laparoscope.

24.5.5	 �Evacuation of the Pancreatic Slough

The necrotic segments may be removed piecemeal each time 
a fragment is picked up. However, to reduce instrument traf-
fic it is better to place them all in a water and rip-proof bag, 
which is exteriorised at the end of the operation through the 
wound made to introduce the large port in the left flank. 
Apart from anything else, this saves on operating time, and 
probably reduces contamination.

24.5.6	 �Insertion of Drains for Closed Irrigation 
of the Lesser Sac

This is a crucial step. Large silicon (10 mm) inflow and out-
flow drains are inserted through separate stab wounds and 
their internal ends guided inside the lesser sac. Both drains 
are secured to the edges of the opening in the fibrous capsule 
by absorbable sutures to prevent dislodgement from the 
lesser sac into the peritoneal cavity (Fig. 24.6). They are also 
fixed to the exit site by skin sutures.

These drains should lie side by side or on top of each 
other. They are used for postoperative hypertonic crystalloid 
irrigation of the lesser sac. For this reason, the irrigation sys-
tem should be checked by injecting saline through the inflow 
drain. Once the necrosectomy cavity has filled fluid, the tur-
bid effluent should return via the outflow drain.

The transverse colon and greater omentum are then 
released and placed gently on top of the drains and the root 
of the small bowel mesentery.

All the port wounds are irrigated with antibiotic solution 
(gentamycin) prior to closure.

24.5.7	 �Postoperative Management

The patients are nursed in HDU or ICU (depending on need 
for respiratory support) after surgery. The irrigation of the 
lesser sac (2 l per 24 h) with hyperosmolar dialysate solution 
is continued until the returning fluid is clear of necrotic bits, 
usually 7–10 days. Antibiotic therapy (imipenem) is main-
tained for 7 days.
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Laparoscopic Surgery of the Spleen

Eduardo M. Targarona Soler

25.1	 �Introduction

Splenectomy may be indicated in the treatment of a number 
of diseases including benign and malignant hematological 
conditions, cysts, trauma or splenic aneurysms. An organ 
situated deep in the left hypochondrium and difficult to 
access, the spleen remains poorly understood with regard to 
its physiology and function. Delaitre (Paris), Carroll (Los 
Angeles) and Poulin (Montreal) were the first to report suc-
cessful laparoscopic splenectomy in humans [1–6].

The spleen is a fragile and highly vascularized organ, 
receiving as much as 20 % of the cardiac output. Many hema-
tological diseases for which splenectomy may be indicated 
are associated with a reduced platelet count, which increases 
the risk of bleeding and spleen enlargement. As well as being 
deeply recessed, the spleen is directly attached to several 
organs. These factors all contribute to the level of difficulty 
in the performance of laparoscopic splenectomy and 
advanced training on the part of the surgeon is required.

25.2	 �Indications and Contraindications

Laparoscopic splenectomy has been applied across the spec-
trum of splenic diseases. Its best indication is the treatment 
of benign hematologic conditions with a normal or slightly 
enlarged spleen, as is seen in ITP (idiopathic thrombocytope-
nic purpura), AIDS-related ITP, hemolytic anemia, or sphe-
rocytosis. Laparoscopic splenectomy for malignancy is more 
controversial because it may require additional resection of 
lymph nodes or even the removal of an intact specimen.

Although splenomegaly is a relative contraindication for 
laparoscopic splenectomy, it is feasible in cases of moderate 
splenomegaly, with a spleen weighing up to 1500 g or a max-
imal dimension of 25 cm. Massive splenomegaly is not an 

absolute contraindication. Experience with devices for 
‘hand-assisted’ laparoscopic splenectomy indicates that mas-
sive splenomegaly could be a good indication for this techni-
cal alternative. Portal hypertension, on the other hand, does 
not appear to be a good indication, but experience is as yet 
scarce.

25.3	 �Set-Up and Patient Positioning

Patients undergoing elective laparoscopic splenectomy do 
not require any special preparation. A preoperative CT or 
ultrasonography is recommended to evaluate the size of the 
spleen or to rule out the existence of accessory spleens (AS) 
whose intraoperative identification may be difficult.

Many indications for laparoscopic splenectomy are related 
to low platelet counts where the risk for intraoperative hemor-
rhage is increased. Several preoperative measures have been 
proposed to increase the number of platelets and/or diminish 
the risk of hemorrhage. These include an intravenous bolus of 
corticosteroids or incremental doses of immune gamma glob-
ulins, mainly in patients with autoimmune thrombocytopenic 
purpura. Poulin et  al. proposed preoperative splenic artery 
embolization to occlude terminal vascular branches and 
diminish the risk of bleeding as well as to reduce spleen size. 
Patients who underwent splenic artery embolization showed 
significantly less intraoperative blood loss and consequently a 
lower rate of emergency blood transfusion (up to 10 % less). 
Splenic artery embolization is an invasive procedure and is 
associated with pain, hemorrhage and hepatic or splenic 
abscesses. Although preoperative splenic artery embolization 
is not recommended routinely for laparoscopic splenectomy, 
it may play a role in massive spleens measuring more than 
25 cm in their maximum dimension. An additional intraop-
erative method to achieve normal platelet count could be 
fresh platelet transfusion. This method is, however, usually 
restricted to patients with ITP related to HIV infection, due to 
the theoretically increased risk of other viral infections 
through pooled platelet transfusion.
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Polyvalent pneumococcal, meningococcal and H. influen-
zae vaccines are administered prior to surgery. Antibiotic 
prophylaxis is initiated immediately preoperatively. 
Laparoscopic splenectomy is performed under general endo-
tracheal anaesthesia. Decompression of the stomach with an 
oral gastric tube is recommended. It is removed upon com-
pletion of the surgery.

Preoperative anti-aggregant therapy is warranted, especially 
in patients with additional risk factors such as myelofibrosis.

25.4	 �Instrument Checklist

Laparoscopic splenectomy can be performed in any operat-
ing room suitable for conventional laparoscopy and does not 
require any special equipment. When available, mobile 
booms and shelves can serve to support video monitors and 
other laparoscopic equipment, reducing operating room clut-
ter. The use of two video monitors improves the surgeon’s 
comfort and efficiency. Laparoscopic splenectomy is usually 
performed using three or four trocars. The laparoscope is 
often moved between the trocars to enhance visualization. If 
a 10  mm scope is used, at least two of the ports must be  
10–12 mm in size whereas if a 5 mm (or smaller) scope is 
used, only one port needs to be 10–12 mm. An angled (30° 
or 45°) laparoscope is most commonly used for LS, although 
some surgeons prefer to use the 0° optic. Most grasping, dis-
secting and cutting instruments used in this procedure are 
5  mm in diameter. It should also be mentioned that mini 
laparoscopic (2–3 mm) instrumentation is being used more 
widely, especially for pediatric patients.

Different methods for hemostasis should be readily avail-
able in the operating room such as: endoloops, clip appliers, 
endovascular stapling devices, electrocautery (mono or bipo-
lar), and computed controlled bipolar cautery (Ligasure™). 
The ultrasonic dissector (Ultracision™) is also a very useful 
tool for spleen dissection. Clips should be used with care to 
avoid their placement in sites where an endostapler may also 
be applied as they can block the functioning of the stapler. 
Endovascular staplers are very useful, mainly for control of 
splenic hilar structures. A durable nylon sack should be con-
sidered key equipment for laparoscopic splenectomy. Such a 
sack must be able to withstand the rigors of the final morcel-
lation process once the spleen is in the bag and prior to speci-
men extraction.

25.5	 �Surgical Anatomy

The important anatomical aspects of the spleen are its vascu-
larization and its great number of relationships with adjacent 
organs. The spleen has in essence a double blood supply: 
short gastric vessels and a main hilar vascular trunk. Although 
highly variable, splenic anatomy has been classified into two 

main patterns: the distributed and the magistral types. The 
more common distributed type (70 %) consists of a short 
splenic trunk with numerous long branches entering the 
splenic hilum. In the magistral type, a long main splenic 
artery divides into short terminal branches in the hilum. 
There are also accessory polar vessels and anastomoses with 
gastroepiploic vessels. These anatomic details require that 
the surgeon be completely familiar with the variable and 
anomalous extrasplenic vascular anatomy.

The spleen is fixed by several ligaments and peritoneal 
folds to the colon (splenocolic ligament), the stomach (gastro-
splenic ligament), the diaphragm (phrenosplenic ligament), 
the kidney, adrenal gland and tail of pancreas (lienorenal liga-
ment). These attachments are avascular and can be safely sec-
tioned under the direct vision and magnified image of the 
laparoscope with the help of the ultrasonic dissector.

Despite the fragility of the splenic parenchyma, its cap-
sule is solid and can be manipulated without rupture if han-
dled with care. Prior to extraction of the spleen, the 
morcellation process (within a durable bag) is facilitated by 
the frail structure of the spleen.

25.6	 �Lateral Approach

The patient is placed in the right lateral decubitus position 
with the flank at the level of the articulating point of the oper-
ating table. The table is broken 20–30° below level in both 
cephalad and caudad portions and the patient is placed in 
moderate reverse Trendelenburg position (Fig.  25.1). This 
serves to maximize the window of access between the 
patient’s left iliac crest and costal margin.

Three trocars are then inserted in the patient’s left upper 
quadrant. An 11 mm port is inserted in the anterior axillary 
line superior to the patient’s anterior superior iliac spine. 
This trocar is used for the endovascular stapler and ulti-
mately for the removal of the spleen. The trocar that is most 
frequently used for the camera is placed in the rim of the 
umbilicus in pediatric and slender patients. For larger 
patients it is often necessary to move this site into the left 
upper quadrant. A left subcostal or subxiphoid trocar is also 
inserted for a retracting or grasping instrument. Finally, a 
dorsal trocar (2 or 5 mm) is placed under direct vision below 
the twelfth rib in the mid to post axillary line. A retracting 
forceps to elevate the lower pole of the spleen is passed 
through this trocar (Fig. 25.2).

Dissection begins with mobilization of the splenic flexure 
of the colon (Fig. 25.3). This is done with a combination of 
sharp dissection and the ultrasonic dissector. The lateral peri-
toneal attachments of the spleen are then incised. A cuff of 
peritoneum is left along the spleen. The retracting forceps 
can be used either to grasp the peritoneal cuff and mobilize 
the spleen medially or placed under the inferior pole to ele-
vate it. In this way the spleen is never grasped directly.
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Dissection of the splenic hilum is begun from the lower 
pole and continued in a cephalad progression. A lower pole 
splenic vessel is often present and should be divided between 
clips or with the ultrasonic dissector.

Once the lower pole of the spleen has been mobilized and 
the polar vessels have been divided, entry into the lesser sac 
is facilitated. With the spleen elevated, the short gastric ves-
sels and main vascular pedicle are tented. The short gastric 
vessels can be divided with the ultrasonic dissector, clips or 

the endovascular stapler. The tail of the pancreas is often vis-
ible at this point of the dissection. The splenic pedicle is well 
exposed and can easily be accessed. The main artery and 
vein, once dissected free, are divided by separate applica-
tions of the endovascular stapler (Fig. 25.4).

If a concomitant procedure such as cholecystectomy is to 
be performed, the patient will need to be rolled supine and a 
further (2 or 5 mm) port introduced into the patient’s right 
upper quadrant.

Fig. 25.1  Patient positioning for laparoscopic splenectomy in lateral 
position

Fig. 25.2  Trocar placement for laparoscopic splenectomy

Fig. 25.3  Dissection of the splenocolic ligament

Fig. 25.4  Stapling of splenic artery and vein
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25.7	 �Extraction of the Specimen

Once the remaining splenic hilar and short gastric vessels 
have been divided, a small cuff of avascular splenophrenic 
ligament is temporarily left in situ. This serves to hold the 
spleen in its normal anatomic position and will greatly facili-
tate placing it into a sack for extraction. The sack is intro-
duced and unfurled. It is then maneuvered over the relatively 
immobile spleen. The final spleno-phrenic attachments are 
then divided and the drawstring on the sack is closed. The 
neck of the sack is withdrawn through the 11  mm trocar. 
Within the sack the spleen is morcellated with blunt clamps 
or by finger fracure and extracted piecemeal. As intra-
abdominal contamination from splenic material and subse-
quent splenosis are to be avoided, great care must be taken to 
insure that the bag is not ruptured. Furthermore, a change of 
gloves after extracting the spleen is recommended. Once the 
entire specimen and sack have been removed, a final laparo-
scopic survey and irrigation are performed.

The introduction of the spleen into the bag may prove dif-
ficult if the spleen is enlarged and can be made easier if the 
bag’s opening is of a large diameter with an aperture device 
controlled from the exterior.

On some occasions, such as in the case of rare primary or 
secondary splenic tumours, the spleen should be retrieved 
intact, though pathologists usually have sufficient diagnostic 
material with the morcellated specimen. In the event that it is 
necessary to extract the spleen intact, an accessory incision 
must be used. This incision can be made in various locations 
on the abdomen or through the widening of a trocar incision, 
or a Pfannestiel or umbilical incision can be made. A poste-
rior culpotomy has also been suggested for extraction of the 
specimen.

25.8	 �Hand-Assisted Laparoscopic 
Splenectomy

In the hand-assisted laparoscopy splenectomy procedure, the 
patient is placed in right lateral decubitus position. With 
massive splenomegaly, the lateral position is reduced to 
30–45° to prevent the spleen from falling. A pneumoperito-
neum is created with a Veres needle inserted into the right 
iliac fossa at a good distance from the spleen. A 12 mm tro-
car is inserted in the periumbilical area to perform an explor-
atory laparoscopy and to select the best site for an accessory 
incision (7–7.5 cm) to insert the hand. It is usually made in 
the right hypogastrium, but in cases of massive splenomeg-
aly it is made in the right subcostal area or in the right iliac 
fossa (Fig.  25.5). Once the incision is made, the device 
(Lapdisc, Ethicon, Somerville, NJ, USA; Omniport, 
Advanced Surgical Concepts Ltd, Dublin, Ireland; Handport, 
Smith Nephew, Andover, MA, USA) is introduced. Usually, 

the non-dominant left hand is then inserted into the abdomen 
to examine the shape of the spleen and surrounding anatomy. 
A second 12  mm trocar is inserted laterally to the laparo-
scope under manual control. All the instruments are intro-
duced using this trocar. When additional retraction is needed, 
a 5 mm trocar is placed in the left flank and an endoretractor 
(Endoflex, Genzyme, Tucker, GA, USA) is inserted to 
expose the anterior face of the spleen. The first step in the 
procedure is to access the retrogastric pouch through the gas-
trosplenic omentum.

The whole of the great curvature of the stomach is freed 
until the short vessels are sectioned with the ultrasonic shears 
(Ultracision™, Ethicon, US) or bipolar device (Ligasure™, 
Valleylab, US). The splenic artery is located by palpation in 
the upper border of the pancreas and a ligature or clip is 
placed to interrupt the inflow of blood into the spleen. The 
hand then mobilizes the spleen medially to expose its poste-
rior surface and the retroperitoneal adhesions are dissected. 
The splenic hilum and pancreatic tail are bluntly dissected 
with the hand. Using this dissection, the endostapler can be 
placed in the splenic hilum in such a way that it can be fired 
without tension, sparing the pancreatic tail. Once the hilum 
is controlled, the upper pole is dissected from the posterior 
attachments and the spleen is freed. In most cases, the spleen 
is retrieved intact through the accessory incision. However, 
in cases of massive splenomegaly, a sterile plastic bag 
(Endocatch II, Tyco, Norwalk, CN USA) or a bag used for 
liver harvesting during liver transplantation is introduced 
into the abdomen and the spleen is placed inside it and then 
morcellated. It is then removed in large pieces through the 
7 cm incision. Although most authors prefer the surgeon’s 
non-dominant hand for intra-abdominal insertion, some 
favor the assistant’s.

Partial splenectomy may be indicated in selected cases. 
Anatomical requirements for partial splenectomy include a 

Fig. 25.5  Placement of hand port and trocars for hand port assisted 
laparoscopic splenectomy
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distributed vascular irrigation of the spleen, with segmental 
branches originating out of the spleen. The segmental anat-
omy of the spleen facilitates partial splenectomy, because a 
clear transection line is easily observed after the ligature of 
the branches that irrigate the area to be excised. Partial sple-
necomy is particularly indicated in children and with local-
ized splenic diseases such as masses or cysts located in either 
pole of the spleen.

25.9	 �Specific Complications of the 
Technique(s), How to Avoid Them, 
and Management of Complications

Independently of any complications inherent to laparo-
scopic surgery in general (e.g. related to pneumoperito-
neum, injuries from trocars), laparoscopic splenectomy is 
associated with several potential perioperative complica-
tions that the surgeon should be aware of and be able to 
treat. The greatest potential problem is hemorrhage, which 
can be of three types: from a small calibre vessel (short gas-
tric or polar vessels), a larger vessel of the hilum, or the 
splenic parenchyma. The first type of hemorrhage, though 
not life threatening, can become quite a hindrance to the 
operation as rapidly accumulating blood may impede vision, 
but it can also be easily stopped with clips, electrocoagula-
tion or the ultrasonic dissector. Hemorrhage from a larger 
vessel may be an indication for immediate conversion to 
laparotomy. It is best prevented by delicate dissection of the 
artery and vein to prevent rupture of smaller splenic and 
pancreatic blood vessels. The dissected artery and vein 
should then be clipped prior to any movement of the spleen. 
The rigidity of the clamping instruments alone can suffice to 
injure these vessels. Hemorrhage originating in the paren-
chyma is less dangerous and can be managed either by 
clamping the artery or applying slight pressure with gauze, 
or electrocoagulation.

Another potential complication of laparoscopic splenec-
tomy is injury to the tail of the pancreas. Proper dissection 
and placement of the endostapler can avoid this problem. 
The use of the lateral approach to laparoscopic splenectomy 
allows the splenic hilum to lengthen and this permits the 
endostapler to be used without risk of damaging the pancre-
atic tail. A further possible complication of laparoscopic 
splenectomy is perforation of the diaphragm during dissec-
tion of the superior pole of the spleen. A small puncture may 
be quickly amplified by the presence of pneumoperitoneum, 
causing a pneumothorax. This can be controlled laparoscopi-
cally and with a pleural drain.

Other complications reported with laparoscopic splenec-
tomy include deep vein thrombosis, portal vein thrombosis, 
pulmonary embolus and wound infection. Recent reports 
have suggested a higher incidence of portal thrombosis with 

laparoscopic splenectomy. No clear relation to pneumoperi-
toneum has been found, but close monitoring of postopera-
tive thrombocytosis and preoperative antiaggregant therapy 
is warranted, especially in patients with additional risk fac-
tors such as myelofibrosis. It is interesting to note that par-
ticularly in the largest series of laparoscopic splenectomy, 
there is a remarkably low incidence of deep surgical infec-
tion or subphrenic abcess.

25.10	 �Limitations, Caveats 
and Controversies Related 
to the Technique(s)

While performing LS the surgeon must always be mindful of 
the possibility of the existence of accessory spleens, particu-
larly in the treatment of ITP or spherocytosis. Accessory 
spleens are present in 10–30 % of patients and can be found 
in the splenic fossa next to the colon or the stomach as well 
as in the omentum or below the mesocolon. They should be 
excised at the beginning of the procedure, otherwise they 
may be mistaken for hematomas as the operation progresses. 
Laparoscopic ultrasonography or a radioisotope detection 
probe for intraoperative identification of accessory spleens 
has been suggested but their efficiency has not been estab-
lished. Accessory spleens may cause therapeutic failures of 
splenectomy and can require repeat intervention. Some cases 
of laparoscopic treatment of accessory spleen left in situ 
have been published.

Moderate splenomegaly (spleens of less than 20  cm in 
length or approximately 1000 g) does not constitute a clear 
contraindication to LS yet may be associated with greater 
technical difficulty in performing the procedure. This is 
especially true during the steps of mobilization of the spleen 
and its introduction into the sack. It should be noted that dis-
section of the splenic hilum is not rendered more difficult in 
cases of splenomegaly because the vascular structures remain 
in their normal anatomic position and may even become 
somewhat elongated and therefore easier to ligate and divide. 
The advantages of laparoscopic splenectomy for massive 
splenomegaly are not yet well established. Liberation of the 
posterolateral ligaments of the superior pole of an enlarged 
spleen can be particularly difficult. When the spleen is ele-
vated with endoseparators, access to the posterior aspect of 
the superior pole is blocked. When the organ size is such that 
it crosses the midline and reaches all the way to the iliac 
crest, it is extremely difficult to introduce the spleen into a 
sack intracorporeally and it is preferable to extract the speci-
men through an accessory incision. It has been proposed that 
the spleen be fragmented into five or six pieces within the 
abdomen and then be extracted through a Pfannestiel inci-
sion, but this method is not generally endorsed due to the risk 
of subsequent splenosis.
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25.11	 �Laparoscopic Treatment for Other 
Splenic Disorders

An interesting indication for laparoscopic surgery of the 
spleen is in the treatment of primary cysts or (secondary) 
cysts following splenic trauma. The most accepted treatment 
approach is the observation of lesions of less than 5 cm, but 
larger cysts require excision due to the risk of rupture, hem-
orrhage, or infection. Splenectomy has been considered the 
treatment of choice for benign cystic lesions of the spleen. 
Other less invasive alternatives such as percutaneous aspira-
tion often lead to recurrence of the cysts. In the last few 
years, organ conserving techniques have been developed and 
reported with good results, including partial splenectomy 
and partial excision of the cysts. In 1985, Salky et al. per-
formed the first laparoscopic treatment of a splenic cyst, aid-
ing in the wider application of laparoscopic surgery. 
Extirpation of the cyst is safe, effective and less aggressive 
than splenectomy. If the cyst is located in a difficult area for 
a conservative approach (hilum or superior pole), total sple-
nectomy is recommended.

The laparoscopic approach has also been suggested for 
the treatment of splenic aneurysms. Hashizume et  al. suc-
cessfully treated an aneurysm of the splenic artery, ligating 
both ends of the aneurysm while preserving the spleen.

The use of laparoscopy for the diagnosis of intra-
abdominal injuries has been recommended for years but was 
not widely used until laparoscopic cholecystectomy became 
common and videolaparoscopy caught the interest of abdom-
inal surgeons. Many studies throughout the 1970s and 1980s 
proved the usefulness of laparoscopy in the detection of 
intra-abdominal injuries. Two prospective randomized stud-
ies comparing exploratory laparoscopy with peritoneal 
lavage have demonstrated similar sensitivities (100 %), 
although laparoscopy showed superior specificity. These 
studies suggest that laparoscopy may serve a role in the 
exploration of cases where peritoneal lavage has not pro-
duced a definitive diagnosis.

Therapeutic laparoscopy has also been described for 
splenic injuries. The techniques most commonly used are 
aspiration of clots, application of a hemostatic agent for cap-
sular splenic tears, and placement of an absorbable mesh in 
the case of a highly mobile spleen.

Specific “Tips and Tricks”

	 1.	 Carefully evaluate the anatomy of the spleen (CT 
scan) and the patient’s biological status (coagula-
tion parameters).

	 2.	 Select the table position (full lateral, semilateral or 
supine) depending on the volume and shape of the 
spleen.

	 3.	 Consider using the Hasson technique and avoid 
tearing the spleen when inserting a trocar.

	 4.	 After laparoscopic examination, consider conver-
sion to HALS if the size of the spleen hampers its 
mobilization.

	 5.	 If HALS is used, consider making the port inci-
sion below the sternum or costal margin as it per-
mits conversion through a subcostal incision.

	 6.	 Control the artery first. It is easily located and 
simple clipping or ligature permits a reduction in 
spleen volume.

	 7.	 A large upper or lower pole located near the mid-
line implies increased technical difficulty.

	 8.	 Locate the tail of the pancreas. Enlarged nodes 
may hamper localization.

	 9.	 Assure hemostasis, as it may be more difficult 
than after open surgery.

	10.	 Drainage is advised in the presence of clotting 
anomalies or oozing surgical field.
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Adhesiolysis for Bowel Obstruction

Wilhelmus J.H.J. Meijerink

26.1	 �Introduction

Laparoscopic treatment of bowel obstruction is one of the 
most challenging procedures in laparoscopic surgery. 
Adhesions can be wide spread through the abdomen, both 
omentum and bowels can be adhered to the anterior and lat-
eral abdominal wall (Fig. 26.1). The presence of dilatation of 
bowel loops make the procedure even more complex. Almost 
in all cases small bowel is involved (Fig. 26.2). The ascend-
ing and descending colon are less involved in adhesions as 
they are already attached to the lateral bowel wall. The trans-
verse colon and flexures are frequently involved in adhesions 
with omentum but are less frequently involved in complete 
obstruction because of a relative wide lumen and strong mus-
cles. Sigmoid can be obstructed in the pelvis due to severe 
adhesions and cause functional outlet obstruction.

Two distinct clinical situations have to be considered: sur-
gical therapy with adhesiolysis in the acute situation with a 
clear obstructive moment and the presence of an ileus, or a 
more chronic obstruction in which intermitted (partial) 
obstruction and chronic abdominal pain are the major 
complaints.

In obstruction it is important to consider the cause of 
functio laesa. Advanced malignant processes may cause both 
obstruction of loops with metastases, but also cause obstruc-
tion with ingrowth in abdominal and intestinal nervous sys-
tem. Especially gynecological malignancies are known for 
this fenomenen. Adhesiolysis in widespread ovarian or 
colorectal cancer very rarely resolves obstruction due to 
bowel paralysis by nerve injury. Also in prior untreated 
inflammatory bowel disease, treatment is generally conser-
vative with high-dose steroids and biologicals. Surgical 
treatment is necessary when conservative treatment fails. 
Intra-abdominal abbesses are primarily treated with CT scan 

guided drainage. In case of multiple (interloop) abscesses 
(laparoscopic) surgical treatment might be necessary.

26.2	 �Acute Bowel Obstruction

Acute bowel obstruction is a medical emergency. Morbidity 
and mortality are dependent of early recognition and treat-
ment. Evaluation, diagnosis and treatment must be started 
immediately as the patient arrives in the hospital. Bowel 
obstruction can vary from a single fibrotic string somewhere 
distal from the duodenum to multiple incarcerated loops in 
complex obstructions. Symptoms however are similar with 
(severe) abdominal pain, abdominal distention, vomiting and 
constipation. Depending from the level of obstruction, vom-
iting, distention or lack of stools can be the most prominent 
signal. After resuscitation and diagnostic tests, a decision for 
further treatment can be made. Diagnostic tools include 
monitoring of vital signs, laboratory results, X-ray, CT scan 
or ultrasound. Present radiological imaging techniques can 
reliably distinguish between simple obstructions and more 
complex situations with volvulus, closed loops, incarcerated 
(internal) hernia’s or inflammatory masses (e.g. Crohn). 
Level and severity of the obstruction has to be estimated en 
depending from results, treatment can be conservatively or in 
many cases surgical. Postoperative adhesions are the most 
common cause of bowel obstruction (60 %) and chronic 
abdominal complaints. Adhesions are more seen after appen-
dectomy, colorectal surgery and gynecological procedures. 
Previous surgery in the pelvis and lower abdomen, are more 
prone to adhesions and obstruction the upper GI surgery. 
Other causes of adhesions (even in the absence of previous 
surgery) include inflammatory processes, (subclinical) 
appendicitis, Diverticular disease, and especially after fecal 
peritonitis. Diffuse obstruction such as in Crohn’s disease, 
peritoneal carcinomatosis or radiation enteritis are com-
monly treated conservatively, whereas acute obstruction in a 
“virgin” abdomen, incarceration, bowel ischaemia or volvu-
lus need emergency surgical treatment.
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In acute bowel obstruction the role of laparoscopy is lim-
ited and timing is extremely important. Delaying surgery 
increasingly complicates the laparoscopic treatment because 
of the ongoing dilatation of bowel loops and a progressive 
loss of working space in the abdomen. Also bowel loops 
become more and more vulnerable to surgical trauma and 
lack of adequate visualization hampers adequate laparo-
scopic treatment. The advantage in case of conversion could 
be the proper place of incision.

26.3	 �Chronic Bowel Obstruction

Chronic and intermittend bowel obstruction are difficult situ-
ations both for the patient and the surgeon. Chronic abdomi-
nal pain and obstruction as seen for example in severe 
postoperative adhesions, radiation enteritis, multiple intra-
peritoneal metastases or sclerosing peritonitis are not easily 
resolved with surgery. (Extensive) Resection of bowel seg-
ments or cutting adhesions usually only relieves symptoms 

for a very short period of time. Preoperative surgical coun-
seling is crucial to limit patients’ expectations towards the 
final result of surgical treatment.

26.4	 �Procedural Considerations in Acute 
Bowel Obstruction

An adequate and extensive anamnesis is crucial. Previous 
(surgical) history and underlying disease are of utmost 
importance to understand the cause and possible localization 
of adhesions and obstruction. An anamnestic distinction 
between a high or low bowel obstruction often can be made 
based on patients information and symptoms (nausea, vomit-
ing, constipation). The severity, duration and associated 
complaints are important.

Physical examination starts with observation. Is abdomi-
nal distension present? Umbilicus can be flattened as symp-
tom of an extension of the abdomen. One should look for 
possible herniae either in previous scars as in the groin. On 
auscultation peristalsis can vary from clear and present 
bowel movements in case of a mechanical obstruction, to 
absent in case of a paralytic ileus. Percussion is high tym-
panic in case of extended bowels. On palpation the abdomen 
is tender and painful over the abdomen.

26.5	 �Diagnosis

Laboratory results do not reveal information about local-
ization and cause of obstruction. In case of bowel obstruc-
tion serum chemistry including urea and creatinine and 
complete blood count are indicative for severity and dura-
tion of obstruction. C-reactive protein and white blood cell 
count indicate accompanying inflammation and duration 
of obstruction. Elevated lactate dehydrogenase tests are 
indicative for acute mesenterial ischemia or bowel 
necrosis.

Plain abdominal x-rays in 2 views are in over 60 % accu-
rate in simple obstructions. Sonographie has a high negative 
productive value in small bowel obstruction, but in case of 
extended bowel loops filled with air, the added value of 
sonography is limited. CT scanning is in majority of cases 
study of choice. Intravenous contrast combined with oral 
contrast enhance the diagnostic quality of the CT-scan. 
Distention of bowel loops, free abdominal air, inflammatory 
masses, free fluids, abscesses, affected parts of the bowel and 
absence of air in the distal bowel parts can easily be identi-
fied. Stenotic traject can be visualized in most cases and are 
indicative for the cause of obstruction. Except for clear 

Fig. 26.1  Adhesive band causing ischemia of small bowel

Fig. 26.2  Small bowel after lysis of adhesive band
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obstructing fibrotic strings, adhesions can not be visualized. 
(MRI-) Enteroclysis has limited value in the acute situation. 
In partial, chronic or intermittent small bowel obstruction, 
enteroclysis may add valuable information about stenotic 
bowel loops and localization.

26.6	 �Treatment

Initial emergency treatment is directed to resuscitation of the 
patient. Aggressive fluid administration combined with gas-
trointestinal decompression by nasogastric tube, analgesia 
and anti-emetic drugs and stabilization of blood pressure and 
respiratory function is dependent of the initial presentation 
of the patient. After initial stabilization of the patient, early 
surgical treatment in strangulated and complete bowel 
obstruction is warranted. In simple complete bowel obstruc-
tion initial conservative treatment may be followed by surgi-
cal treatment within 24–48  h when conservative therapy 
fails.

26.7	 �Set-Up

–– Requirements for laparoscopic adhesiolysis
–– Basic laparoscopic instruments and atraumatic bowel 

graspers
–– Sealing devices are needed sporadicly in case of 

resection
–– 0 or preferably 30° scope. A 5 mm HD scope facilitates 

different port positions
–– Screens on both sides of the patients

26.8	 �Required Skills

Excellent dexterity and intracorporal suturing capabilities.

26.9	 �Port Placement

An open introduction of the first port is mandatory in all 
cases with expected adhesions and/or dilated bowel loops 
caused by obstruction. In case of previous midline scars, 
other possible entry points should be considered, preferably 
outside the area with expected adhesions and adhered bowel 
loops. A balloon port (Hassontrocart) can be very useful to 
prevent loss of pneumoperitoneum during the procedure. 
After entry of the abdomen laparoscopic inspection is done 
to judge if laparoscopic treatment is possible. Next ports are 

placed under direct vision at appropriate places, depending 
from the adhesions and expected working area.

26.10	 �Procedure

After open introduction, inspection and port placement, a 
sharp dissection of adhesions can be done. One should 
refrain from electrocoagulation as much as possible to pre-
vent thermal injuries to adhered bowel loops. Serosal tears 
should be oversewn by intracorporal sutures with braided or 
monofilament threads. One should look for the transition of 
dilated bowel loops to collapsed loops. This is suggestive for 
the presence of a fibrotic string. In case of a string, one can 
cut the string with scissors. The involved bowel segment 
should be inspected carefully to exclude focal necrosis and 
subsequent perforation. In many cases, adhesions are multi-
ple, without one specific obstruction. The complete small 
bowel should be inspected to exclude other obstructive 
moments. Non-obstructive adhesions can be left. Preventive 
(total) adhesiolysis is considered to be ineffective.

If a malignant process or intraperitoneal metastases are 
present, one or more segment resections can be necessary. A 
small laparotomy can facilitate the resection. In case of gross 
metastases and involved radix of the mesentery with multiple 
enlarged loops, surgical therapy is less successful as bowel 
nerve involvement is likely. Bowel strangulation rarely 
occurs when carcinomatosis is present. A long postoperative 
recovery can be expected in these cases and in some cases 
patients are dependent on parenteral nutrition for a prolonged 
period.

Incarceration and adhesions of bowel loops after surgery 
in the small pelvis can be very challenging. Adhesions to the 
pelvic wall and especially the promontory and sacrum after 
excision of the mesorectum can be very dense and fibrotic. 
The presence of ureters, iliac vessels and sacral venous ves-
sels, make this procedure even more challenging. 
Laparoscopic management of these adhesions is extremely 
difficult. A small pfannenstiel incision and open adhesiolysis 
is recommended.

Adhesiolysis in incarcerated hernia can be easier than 
they look at first sight. Careful retraction of entrapped bowel 
loops reveal adhesions to the anterior abdominal peritoneum 
and hernia sac. Sharp dissection without cautery is advised. 
Concomitant exterior manipulation of the hernia (by prefer-
ence by using one hand of the operating surgeon) can facili-
tate reduction of bowel loops and expose adhesions which 
would otherwise be difficult to expose. The incarcerated 
bowel has to be inspected closely for possible serial tears and 
(partial) necrosis. When no necrosis is present and segment 
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resections are not necessary, a laparoscopic hernia repair can 
be considered in the same procedure.
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Diagnostic Laparoscopy in Suspected 
Appendicitis and Laparoscopic 
Appendectomy

Agneta Montgomery

27.1	 �Introduction

Acute appendicitis is the most common inflammatory dis-
ease of the abdominal cavity. Open appendectomy has been 
the gold standard for treatment. After the introduction of the 
laparoscopic appendectomy by Semm in 1983 it has spread 
world-wide and is now a routine operation in many hospitals 
[1]. Numerous studies have been performed comparing lapa-
roscopic appendectomy to open appendectomy and a sum-
mary of some meta-analyses is given below.

In a meta-analysis of 39 randomized control trials (RCT) 
comparing laparoscopic appendectomy to open appendec-
tomy included almost 6000 patients. Laparoscopic appen-
dectomy was associated with; earlier resumption of liquid 
and solid intake, shorter duration of hospital stay, reduced 
analgesic consumption, earlier return to work and normal 
life, less wound infections, better cosmesis, similar hospital 
costs but a longer operative time [2].

Laparoscopic appendectomy compared to open appen-
dectomy in children demonstrated only reduced hospital stay 
in uncomplicated appendicitis after laparoscopy. In compli-
cated appendicitis laparoscopic appendectomy was associ-
ated with fewer complications over all, lower rate of wound 
infections, shorter hospital stay, fewer bowel obstruction epi-
sodes but an increased incidence of intra-abdominal 
abscesses and a longer operation time [3]. A total of 100,000 
patients were included in these analyses.

In another meta-analysis, 15,000 patients older than 
60 years of age were included [4]. Laparoscopic appendec-
tomy was associated with lower mortality, fewer complica-
tions and shorter hospital stay. No differences were seen in 
operative time, wound infections or intra-abdominal collec-
tions compared to open appendectomy.

When comparing laparoscopic appendectomy to open 
appendectomy in obese patients the laparoscopic technique 
showed fewer wound infections, shorter hospital stay, no dif-
ference in intra-abdominal abscess rate but a longer opera-
tion time resulting in a 50 % reduction in morbidity and a 
66 % reduction in wound infections [5].

In conclusion, laparoscopic appendectomy seems favour-
able in most situations and no major disadvantage has been 
demonstrated compared to open appendectomy. When add-
ing the possibility to perform a diagnostic laparoscopy as 
introduction of the operation the advantages seem even more 
tempting for the patient.

27.2	 �Indications

Almost all patients would gain from a diagnostic laparos-
copy that will confirm a diagnosis. The laparoscopic 
approach shows most benefits in fertile women because gyn-
aecological disorders can mimic appendicitis. A benefit is 
also seen in obese patients due to fewer postoperative infec-
tious complications [6].

Contraindications for laparoscopy in the acute abdomen 
are few. After former abdominal surgery one should avoid 
the area of scars while placing the first trocar. The sub-costal 
areas are recommended, in scarless areas, where adhesions 
usually are minimal. From this position one could decide, 
due to the competence of the surgeon, whether to proceed 
laparoscopically or to convert. Most elderly patients with co-
morbidities can tolerate a laparoscopic procedure when 
using low intra-abdominal pressure and careful tilting. These 
patients are the once to gain the most from minimally inva-
sive surgery after the operation. There is no contraindication 
for laparoscopy when general peritonitis is present confirmed 
by the SAGES guidelines [6]. Laparoscopic appendectomy 
is not recommended in ongoing pregnancy. A meta-analyse 
suggests with available low-grade evidence that laparoscopic 
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appendectomy in pregnant women might be associated with 
a greater risk of fetal loss than in open appendectomy [7].

27.3	 �Preoperative Work-Up

Acute appendicitis is mainly a clinical diagnosis and the 
indication for operation is based on medical history and clin-
ical findings of local peritonitis in the right lower quadrant. 
Ultrasound (US) is non-invasive and might be a useful com-
plement for differential diagnosis particularly in children. 
Computed tomography (CT) is a second choice that could be 
considered to exclude other disorders particularly in elderly 
and obese patients.

Blood chemistry including electrolytes, haemoglobin, 
white leukocyte count and CRP is standard in former healthy 
patients. A validated appendicitis inflammatory response 
score, developed by Andersson et al, is a useful tool for the 
diagnosis of acute appendicitis [8]. This is shown to outper-
form the well-known Alvarado score.

27.4	 �Operating Room

A single dose of prophylactic antibiotics is given immedi-
ately before surgery and thrombo-embolic prophylaxis in 
risk patients according to local routines. A peripheral i.v. line 
is usually sufficient in low risk patients. A naso-gastric tube 
and a Foley catheter are recommended in all patients. An 

empty bladder is important in order to minimize the risk of 
harming the bladder at the supra-pubic trocar placement. 
This is especially important in children were also an empty 
bladder could reach above the symphysis pubis and care 
should be taken at trocar insertion.

The patient is positioned flat on the operating table with 
the left arm along the side. No anaesthetic arc is used in order 
to have the camera assistant comfortable positioned at the 
left shoulder according to Fig.  27.1. The patient is tilted 
slightly head down and rolled towards the left for maximal 
comfort of the working team and for good surgical access.

27.5	 �Surgical Technique

27.5.1	 �Accessing the Abdominal Cavity

The operation is always initiated by a systematically planned 
diagnostic laparoscopy. An open access to the abdominal 
cavity is recommended using a small skin incision transver-
sally hidden in the umbilical fold for maximal aesthetics. A 
trocare placement above the umbilicus could be recom-
mended to get a somewhat larger distance to the right fossa. 
This is especially valuable in children and people with a 
short torso. The Verres needle technique has been shown to 
be the only associated factor for complications when access-
ing the peritoneal cavity [9]. To use the safest possible tech-
nique for access is especially important in emergency 
laparoscopies. The technique is to be used around-the-clock, 

Fig. 27.1  Patient positioning for 
laparoscopic appendectomy
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by residents and surgeons that might have less experience in 
laparoscopic surgery in their ordinary day practice. Patients 
might have paralysis and distended bowels or peritonitis. 
Patients with suspected appendicitis are usually young and 
many are children. A special precaution is needed in young 
patients since the peritoneum contains more collagen than in 
elderly and is very resistant to penetration by a trocar. These 
patients are also often slim and the large vessels are close to 
the abdominal wall. The open access technique has been 
proved to be easy to use and safe [10, 11].

The intra- abdominal trocar position is checked by the 
camera and the insufflation is initiated. It is recommended to 
keep a low pressure level since several emergency patients 
with peritonitis and associated diseases could be sensitive to 
high pressure levels, but also to extreme tilting. An intra-
abdominal pressure above 10 mmHg is nearly never needed 
and 7 mmHg is almost always enough. To roll the patient to 
either side can often be enough for accessing the abdominal 
cavity instead of extreme tilting. The latter can induce car-
diac arrhythmia. It is wise as a surgeon to be able to follow 
the Electrocardiography (ECG) monitor in order to predict 
the anaesthesiologist complaining. The abdominal cavity is 
roughly checked for pathology, peritonitis and fluid 
collections.

Two more trocars are used. The second, a 5 mm trocar, is 
placed under vision of the camera in the left lower quadrant 
lateral to the epigastric vessels and in case of unclear diag-
nose another 5 mm trocar is placed, to later be covered in the 

hair line, above the symphysis pubis. It is wise to use a 
grasper on the inside as an anvil, especially in children, at the 
third trocar placement. In case of a clear appendicitis judged 
as accessible for laparoscopic appendectomy a 12 mm trocar 
can be placed directly (Fig.  27.2). It is recommended to 
make an incision in the fascia longitudinally including the 
peritoneum to facilitate the 12 mm trocar placement, which 
could be very hazardous especially in children.

27.6	 �Diagnostic Laparoscopy

The operation is always initiated by a systematically planned 
diagnostic laparoscopy. The right lower quadrant is initially 
viewed to localise and judge the status of appendix if possi-
ble. In case of a normal appendix a thorough systematically 
diagnostic laparoscopy is eligible for diagnosis.

Start to examine the peritoneum for local or generalised 
peritonitis and omental reactions (oedematous and/or adher-
ent to organs or to the abdominal wall). Proceed to examine 
the pelvic area and to look for fluid collections of different 
kinds (serous, bloody, bile, pus, intestinal content). Fluid 
collections are also commonly seen lateral to the right liver 
lobe in the Morrison´s pouch and provide a clue of the 
pathology at hand.

The gynaecologic organs are thoroughly examined in 
females and rectum and sigmoid colon are checked for 
pathology. In case of gynaecological pathology a second 

Fig. 27.2  Trocar placement for 
laparoscopic appendectomy
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opinion from a gynaecologist is recommended (Fig. 27.3). If 
this is not possible, images should be saved for daytime 
consultation.

The diagnostic laparoscopy goes clockwise; the right 
colon, gallbladder, liver, duodenum, stomach, transverse 
colon, left colon is checked. At last the small intestine is 

checked by careful manipulation, using non-traumatic grasp-
ers in a gentle way, starting from the ilio-caecal angel in a 
retrograde manner looking for a Meckels diverticulum or 
other pathology (Fig. 27.4).

In case of a clear diagnosis of appendicitis a reduced pro-
cedure for diagnostic laparoscopy can be performed taking 

a b

c d

e f

Fig. 27.3  Gynaecological disorders at laparoscopy. (a) ovarian cyst. (b) Endometriosis of the right ovary. (c) Torsion of the adnexa with gangrene. 
(d) Intra-tuber pregnancy. (e) Pyosalphinx. (f) Perforated pyosalpinx with pus in the pelvis
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the clinical situation into account. A gynaecological exami-
nation in females is though mandatory.

In case of no identified pathology a macroscopically nor-
mal looking appendix should be left in place. A diagnostic 

laparoscopy can safely be performed with a very low compli-
cation rate [12]. The complication rate after removing a 
healthy appendix equals that of removal of a gangrenous 
appendix [13].

a b

c d

e f

Fig. 27.4  Other differential diagnosis at laparoscopy. (a) Normal 
appendix. (b) Lymfadenitis in the mesentery of the small bowel in the 
ileo-caecal angel. (c) Perforated Meckels diverticulum. (d) Sigmoid 

diverticulitis. (e) Torsion of appendicis epiploica. (f) Mesenteric band 
causing small intestinal obstruction
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27.7	 �Laparoscopic Appendectomy

The meso-appendix is grabbed in order not to harm an un-
perforated appendix using an atraumatic grasper or prefera-
ble a Babcock that can host some volume of tissue without 
squeezing it. The dissection follows the appendix leaving a 
“lump” of the meso-appendix distally on appendix for grab-
bing. This way the artery will be divided distally avoiding 
bleeding form the mesoappendix and making the specimen 
easier to extract. The dissection can be done with a monopo-
lar hook or a dissecting forceps (Fig. 27.5). In heavy inflam-
mation and/or a retro-caecal position an ultrasonic shears is 
of great help for dissection also for security reasons in keep-
ing a clean and blood free field.

The taenia libre of the right colon is followed to identify 
the base of the appendix. The appendix is preferable divided 
using a linear stapler with a blue cartridge, Fig. 27.6. This is 
definitely worth the price for security reasons. This is an 
emergency operation involving many surgeons on call. The 
stapling technique is easy to learn, gives a secure staple line, 
easy to inspect, and is fast. The simplest 30 mm device can be 
used. When using these as a routine, the prize can be negoti-
ated with the company and the prize will hopefully equal the 
prize of three endo-loops, which would be the alternative.

The appendix is grasped including the linear stapler line 
for retrieval, retracted and covered within the 12 mm port 
before extraction of the port. A retrieval bag should be used 
when the appendix does not fit within the port. For larger 
specimens the fascial insicion can be elongated (skin usually 
not needed) by cutting along port in the midline if needed. 
The appendix is sent untouched (in order not to destroy for 
diagnosis) for pathological examination.

The abdominal cavity is cleaned. In contaminated situa-
tions a culture is recommended. Meticulous cleaning is rec-
ommended of the pelvic area, the right fossa and Morrison’s 
pouch using suction only. Installation of saline should be 
avoided, or only used very locally, in order not to spread the 
contamination.

Ports are retrieved under camera vision. The fascia is 
sutured for port-sites >5  mm, except in children, were all 
port-sites are closed. Intra-cutaneous wound closure is rec-
ommended for cosmetic reasons and to avoid an extra call 
for staple or suture retrieval.

27.8	 �Conversion to Open Appendectomy

Conversion should be performed when operation does not 
proceed or when a complication occurs. A second opinion is 
always good before converting if available. One should 
always consider using a midline incision since better expo-
sure could be achieved especially when a resection is forth-
coming. An extended grid incision usually ends by cutting 
into the rectal muscle medially and dividing muscles and 
inter-costal nerves laterally. The end result of this is often an 
incisional hernia and/or chronic pain. This can be avoided 
using the midline were a hernia is fare easier to repair and 
leaves the patient with less sequels.

27.9	 �Learning Curve

There are no studies to indicate the number of operations 
needed to become a skilled surgeon for LA. A total of 20 LA 
is attained in a few works of resident training in the Guidelines 

Fig. 27.5  Creating a ‘window’ between the base of the appendix and 
the meso-appendix

Fig. 27.6  Stapler transection of the base of the appendix
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on LA from Italy [14]. Initial experience of laparoscopic sur-
gery in an elective setting is of course of main importance to 
become skilled also in an emergency setting. The learning 
curve is always individual, but a thorough mentorship is 
mandatory around the lock in order to keep up the quality of 
LA.  One suggestion is to have an official license at the 
department in two steps, first for DL followed by a second 
for LA. This is a successful tool used in our department for 
years. This licence system increases confidence for the com-
petence of the operating surgeon for staff members at OR, 
for the resident and for the surgeon on call.

27.10	 �New Techniques

Single Incision Laparoscopic Surgery (SILS) using a special 
multiport umbilical trocar is an increasing trend with the aim 
to reduce trauma to the abdominal wall by having just one 
trocar site. The technique is basically the same as ordinary 
LA to the price of loss of triangulation, need of special 
instruments and higher costs. There is no difference in out-
come demonstrated in a meta-analysis by Pisanu et al. [15]. 
Caution on interpreting the results should be taken since the 
results are based mainly on observational studies.

Natural Orifice Transluminal Endoscopic Surgery 
(NOTES) must be regarded as experimental surgery so far. In 
a European register, “EURO-NOTES”, 33 appendecto-
mies were reported to be performed either trans-gastric or 
trans-vaginal [16].

27.11	 �Postoperative Care

Naso-gastric tube and Foley catheter could usually be 
removed after finishing the operation. Antibiotics and 
trombo-embolic treatment postoperative should follow local 
routines. Patients are normally put back on oral diet the day 
after operation if no contraindication has been identified. 
Patients with a phlegmonous or non perforated appendix can 
usually leave the hospital within 24  h after operation. 
Information on the operation and on the risk of complica-
tions should be carefully explained. Follow up is performed 
following the routines of the department.

Patients in need of intravenous antibiotics or having had a 
serious infection would need hospital care until recovery. 
Postoperative ileus is often seen in these patients. In pro-
longed fever, deep infection should be suspected, and an US 
should be performed and a drainage be inserted if appropri-
ate. Scenarios on complications could be numerous and 
needs to be handled from the clinical situation.
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Laparoscopic Right Colectomy

Luigi Boni, Giulia David, and Elisa Cassinotti

28.1	 �Introduction

Jacobs et al. first reported a case of laparoscopic right colectomy 
was in 1991. Since then several reports, large series and ran-
domized controlled trials proved that laparoscopic right colec-
tomy is equal to open surgery in terms of oncological results. 
Furthermore, minimally invasive approach to right colon has 
also been proved safe and feasible for benign disease. Recent 
data also demonstrated that the laparoscopic approach has sev-
eral advantages in comparison to open techniques including 
shorter postoperative stay, lesser use of analgesia, shorter post-
operative ileus, reduction in wound related complications and 
incisional hernia rate and faster return to normal life activities.

28.2	 �Indications

The indications for laparoscopic right colectomy are the 
same as for open surgery, including malignant disease, 
benign polyps not suitable for endoscopic resection, inflam-
matory bowel disease, bleeding from arterovenous malfor-
mations, obstruction and cecal volvulus and diverticular 
disease of the right colon.

28.3	 �Contraindications

There are no absolute contraindications to laparoscopic right 
colectomy other than those related to specific patient’s con-
ditions such as advanced pregnancy, uncorrectable coagu-

lopathy, increased intracranial pressure, severe congestive 
heart failure, respiratory insufficiency, severe chronic liver 
disease and all the other general contraindications to laparo-
scopic surgery. Locally advanced stage of disease it is not a 
contraindication itself unless peritoneal carcinomatosis, suit-
able for peritonectomy and intraoperative chemotherapy, is 
present.

28.4	 �Preoperative Work-Up

During preoperative colonoscopy tattooing of small lesions is 
recommended especially for tumors located at some distance 
from the cecum in order to be sure of exact site and the level 
of lymphadenectomy (see ahead). Contrast enhanced abdomi-
nal CT scan has to be performed in order to complete the pre-
operative staging hence to identify liver metastases and to 
evaluate the T stage of the tumor, especially to demonstrate 
duodenal infiltration. Preoperative evaluation will include rou-
tine blood test, carcinoembryonic antigen (CEA) in case of 
malignant disease, electrocardiogram and chest X-ray. Bowel 
preparation is not recommended but patient has to be on low 
fiber diet at least 1 week before surgery. Barium enema should 
be given the night before surgery in case of constipation. 
Prophylactic IV antibiotics should be administered according 
local hospital policy. Compressive stocking should be applied 
to prevent deep venous thrombosis. Foley catheter is placed in 
a sterile manner and, once oral-tracheal anesthesia is com-
pleted, temporary oro-gastric tube should be placed in order to 
empty the stomach and prevent aspiration. Venous central line 
is usually not required since fast-track post-operative protocol 
and early oral intake will be applied.

28.5	 �General Operative Settings

The patient is placed in supine position with left arm along-
side the body. Security devices, such as belts and shoulder 
holders, will guarantee body position during the procedure 
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(Fig.  28.1). In selected cases (i.e. female patients where 
transvaginal specimen extraction is scheduled or patients 
with hepatic or proximal transverse colon lesions where 
extensive middle colic artery dissection is recommended) 
lithotomy position should be preferred.

28.6	 �Instrumentation

Instruments required for laparoscopic right colectomy are:

•	 30° 10 or 5 mm scope
•	 High definition camera
•	 CO2 insufflator
•	 Light source
•	 High frequency generator
•	 Advanced energy source (according to surgeon’s 

preference)
•	 One 12 mm, one 10 mm and two 5 mm trocars
•	 Atraumatic forceps
•	 Hook
•	 Scissors
•	 Suction and irrigation device
•	 Clip applier
•	 60 mm articulated linear stapler and cartridges
•	 Needle holders
•	 Retrieval endoscopic bag
•	 Wound protector

28.7	 �Surgical Technique

Patient is prepped with iodine or alcohol based solution from 
half to the chest to the sovra-pubic abdominal area; sterile 
drapes are place and secured. The main monitor or the lapa-
roscopic tower is placed on the right side of the bed, towards 
patient’s shoulder and adjusted according to surgeon’s 
preferences.

The operating surgeon, the camera holder as well as the 
assistant stand on the patient’s left side, while the scrub nurse 
on the right. Pneumoperitoneum is induce either with Veres 
needle (place in the left subcostal region) or with open 
approach for the first 10 mm port (or 5 mm in case 5 mm 
scope is used) that is inserted in the left flank 1 cm below the 
umbilicus along the left middle clavicular line. The remaining 
trocars are placed under direct vision as follows (Fig. 28.2):

•	 12 mm trocar, for the right hand of the surgeon, in left 
upper quadrant, along the left mid-clavicular line, 5 cm 
below the costal margin

•	 5 mm trocar, for the left hand of the surgeon, in the sovra-
pubic quadrant

•	 5 mm trocar, for the assistant, under left costal margin

28.8	 �Surgical Steps

Once the trocars are placed the patient is placed in mild 
reverse Trendelenburg position tilted to the left side in order 
to move most of the small bowel in the left iliac fossa, expos-
ing the mesentery of the right colon. Procedure begins with 
exploration of the abdominal cavity in order to assess the 
feasibility of laparoscopic procedure, to identify the tumor 
(whether it could be located on the caecum, on the ascending 
colon or on the hepatic flexure) and to search for macro-
scopic peritoneal deposits or superficial hepatic metastases. 
The assistant will gently grab the transverse colon and the 

19°

20°

Fig. 28.1  Patient’s position for right colectomy

10 mm 
scope

12 mm

5 mm

5 mm

Fig. 28.2  Trocar position
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omentum and will move it upwards exposing the caecum, the 
terminal ileum and the axis of the superior mesenteric artery 
which will be an useful landmark for the first part of the pro-
cedure. The surgeon, using an atrumatic forceps in his left 
hand, retracts the mesocolon of the ascending colon anteri-
orly and laterally in order to lift the pedicle of the ileocolic 
vessels (Fig. 28.3). At this point using a hook monopolar the 
peritoneum at the level of the origin of ileocolic vessels from 
superior mesenteric axis is dissected and ileocolic artery and 
vein are isolated and divided between clips. During this 
phase of the procedure, in order to achieve a complete 
lymphadenectomy, at least the superior mesenteric vein 
should be partially exposed (Fig. 28.4). After the division of 
ileocolic vessels, the duodenum is identified and gently 
detached from the mesentery of the right colon.

At this point, following the route of the superior mesenteric 
vessels upwards, towards the transverse colon, the lymphade-
nectomy is completed; during this phase, if present, the right 
colic vessels can be divided using an advanced energy source. 
In case of tumor located at the level of the cecum/ascending 
colon, the main trunk of the middle colic artery can be preserved 
while its right branch is clipped and divided (Fig. 28.5). On the 
other hand, for tumor of the hepatic flexure/proximal transverse 
colon, the middle colic artery should be dissected, clipped and 
divided at its origin. Procedure carries on with dissection of the 

Toldt’s fascia that separates the right mesocolon from the retro-
peritoneal organs. The surgeon, lifting the ileocolic pedicle with 
his left hand, gently proceeds with dissection along an avascular 
plane pushing down the Toldt’s fascia preserving the retroperi-
toneal structures such as the second and third duodenal portions, 
the head of the pancreas and the right kidney. The right ureter 
and gonadal vessels lie underneath the fascia, so if dissection is 
made along the correct plane, there is no need to identify them. 
Following the avascular plane up to the transverse colon, the 
mesentery is finally opened, exposing the liver surface. At this 
point the gastrocolic ligament is put under tension by the assis-
tant on one side and by the left hand of the surgeon on the other 
side and it is divided medial to lateral toward the right colic 
flexure. Procedure carries on with transection of the transverse 
colon using an articulated linear stapler choosing the cartridge 
according to tissue thickness. The assistant gently retracts 
upwards the ileocolic pedicle in order to expose the mesentery 
of the terminal ileum; that will be divided approximately 5 cm 
from the ileo-caecal valve. Marginal arteries are cauterized with 
advanced energy device. The terminal ileum is then transected 
using surgical stapler. By applying traction on the divided ileum, 
full mobilization of the lateral attachments is carried out, from 
the cecum up to the transverse colon. In case of “difficult” 
hepatic flexure it might be useful to complete the mobilization 
starting from the transected transverse colon towards the 
ascending.

The specimen is then inserted into an endobag and tempo-
rarily placed above the liver; the surgical field is checked for 
hemostasis.

28.9	 �Anastomosis

The restoration of bowel continuity can be performed intra 
or extracorporeally depending on surgeon’s preferences. 
Nevertheless intracorporeal approach carries several advan-
tages such as the possibility to choose the most suitable 
extraction site, including the transvaginal route, reduced 
risk of torsion of the small bowel, limited tension to the 

Fig. 28.3  Exposure of the ileo-colic pedicle

Fig. 28.4  High Ligation of ileo-colic vessels

Fig. 28.5  Exposure of the middle colic pedicle
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mesentery that could lead to bleeding as well as a smaller 
abdominal incision.

28.9.1	 �Intracorporeal Anastomosis

The ileum is approximated to the transverse colon in order to 
perform an intracorporeal isoperistaltic side to side anasto-
mosis; the assistant will help holding the bowel to better 
expose the two segments in front of the surgeon. During this 
phase it is recommended to remove the bed tilting and the 
reverse Trendelemburg position. Using monopolar hook two 
small enterotomies are created on the antimesenteric edge of 
the ileum and on the free taenia of transverse colon. An artic-
ulated linear stapler is introduced through the 12 mm port 
and gently advanced on both sides of the bowel through the 
enterotomies (Fig. 28.6).

Anastomosis is checked for bleeding and the bowel defect 
is closed with a two layers running suture with absorbable 
material. Specimen is then extracted through a sovrapubic 
mini-Pfannestiel incision (performed including the sovrapu-
bic port site) using a wound protector or, in selected female 
patients, performing a colpotomy on the posterior aspect of 
the vagina.

28.9.2	 �Extracorporeal Anastomosis

In those cases where extracorporeal anastomosis is per-
formed, the pneumoperitoneum should be reduced gradually 
in order to choose the most suitable location for the mini-
laparotomy according to the position of the transverse colon, 
that most of the time will be sovraumbilical, along the mid-
line. Since accidental twisting of the small bowel has been 
reported after extracorporeal anastomosis, the terminal ileum 
and transverse colon can be approximated intracorporeally 
and fixed with stay sutures. At this point the mini-laparot-
omy is carried out, the specimen is extracted after position-
ing of a wound protector and the ileum and transverse colon 
previously fixed are exteriorized. Ileo-colic side to side iso-
peristaltic mechanical anastomosis is then performed accord-
ing to surgeon’s preferences.
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Left Colectomy and Sigmoidectomy

A.M. Lacy and M. Fernández-Hevia

29.1	 �Introduction

Laparoscopic surgery has emerged as the procedure of 
choice for many intrabdominal disease processes. At the 
beginning laparoscopy was used for diagnostic purposes. 
Surgical technology development allowed to perform thera-
peutic procedures as laparoscopic appendectomy was origi-
nally described by Semm in the early 1980s.

It was not until, Muhe in Germany in 1985 and Mouret in 
France in 1987 described laparoscopic cholecystectomy that 
this approach did not acquire more interest. Next years other 
procedures were performed by laparoscopy as anti-reflux 
surgery, adrenalectomy, splenectomy, pancreatic surgery, 
liver resection or intestinal surgery. Fifteen years after first 
laparoscopic cholecystectomy, minimally invasive surgery 
became the preferred approach for treatment of symptomatic 
cholecystolithiasis, gastro- oesophageal reflux and morbid 
obesity.

Laparoscopic surgery offers numerous advantages when 
compared with the open procedures, including less postop-
erative pain and ileus, reduced perioperative immunosup-
pression, decreased hospital stay, improved cosmesis and 
earlier return to normal activity.

The development of laparoscopic techniques in colorectal 
surgery represents try to decrease the morbidity associated 
with colorectal procedures. In 1991, Jacobs et al reported a 
successful laparoscopic sigmoidectomy for cancer. 
Laparoscopic colectomy for cancer was not readily accepted: 
the safety of the procedure was questioned because of early 
reports of port-site metastases. Trials randomizing patients 
with colon cancer to laparoscopic assisted surgery or open 
resection have evaluated the oncological safety of this 
approach. Different trials as COLOR, COST, CLASSIC or 
Barcelona trials have shown short and long-term outcomes 

and have demonstrated colectomy by laparoscopy for cancer 
is oncologically safe. Laparoscopic colectomy is associated 
with improved convalescence and decreased morbidity com-
pared with open resection [1–5].

29.2	 �Indications

The indications of laparoscopic sigmoidectomy/left colec-
tomy are the same as open surgery. It exists different issues 
that can affect this part of the colon as tumors, diverticulosis, 
inflammatory disease, sigmoid volvulus (Table 29.1).

It could be divided into two groups elective and emer-
gency events. In emergency procedures the incidence of 
stoma increases. In patients with stenosant tumors that have 
an occlusion an alternative could be to use a stent, as a bridge 
to an elective surgery. If the stent is not possible, an emer-
gency colostomy or a resection, depending on the extension 
of the lesion, could be performed.

29.3	 �Preoperative Work-Up

A detailed history and physical examination is required, it is 
important to know familiar history. Special value has previ-
ous surgery as well as previous pathology that can limit lapa-
roscopic surgery, as cardiac or pulmonary problems.

Complementary studies:

–– Colonoscopy. Represents the optimal method of diagno-
sis, giving information about the location, allowing to per-
form biopsies and if it is necessary doing an ink tattoo. If 
the colonoscopy is not complete, a virtual colonoscopy 
can be done (colono-CT), because it helps us to dismiss 
injuries in proximal colon bigger than 6  mm–1  cm. In 
small lesions, (i.e. tumor occupying less than a half of the 
circumference) it is recommended to perform an ink tattoo 
for intraoperative location. Other possibility is perform the 
colonoscopy intraoperatively if the injury is not detected 
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during the procedure, but we considerer that the best 
option is having the lesion located previously. In the case 
of benign disease it is necessary to discard malignancy.

–– Thorax and abdominal computed tomography (CT). They 
must be performed to complete extension study in malig-
nant lesions. It is useful to evaluate possible distance 
metastasis, local organ invasion and the situation of the 
tumor. In colitis or diverticulitis, it will help us to evaluate 
acute complications (abscesses, pneumoperitoneum, fis-
tula, pneumatosis, peritonitis).

–– Liver MRI.  If there is any suspicious lesion in the CT 
scan.

–– PET. Only if there is any doubt of possible metastasis.
–– Contrast enema: It can be useful to localizing the lesion or 

extension in diverticular disease. It is not indispensable.
–– Preoperative study. Blood test (liver function, coagulation 

test and carcinoembryonic antigen-CEA), electrocardio-
gram, chest radiography and anaesthesiologist evaluation 
are necessary. Other tests will be performed if anaesthesi-
ologist considers them.

In occluded patients with stenosant tumors, if possible, 
we consider using a stent to resolve the acute problem offer-
ing a posterior elective surgery. Insomuch as it is an option 
that decreases the need of stoma.

The day previous surgery, anterograde lavage can be per-
formed although there are multiple reports against this pro-
cedure. It is commendatory administrate prophylactic 
antibiotics (i.e. cefoxitin 2 g) intravenously 1 h before begin-
ning surgery.

29.4	 �Operating Room

Patient will be place in supine position, both arms adjusted at 
the body and both legs are open, stirrups can be use but there 
are not necessary. Lower extremity pneumatic compression 
stockings are used in all cases and in high-risk patients they 
will be maintained during postoperative period. The patient 
will be fixed to the table to try to avoid displacements of the 
patient during the procedure. An orogastric tube and a Foley 

catheter are used in all cases. Peripheral intravenous lines are 
used and a central catheter will be used in relation with 
patient’s morbidity. General endotracheal anaesthesia with 
pharmacologic paralysis is required.

The rectum is irrigated with 1 % diluted iodine solution. 
The patient is prepared and drapped sterile.

29.5	 �Surgical Technique

The screen will be positioned next to left leg of the patient. 
In Fig. 29.1 we can see the disposition of the surgeon, cam-
era, assistance and the nurse in the operating room. 
Figure 29.2 shows the disposition if it is necessary mobiliza-
tion of splenic flexure.

Table 29.1  Indications of left hemicolectomy/sigmoidectomy

Colorectal cancer

Diverticulitis and diverticular disease

Inflammatory bowel disease (ulcerative, Crohn’s disease)

Ischaemic colitis

Iatrogenic (perforation after colonoscopy, surgery…)

Sigmoid volvulus

Trauma

Other tumors (GIST)

Endometriosis
scr
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camera

surgeon

instruments

assistance

Fig. 29.1  Position in the operating room during sigmoidectomy

sc
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surgeon

instruments
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Fig. 29.2  Position in the operating room during splenic flexure 
mobilization
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29.5.1	 �Operative Technique

The abdomen is insufflated to a pressure of 15 mmHg via a 
Veres needle inserted through the umbilicus or left upper 
quadrant. A 12 mm port is inserted through the umbilicus, 0° 
or 30° angled scope can be used, preferring last one if it is 
needed mobilization of splenic flexure. Abdominal explora-
tion is compulsory to discard disease progression or other 
processes.

After that the other ports will be inserted under direct 
view. A 12 mm port is inserted in the lower right quadrants, 
a 5 mm port at right side and a 5 mm port at low left quad-
rant. If it is necessary mobilize the splenic flexure, it could be 
used a 5 mm port at epigastrium. The position of the ports 
can be seen in Fig. 29.3. Patients are placed in Trendelenburg 
position and right side, which facilitates exposure of the pel-
vis and low left quadrant.

–– Releasing adhesions between sigmoid colon and other 
organs or the wall.

–– Identify inferior mesenteric vessels (IMV). Sigmoid and 
left colon mobilization can be performed medial to lateral 
or lateral to medial how it is performed usually in open 
left colectomy. In the medial to lateral mobilization we 
start with the section of IMV (Fig. 29.4).

–– Laparoscopic graspers (port low left quadrant) are used 
to retract and aid the dissection of the rectosigmoid and 

expose the vascular pedicle. Once IMV are identified, 
the peritoneum of sigmoid mesocolon is opened distally 
to them progressing the dissection. The IMV are tran-
sected closest to the base to respect oncologic principles. 
The vessels can be divided with vascular endostapler, 
ligation, clips, or a coagulator device (Figs.  29.5 
and  29.6). Previous the transection it is recommended 

5mm

5mm 5mm

12mm

12mm

Fig. 29.3  Placement of the ports during sigmoidectomy

Fig. 29.4  Opening peritoneum of the mesosigma

Fig. 29.5  Dissection of inferior mesenteric artery (IMA). In malignant 
disease a high ligation will be performed, though it is not necessary in 
benign processes

Fig. 29.6  In the image it is possible appreciate the section of IMA 
between clips and the section of the vein using a coagulation device 
(LigaSure, Covidien, Ireland)
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identify left gonadal vessels and the ureter if the retro-
peritoneum has not been respected. It is important be 
careful during a high dissection of inferior mesentery 
artery (IMA) to avoid injuries in the superior hipogastric 
plexus (Fig.  29.7). In benign disease vascular ligation 
could be performed distally.

–– A tip is using a gauze in this step putting it over the ureter 
and retroperitoneum, when left paracolic gutter will be 
opened we will find the gauze that will be protecting ret-
roperitoneum. The remaining mesentery is dissected and 
sectioned by a coagulation device. The dissection pro-
gresses by an avascular plane until splenic flexure. In this 
plane we can find in the posterior part Gerota’s fascia, 
superior part mesocolon and medially the ligament of 
TReitz and Aorta. The inferior mesenteric vein can be 
transected in its base if it is necessary.

–– The left paracolic gutter opens to complete the mobiliza-
tion initiated from medial (Fig. 29.8).

–– Distally, sigmoid colon will be mobilized until promon-
tory where the colon will be prepared to the transection 
with endostapler. Sometimes reticulating linear staplers 
can be used, some surgeons use a suprapubic port which 
can facilitate division of the rectosigmoid.

–– If the length of the colon is not enough to perform the 
anastomosis, it will be required mobilization of splenic 
flexure.

–– If the lesion is near splenic flexure or its mobilization is 
needed, a 5  mm port is inserted in the epigastrium. 
Patient has to be positioned in anti-Trendelenburg and 
the surgeon and assistants as Fig. 29.2. If a segmentary 
resection can be performed, retraction of the left colon 
to the left and transverse colon cranially, will help us to 
start to show mesocolon at the level of the ligament of 
Treitz, we can identify inferior mesenteric vein and 
artery and their branches and decide which section. 
After section it, continuing the dissection medial to lat-
eral in an avascular plane. If the dissection enters too 
deeply, it will have increased risk of bleeding. The 
cephalic border of the dissection is the caudal edge of 
the pancreas. One mistake can be dissection the poste-
rior surface of the pancreas at this level. Once mesoco-
lon is dissected, it is necessary access to the lesser sac, 
so grasper in epigastric trocar separates greater omen-
tum cephalic and low right quadrant grasper pulls the 
transverse colon caudally, with a coagulation device 
open gastrocolic ligament and access to lesser sac. The 
dissection progresses to the spleen. Opening paracolic 
left gutter and communicating retroperitoneal dissection 
with lesser sac (Figs. 29.9 and 29.10).

–– Exteriorization of the colon. An assistance incision can 
be used to exteriorize the colon, it can be a Pfannestiel 
incision, previous incisions as inferior laparotomy or 

Fig. 29.7  Relation between the inferior mesentery artery (IMA) and 
the superior hipogastric plexus

Fig. 29.8  The left paracolic gutter opens to complete the mobilization 
initiated from medial

Fig. 29.9  Dissection of transverse mesocolon, through the hole of the 
mesocolon it is possible see posterior side of the greater curvature and 
the lesser sac
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extension of one of the ports. A wound protector is used 
to help prevent tumor cell implantation and possibly 
reduce the risk of post-operative wound infection. The 
colon is fixed with a grasper to facilitate the extraction. 
Once the colon is out, it is necessary decide where the 
transection will be performed, it depends on the ethiol-
ogy. Protection of the operative field during the transec-
tion is mandatory to avoid gross contamination. After 
transection of the bowel, the specimen will be removed 
from the field. In function of the diameter of the colon, 
the size of the circular stapler will decide. A purse-string 
suture will be performed in proximal colon and the anvil 
will be inserted. After introducing the colon into the 
abdomen and removing wound protector, the closure of 
assistance incision is accomplished.

–– In segmentation resection of the descending colon, extra-
corporeal anastomosis end-to-end or side-to-side can be 
performed.

–– Re-establishing pneumoperitoneum. The patient is placed 
the patient in the Trendelenburg position, and bring the 
proximal colon with the anvil into the pelvis.

–– Introduction of the circular stapler into the rectum if it is 
necessary dilate the anus. The progression and the open-
ing of the circular stapler can be controlled by laparos-
copy. Previous performing the anastomosis, it is required 
to confirm the colon is not twisted (by inspecting the cut 
edge of the mesocolon and by following the tenia libera) 
and there is not tension in the anastomosis after joining 
the anvil with the stapler, if it is satisfied the stapler can 
fire it. Extract the stapler and evaluate of the two anasto-
motic rings. The integrity of the anastomosis can be tested 
with saline or air while occluding the descending colon 
proximally.

–– During all the procedure it has to be mandatory try to 
respect the marginal artery of the mesentery to avoid its 
injury, which can compromise the blood supply of the 
colon.

–– A low-pressure aspirative drain can be placed next to the 
anastomosis.

–– Careful review of the haemostasis and trocars under direct 
view. Aponeurosis will be closed in 12 mm trocars.

29.6	 �Postoperative Care

Nasogastric tube will be removed in the operating room. 
Low risk patients spend few hours in postoperative recovery 
unit and if there is no incidence after that will pass a 
hospitalization room. High risk patients must go to 
ICU. Mobilization is initiated the day after operation. Foley 
catheter will be remove first postoperative day. The drain 
will be removed second or third day in function of the output. 
Oral intake will begin after presenting peristaltism, remain-
ing on a liquid diet for 24 h and progressing to hospital dis-
charge with tolerance of a soft diet, it usually begins in the 
first 24 h. Analgesic will be taken by mouth when the diet is 
tolerated and in function of the level of pain. All previous 
drugs will be reintroduced before discharge. Ambulatory 
control will be performed 7–10 days after discharge.

The most common complication in these patients is ileus 
and catheter infection.

The most frightening complication is an anastomotic leak 
and could be necessary performing a stoma. One of the prin-
ciples of colonic surgery to try to avoid anastomotic leak is 
perform an anastomosis with good vascularization and with-
out tension. It is very important detect it early and treat it 
adequately. Another complication is bleeding.
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Total Colectomy

Willem A. Bemelman

30.1	 �Introduction

The best laparoscopic approach to perform a total (procto)
colectomy depends largely on patient characteristics, disease 
characteristics and the skill and experience of the surgeon. 
These three factors together direct towards the safest and 
most efficient procedure to remove the (procto)colon. There 
are a number of techniques that all resort under laparoscopic 
surgery ie. hand-assisted (procto)colectomy, total laparo-
scopic multiport (procto)colectomy, total laparoscopic single 
port (procto)colectomy. Specimen extraction can be done via 
a minilaparotomy (split incision, Pfannenstiehl incision, a 
vertical up and down transumbilical incision, transrectal/
vaginal (Natural Orifice Specimen Extraction) and the future 
stoma site). If an anastomosis is performed ie. ileorectal or 
ileoanal, this can be done open via the minilaparotomy or 
laparoscopically. The hand-assisted and Single Port 
approaches are essentially dissections from lateral to medial 
making the procedures less suitable for oncologic indica-
tions. Multiport approaches are more suitable for medial to 
lateral dissection facilitating central vascular ligation with 
optimal lymphnode harvest and complete mesocolonic dis-
section aiming for an optimal oncologic specimen.

It need not to be emphasized that the more is done laparo-
scopically or with fewer ports, the difficulty of the procedure 
increases demanding more advanced skills from the surgeon. 
At the same time the required operating time and costs are 
rising. The available literature data point towards similar 
functional outcome of all these different types of laparo-
scopic procedures as long the incision to retrieve the speci-
men is limited. Converted patients, particularly the reactive 
as opposed to the strategic conversions do worse. It must be 
appreciated that the more complex the procedure the more 
sensitive the operation will be to complications.

There are various indications and circumstances to per-
form a total colectomy or proctocolectomy. Emergency col-
ectomy is mostly done for toxic colitis in inflammatory 
bowel disease (IBD), elective indications for (procto)colec-
tomy are poliposis coli, heriditary non-poliposis syndromes 
and functional disorders like slow transit (colonic) obstipa-
tion. Most indications are therefore for benign disease, but 
malignancy might have developed in longstanding IBD, in 
hereditary cancer syndromes or sometimes a double colon 
cancer is present.

Lastly, but not the least, the patients characteristics will 
determine the type of laparoscopic approach. In an emergent 
setting, the procedure needs to be fast, efficient and safe. A 
hand-assist procedure is therefore advised. In an elective set-
ting, the BMI and intra-abdominal fat dictates the most suit-
able procedure [1]. suggested to taper the type of procedure 
to the BMI of the patients; single port BMI < 25, multiport 
colectomy 25 < BMI < 30, and hand-assist (procto)colectomy 
BMI > 30.

This chapter will guide the reader in a stepwise approach 
of a hand-assist (procto)colectomy, multiport medial to lat-
eral total laparoscopic (procto)colectomy and a Single Port 
total laparoscopic (procto)colectomy.

30.1.1	 �Choice and Rationale of the Minimal 
Invasive Approach

	1.	 Hand-assist colectomy: emergency procedures, benign 
indications, limited time available, troublesome exposure 
(distended small bowel, abdominal obesity), in learning 
curve.

	2.	 Multiport laparoscopic: elective surgery, oncologic pro-
cedures (medial to lateral), planned extraction via rectum 
or stoma site.

	3.	 Single port: elective surgery, benign indications, good 
exposure (lean patient), future stoma site available for 
single port insertion and specimen extraction, required 
skills present.
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30.1.2	 �Preoperative Work-Up

Preoperative work-up is of particular importance in onco-
logic indications. The colorectal cancer need to be tattooed 
colonoscopically in order to identify the tumor during sur-
gery. The draining mesentery of the tumour must be taken 
out completely in contrast to other parts of the colon that will 
removed. The abdomen and thorax have to be scanned to 
screen for distant disease.

30.1.3	 �Preoperative Preparations

It is for debate how to prepare the bowel. Since the total 
(procto)colon is taken out, a laxative enema will suffice to 
clean the distal bowel in case a ileosigmoidal/rectal or ileo-
anal anastomosis is planned. If a single port procedure is 
planned with extraction via a relatively small incision, 
bowel preparation is mandatory. A stool loaded bowel is dif-
ficult to extract. Others would prefer a full bowel prepara-
tion to increase exposure during the laparoscopic 
procedure.

30.1.4	 �Stepwise Approach

	A.	 Hand-assisted colectomy:
	 1.	 Positioning: French position on a short beanbag. 

Left arm alongside the body (Fig. 30.1a)
	 2.	 Trocar and hand-port positioning: supraumbilical 

10  mm (camera), left lower quadrant 11–12  mm 
(dissection, clip applier, endostapler) and 5 mm epi-
gastrio (ultracision, grasper)

	 3.	 Suprapubic Pfannenstiehl incision with a length 
according to glove size (transverse incision skin, 
subcutis and anterior rectus sheet, mobilization ante-
rior sheet from the rectus muscle, midline incision 
fascia transversalis, preperitoneal fat and perito-
neum). Placement of the Alexis ring of the Applied 
Handport ™.

	 4.	 Open mobilization sigmoid: Slight Trendelenburg 
position. Removal of the small bowel out of the pel-
vis using a large gauze to keep it in the right upper 
abdomen. Mobilisation of the sigmoid via the Alexis 
ring as far as possible using diathermia, pick-ups and 
specula.

	 5.	 Insertion of trocars, pneumoperitoneum: Removal of 
the gauze. Placement of the supraumbilical trocar. 
Placement of the handport. Insufflation 12–15 mmHg 
pneumoperitoneum. Insertion of the non dominant 
hand and 30° videoscope. Insertion of the two addi-
tional trocars under direct vision.

	 6.	 Exposure: Lateral tilt to the right. With the hand the 
small bowel is removed to the right. The left colon is 

grasped with the left hand. The assistant inserts 
a  5  mm grasper via the epigastric trocar to retract 
the  upper part of the left colon and later on the 
omentum.

	 7.	 Mobilisation left colon: Surgeon in between the legs. 
The assistant on the right side of the table. The left 
colon is mobilized from lateral to medial up to the 
flexure using ultracision inserted via the left lower 
trocar. It is important to stay on the mesentery and 
close to the bowel particularly at the splenic 
flexure.

Pitfalls: (1). Damage to the ureter (2). The duo-
denum/jejunum at Treitz can easily be damaged 
because the colonic mesentery is very thin at that 
level. (3). It is important to stay on the bowel/colonic 
mesentery at the level of the left flexure in order to 
enter the lesser sac safely without damaging the pan-
creatic tail (Fig. 30.2).

	8.	 Mobilization transverse colon. The assistant retracts the 
omentum. The omentum is dissected from the colon close 
to the colon. As long the colon is not perforated, there is 
no need to be very careful, because the colon will be taken 
out. Dissection is continued as far as possible from this 
position.

		 Pitfalls: Due to adhesions in the lesser sac the greater cur-
vature vessels are quite close to the colon. They might be 
damaged. If the patient is very thin, there is a danger tak-
ing all layers (omentum and transverse colon mesentery) 
at the same time.
	 9.	 Mobilisation right part of the transverse colon and 

right colon: The surgeon is now positioned on the 
left of the patient. The assistant stands in between 
the legs of the patient. Left lateral tilt. The small 
bowel is positioned in the left part of the abdomen. 
The dissection on the colon is continued on the right 
part of the transverse colon. It is important to visual-
ize the duodenum by blunt dissection. The lateral 
attachments are taken close to the bowel in order to 
avoid the gonadal vessels and the right ureter. The 
left hand retracts the transverse colon/right colon 
and protects at the same time the small bowel. The 
hand guides safe dissection with the ultracision. The 
tip of the device can become very hot!

	10.	 Vascular ligation:
Once the right colon is mobilized the transverse 

colon is grasped with the four fingers and thumb. 
The fingers under the mesentery push the mesen-
tery up thereby exposing the branches of the mid-
dle colics (Fig.  30.1). Using 5  mm clips and 
ultracision the vessels can be taken one by one 
starting at the window in the mesentery of the 
transverse colon left to the left branch of the mid-
dle colic artery. The mesentery of the right colon 
must be secured close to the bowel particularly at 
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the ileocolic junction. Here a number of large ter-
minal branches are mostly present. Close to the 
bowel the vessels are easily taken by the ultra-
cision. The terminal ileum is cleaned from its mes-
entery and transected with an endostapler (blue 
cartridge).

	11.	 The position of the team is once more changed in 
order to deal with the mesentery of the left colon. 
The surgeon moves back to the position between the 
legs. The assistant to the right of the patient. The 
table is tilted back to the right to remove the small 
bowel from the left to the right. The mesentery is 

Surgeon 2

a b

c

Assistant 2

Hand port

Single port

Assistant 1

Surgeon 1

Assistant 2 /
Surgeon 1

Surgeon 1
Assistant 1

Assistant

Surgeon

Surgeon 2

a b

Assistant 2

Hand port

Single port

Assistant 1

Surgeon 1

Assistant 2 /
Surgeon 1

Surgeon 1
Assistant 1

Assistant

Surgeon

X = 10 mm trocar

• =  5 mm trocar

X X
X

X

Fig. 30.1  Patient position and trocars (a) Handport, (b) Multiport, (c) Single port
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taken starting at the rectosigmoid junction working 
towards the mesentery of the left transverse colon to 
complete the vascular ligation. Close to the bowel 
the ultracision is generally sufficient, more centrally 
clips can be placed to have more security.

	12.	 Extraction. It is important before pulling the colon 
out to be sure the colon is not intermingled with the 
small bowel. The cut end at the terminal ileum and 
coecum must be freed and pulled out first.

De handport is removed, and the whole bowel can 
be exteriorized.

Pitfall: It is important to free the cecum and pull 
the cecum out first. Otherwise the large bowel gets 
stuck in between the small bowel loops.

End ileostomy/ileorectal anastomosis or ileoanal 
anastomosis

	13.	 End-ileostomy: After cross-stapling of the terminal 
ileum, the terminal ileum is matured into an 
ileostomy.

	14.	 Ileorectal anastomosis. Using the Alexis ring for 
exposure, a handsewn side to end colorectal anasto-
mosis can be made.

	15.	 Proctectomy and ileoanal anastomosis. The rectal 
dissection can be proceeded via the Alexis ring in an 
open fashion. The rectal dissection can be done close 
rectal using vessel sealing devices or as a total meso-
rectal excision. Cross stapling of the very distal rec-
tum is done using an open TA-30 linear stapler. The 
ileoanal anastomosis can be double stapled as done 
in open surgery. Defunctioning ileostomy is created 
at the discretion of the surgeon.

	B.	 Multiport medial to lateral total laparoscopic (procto)
colectomy
	 1.	 Positioning: French position on a short beanbag. 

Right arm parallel to the body (Fig. 30.1b)
	 2.	 Trocar positioning (Fig.  30.1b): infraumbilical 

10 mm (camera), left pararectal below umbilus 5 mm 
(grasper for exposure, dissection of left flexure), 
right pararectal below umbilicus 5 mm (grasper for 
exposure) and 11–12 mm right lower abdomen (dis-
section, clipping, endostapling).

Left hemicolon
	 3.	 Exposure: Right lateral tilt and steep Trendelenburg. 

The greater omentum is placed cranially to the trans-
verse colon. The small bowel is moved out of the 
pelvis. If necessary, a gauze is put at the entrance of 
the pelvic floor to prevent the small bowel of falling 
back

	 4.	 Creation of the submesenteric tunnel. The dissection 
is started on the left. The assistant lifts the vascular 
trunk of the sigmoid to expose the arc of the superior 
rectal artery. The peritoneum is incised to start with 
the creation of the submesenteric tunnel down to the 
lateral attachments at the rectosigmoid junction and 
up to the pancreatic tails. Downwards creation of the 
submesenteric tunnel is done below the level of the 
inferior mesenteric artery (IMA). After dissection of 
the root of the inferior mesenteric artery, the perito-
neum is incised cranial to the IMA towards Treitz 
ligament. Upward creation of the submesenteric space 
up to the pancreatic tail is done via this window.

Pitfalls: Take care not to end up underneath the 
gonadal vessels and ureter. There should not be any 

Fig. 30.2  Entering the lesser sac during hand-assist mobilisation of 
the left colon (S stomach, LF left flexure)

Fig. 30.3  Exposure of the branches of the middle colic vessels using 
the hand (MCV mid colic vessels)
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structure attached to the left colonic mesentery in the 
roof of the submesenteric tunnel.

Care must be taken not to end up underneath the 
pancreas. With anterior traction to expose the mesen-
teric tunnel, the pancreas rotates exposing the back-
side of the pancreas and the splenic vein

	 5.	 Ligation the vessels. The IMA can be ligated with 
vessel sealing devices, clips or vascular endosta-
plers. It should not be done to close to the aorta in 
order to prevent damage to the autonomic orthosym-
patic plexus. The inferior mesenteric vein must be 
clipped at the lower border of the pancreas proximal 
to the branching of the left colonic vein.

	 6.	 Transbursal mobilization of the left flexure. The 
assistant grasps the middle colics exposing the avas-
cular window in the mesentery of the transverse 
colon. The peritoneum is incised left to the left 
branch of the middle colics. The lower and anterior 
border of the pancreas is followed until the lesser sac 
is opened. The mesentery of the transverse colon is 
now dissected from the pancreas (Fig. 30.4). If the 
left flexure is reached, the next step is to dissect the 
omentum from the colon. The assistant grasps the 
transverse colon and pulls it down. The omentum is 
now dissected from the transverse colon from the 
middle towards the left flexure. Now only the lateral 
attachments need to be taken to free the left colon.

Right hemicolon
	 7.	 Exposure. The surgeon moves towards the position 

in between the legs, the assistant stands on the left of 
the patient. An additional 10 mm trocar is inserted 
suprapubically at the site of the future minilaparot-
omy to facilitate the videoscope. The patient is put in 

a slight Trendelenburg and left lateral tilt. The small 
bowel is moved to the left part of the abdomen. The 
assistant lifts the terminal ileum to expose the lower 
border of the small bowel mesentery.

	 8.	 Creation of the submesenteric tunnel. The peritoneum 
is incised below the terminal ileum. The submesen-
teric tunnel is created starting at the level of the termi-
nal ileum to avoid injury to the duodenum. Sometimes 
the duodenum is positioned quite low in the abdomen. 
The tunnel is dissected over the duodenum and head 
of the pancreas exposing the venous plexus originat-
ing from the portal vein. When in the right plane the 
ureter is still covered with a fibrous sheet.

Pitfalls: Care should be taken not to damage the 
duodenum or end up below the duodenum.

	 9.	 Ligation the vessels. By pulling at the cecum, the fold 
of the ileocolic vessels is easily identified. The ileo-
colic vessels are dissected by entering the submesn-
teric tunnel below the fold. They can be safely 
dissected in this way and secured with clips or vascu-
lar endostaplers. Following the superior mesenteric 
vein towards the pancreatic head the right branches of 
the middle colics are encountered (Fig. 30.5). They 
can be secured using clips or endostaplers. Next the 
dissection is continued towards the earlier dissection 
plane from the left at the Treitz ligament. The left 
branches of the middle colics have to be secured to 
finalize the vascular division of the transverse colon.

It is very important to understand exactly the 
anatomy. If this is unclear, one should first complete 
the dissection of the omentum from the transverse 
colon. If the lesser sac adhesions disturb the anat-
omy, they should be taken care of.

Fig. 30.4  Transbursal mobilisation of the left flexure (P pancreas, ST 
submesenteric tunnel)

Fig. 30.5  Dissected central branches of the middle colics (MCA mid-
dle colic artery)
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Pitfalls:
–– Injury to the venous plexus on the pancreatic 

head
–– Erroneous ligation of the gastroduodenal vessels

	10.	 Transection of the terminal ileum. Using an endostapler 
with blue cartridge, the terminal ileum is cross-stapled.

	11.	 Extraction: The colon can be exteriorized via a 4 cm 
Pfannenstiehl incision.

End ileostomy/ileorectal anastomosis or ileoanal 
anastomosis

	12.	 End-ileostomy: After cross-stapling of the terminal 
ileum, the terminal ileum is matured into an ileostomy.

	13.	 Ileorectal anastomosis. Using the Alexis ring for 
exposure, a handsewn side to end colorectal anasto-
mosis can be made. Alternatively, the proximal rec-
tum is cross-stapled and a double stapled side to end 
ileorectal anastomosis can be made advancing the 
circular stapler transanally

	14.	 Proctectomy and ileoanal anastomosis. The rectal dis-
section can be continued laparoscopically. The rectal 
dissection can be done close rectal using vessel seal-
ing devices or as a total mesorectal excision. Cross 
stapling of the rectum is done using laparoscopic 
endostaplers. It must be clear that the more cartridges 
are needed to secure the distal rectum, the more unre-
liable the cross stapling line is and the higher the 
chance of redundant remaining rectum. The ileoanal 
anastomosis can be double stapled laparoscopically. 
Defunctioning ileostomy is generally advised.

	C.	 Single port colectomy
	1.	 Positioning: French position on a short beanbag. Right 

arm parallel to the body (Fig. 30.1c)
	2.	 The Single Port is positioned transumbilical or in the 

future stoma site.
	3.	 Notes: It might be more convenient that the assistant 

takes the grasper and the surgeon the videoscope and the 
dissecting instrument. In this way crossing of the instru-
ments does not pose a big problem, and the handles of 
the instruments stay separated. Since the bowel must be 
exteriorized via the stoma site it is important to keep the 
specimen as slim as possible. This requires dissection 
close to the bowel leaving as much mesentery in place.

Left hemicolon
	4.	 Exposure: Right lateral tilt and steep Trendelenburg. 

The greater omentum is placed cranially to the trans-
verse colon. The small bowel is moved out of the pel-
vis. If necessary, a gauze is put at the entrance of the 
pelvis floor to prevent the small bowel of falling back.

	5.	 The first step is to mobilize the sigmoid in order to 
transsect the bowel at the level of the rectosigmoid. 
The mesentery is dissected and a linear endocutter is 
used to transsect the rectosigmoid. While retracting 
the cut end with the grasper, the bowel is mobilized 
from lateral to medial and the mesentery is transsected 

step by step. It is important to stay close to the bowel 
in order to have optimal hemostasis using the vessel 
sealing devices. Lateral mobilization is done just 
enough to be able to divide the mesentery close to the 
bowel. The dissection is proceeded until halfway the 
transverse colon. The omentum is dissected from the 
transverse colon and is preserved.

Right hemicolon
	6.	 Starting at the level of the appendix, the right colon is 

mobilized from lateral to medial just far enough to ligate 
the mesentery close to the bowel with vessel sealing 
devices. Following the ascending colon, the right colon 
is resected in an antegrad fashion until the previously dis-
sected part of the transverse colon is reached. If the colon 
is now completely freed, it can be exteriorized via the 
Single Port picking up the cut-end at the sigmoid first.

End ileostomy/ileorectal anastomosis or ileoanal 
anastomosis

	7.	 After cross-stapling of the terminal ileum, the termi-
nal ileum is matured into an ileostomy. If the opening 
in the fascia is too wide to facilitate the ileostomy, the 
edges need to be approximated using PDS sutures.

	8.	 Ileorectal anastomosis. After cross stapling of the 
terminal ileum, the anvil can be inserted extracorpore-
ally. A double stapled side to end ileorectal anastomosis 
can be made advancing the circular stapler transanally.

	9.	 Proctectomy and ileoanal anastomosis. The rectal dis-
section can be continued laparoscopically. The rectal dis-
section can be done close rectal using vessel sealing 
devices or as a total mesorectal excision. Cross stapling 
of the rectum is done using laparoscopic endostaplers. 
Coming from the Single Port it can be troublesome to 
make a straight low cross stapling line. It must be clear 
that the more cartridges are needed to secure the distal 
rectum, the more unreliable the cross stapling is and the 
higher the chance is of redundant remaining rectum. The 
ileoanal anastomosis can be double stapled laparoscopi-
cally. A defunctioning ileostomy is generally advised.

30.2	 �Postoperative Care

It is advised that if an anastomosis is created the CRP level is 
measured the fourth postoperate day. If the CRP level 
is < 150 mg/l the chance of having a septic complication is 
very low. If the CRP level is > 150 mg/l it should be either 
repeated or a CT scan must be made to diagnose or rule out 
anastomotic leakage or abscesses.
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Laparoscopic Resection of the Rectum

Timothy A. Rockall and Bruce F. Levy

31.1	 �Indications and Contra-indications

The principal indication for rectal resection is rectal cancer 
but benign lesions, prolapse, endometriosis and inflamma-
tory bowel disease are also common. Broadly four opera-
tions are routinely performed both at open surgery and 
laparoscopically. These are:

	1.	 The high anterior resection where the proximal rectum is 
removed necessitating transection of the mesorectum and 
rectum at a defined point distal to the pathology.

	2.	 The total mesorectal excision (TME) of the rectum with 
primary anastomosis at the level of the pelvic floor.

	3.	 TME with inter-sphincteric resection of the anal canal.
	4.	 Abdomino-perineal resection with inter-sphincteric, 

extra-sphincteric or extra levator resection.

All of these procedures can be undertaken laparoscopically 
and there are no specific pathological contraindications.

The standard laparoscopic approach involves dissection 
of the mesorectum from the abdomen. There is a relatively 
new concept of trans-anal TME, which is in evolution and 
is a technique whereby a variable amount of the distal rec-
tal dissection is performed transanally using a single port 
device placed in the anal canal. There is inevitably an 
abdominal component to achieve the proximal dissection 
and mobilization which can be performed sequentially or 
simultaneously with two teams. The technique avoids 
the laparoscopic transection of the distal rectum with a sta-
pler and may be an easier approach to a difficult distal 
dissection.

31.1.1	 �Relative Contraindications

Certain situations make the laparoscopic approach more 
challenging and so represent relative contraindications depend-
ing on the skill and experience of the operator. These include

•	 Adhesions
•	 Inflammatory conditions such as Crohn’s disease (with 

complex fistulating disease) and endometriosis
•	 Previous left sided colorectal resection
•	 Locally advanced malignancy
•	 Severe radiotherapy changes
•	 Morbid obesity

31.1.2	 �Absolute Contraindications

There are a few situations that many would regard as more 
absolute contraindications:

•	 Patients who are unable to tolerate a prolonged pneumo-
peritoneum in a head down position. With good anaesthetic 
input this represents a small minority of patients and is usu-
ally confined to patients with significant cardiac failure.

•	 Patient choice
•	 Any situation where oncological treatment might be 

compromised

In many of these cases however the patients may benefit 
from a laparoscopic mobilization of the splenic flexure and left 
colon prior to conversion to complete the pelvic dissection.
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31.2	 �Patient and Surgical Team Set-Up

Preoperative preparation and patient set-up is critically 
important to the successful completion of the surgery and for 
patient safety.

31.2.1	 �Bowel Preparation

There remains some debate about the benefits or otherwise 
of bowel preparation. For rectal surgery we have a policy 
of a simple enema preoperatively to ensure the rectum is 
empty. If the enema has been unsuccessful an on-table 
rectal washout is easily accomplished. In cases where a 
primary anastomosis with a defunctioning ileostomy is 
planned we have a policy of full bowel preparation to 
ensure that the colon proximal to the anastomosis is 
empty.

Variations in the surgical approach exist. Our preference 
for all left sided and rectal resections is for the personnel to 
be positioned as demonstrated.

31.2.2	 �Patient Set-Up

A tilting operating table is mandatory as a steep Trendellenburg 
position is required to perform rectal resections.

The anaesthetized patient is placed supine with skin in 
direct contact with a gel mat or a non-slip mattress. 
This  prevents the patient slipping down the table (see 
Fig. 31.1).

Bilateral shoulder and right lateral supports are required. 
Additional gel padding is required to help prevent neuro-
praxia arising from pressure against the supports.

Both arms are bound in at the sides and protected to avoid 
contact with the metallic part of the table and to prevent pres-
sure related trauma.

The legs are placed in extending supports with the knees 
flexed and the thighs parallel to abdomen. Sequential pres-
sure stockings are applied.

A urinary catheter is placed.
Nasogastric tubes are not necessary. In the event of inad-

vertent gastric insufflation during induction of anaesthesia, a 
temporary naso or oro-gastric tube is placed preoperatively 
and removed at the end of the procedure.

Fig. 31.1  Patient positioning. 
(Reproduced with permission 
of Prof. Guy-Bernard Cadière, 
illustrator: Massimiliano 
Crespi)
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31.3	 �Instrument Checklist

31.3.1	 �Hardware

A single high quality monitor and a standard laparoscopic 
stack is sufficient although there are benefits to operating 
within an integrated operating theatre environment. Either 5 
or 10 mm laparoscopes may be used. Similarly, a 0° and 30° 
lens can be used depending on the surgeons preference and 
the nature of the procedure. Our preference is for a 10 mm 0° 
laparoscope just above the umbilicus.

31.3.2	 �Ports and Instruments

In terms of ports, the following will be required:

•	 12 mm blunt tipped Hasson trocar
•	 12 mm trocar
•	 One to four 5 mm trocars

Once the pneumoperitoneum has been established by the 
preferred method and the ports inserted, the following instru-
ments, which can be re-usable or disposable, will be required 
to perform the surgery:

•	 2 Johann forceps or equivalent (preferably 1 short and 1 long)
•	 Angled dissecting forceps
•	 1 or a pair of needle holders

Angled dissecting forceps and needle holders are rela-
tively rarely used but need to be available.

The energy sources that will be required include:

•	 Ultrasonic dissection device or a bipolar vessel sealer/tis-
sue dissector.

•	 Diathermy

Devices that are required to transect the vessels, transect 
the rectum, assist with safe removal of the specimen and 
restore continuity include:

•	 60 mm flexible stapler with white/blue/gold/green refills
•	 Optional 45 mm stapler
•	 Large clip applicator
•	 Wound protector/retractor
•	 Circular stapler for colo-rectal/colo-anal anastomosis

31.3.2.1	 �Additional Equipment
•	 Vaginal probe to elevate the vagina anteriorly in cases of 

previous hysterectomy. For patients with a uterus that 
falls back into the surgical field, suturing the uterus to the 

anterior abdominal wall using a monofilament suture 
placed through the abdominal wall is effective.

•	 Tonsil swabs
•	 Suction-irrigation device
•	 Rigid sigmoidoscope used to delineate the height of a 

lesion/the point of transection and also to check the integrity 
of the anastomosis. Some surgeons like to perform an air-
leak test by air insufflation.

•	 Endo-close device may be used to close the larger 10 or 
12 mm port sites.

31.4	 �Surgical Anatomy

This is discussed in section e as the anatomy is encountered.

31.5	 �Technique(s), Step by Step

31.5.1	 �Primary Port Placement

This is generally placed above the umbilicus using the Hasson 
technique. Two stay sutures inserted into the fascia are used to 
secure the 12 mm blunt tipped Hasson trocar by wrapping the 
stay sutures around the locking supports which helps to main-
tain an air tight seal and prevents accidental trocar removal as 
the camera/instruments/swabs are inserted and removed.

31.5.2	 �Secondary Port Placement

The insertion of the secondary ports is done under vision to 
ensure their safe placement. For laparoscopic rectal surgery, 
we place our secondary ports as shown below (see Fig. 31.2).

Fig. 31.2  Port placement
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31.5.3	 �Initial Positioning and Operative 
Set-Up

Following the insertion of the secondary ports, the patient is 
placed into the steep Trendelenburg position with right lat-
eral tilt. The first step is to divide any adhesions. The omen-
tum is placed above the transverse colon and the small bowel 
positioned in the right upper quadrant.

31.5.4	 �Initial Dissection and Division of IMA

The landmarks that will guide the initial dissection of the infe-
rior mesenteric artery (IMA) are the sacral promontory, the 
aorta and the right common Iliac artery. To assist with orienta-
tion, the aorta is kept horizontal on the screen (see Fig. 31.3).

With the left hand elevating the sigmoid mesocolon, the ini-
tial incision of the peritoneum is made anterior to the right 
common iliac artery extending cranially towards the origin of 
the IMA. After making the initial peritoneal incision, the left 
hand instrument is used to elevate the IMA away from the aorta 
and the plane of dissection is developed anterior to the hypo-
gastric nerves, left ureter and left gonadal vessels (see Fig. 31.4).

After careful dissection has exposed the IMA, and having 
ensured that the left ureter is safe, the IMA can be ligated. A 
technical decision based on the operation being performed 
needs to be made whether to divide the IMA above or below 
the left colic branch. Ligation of the IMA may be accom-
plished using a number of different techniques such as a suit-
able energy device, clips or a laparoscopic linear stapler with 
a vascular cartridge (white). When using a stapler it is impor-
tant to wait for 15 s before firing the stapler to allow for tis-
sue compression. If there is some oozing after firing the 
stapler, placing a tonsil swab on the vessel will absorb the 
blood and in a short time this usually stops. (see Sect. 31.11 
for tips and tricks if it continues). Energy devices such as the 

Harmonic scalpel are effective and cost effective. They 
require some skeletalisation of the vessels of appropriate size 
(<5 mm). The energy source is activated on the low power 
setting without pressure on the active blade and with no ten-
sion on the vessel. This ensures a good and safe vascular 
seal. Newer devices are able to seal vessels up to 7 mm in 
diameter. Our preference for dividing the IMA and inferior 
mesenteric vein (IMV) is to use the Harmonic ACE 7. 
Advanced bipolar diathermy devices are equally effective.

31.5.5	 �Dissection and Division of IMV

Having divided the IMA, there is the option at this point to 
divide the IMV. In some cases though, it is helpful to leave 
the IMV intact whilst the medial to lateral dissection is per-
formed as the continuous IMV helps tent up all of the mes-
entery, which assists, with the medial to lateral dissection.

In cases where it is necessary to mobilize the splenic 
flexure it is better to divide the IMV proximally. The IMV 
can be divided with an energy source or with clips. Usually 

Right Iliac Artery

Line of peritoneal incision

Inferior mesenteric artery

Fig. 31.3  Landmarks for initial 
dissection of IMA

Fig. 31.4  Plane of dissection anterior to hypogastric nerves, left ureter 
and left gonadal vessels
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we place two large clips above and two below the point 
where the IMV will be transected or use the harmonic 
ACE 7. In circumstances where splenic flexure mobiliza-
tion is not required the IMV may also be divided at the 
same level as the IMA using a single stapler firing across 
the pedicle.

31.5.6	 �Medial to Lateral Dissection

The divided IMA in the mesentery is elevated with the left 
hand whilst the dissecting tool in the right hand is used to 
dissect Toldt’s fascia posteriorly (see Fig. 31.5). At appropri-
ate times, the left hand is advanced, and elevated to increase 
exposure and maintain tension whilst the right hand contin-
ues to push the fascia posteriorly. The dissection is continued 
to beyond the gonadal vessels in what is an avascular plane. 
Once this has been achieved, attention is paid to the lateral 
sigmoid attachments.

31.5.7	 �Lateral Division of Sigmoid 
Attachments

The lateral attachments are divided to free the sigmoid colon 
from the lateral wall. This then allows the lateral dissection 
plane to be united with the medial to lateral dissection plane.

31.5.8	 �Elevating Sigmoid Out of Pelvis 
and Dissection in Mesorectal Plane

The free sigmoid is then elevated to allow dissection at the 
level of the sacral promontory. Dissection at this point is then 
continued to enter the mesorectal plane. Anterior retraction/
elevation of the rectum with the left hand exposes the plane 
and allows rapid development. The right and left hypogastric 
nerves begin at the point where superior hypogastric plexus 
divides. These nerves descend in the avascular plane between 
the mesorectum and sacral fascia (see Fig. 31.6). The dissec-

Inferior Mesenteric Artery

Left Ureter

Fig. 31.5  Elevation of IMA

Mesorectum

Sacrum
Fig. 31.6  Avascular plane 
between mesorectum and sacral 
fascia

31  Laparoscopic Resection of the Rectum



220

tion needs to be kept to this plane so that the mesorectal fascia 
is not breached and the nerve continuity maintained. The dis-
section is continued to the point where rectal division is 
planned. Most of the dissection is performed from the right 
side. Using an atraumatic grasper through the suprapubic port 
it is possible to move the rectum over to the right to gain access 
the peritoneal reflection on the left.

Anterior to the upper part of the rectum is the recto-
vesical pouch in men and the recto-uterine pouch in women. 
An incision of the peritoneum just above the lowest point of 
the pouch will lead to a plane between the seminal vesicles 
and the anterior mesorectum in males and a plane between 
the vagina and the anterior mesorectum in females. To assist 
with the dissection at this point, the assistant can insert an 
instrument to elevate the prostate or vagina, creating counter 
traction.

Denonvilliers fascia is the retroprostatic fascia that sepa-
rates the prostate from the rectum. Its presence is important 
for anterior rectal tumours where this fibrous layer often con-
tains the tumour. Therefore, for anterior tumours, dissection 
must be anterior to this to prevent tumour disruption. The 
plane anterior to Denonvilliers fascia is entered by dissecting 
just posterior to the seminal vesicles.

31.5.9	 �Division of Mesorectum

In cases being performed for rectal cancer, it may be clear 
where the rectal tumour is whilst in others, it can be diffi-
cult to be sure, especially if it is only a small lesion. 
However, it is always prudent for the assistant to check the 
position of the rectal tumour with a rigid sigmoidoscope to 
ascertain its lowest level of the lesion whilst the surgeon 

holds the laparoscope and notes an oncologically safe 
position for division. Digital rectal examination by the 
operating surgeon is also helpful. Once the point of rectal 
division has been identified, the mesorectum is then 
divided in a manner that approaches the rectum at right 
angles. Whatever dissecting/haemostatic instrument is 
used, caution must be taken that the heat of the instrument 
does not injure the rectum.

31.5.10  �Division of Rectum

The rectum is then divided at the designated point using the 
flexible stapler. This part of the operation, which can be dif-
ficult, must be done well as errors here will predispose to 
anastomotic leaks. The stapler is inserted through the 12 mm 
right iliac fossa port. If access from this port is difficult, the 
5 mm suprapubic port can be exchanged for a 12 mm port 
and the stapler inserted through here. Elevating the rectum 
helps to get the stapler at a better angle as discussed in sec-
tion K. Depending on the level of transection and the size 
and thickness of the rectum it may not be possible to transect 
with one firing of even a 60 mm stapler. Often, two cartridges 
of a 45 mm or 60 mm stapler are required to transect the rec-
tum and careful placement of the staple lines relative to each 
others is important (see Fig. 31.7).

31.5.11  �Splenic Flexure Mobilization

There are a number of approaches to the splenic flexure. This 
can be performed at the beginning of the procedure or fol-
lowing pelvic dissection and rectal transection. The lateral 

Fig. 31.7  Placement of staple 
line
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attachments of the descending colon are dissected in a caudal 
to cranial direction. If full mobilization is required, a further 
port will be required in the epigastrium. Having divided the 
IMV proximally, the medial to lateral dissection is continued 
up to the lower border of the pancreas over the right kidney 
towards the spleen. The patient is positioned flat or head-up, 
removing the head down tilt. Using the left hand to lift the 
omentum and the assistant to provide traction on the trans-
verse colon the greater omentum is separated from the trans-
verse colon by dissection to enter the lesser sac, exposing the 
anterior aspect of the pancreas. The superior leaf of the trans-
verse mesocolon is then incised at the lower border of the 
pancreas to join with the previous retroperitoneal dissection 
and the splenic flexure mobilization is then completed.

31.5.12  �Extraction of Specimen, Transaction 
of Colon and Placement of Anvil

Prior to commencing with the skin extraction site, a grasper 
must be applied to the terminal end of the rectum to assist with 
its extraction. A Pfannenstiel incision is the made on either side 
of the 5 mm port that is in the lower midline. The fascia is 
divided transversely. The rectus abdominae muscles are 
retracted laterally and the peritoneum is entered. After apply-
ing gentle traction to open the wound, the wound protector is 
then inserted. The grasper with the end of the colon is brought 
to the extraction site and the colon is removed. The marginal 
vessels in the mesentery are divided in a conventional manner 
extra-corporeally up to the edge of the colon at the planned 
transection point. Vascularity can be tested at this point by 
observing arterial flow in the marginal vessel. We use a purse 
string applicator although conventional suturing to create a 
purse string is also an option. After the specimen has been 
removed, the anvil of the colorectal gun is inserted and the 
purse string tightened. The colon is then returned into the abdo-
men. An airtight seal is then created as described in section K 
or a cap placed, and the pneumoperitoneum re-created.

31.5.13  �Stapled Anastomosis

The circular stapling gun is carefully inserted through the 
anus and advanced cautiously. If two firings have been 
required to transect the rectum, then the aim is for the pin of 
the gun to come through just anterior or posterior to the sta-
ple line in a position that will incorporate the area of cross 
stapling in the area of the anastomosis that will be excised. If 
it is very difficult to advance the gun to the end of the rectal 
stump, bringing the pin of the gun out through the anterior 
rectum to create an end to side anastomosis is acceptable. 

This is not possible if a TME has been performed. The posi-
tion of the left colon must be checked prior to firing the sta-
pler to ensure that the colon is not twisted. For a TME our 
preference is to perform a side to end anastomosis.

31.5.14  �Wound Closure

The peritoneum is closed with an absorbable suture followed 
by closure of the fascia using an appropriate suture according 
to the surgeons preference. All port sites larger than 5 mm are 
closed directly. The skin is closed with sutures or clips.

31.6	 �Specific Complications 
of the Technique(s) and How 
to Avoid Them

31.6.1	 �Small Bowel Injury

•	 Use a blunt entry technique, especially in the presence of 
previous surgery or known adhesions.

•	 Avoid activation of energy sources outside of the field of 
view and always allow time for instruments to cool before 
using them as dissection instruments.

31.6.2	 �Pelvic Nerve Injury

Accurate dissection to stay in the mesorectal plane.

31.6.3	 �Ureteric Injury

Dissect medial to lateral and identify the left ureter beneath 
an intact Toldts fascia prior to division of the IMA.  If the 
ureter is obstructed or potentially involved by pathology con-
sider pre-operative stenting.

31.6.4	 �Vaginal Injury

Use a Valchev retractor or probe or uterine elevation helps to 
identify the recto-vaginal septum. If in doubt, digital exami-
nation can be very useful.

31.6.5	 �Haemorrhage

•	 Use energy sources appropriate to the size of vessel.
•	 Use clips or ties where indicated.
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•	 Keep in the correct plane anterior to the gonadal 
vessels.

•	 Avoid traction on the spleen

31.6.6	 �Anastomotic Leak

The anastomotic leak rate has not been shown to be higher in 
laparoscopic surgery than open surgery. Points to consider to 
help reduce this are:

•	 When the colon is divided extra-corporially, check the 
flow in the marginal artery of Drummond before ligating 
the vessel.

•	 The use of indocyanine green (ICG) to confirm vascular-
ity of the colonic conduit has not yet been of proven 
benefit.

•	 Ensure that there is adequate length of the colon to reach 
the rectum so that the anastomosis is not under tension, 
and always mobilize the splenic flexure if tension exists.

•	 We frequently place interrupted sutures across the 
anastomosis

31.7	 �Management of Complications (What 
Can Be Done Laparoscopically, When 
to Convert)

The extent to which complications can be managed laparo-
scopically is dependant on the individual’s laparoscopic 
abilities and the severity of the problem. Complications that 
arise include:

31.7.1	 �Intraoperative

Haemorrhage
Bowel injury
Staple failure
Leak test positive
Ureteric injury
Splenic injury

31.7.2	 �Postoperative

Haemorrhage
Anastomotic leak
Adhesional bowel obstruction
Delayed perforation of thermal injuries

Where complications occur or are suspected, many 
can be diagnosed and indeed managed by further laparos-

copy. The main determinant of whether further laparo-
scopic management is feasible is the clinical state of the 
patient and the presence or otherwise of bowel obstruc-
tion/distension. Where it is technically possible to safely 
re-establish a pneumo-peritoneum, this is the preferred 
option. Laparoscopic washout and drainage of sepsis/
anastomotic repair/conversion to Hartmann’s/defunction-
ing/division of adhesions can all be accomplished with-
out resorting to laparotomy. Having said that in the 
absence of appropriate expertise or when safe laparo-
scopic management cannot be undertaken laparotomy is 
appropriate.

31.8	 �Limitations and Problems

The dissection for a total mesorectal excision can be difficult 
in males with a narrow pelvis. For the low rectal resection in 
these circumstances, getting the flexible stapler across the 
rectum in this confined space can be a significant challenge. 
Inability to staple distally however is usually a sign of insuf-
ficient dissection and mobilization. Options here include 
open conversion via a Pfannenstiel or low midline to com-
plete the dissection and to apply an open stapler or transanal 
resection and colo-anal anastomosis. The development of 
Transanal TME (taTME) may help resolve some of these 
problems but has complications of its own and remains a 
technique in evolution that has not yet been subject to a trial.

The planes in obese patients can be difficult to identify. 
Equally the dissection in very thin patients can be difficult. When 
identifying potential laparoscopic cases in the early part of ones 
learning curve, it is best to choose people of intermediate build.

31.9	 �Polemic Points of the Technique(s)

The dissection of the rectum in laparoscopic surgery must 
follow all the same principals that have been developed over 
many years in open surgery and there is no place for any 
alteration in approach that might impact on the oncological 
safety of the procedure. The operation whether done open or 
laparoscopically should produce the identical pathological 
specimen. All decisions pertaining to operability, level of 
rectal division, anastomotic technique, sphincter preserva-
tion and defunctioning should be unchanged.

The decision to mobilize the splenic flexure is more con-
troversial (especially in laparoscopic surgery as it can be 
difficult) but is essentially a question of vascularity. The 
only end point of importance is that, following an oncologi-
cally safe procedure, the anastomosis is technically well 
formed, tension free and well vascularised. If any of these 
criteria are not met then the splenic flexure must be 
mobilized.
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31.10	 �Results

Up to 95 % of all patients are potentially suitable for lapa-
roscopic resection in centres with experience and advanced 
skills. Difficult cases with higher conversion rates include 
those with obesity, android pelvis, locally advanced 
tumours and post radiotherapy and previous pelvic 
surgery.

Large case series and randomized controlled trials have 
consistently shown similar oncological results to open sur-
gery with respect to surgical resection margins, lymph node 
yield and recurrence rates. Complications related to the anas-
tomosis are also similar in open and laparoscopic groups but 
blood loss and complications related to the wounds are all 
consistently less. Hospital stay and early recovery are consis-
tently improved by laparoscopic surgery

31.11	 �Specific “Tips and Tricks”

If there is ongoing bleeding when the IMA has been 
divided, two options exist. The first is to use the energy 
device to obtain haemostasis or to apply clips. The second 
method, which is particularly useful if there is significant 
haemorrhage is to place an endo-loop over the stump of the 

IMA to get control. It is a mistake to divide the IMA flush 
with the Aorta. Direct suturing of the IMA stump is also 
possible.

When it comes to firing the flexible staple gun across 
the rectum, the jaws of the gun can be partially closed on 
the rectum. This can then act as a retractor to gently ele-
vate the rectum and allow the Johan grasper to hold fur-
ther down the rectum. This then allows for a better angle 
of the stapler across the rectum and fewer firings of the 
staple gun. This can be combined with pressure on the 
perineum.

To recreate an air-tight seal after having inserted the anvil 
into the colon and returned it to the abdomen, elevate the 
wound retractor so that it is under some tension and twist it. 
Then wrap a small swab around the base of the twisted plas-
tic and secure with a large clip. Some products are supplied 
with a cap that allows an air-tight seal and the possibility of 
reinserting the port through the cap.

Try and predict if there is going to be tension at the 
anastomosis as it is a lot easier to mobilise the splenic 
flexure before the anastomosis has been created. 
Mobilising the splenic flexure after the resection has been 
performed may jeopardize the vascularity at the 
anastomosis.
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Laparoscopic Rectopexy 
with or without Resection for Full 
Thickness Rectal Prolapse

Syed Abbas and Roberto Bergamaschi

32.1	 �Introduction and Historical 
Perspective

Approaches to the management of rectal prolapse have been 
the subject of discussion for more than a century. Described 
operations for rectal prolapse are myriad and include well-
recognized eponymous associations. The literature on this 
rather uncommon condition has stimulated a disproportion-
ate number of diverse operations, which include those 
directed at narrowing the anal orifice, obliteration of the 
pouch of Douglas, restoration of the pelvic floor, bowel 
resection by a number of routes, and suspension by various 
means. All have their advocates, especially when the proce-
dure is to be used under limited circumstances. It is prudent 
for surgeons to have knowledge of history when selecting an 
operation for the treatment of rectal prolapse.

Suspension of the redundant colon to the anterior abdomi-
nal wall had been advocated by Quénu [1] as early as 1882 
and Ball [2] in 1910. Suspension of the rectum to the sacrum 
and the sigmoid colon to the psoas muscle has been per-
formed for more than 100  years. In 1934 Carrasco [3], 
reported suturing the rectum to the sacrum, a concept resur-
rected by Cutait [4] in 1959. The addition of a mesh for sus-
pension of the rectum to the sacrum was proposed by Wells 
[5] in his work on the polyvinyl alcohol sponge in 1959, 
whereas Ripstein [6] employed Teflon in 1965. An anterior 
suspension of the rectum to the posterior vaginal wall with 
sutures was described by Lloyd-Davies [7] in 1949, whereas 
the term ventral rectopexy used by Deucher [8] in 1960. An 
anterior suspension was also reported by Nigro [9] in 1970 
as he designed a sling-shaped mesh that suspended the rec-
tum from the pubis. An anteroposterior rectopexy was also 
suggested by Nicholls [10].

Up to that point, the addition of an adjective indicated the 
anatomical organ to which the rectum was suspended: the 
sacrum posteriorly, the vagina or pubis anteriorly. However, 
no reference was made as to where on the rectum the mesh 
was sutured. In fact, with the exception of the Lloyd-Davies 
and Deucher techniques, the mesh was sutured to the poste-
rior mesorectum. In more recent years, the adjective ventral 
has been utilized to indicate that a mesh was sutured to the 
anterior rectal wall, yet suspended posteriorly to the sacrum.

This chapter will focus only on laparoscopic rectopexy 
with or without resection for full thickness rectal prolapse.

32.2	 �Indications and Treatment Options

32.2.1	 �Rectopexy vs. Mobilization Only

Controversies have not yet been resolved as to which step of 
an abdominal operation for rectal prolapse contributes the 
most to containment of recurrence. For decades there has not 
been any evidence to support the opinion that the addition of 
rectopexy to mobilization of the rectum would decrease 
recurrences Bachoo [11]. Moreover, the additional rectopexy 
may have disadvantages such as added operating time, 
implantation of foreign material, bleeding from the sacral 
veins, and nerve injury to the presacral plexus. On the other 
hand, the data on rectal mobilization without rectopexy have 
been very limited, and published recurrence rates have often 
been unreliable. In a meta-analysis on individual patient 
data, published recurrence rates differed by as much as 47 % 
from recurrence rates re-estimated by actuarial analysis 
DiGiuro [12]. A recent randomized controlled trial (RCT) 
concluded that rectopexy significantly decreases recurrence 
rates at 5-year follow-up when compared to mobilization 
without rectopexy Karas [13].

The extent of rectal mobilization has also been a contro-
versial subject including the option of anterior, posterior, cir-
cumferential mobilization. In a recent pooled analysis of 532 
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patients with a median follow-up of 60 (12–235) months, 
circumferential mobilization of the rectum was indepen-
dently associated with significantly decreased recurrence 
rates at multivariate regression Bishawi [14].

32.2.2	 �Suture vs. Mesh Rectopexy

Due to Karas et al. failure to standardize the rectopexy study 
arm in their RCT, which included patients undergoing suture 
and mesh rectopexy, we can only rely on retrospective data. 
In fact, a pooled analysis of 643 patients showed no differ-
ence in recurrence rates between suture and mesh rectopexy 
at a median follow-up of 43 (1–235) months Raftopoulos 
[15]. The critical concern is whether mesh rectopexy will 
withstand the test of time, especially when data on adverse 
event rates emerge. In addition to the increased risk of infec-
tion, posterior rectopexy may increase the rates of postopera-
tive constipation, whereas erosion of the mesh resulting in 
perforation of the posterior vaginal wall is a devastating com-
plication of ventral rectopexy. The rationale of using sutures 
has been to keep the rectum in its new position to allow its 
eventual fixation to the sacrum by scar tissue Khanna [16]. 
There are a few technical details about the surgical technique 
of suture rectopexy that need our attention. Most authors 
would suture the posterior mesorectum to the presacral fascia 
Khanna [16] Graf [17] Heah [18]. However, some authors 
would also include a partial thickness of the posterior rectal 
wall Khanna [16]. Some authors Heah [18] favor placing the 
sutures on the sacral promontory as initially described by 
Cutait [4]. Alternative sites on the sacrum below its promon-
tory have been suggested Graf [17]. Most authors would 
agree that two sutures are adequate Khanna [16] Heah [18].

32.2.3	 �Sigmoid Resection

Sigmoid resection should be considered only in cases of pre-
existing constipation and should be strictly avoided in incon-
tinent patients. Adding resection to rectopexy does not seem 
to decrease recurrence rates as compared to rectopexy alone 
Bachoo [11]. In a recent pooled analysis of 532 patients with 
a median follow-up of 60 (12–235) months, resection was 
not independently associated with recurrence at multivariate 
regression Bishawi [14]. In addition to a significant history 
of constipation well documented using validated scoring 
systems, clustering of rings in the sigmoid should be demon-
strated at colorectal transit time. If resection is indicated, it 
should be kept at a minimum without mobilizing the proxi-
mal colon. The superior rectal artery should be spared 
Bergamaschi [19], since preserving the blood supply to the 
rectal stump may in fact minimize the risk of anastomotic 
leak and its related morbidity. Therefore, by obviating the 

need to divide the mesorectum at the rectosigmoid junction, 
this may prove to have a favorable impact on anastomotic 
leak rates. Moreover, avoiding dissection of the inferior mes-
enteric artery is particularly relevant in male patients under-
going resection for rectal prolapse due to potential damage to 
the sympathetic nerves.

32.3	 �Pre-operative Work-Up

32.3.1	 �Risk Assessment

Patients with FTRP are a heterogeneous group with a variety 
of additional symptoms. Hence, a single treatment would not 
be appropriate, and treatment options should be selected. 
The first step of the algorithm is to evaluate the risk of death 
for a specific individual undergoing surgery. This evaluation 
should be based on the colorectal Physiologic and Operative 
Severity Score for the enUmeration of Mortality (POSSUM) 
score [20], rather than on the American Society of 
Anesthesiologists (ASA) score. The colorectal POSSUM 
score can be quickly evaluated online, entering four physio-
logical and four operative data. If the patient is unfit for 
abdominal surgery under general anesthesia, a perineal pro-
cedure under spinal anesthesia can be offered. All patients 
who are fit for general anesthesia should be offered an 
abdominal procedure, regardless of chronological age. One 
exception to this rule is the occasional male patient with true 
FTRP. The risk of iatrogenic impotence in abdominal sur-
gery should be thoroughly explained to male patients, and 
the advantages and disadvantages of perineal procedures 
considered individually. There are four risk areas of auto-
nomic nerve damage during rectal dissection. Damage to the 
sympathetic nerves may occur when dissecting the inferior 
mesenteric artery, and during posterior rectal mobilization at 
the promontory close to the hypogastric nerves. Damage to 
the parasympathetic nerves may occur during dissection of 
the lateral stalks of the rectum and anterior rectal mobiliza-
tion from the seminal vesicles and prostate.

32.3.2	 �Functional Evaluation

The patient with rectal prolapse may present with a myriad 
of different symptoms that range from constipation and 
straining to fecal incontinence. Therefore, it is of utmost 
importance that all patients undergo a complete preoperative 
workup before surgery. Upon physical examination, inspec-
tion may reveal an obvious rectal prolapse, especially during 
straining. However, FTRP must be differentiated from muco-
sal prolapse. The mucosal prolapse can be differentiated 
from the full-thickness presentation because of the radially 
oriented grooves, while the FTRP has concentric grooves. In 

S. Abbas and R. Bergamaschi



227

order to measure the prolapse adequately, the patient is asked 
to position themself in a squatting position. The patient is 
then asked to increase straining and the prolapse enlarges 
and lengthens. While the patient is straining, the distance 
from the perianal skin to the top of the prolapse is measured. 
Digital rectal examination may also add valuable informa-
tion by detecting anal pathology and assessing sphincter tone 
and squeeze pressures. This information is important and 
aids the surgeon to choose the appropriate procedure for 
each individual patient. As standard test ordered for the eval-
uation of patients with rectal prolapse, defecography pro-
vides valuable anatomic and functional information for 
pelvic floor abnormalities. In addition, the results may indi-
cate the presence of sigmoidocoele or enterocoele. The 
colorectal transit time provides essential information when 
con- fronted with a patient with concomitant constipation. 
Among the different methods for establishing the colorectal 
transit time, the authors recommend the method where The 
patient receives six numbered daypacks. The five first packs 
contain 10 rings and the sixth contains 10 rings and 20 cylin-
ders. Each day, at the same time, a pack is ingested. A plain 
abdominal radiography is taken on day 7. Rings are counted 
and the transit time is measured by the hospital’s radiology 
department protocol. Colonoscopy must be performed in 
order to rule out any mucosal abnormality, especially in 
patients with a prior diagnosis of diverticulitis, inflammatory 
bowel disease, or cancer. Anal manometry evaluates the 
patient with a longstanding history of rectal prolapse and 
incontinence. Patients with pudendal nerve damage, from 
either obstetric trauma, diabetes, or neoplasms, must also 
undergo manometric evaluation prior to surgery.

32.4	 �Operating Room

The day before the planned surgical intervention, the patient 
should be restricted to a clear diet. It is the author’s preference 
to administer a bowel preparation the day before surgery. The 
patient is instructed to take nothing by mouth as of midnight 
before surgery, to evacuate the rectum with an enema, and 
have a chlorhexidine neck-down shower prior to traveling to 
the hospital. In the preoperative area, the patient should 
receive intravenous fluids, as the bowel preparation often 
contributes to dehydration. Epidural analgesia should also be 
offered to the patient, especially if the surgery entails a bowel 
resection. General endotracheal anesthesia is administered by 
the anesthesiologist, and a Foley catheter and oral-gastric 
tube are inserted. The patient is positioned in lithotomy 
(Fig 32.1). It is important that the height of the knee and the 
torso is at the same level, to avoid any impediment while the 
surgeon is operating. For obese patients, the surgeon may 
want to consider strapping the patient to the operating table at 
the chest. Prior to creating a sterile field, the surgeon must 

verify that the patient is secured to the table. This is accom-
plished by maneuvering the remote control of the operating 
room table and positioning the patient in a steep Trendelenburg 
position. Antibiotics should be administered intravenously 
within the hour prior to the planned incision.

32.5	 �Surgical Technique

32.5.1	 �Laparoscopic Suture Rectopexy

We prefer to suture the right and left peritoneal flaps to the 
presacral fascia. The exact location on the promontory is lat-
eral to the hypogastric nerves and medial to the ureter on both 
sides of the rectum. If the rectum is prolapsed it should be 
reduced prior to starting the procedure. The abdomen and 
perineum is then prepped and draped in a sterile fashion. The 
stirrups securing the patient’s legs are also draped. Prior to the 
incision, the identity of the patient and the scheduled proce-
dure are verified in a time out with reconciliation of medica-
tions and allergies. It is the authors’ preference to achieve the 
pneumoperitoneum through an open technique. A 10 mm inci-
sion is made just below the umbilicus, and its stalk is dissected 
and lifted with a Kocher clamp. The fascia is incised with a 
knife longitudinally along the midline under direct visual con-
trol. A Hasson trocar is then inserted into the peritoneal cavity. 
The port is secured in place by two sutures placed on each side 
of the incision. It is not necessary to exceed 11 mmHg since 
most of the procedure will be performed with in the bony 
structure of the pelvis. Two ports (10  mm and 5  mm) are 

Fig. 32.1  Set up of the operation room. Position of patient
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placed in the right lower quadrant lateral to the rectus muscle 
sheath in a triangulating fashion with the umbilical site. The 
10 mm port allows the surgeon to insert the curved needle of 
the suture into the abdominal cavity. A fourth port (5 mm) is 
placed in the left lower quadrant lateral to the rectus muscle 
sheath for the assistant’s instruments. The patient is placed in 
the Trendelenburg position, which facilitates the small bowel 
and omentum out of the pelvis. The assistant proceeds to lift 
the rectosigmoid colon from the epiploic appendages. The sig-
moid colon should not be mobilized. The second step includes 
identification of the ureters. This may be facilitated by prior 
insertion of lighted ureteral stents. Visualization of the iliac 
bifurcation as well as the gonadal vessels can also facilitate 
this identification. The peritoneum should be incised into the 
pelvic sulcus, toward the pouch of Douglas. This will define 
the lateral extent of the dissection. Medial dissection is begun 
above the level of the sacral promontory (Fig 32.2). The peri-
toneum is divided at least 2 cm from the rectum in order to 
create peritoneal flaps to be used for the pexy. The peritoneum 
of the sigmoid mesentery is opened and connected with the 
lateral dissection just posterior to the inferior mesenteric ped-
icle, which is elevated as the rectosigmoid colon is maintained 
on stretch. The medial peritoneal dissection is extended over 
the sacral promontory along the sulcus toward the pouch of 
Douglas, to mirror the lateral dissection. At the level of the 
sacral promontory, the hypogastric nerves are amenable to 
injury (Fig 32.2).

To avoid such an injury, the dissection is kept close to the 
fascia propria of the rectum. The surgeon continues to lift 

and provide appropriate traction to the rectosigmoid colon. 
This dissection is often facilitated by the abnormal lack of 
fixation in this area, which has contributed to the prolapse. 
The presacral fascia and hypogastric nerves should remain 
away from the area of dissection. It is important to be mind-
ful of the presacral vessels as the dissection approaches the 
pelvic floor. As the levator ani muscles become visible, the 
rectum will be—come parallel to the pelvic floor and the 
angle of dissection should be adjusted to avoid injury to the 
presacral vessels. Diffuse bleeding may occur if these ves-
sels are inadvertently injured. The posterior dissection is 
completed to the level of the coccyx. The lateral dissection 
includes division of the lateral stalks (ligaments). The rectum 
is lifted by the assistant and a point is selected for the recto-
pexy. The rectum should not be placed on tension, but the 
prolapse defect should be reduced. Non-absorbable 2–0 silk 
sutures are secured to the right and left sacral promontory. 
The site on the promontory is lateral to the hypogastric 
nerves and medial to the ureter on both sides of the rectum 
(Fig.  32.3). Attention to the position of the hypogastric 
nerves and the presacral vessels will guide the suture place-
ment. The surgical assistant will maintain the anatomic posi-

Fig. 32.2  Dissection of the rectum, promontory and creation of perito-
neal flaps. (Reproduced with permission of Prof. Guy-Bernard Cadière, 
illustrator: Massimiliano Crespi)

Fig. 32.3  The sites of sutures on the promontory are lateral to the 
hypogastric nerves and medial to the ureter on both sides of the rectum 
(Reprinted with permission from Netter Images, Elsevier Health 
Sciences, Philadelphia, PA)
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tion of the rectum while the surgeon secures the two 
previously placed sutures to the peritoneal flaps. Once the 
mobilization and rectopexy are completed, hemostasis 
should be reaffirmed. The pelvis is irrigated with saline. 
There should be no reason to place a drain in the pelvis. All 
port sites are closed layer by layer using non-absorbable 
sutures on a UR6 needle. The wounds are cleaned and 
dressed, and the patient is extubated and transported to 
recovery. The Foley catheter should be left in place, but the 
oral-gastric tube will be discontinued on leaving the operat-
ing room.

The previously mentioned technical steps remain the 
same, yet there are some important points worth describing. 
While performing the circumferential rectal mobilization, 
the posterior mesorectum is dissected off the posterior wall 
of the rectum at approximately 14 cm from the anal verge. 
This distance is verified by an intraoperative rigid sigmoid-
oscopy. The sigmoid colon is then divided by a laparoscopic 
linear stapler that is positioned perpendicular to the axis of 
the sigmoid colon. The mesentery of the sigmoid colon is 
divided close to the bowel, and the mesorectum is not 
divided, therefore sparing the superior rectal artery 
(Fig. 32.4). The specimen is retrieved through a Pfannenstiel 
incision with a disposable wound retractor. We then proceed 
to perform a double-stapled colorectal anastomosis without 
the need to re-establish pneumoperitoneum.

32.6	 �Postoperative Care

Postoperatively, early activity and incentive spirometry are 
encouraged. Pain is initially controlled with an epidural cath-
eter with local anesthetic or intravenous NSAID.  Diet is 
advanced with the return of bowel function, and the pain 
medication is transitioned to oral NSAID formulations. The 
Foley catheter can be removed on the postoperative day one 
unless other co- morbidities are present. Upon discharge, the 
patient is instructed to avoid heavy lifting. Dietary goals 
should be addressed. Avoidance of constipation or overly 
loose stool should be discussed. The patient should be seen 
in the office within 1–2 weeks of discharge. Continued fol-
low-up will assist the surgeon in his or her evaluation of the 
success of the repair
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Transanal Endoscopic Microsurgery

Mario Morino and Marco E. Allaix

33.1	 �Introduction

The last three decades have witnessed significant improve-
ments in the diagnosis, staging and treatment modalities of 
rectal tumors leading to a more tailored approach. One of the 
most clinically relevant advances is the development and dif-
fusion of Transanal Endoscopic Microsurgery (TEM) [1]. 
TEM is a minimally invasive procedure that allows to per-
form a full thickness en bloc local excision of a rectal tumor 
down to the perirectal fatty tissue and to suture the rectal 
defect. It is performed under general or spinal anesthesia 
with very limited postoperative morbidity and mortality.

Even though TEM was initially conceived for the treat-
ment of tumors located in the extraperitoneal rectum, there is 
increasing evidence that a full thickness TEM can be offered 
also to patients with intraperitoneal rectal cancers, with no 
increased morbidity and cancer-related mortality.

The current evidence supports the use of TEM with a 
curative intent only for rectal adenomas and selected T1 rec-
tal cancers [2, 3], while TEM alone for the treatment of more 
advanced rectal cancers should be considered with palliative 
intent only. Recently, several reports have shown that neoad-
juvant (chemo)radiation therapy followed by TEM in 
selected T2 N0 rectal cancer reproduces the results of radical 
total mesorectal excision (TME) [4].

This chapter discusses the indications and the technical 
aspects of a TEM procedure for the treatment of rectal 
tumors.

33.2	 �Indications

At our institution, rectal adenomas that are judged unsuitable 
for endoscopic removal and staged uT0 N0 by preoperative 
transanal endoscopic ultrasound (EUS), or rectal adenocarci-
nomas preoperatively staged uT1 N0 M0 are the indications 
for TEM with a radical intent. TEM alone is a compromise 
procedure for the treatment of more invasive or metastatic 
rectal cancers. Recently, we have expanded the indications 
for TEM to selected uT2 N0 M0 adenocarcinomas with 
either down-staging or down-sizing of the lesion following 
neoadjuvant radiotherapy after informed consent of the 
patient.

While in the past we considered rectal lesions suitable for 
TEM only when the proximal extent is located within 12 cm 
from the anal verge on the anterior wall, 15 cm from the anal 
verge on the lateral walls and 18 cm from the anal verge on 
the posterior wall, to date we perform a TEM procedure even 
for intraperitoneal rectal tumors. Although technically 
demanding, a TEM procedure with an end-to-end anastomo-
sis can be performed also for circumferential rectal 
adenomas.

33.2.1	 �Rectal Adenomas

We consider a full thickness TEM procedure as the current 
standard of care for rectal adenomas judged unsuitable for 
endoscopic removal, even larger than 5 cm.

Conventional endoscopic mucosal resection (EMR) can-
not provide an en-bloc resection in case of large lesions, and 
incomplete or piecemeal resection may occur in up to 50 % 
of cases. In addition, EMR does not provide a submucosal 
dissection, therefore precluding an accurate staging in case 
of malignancy. Since up to 26 % of the adenomas endoscopi-
cally resected are found to be invasive adenocarcinoma at the 
definitive pathologic examination, a full-thickness excision 
should be offered to all patients with rectal neoplasm, even in 
case of benign preoperative histology instead of a partial 
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wall piecemeal endoscopic resection. The endoscopic sub-
mucosal dissection (ESD) was introduced to overcome these 
difficulties and to allow en bloc resection of specimens, 
especially in case of lesions larger than 20 mm. However, 
compared to conventional EMR, ESD is technically more 
challenging and time consuming than EMR. As a result, ESD 
has not gained wide acceptance in the Western countries, and 
transanal surgery is still the approach of choice for the exci-
sion of large rectal adenomas [5].

Conventional transanal excision with retractors is burdened 
by higher specimen fragmentation rates, and positive margins 
rates than TEM. Positive surgical margins are independent risk 
factors for local recurrence after TEM, along with the tumor 
size [6]. In our experience of 293 large rectal adenomas treated 
by TEM, 21 % of adenomas with a diameter ≥5  cm were 
removed with positive margins versus 9 % of adenomas <5 cm 
(p = 0.047). Tumor diameter ≥5 cm was found to be a predic-
tive factor for local recurrence (p = 0.007) [7].

Since a local recurrence is relatively common after exci-
sion of adenomas larger than 5 cm, we recommend a strict 
clinical and endoscopic follow-up in these cases. TEM has 
been shown to be an important therapeutic option even in the 
treatment of recurrent adenomas, when the endoscopic resec-
tion is not feasible.

33.2.2	 �Rectal Cancer

The absence of perirectal lymph node involvement at the 
preoperative staging, a submucosal tumor invasion less than 
1000  μ (T1 sm1), and negative resection margins are the 
strongest prognostic factors for long-term survival in rectal 
cancer patients treated by local excision. The incidence of 
lymph node metastasis is very low for T1 sm1, but for T1 
sm2-3 and for T2 it increases up to 25 %.

There is increasing evidence that TEM can be safely per-
formed in selected T1 N0 rectal cancer patients [3]. While “low 
risk” T1 rectal cancer patients treated by TEM have excellent 
oncologic outcomes, the survival of “high risk” T1 and T2 rectal 
cancer patients after TEM alone is significantly poorer than after 
rectal resection and TME. To reduce postoperative morbidity and 
mortality associated with rectal resection and TME without jeop-
ardizing long term survival, a multimodal organ-preserving 
approach including TEM and neoadjuvant (chemo)radiation 
therapy has been recently proposed in selected patients [8].

33.3	 �Preoperative Work-Up

The preoperative work-up includes:

•	 clinical evaluation
•	 complete colonoscopy to rule out the presence of syn-

chronous colonic lesions

•	 rigid proctoscopy to locate the lesion along the circumfer-
ence and to measure the distance of the upper and lower 
limits from the anal verge

•	 EUS to assess the depth of invasion of the rectal wall.
•	 A pelvic magnetic resonance imaging (MRI) aiming to 

detect potential lymph node metastases, a chest and 
abdominal computed tomography to exclude distant 
metastases, and serum carcinoembrionyc antigen (CEA) 
assay are obtained in the presence of cancer.

The accurate preoperative evaluation of both depth of 
tumor invasion and perirectal lymph nodes is crucial to 
obtain satisfactory oncologic results, since a lymphadenec-
tomy is not performed with TEM.  Recent technological 
improvements in EUS probes have led to a progressive 
reduction in staging discrepancies from a rate of almost 50 % 
in the early 1990s to less than 15 % in the last 5 years. If there 
is a discrepancy between clinical evaluation (soft and mobile 
lesion) and EUS staging (uT2) of a large adenoma, TEM 
should be considered as a means to assess the exact patho-
logic diagnosis and depth of wall penetration.

33.4	 �Patient Preparation

All patients are told to take a low fiber diet the week before 
TEM. A rectal enema is performed 12 and 2 h preoperatively. 
Intravenous antibiotics, such as a second-generation cepha-
losporin and metronidazole, are administered before inser-
tion of the proctoscope and continued for 24 h postoperatively. 
Deep venous thrombosis prophylaxis is not routinely 
administered.

33.5	 �Equipment

Since 2008 we perform the TEM procedures with TEO 
(Transanal Endoscopic Operation) Instrumentation by Karl 
Storz GmbH (Tuttlingen, Germany), according to the stan-
dard technique described by Buess. TEO instrumentation 
consists of a 7 or 15 cm rectal tube (4 cm in diameter) with 3 
working channels (12, 5 and 5 mm) for dedicated or conven-
tional laparoscopic instruments, and a 5 mm channel for a 
30° 2D optic (Fig. 33.1). A holding arm consisting of three 
joints and a single screw connects the proctoscope to the 
operating table via (Fig. 33.2). A standard laparoscopic unit 
is used in combination with this system. Camera imaging is 
projected on screen; insufflation is obtained by a conven-
tional CO2 thermo-insufflator which is connected to the 
proctoscope through a luer lock connector.

Recently, the use of equipment for single incision laparo-
scopic surgery (SILS) has been proposed. The single dispos-
able SILS equipment is cheaper than each single reusable 
TEM proctoscope. However, large comparative studies are 
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needed to evaluate the real benefits and the disadvantages of 
SILS equipment compared to TEM in the treatment of rectal 
tumors.

33.6	 �Positioning of the Patient 
on the Operating Table

The TEM procedure can be performed either under general 
or spinal anesthesia. The patient is placed either prone or 
supine in order to keep the lesion as close to the 6 o’clock 
position as possible, even with lateral lesions. However, 
since the shape of the proctoscope tip allows manipulation 
and suturing of the rectal wall on a 360° surface, most 
patients are kept in a supine position. Patients with lateral 
lesions are usually placed in the supine position unless the 
lesion is predominantly located in 12–3 o’clock position or 
9–12 o’clock position. We do not place the patient in the lat-
eral decubitus position as the benefit is minimal. Patients 
affected by circumferential lesions are at higher risk of enter-
ing the peritoneal cavity. Therefore, they are always posi-
tioned in a prone position to reduce the descent of small 
bowel loops into the surgical field while suturing the perito-
neal opening.

A Foley catheter is inserted before starting the procedure 
and is usually removed on postoperative day 1.

33.7	 �Surgical Technique

Step 1: Dissection
The surgeon is seated between the patient’s legs, while the 
assistant is to the left of the surgeon. The monitor is placed in 
front of the surgeon.

The proctoscope is inserted into the rectum and fixed after 
identification of the rectal lesion. However, the position of 
the proctoscope might be adjusted during the procedure in 
order to ensure optimal visualization and access to the mar-
gins of the lesion. Carbon dioxide (CO2) is inflated to main-
tain an 8-mmHg endorectal pressure that in some cases 
might be increased up to 16  mmHg. The surgeon usually 
starts the dissection at the right lower border of the tumor 
(Fig. 33.3a). Due to the uncertainty of the preoperative diag-
nosis and staging, a full-thickness excision with adequate 
margins of clearance should be performed. Macroscopic 
clear margins of at least 5 mm from the neoplasm should be 
obtained with both benign and malignant lesions. Tumor 
excision is usually performed by using monopolar hook cau-
tery. In difficult cases, ultrasonic shears or a Electrothermal 
Bipolar Vessel Sealing System may be helpful to complete 
the dissection circumferentially around the lesion down to 
the perirectal fat (Fig.  33.3b, c). The specimen is then 
retrieved transanally and is pinned on a corkboard before 
fixation in 10 % buffered formalin to preserve the margins of 
normal mucosa surrounding the tumor.

Troubleshooting  Intraoperative peritoneal perforation (PP) is 
a challenging event that may occur during TEM for high or 
anterior rectal lesions. It is frequently reported as a complica-
tion and therefore tumors of the upper rectum, especially those 
located on the anterior or lateral wall, are considered a contra-
indication to TEM. The learning curve and the case volume of 
the surgeon are two main factors that influence the treatment 
strategy (direct suturing, conversion to open surgery or stoma 

Fig. 33.1  Long (left) and short (right) proctoscope with 3 working channels

Fig. 33.2  TEO instrumentation in place
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creation) adopted when PP occurs. In our experience, the 
prone position of the patient on the operating table and the 
particular shape of the tip of the TEO proctoscope help suture 
the rectal wall on a 360° surface, thus minimizing the risk of 
conversion to open surgery or the need for a stoma [9].

Special care is mandatory when performing a TEM pro-
cedure for an anterior rectal tumor in female patients, due to 
the risk of developing postoperative rectovaginal fistulas. In 
those cases we suggest to perform a mucosectomy instead of 
a full-thickness excision.

a b c

Fig. 33.3  (a) Start of dissection at the right lower border of the tumor, (b, c) Circumferential dissection

a b

c d

Fig. 33.4  Suture of the rectal wall defect
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Step 2: Wall Defect Suturing
After the parietal defect is disinfected with iodopovidone 
solution, the surgeons closes the rectal wall defect with one 
or more long-term monofilament absorbable running sutures. 
Dedicated silver clips are used to secure the suture since knot 
tying during TEM is challenging. As an alternative, the sin-
gle use suturing device like Endo Stitch™ can be used to 
suture the rectal wall.

Reduction of the endorectal pressure increases compli-
ance of the rectal wall. In case of large wall defects, a mid-
line stitch is placed to approximate proximal and distal 
margins (Fig. 33.4); at the end of the procedure, patency of 
the rectal lumen is carefully checked through the TEM 
proctoscope.

Troubleshooting  One controversial technical aspect of full 
thickness TEM concerns the management of the rectal wall 
defect. Even though there is no strong evidence supporting 
the suture of the defect, the closure of the wall represents one 
of the technical advantages of TEM compared to classical 
transanal excision and might reduce the risks of postopera-
tive local infection and sepsis, and complications in case of 
later rectal resection with total mesorectal excision.

33.8	 �Post-operative Care

Patient’s mobilization occurs immediately after surgery. The 
urinary catheter placed intraoperatively is removed on post-
operative day 1 (postoperative day 2 if the anterior rectal 
wall was involved). Intravenous paracetamol is administered 
for 24 h postoperatively. Oral intake is allowed on postopera-
tive day 1.

Postoperative complication rates range between 2 and 
15 %. Most frequent local complications are rectal bleeding 
and suture dehiscence.

Rectal bleeding is self-limiting in most cases. Treatment 
options include blood transfusions and endoscopic clipping.

Suture dehiscence occurs more frequently after neoadju-
vant radiation therapy [10]. Patients with suture dehiscence 
experience severe rectal pain that may be associated with 
tenesmus and fever. An endoscopy is always obtained to 
check the suture line and the size of the perirectal collection. 

Conservative treatment include intravenous antibiotics and 
10 % iodine solution enemas. A further treatment to control 
sepsis such as a diverting stoma creation is rarely necessary.
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TransAnal Minimally Invasive Surgery 
(TAMIS)

A.M. Lacy and M. Fernández-Hevia

34.1	 �Introduction

Transanal endoscopic microsurgery (TEM) was first 
described by Buess et  al in 1983, as a procedure of mini-
mally invasive surgery for full-thickness resection of benign 
rectal lesions. The advantages of this approach, compared 
with transanal excision, were superior visualization, 
improved access to proximal lesions, increased rates of nega-
tive margins, decreased fragmentation of specimens and 
lower recurrence rates. The indications quickly expanded 
and nowadays T1 N0 rectal tumors can be performed using 
this approach, furthermore it can be an alternative in patients 
with advanced lesions with contraindication for radical 
resection. Benefits of a TEM procedure are reducing the 
adverse effects of radical rectal surgery, minor postoperative 
complications, lower rates of anorectal, urinary and sexual 
dysfunction.

TEM system have got limited widespread adoption, one 
of its limitations is the need for specialized expensive 
instruments and a steep learning curve. Popularity of sin-
gle-port system in abdominal surgery last years has facili-
tated to introduce these platforms in transanal surgery. 
Single-port devices are introduced into anal canal and allow 
performing transanal excision using standard laparoscopic 
instruments. The colocation in the anal canal is easier with 
these new devices. One problem with TEM is the complex-
ity of the TEM setup, it was essential to know exactly where 
was the lesion to adapt the position of the patient in the 
table (i.e. lesion at 6  h, patient would be positioned in 
prono), with new devices it is not essential, the patient may 
always be placed in the dorsal lithotomy position. New 
devices are more ergonomic, allowing wider range of 
movement. Preliminary studies using these devices have 
demonstrated technical feasibility, low morbidity and its 

oncological safety. Many different platforms have been 
used and different nomenclatures have been appeared, 
including different acronyms such as Transanal Mini-
Invasive Surgery (TAMIS), Transanal Single-Port 
Microsurgery (TSPM), Transanal Endoscopic Video-
Assisted surgery (TEVA) and SILSTEM. This TEM alter-
native could reduce cost and allow extend transanal surgical 
endoscopic resection for rectal pathologies in centres nor 
equipped with TEM system.

34.2	 �Indications

Transanal minimally invasive surgery (TAMIS) indications 
are initially the same as TEM (Table 34.1). The endoscopic 
approach avoids the need of anterior resection, preserving 
sphincters and allowing access to rectal tumors located up to 
20 cm from the anal verge, using the better vision provided 
through the rectoscope and the creation of a pneumorectum.

It is typically used for the treatment for benign polyps that 
are not amenable to flexible endoscopic excision and for 
early rectal cancers, specially to low risk T1. Patients with 
T1 without adverse pathologic factors (i.e., high grade, blood 
or lymphatic vessel invasion, sm3) can be adequately treated 
with local excision alone, preferably a TEM procedure. This 
approach allows accurate assessment of histopathological 
parameters such as margin, differentiation, vascular involve-
ment and depth of penetration Furthermore there are cur-
rently different trials comparing rectal anterior resection vs 
chemoradiotherapy plus transanal miniinvasive surgery in 
T2 and T3a N0. In just some cases, it can be an alternative in 
patients with advanced rectal lesions with contraindication 
for radical resection.

TEM and TAMIS have the same limitations as traditional 
endoanal resection (high recurrence rates for more advanced 
tumors and tumors with high-risk histological features). 
Nevertheless in patients with T1 rectal cancer, local recur-
rence rates are similar between TEM/TAMIS and TME. 
(0–5 % in T1 sm1/sm2 cancers, but up to 10–12 % in T1 sm3 
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cancers). Furthermore it is associated with lower mortality 
(<0.5 %) and morbidity (3–12 %) compared with radical 
resection.

Other additional criteria are tumor size (less than 4 cm) 
and histology (well- or moderately well-differentiated 
tumors). The probability of lymph node metastases is modi-
fied based on the above factors, thereby a T1 G1 (well-
differentiated) tumor has a lymph node metastases risk 
around 0 % compared with more than 10 % for a T1 G3 
(poorly differentiated) tumor.

In last years TAMIS indications have extended, using this 
approach in natural orifice transluminal endoscopic surgery 
(NOTES). TAMIS total mesorectal excision in rectal cancer 
assisted by laparoscopy is a new procedure that have earned 
popularity in recent years, there are a case of pure NOTES 
published using this approach.

Atypical:

–– Drainage of pelvic and perirectal abscesses above the 
levator muscles of the anus. It can be an alternative in 
patients in which transanal access or radiological guided 
drainage is unsuccessful.

–– Colorectal anastomotic stenosis. The initial treatment of 
choice in these cases is endoscopic dilatation, but a pos-
sible alternative in middle-high rectal anastomoses could 
be stricturoplasty, if endoscopic dilatations fail.

–– Rectourethral fistula after laparoscopic radical prostatec-
tomy. Recent publications have reported successful inter-
ventions in these cases.

–– Gastrointestinal stromal tumors (GIST), less than 2 cm 
in size with a pathology result of low mitotic activity 
(less than 5 mitoses per 50 HPF), are considered to have 
good prognosis, and so local surgery is the treatment of 
choice.

–– The excision of condylomas in the anal canal and their 
extension toward the rectal ampulla.

–– An alternative to failure laparoscopic ventral rectopexy. 
In this situation, after endoanal resection of the prolapsed 
rectal cylinder and the reconstruction of the rectum by 
attaching it to the wall of the pelvis, the fibrosis produced 
impedes relapse of the prolapse.

–– Rectal foreign bodies. Depending on the anatomical loca-
tion of the lesion, time of evolution and severity on the 
rectal organ injury scale. In extraperitoneal rectal lesions, 
the primary suture can be performed without faecal deri-
vation, provided (a) the rectal injury scale is below II, (b) 
fewer than 8 h have passed since the trauma occurred, and 
(c) the lesion is accessible.

–– Retrorectal tumors.
–– Rectovaginal fistulas
–– Rectal duplication
–– Pyogenic granuloma
–– Conservative treatment for the leaks in low colorectal 

anastomoses.
–– Treatment of anastomotic haemorrhage in high and mid-

dle rectal anastomoses.
–– The association with laparoscopic techniques:

•	 Synchronous colonic neoplasm with rectal lesions.
•	 TAMIS-TME assisted by laparoscopy in the treatment 

with bloc resection in rectal neoplasm.

34.3	 �Preoperative Work-Up

We are to focus in patients with benign polyps or early rectal 
cancer. Preoperative study will englobe the next tests.

	1.	 Detailed history and physical examination. Familiar his-
tory. Previous pathology. Digital rectal examination will 
facilitate important information about distance to the anal 
verge, location (anterior, posterior, right/left side), 
percentage of circumference affected or kind of lesion 
(pediculate, sessile).

	2.	 Rigid rectoscopy. Easy test to perform ambulatory, just 
need a simple preparation and is the most reliable test to 
define the distance to the anal verge, moreover in the 
highest rectal lesions.

	3.	 Colonoscopy. Allowing to explore all colon and dismiss-
ing other synchronous lesions.

	4.	 Biopsy of the lesion. Essential to know malignancy. 
Polyps resected by flexible endoscopy with doubtous 
deep margin can be tributaries of performing TAMIS.

	5.	 In malignant or doubtous lesions must be perform:
	(a)	 Endorectal ultrasound to study deepness of the inva-

sion and possibility of suspicious lymph nodes.

Table 34.1  Indications for TAMIS

Benign rectal polyps

Low risk rectal cancer (T1)

 � Trials comparing with TME in T2–T3a after ChR

 � Palliative surgery

Other possibilities:

 � Total mesorectal excision

 � Drainage of pelvic and perirectal abscesses

 � Colorectal anastomotic stenosis.

 � Rectourethral fistula. Rectovaginal fistulas.

 � Condylomas in rectal ampulla.

 � Retrorectal tumors. Rectal duplication. Rectal GIST.

 � Conservative treatment for the leaks in low colorectal 
anastomoses.

Haemorrhage in rectal anastomoses.
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	(b)	 Pelvic MRI to complete T and N staging.
	(c)	 Thorax and abdominal computed tomography to dis-

card possible distance metastases.
	6.	 Preoperative study.

–– Blood test with carcinoembryonic antigen-CEA, liver 
function and coagulation test.

–– Electrocardiogram.
–– Chest radiography.
–– Anaesthesiologist evaluation.

34.4	 �Operating Room

Mechanical bowel preparation or rectal enemas will be 
administered preoperatively. Prophylactic antibiotics (i.e. 
cefoxitin 2  g) intravenously 1  h before beginning surgery 
will be administrated.

Patient will be placed in modified lithotomy position. Both 
legs are place in adjustable stirrups, both arms are tucked, pad-
ded and protected along the each side. The patient is posi-
tioned so that the perineum is reachable from between the 
legs. Lower extremity pneumatic compression stockings are 
used in all cases and in high-risk patients they will be main-
tained during postoperative period. The patient will be fixed to 
the table to try to avoid displacements of the patient during the 
procedure.

Peripheral intravenous lines are used and a central cathe-
ter can be used in function patients’ comorbidities.

The rectum was irrigated with 1 % diluted iodine solution. 
A rigid rectoscopy will be performed to control the place of 
the lesion.

The patient is prepared and drapped sterile.
Surgical material: single-port device, 30 degrees angled 

scope will be used in these surgery, an alternative is a flexible 

scope but one limitation is reduced space to work and trian-
gulation during surgery specially in high rectal lesions. 
Standard laparoscopic material (forceps, needle holder). 
Coagulation device.

The surgeons and the camera are placed between legs and 
the screen will be place over the patient’s head.

34.5	 �Surgical Technique

Lone star® retractor is positioned before inserting trans-
anal single-port (Fig.  34.1) and posteriorly it can be 
removed. Pneumorectum will be established by using CO2 
insufflation with an initial pressure set at 12–15 mmHg and 
flow set at 40 mmHg per minute. High-definition laparo-
scopic cameras and a 30° will be used for visualization. 
Standard laparoscopic instruments will be used to perform 
excision. Full-thickness excision will be performed respect-
ing TEM principles resection, with the objective of obtain-
ing a 1  cm minimum negative lateral margin and a clear 
margin to the perirectal tissue without tumor 
fragmentation.

The line of section around the lesion will be marked 
with the hook and once the circumference is completed, all 
points will be connected (Fig.  34.2). Coagulation device 
will be used to complete the resection (Figs. 34.3 and 34.4). 
All defects will be closed completely with absorbable 
suture material by use a variety of suturing techniques 
(Figs. 34.5 and 34.6). This is the most critical issue. Many 
authors reported difficulties in repairing the excision defect 
so different methods have been proposed, as endoGIA sta-
pler, intracorporeal suture-tying or interrupted sutures with/
without extracorporeal knots that are secured with a 
knot-pusher.

a b

Fig. 34.1  (a) Position Lone 
star® retractor and insert 
transanal platform. (b) External 
vision of the team during the 
surgery (Gelpoint platform – 
Applied medical)
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Fig. 34.2  Lesion indification 
and marking around it

a b c

Fig. 34.3  Different images performing tumor resection, (a) Connecting all the points marked previously. (b) Performing the resection with 
electrocautery. (c) Using Harmonic to complete tumor resection

Fig. 34.4  Defect in rectal wall 
after complete tumor resection
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Fig. 34.5  Suturing the wall defect using standard laparoscopic 
instruments

Fig. 34.6  Final vision after suturing defect

34.6	 �Postoperative Care

Low risk patients spend few hours in postoperative recovery 
unit and if there is no incidence after that will pass a hospi-
talization room and can be discharged the same day or 24 h 
after surgery. Diet will be reintroduced some hours after sur-
gery and discharged with low residue diet. Foley catheter 
will be removed in operating room. Fever after surgery can 
appear in these patients so prophylactic antibiotics are usu-
ally held at discharge.
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Thyroid and Parathyroid (MIVAT 
and MIVAP)

Paolo Miccoli and Gabriele Materazzi

35.1	 �Introduction

The first endoscopic procedure in the cervical area was 
performed by M. Gagner who operated on a patient pre-
senting with a primary hyperparathyroidism (PHPT) 
caused by a hyperplasia of four glands. PHPT seemed 
immediately to be an ideal disease to be approached endo-
scopically for several reasons: (1) the tumor giving rise to 
the hyperfunction is almost always benign (2) it rarely 
exceeds 2–3 of cm size (3) there is no need for any surgi-
cal reconstruction after the small mass removal. Not much 
later, also thyroid gland started to be approached endo-
scopically, although thyroid diseases more often present 
with a pathologic pattern which makes difficult to operate 
on them via an endoscopic access. In fact large goiters and 
invasive tumors are still common indications for thyroid 
surgery and the size of the mass to remove from the neck 
strongly limits the prospects of endoscopic 
thyroidectomy.

In 1998 we ideated and developed in Pisa MIVAT 
(Minimally Invasive Video Assisted Thyroidectomy)  
and MIVAP (Minimally Invasive Video Assisted 
Parathyroidectomy).

At present we might assume that MIVAP and MIVAT are 
to be considered a valid option for most of the cases of 
PHPT and thyroid disease and they are widely performed in 
several Centres as the first option. In spite of the initial cau-
tion though, the introduction of new technologies and 
instrumentation facilitated very much these procedures 
shortening significantly the operative time and enlarging the 
indications.

35.2	 �Indications

35.2.1	 �Parathyroid

No doubt this is a surgery mostly indicated only for a spo-
radic disease characterized by the presence of a single, well 
localized adenoma harbored in a virgin neck This should 
imply a positive imaging that should be concordant for both 
ultrasonography and sestamibi scintiscan. Some contraindi-
cations are shown in Table 35.1.

35.2.2	 �Thyroid

The inclusion criteria and the main contraindications are 
summarized in Table 35.2. The most relevant limit is repre-
sented by the size of both the nodule and the gland as mea-
sured by means of an accurate ultrasonographic study to be 
performed pre-operatively. Ultrasonography can also be use-
ful to exclude the presence of a thyroiditis, which might 
make the dissection troublesome. In case ultrasonography 
only gives the suspicion of thyroiditis, of course auto-
antibodies should be measured in the serum.

One of the most controversial aspects in terms of indi-
cations is the opportunity of treating malignancies. No 
doubt “low risk” papillary carcinomas constitute an ideal 
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Table 35.1  MIVAP: contraindications

Relative contraindications Absolute contraindications

Adenomas larger than 3 cm Large goiters

Lack of pre operative localizationa Recurrent disease

Neck surgery on the opposite side 
of the suspected adenomab

Extensive previous neck 
surgery

Previous neck irradiation or small 
thyroid nodulesc

MEN and familial PHPT

Parathyroid carcinoma

Depending upon their shape, even larger adenomas can be removed
aA bilateral exploration can be performed through a central incision
bA lateral access can be used
cConcurrent thyroidectomy is possible
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indication for MIVAT but a good selection has to take into 
account the exact profile of possible lymph node involve-
ment in the neck. In fact, although the completeness of a 
total thyroidectomy achievable with video assisted proce-
dures is beyond debate, the greatest caution should be 
taken when approaching a disease involving either meta-
static lymph nodes or an extracapsular invasion of the 
gland. In these cases an endoscopic approach might be 
inadequate to obtain a full clearance of the nodes or the 
complete removal of the neoplastic tissue (infiltration of 
the trachea or the oesophagus) [1–5].

35.3	 �Contraindications

	1.	 History of thyroiditis (positive autoantibodies)
	2.	 History of neck irradiation
	3.	 Previous thyroid or parathyroid surgery

35.3.1	 �Preoperative Work-Up

Patients will undergo routine examinations for general 
anaesthesia.

Before attempting a minimally invasive approach by 
MIVAT or MIVAP the following examinations are very use-
ful to the surgeon:

•	 Ultrasonography of the thyroid gland in order to evaluate 
total gland volume, diameter of the largest nodule, posi-
tion and diameter of the parathyroid adenoma.

•	 Blood test to ascertain the euthyroidism and exclude a 
thyroiditis

•	 A fine needle aspiration biopsy on the suspicious nodule
•	 X ray examination of the trachea
•	 A laryngoscopic examination by an otolaryngologist.

The patient is given detailed written consent, prophylactic 
antibiotic therapy before surgery and pre-anaesthesia are 
administered before going to the operating room.

35.3.2	 �Operating Room

35.3.2.1	 �Patient
–– Supine position without neck hyperextension
–– Conventional neck preparation and draping
–– A sterile drape covering the skin (Bioclusive © 2003 

Johnson&Johnson, Gargrave, Skipton, UK).

35.3.2.2	 �Team
•	 The surgeon is on the right side of the table.
•	 The first assistant is on the left side of the table (opposite 

the surgeon)
•	 The second assistant is at the head of the table.
•	 The third assistant is on the left side of the table
•	 The scrub nurse is behind the surgeon on the right side of 

the table.

35.3.3	 �MIVAT/MIVAP Kit

	1.	 Forward-oblique telescope 30°, diameter 5  mm, length 
30 cm

	2.	 Suction dissector with cut-off hole, with stylet, blunt, 
length 21 cm

INDICATIONS

1. Thyroid nodules smaller than 3-3.5 cm in their largest diameter:

• indeterminate cytology

• follicular tumors diagnostic surgery

• small  symptomatic goiters

2. “Low risk” papillary carcinoma

3. Graves’ disease presenting with small volume glands (not over 20 mL)

4. Prophylactic thyroidectomy in RET gene mutation carriers (early diagnosis)

Table 35.2  MIVAT Indications and contraindications
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	3.	 Ear forceps, very thin, serrated, working length 12.5 cm
	4.	 Conventional tissue retractor army navy type
	5.	 Small tissue retractor, double-ended, length 12 cm
	6.	 Clip applier for vascular clips
	7.	 Straight scissors, length 12.5 cm

35.3.4	 �Surgical Technique

35.3.4.1	 �MIVAT Operative Technique

Preparation of the Operative Space
The patient, under general endotracheal anaesthesia, is posi-
tioned in supine position with his neck not extended. 
Hyperextension must be avoided because it would reduce the 
operative space. The skin is protected by means of a sterile 
film (Bioclusive © 2003 Johnson&Johnson, Gargrave, 
Skipton, UK). A 1,5 cm horizontal skin incision is performed 
2  cm above the sternal notch in the central cervical area. 
Subcutaneous fat and platysma are carefully dissected so as 
to avoid any minimum bleeding. Two small retractors are 
used to expose the midline which has to be incised for 
2–3 cm on an absolutely bloodless plane (Fig. 35.1).

The blunt dissection of the thyroid lobe from the strap 
muscles is completely carried out through the skin incision 
by gentle retraction and using tiny spatulas. When the thy-
roid lobe is almost completely dissected from the strap mus-
cles, larger and deeper retractors (army navy-type) can be 
inserted and they will maintain the operative space during all 
the endoscopic part of the procedure (Fig. 35.2). Then, a 30° 
5  mm or 7  mm endoscope is introduced through the skin 
incision: from this moment on, the procedure is entirely 
endoscopic until the extraction of the lobe of the gland. 
Preparation of the thyro-tracheal groove is completed under 
endoscopic vision by using small (2 mm in diameter) instru-
ments like spatulas, forceps, spatula-sucker, scissors.

Ligature of the Main Thyroid Vessels
Harmonic® device is utilized for almost all the vascular 
structures but, if the vessel to be coagulated is running par-
ticularly close to the inferior laryngeal nerve, then haemosta-
sis is achieved by means of small vascular clips applied by a 
disposable or reusable clip applier.

The first vessel to be ligated is the middle vein, when 
present, or the small veins between jugular vein and thyroid 
capsule. This step allows a better preparation of the thyrotra-
cheal groove where the recurrent nerve will be later searched.

A further step is represented by the exposure of the upper 
pedicle, which must be carefully prepared, until an optimal 
visualization of the different branches is achieved. During 
this step the endoscope should be rotated of 180° with the 
30° degrees tip looking up-ward and hold in a parallel direc-
tion with the thyroid lobe and trachea, in order to better visu-
alize the upper portion of the operative camera where the 
superior thyroid vein and artery are running (Fig. 35.3).

Inferior Laryngeal Nerve and Parathyroid Glands 
Identification and Dissection
After retracting medially and lifting up the thyroid lobe, the 
fascia can be opened by a gentle spatula retraction. During 
this step the endoscope should be re-positioned in a orthog-
onal axis with the thyroid lobe and trachea, looking down-
ward with its 30° degrees angle (Fig. 35.4). The recurrent Fig. 35.1  Use of two small retractors to expose midline

1 thyroid
2 trachea
3 esophagus
4 vertebra
5 inf. lar. nerve
6 strap inusecles
7 skin
8 neuro-yaso. crunk
9 army navy recractor
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Fig. 35.2  Retractors in 
operative space
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laryngeal nerve appears generally at this point in time, 
lying in the thyrotracheal groove, posterior to the 
Zuckerkandl tuberculum (posterior lobe) which constitutes 
an important landmark in this phase. This way the recurrent 
nerve and the parathyroid glands are dissected and freed 
from the thyroid (Fig. 35.5).

Dissection of the entire nerve from the mediastinum to its 
entrance into the larynx is not mandatory and might result in 
a time waste during the endoscopic phase. Also both parathy-
roid glands are generally easily visualized during the endo-
scopic step thanks to the camera magnification. Their 
vascular supply is preserved by selective section of the 
branches of the inferior thyroid artery. During dissection, 
when dealing with large vessels or small vessels close to the 
nerve, haemostasis can be achieved by 3-mm titanium vascu-
lar clips.

Extraction of the Lobe and Resection
At this point in time the lobe is completely freed. The endo-
scope and the retractors can be removed and the upper por-
tion of the gland rotated and pulled out using conventional 
forceps. A gentle traction over the lobe allows the complete 
exteriorization of the gland. The lobe is freed from the tra-
chea by ligating the small vessels and dissecting the Berry 
ligament. The isthmus is then dissected from the trachea and 
divided. After completely exposing the trachea, the lobe is 
finally removed. Drainage is not necessary. The midline is 
then approached by a single stitch; platysma is closed by a 
subcuticular suture and a cyanoachrilate sealant is used for 
the skin (Fig. 35.6).

35.3.4.2	 �MIVAP Operative Technique
The access to the operative field is same described in step 1 
for MIVAT. In case of re-do surgery, a lateral access instead 
of the standard midline access is possible. This avoids enter-
ing fibrous tissue where recognition of anatomical planes 
and structures such as the recurrent nerve may be difficult. 
The incision is made just medially to the sternocleidomas-
toid muscle and the same blunt dissection is performed until 
the thyroid space is well-exposed.

The exploration first starts on the side in which the ade-
noma is supposed to be on the basis of the preoperative 
imaging, but bilateral exploration can be achieved through 
the central incision. The endoscopic magnification allows 
very easy identification of the relevant neck structures like 
the recurrent laryngeal nerve. Once the adenoma is located it 
is dissected without disrupting the capsule performing a 
cautious blunt dissection by means of the above described 
spatulas. The pedicle of the gland which is well visible under 
optical magnification (Fig. 35.7), is then clipped: the use of 
small disposable vascular clips is strongly suggested (2 mm) 
because of the relatively small operative field. Washing and 
cleaning of the operative field can be simply achieved in 
absence of trocars. Water can be injected directly with a 
syringe; its aspiration is facilitated by the use of the spatula-
shaped aspirator. Smoke and fluids can be sucked without 
introducing extra instruments into the incision.

The adenoma is then retrieved through the skin incision. 
No drainage is necessary but we strongly advocate not to 
close tightly the midline so to better evaluate early bleedings. 
Skin is generally closed only by means of a skin sealant 
(Dermabond®) after a subcuticular running suture has been 
performed in order to approach the two edges of the incision. 
In the meanwhile the surgeon is waiting for the result of 
Quick intraoperative intact parathyroid hormone assay 
(qPTHa). The completeness of the surgical resection of all 
hyperfunctioning parathyroid tissue is confirmed by a 
decrease of more than 50 % in qPTHa values compared to the 
highest pre-excision level. Measurements are obtained when 

Fig. 35.3  Position of endoscope for visualization of upper portion of 
operative camera where the superior thyroid vein and artery are 
running

Fig. 35.4  Position of endoscope in orthogonal axis with the thyroid 
lobe and trachea
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anesthesia is induced, when the adenoma is visualized and 5 
and 10 min after the adenoma is removed.

35.3.5	 �Postoperative Care

After surgery, patients undergoing MIVAP and MIVAT 
require strict observation during the first 5–10 h on the ward. 
Dysfonia, airway obstruction, and neck swelling must be 
carefully checked. No drain is left, so careful surveillance for 
postoperative hematomas is required during the immediate 
postoperative period. Postoperative bleeding risk is very low, 
especially after MIVAP, and dramatically decreases after 5 h, 

especially using the harmonic scalpel. In fact, one of the 
major advantages when using the Harmonic Scalpel, is rep-
resented by the fact that the postoperative hemorrhage occurs 
immediately or at least after few hours.

In case of postoperative hematoma, if compressive symp-
toms and airway obstruction are present, re-intervention and 
immediate hematoma evacuation is strongly required.

Patients can start oral intake since the evening on the 
operative day, and will be discharged the day after. Patients 

a b

Fig. 35.5  Recurrent nerve (a) and parathyroid glands (b) dissected from the thyroid

Fig. 35.6  Cyanoachrilate sealant used for closing the skin
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Fig. 35.7  Pedicle of the gland well visible under optical 
magnification
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undergoing MIVAP could be discharged the same day, espe-
cially if surgery has been performed under local anesthesia, 
when allowed by the national health care system.

On the first and second postoperative day serum calcium 
must be checked, in order to control hypoparathyroidism by 
substitutive therapy, as described in Table 35.3.

Wound care is not really necessary after MIVAP and 
MIVAP, because of the glue covering the skin and postopera-
tive pain will be controlled by means of both iv or oral 
analgesics.

Voice impairments and subjective or objective dysfonia 
require immediate postoperative vocal cord check by and 

ENT doctor. In case of normal postoperative course, vocal 
cord check can be delayed after 3 months.
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Table 35.3  Management of postoperative hypocalcemia

Management of hypocalcemia following thyroidectomy on the first 
postoperative day

Acute symptomatic Calcium gluconate IV

Asymptomatic calcium  
≤7.5a mg/dL

Calcium (3 g) + vitamin D (0.5 μg) 
per os daily

Asymptomatic calcium  
7.5–7.9 mg/dL

Calcium (1.5 g) per os daily

aNormal range: 8–10 mg/dL
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Laparoscopic Transperitoneal 
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36.1	 �Introduction

First described by Gagner et  al. and Higashihara et  al. in 
1992 laparoscopic adrenalectomy is now considered the gold 
standard treatment for removal of adrenal masses. Reduction 
in post-operative stay, wound related complications, pain 
and faster return to normal activities in comparison to stan-
dard open technique represent the main benefits of the mini-
mally invasive approach.

36.2	 �Indications

Current indications for laparoscopic transperitoneal approach 
to the adrenal glands are removal of benign functioning and 
non-functioning tumors of the adrenal gland <12-cm.

In detail, about 80 % of minimally invasive procedures 
are performed for endocrine cause of hypertension such as 
unilateral aldosteronoma, Cushing’s syndrome and pheo-
chromocytoma without any preoperative evidence of local 
invasion or metastases. Other less common indications 
include adrenal cyst, metasteses, myelolipoma, primary 
adrenocortical neoplasm, androgen-secreting tumors, 
adrenal hemorrhage, ganglioneururoma, adrenal tubercu-
losis and primary hydatid cyst. Bilateral laparoscopic 
transperitoneal approach has been used in the treatment of 
Cushing’s syndrome that includes refractory Cushing’s 
disease, ectopic adrenocorticotrophic hormone (ACTH) 
production, bilateral ACTH-secreting adenomas, and 
bilateral pheochromocytomas.

36.3	 �Contraindications

Contraindications for laparoscopic transperitoneal approach 
are relative and include the uncooperative patient, uncorrect-
able coagulation defects, severe congestive heart failure, 
respiratory insufficiency, hemodynamic instability resulting 
from a ruptured adrenal gland, pregnancy, associate bowel 
obstruction and inability to perform the procedure safely 
with minimally invasive techniques.

As for pregnancy, first-trimester surgery risks teratogen-
esis and miscarriage while during the third-trimester surgery 
might cause preterm labor and premature delivery, as well as 
difficulties related to poor visualization. The second trimes-
ter is safest, with less risk for preterm labor but, if possible, 
elective surgery should be postponed until few months after 
delivery.

As usual cardiac diseases and cardiopulmonary 
obstructive diseases (COPD) are nowadays considered 
only relative contra-indications to laparoscopic surgery 
but in those cases the used of low-pressure pneumoperito-
neum is recommended.

The elderly and morbidly obese patients have increased 
risk for complications with general anesthesia and a careful 
preoperative assessment is recommended. Special care 
should be taken in obese patients for the prevention of deep 
vein thrombosis using compression stockings, low-dose hep-
arin, early post-operative ambulation.

Laparoscopic transperitoneal approach may also be 
challenging in case of previous abdominal open procedure 
and it might require modification of the usual trocar inser-
tion site. In case of severe adhesion the minimally invasive 
retroperitoneal or the standard open approach should be 
considered.

The only absolute contraindications for laparoscopic 
transperitoneal approach include benign tumors greater than 
12 cm (because of the increased incidence of malignancy at 
this size and technical limitations of extraction), tumors with 
gross local invasion, adrenocortical carcinomas, and meta-
static pheochromocytomas.
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36.4	 �Advantages & Disadvantages

The main advantages of the laparoscopic adrenalectomy 
over open surgery are the same as those describe for other 
minimal access procedures: smaller incisions, better visual-
ization of the operative field, possibility to easily explore the 
entire peritoneal cavity, shorter postoperative length of stay, 
less postoperative pain, decreased analgesics usage and 
improved patient satisfaction.

The disadvantages are that it is more technically demand-
ing in terms of equipment, costs and the experience of the 
surgeon, bilateral adrenalectomy cannot be performed with-
out repositioning the patient and that it is not recommended 
for the treatment of malignant neoplasm. Furthermore, draw-
backs of this technique are the fact that frequency of adrenal 
tumours is relatively low, a minority of patients qualify for 
this approach as the volume of the adrenal masses to be 
removed often exceeds the possibilities of endoscopic sur-
gery. Moreover, the learning curve is quite long for the sur-
geon and the availability of surgeons experienced both in 
endocrine and in endoscopic surgery is still low. De facto, it 
is difficult, outside high volume speciality centres, for prac-
ticing surgeons and residents in training to develop enough 
experience to become proficient with this technique, espe-
cially in more difficult cases.

36.5	 �Alternative Treatment Options

Alternative minimally invasive treatment options for adre-
nal tumor include retroperitoneoscopic approach, single 
port access adrenalectomy (both anterior and posterior), 
hand-assisted, robotic assisted surgery, and imaging-
guided percutaneous ablation (by means of radiofrequency, 
microware, etc.).

36.6	 �Preoperative Work-Up

Adrenal lesions are characterized by size, growth, imaging 
characteristics, and functional status and these criteria are 
useful to determine whether an adrenal tumor is likely to be 
malignant or if it should be resected based on its functional 
status.

Abdominal ultrasound (US) represents an easy tool for 
the first diagnostic step: in case of a suspicion of adrenal 
lesion, the US finding needs an implementation by com-
puter tomography (CT) scan. Adrenal lesions are initially 
assessed without contrast agent to measure their attenuation 
value since almost 70 % of benign cortical adenomas will 
contain sufficient intracellular lipid to significantly lower 
the attenuation value: if the attenuation value is high, imme-
diate and delayed scans are performed following adminis-
tration of contrast for the calculation of contrast agent 

washout. In general, adenomas will have greater washout 
than a nonadenomatous lesion; this technique has a sensitiv-
ity of 98 % and a specifity of 92 % in differentiating an ade-
noma from other adrenal tumours. Furthermore, using a 
multidetector CT, it is now possible to obtain image recon-
structions of the adrenal glands in any plane: this has dem-
onstrated helpful in determining whether a large mass is of 
renal or adrenal origin and also for detecting possible inva-
sion of surrounding structures.

When CT evaluation is unsatisfactory, magnetic reso-
nance images (MRI) might be useful due to its great contrast 
resolution and its high accuracy to distinguish normal and 
pathological tissues, as well as cyst, oedema, necrosis, haem-
orrhage, vascular and cellular density.

MRI does not involve the use of ionising radiation and 
relies on the difference in resonance frequencies of protons 
in water and intracytoplasmic lipid.

Radiological criteria to be considered in case of adrenal 
lesion are: size, morphology, CT density, MRI signal charac-
teristics as well as enhancement after administration of con-
trast agents.

In order to evaluate the functional status of adrenal lesion 
together with its morphologic assessment, both US National 
Institutes of Health and American Association of Endocrine 
Surgeons guidelines suggest a set of preoperative functional 
studies.

The hormonal pattern evaluation includes an overnight 
dexamethasone suppression test (for subclinical Cushing’s 
syndrome), the ratio of plasma aldosterone concentration to 
plasma renin activity (for aldosteronoma) and plasma frac-
tionated metanephrines or 24-h total urinary fractionated 
metanephrines (for pheochromocytoma).

Only in very few cases, when radiology associated with 
hormonal tests is not able to identify the nature of adrenal 
mass functional imaging such as PET-CT and SPECT could 
be useful since they provide both anatomical and functional 
information, indeed 18F-FDG-PET exploits the increased 
metabolism of glucose in malignant lesions and it has a 
high specificity for the detection of malignant adrenal 
lesions although there have been reports of FDG uptake 
also in benign lesions, such as adrenal adenomas and 
myelolipomas.

The accuracy of the current imaging techniques in charac-
terizing adrenal incidentalomas greatly reduces the need for 
adrenal fine needle biopsy (FNB).

The use of FNB is now limited for distinguishing an adre-
nal metastasis from an extra-adrenal malignancy and, 
although the complication rate is less than 3 %, it must not be 
performed before having excluded the possibility of a pheo-
chromocytoma. Furthermore the risk of a diffusion of cancer 
cells along the needle track also should be considered.

Nevertheless even after a thorough workup, many adrenal 
lesions lack a definitive diagnosis and it remains difficult to 
identify patients with functioning tumor preoperatively and 
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to avoid the unnecessary resection of non-functioning mass 
so, to date, the decision whether to remove an adrenal lesion 
depends on the results of the aforementioned diagnostic 
work-up.

36.7	 �General Operative Settings

Patients are usually put on “nil by mouth” 12 h before the 
operation, once in the operating theatre, they will be placed 
on the operating table above a “bean-bag” that will be later 
used to keep the lateral position required for the procedure.

Foley bladder catheter is inserted in a sterile manner and, 
once oral-tracheal anaesthesia is completed, temporary oro-
gastric tube should be placed in order to empty the stomach 
both to prevent aspiration and to facilitate dissection espe-
cially in case of left adrenalectomy.

Venous Central line is usually not required while an arte-
rial line might be useful for continuous blood pressure moni-
toring especially in case of feocromocytomas.

36.8	 �Instrumentation

Instruments required for trans-peritoneal laparoscopic adre-
nalectomy are:

•	 Laparoscopic ancillary equipment including:
–– 30° 5/10 mm scope
–– High definition camera
–– CO2 insufflator
–– Light source

•	 High frequency generator
•	 Ultrasonic generator and hand piece
•	 Ancillary laparoscopic instrumentations including:

–– 10 and 5 mm trocar
–– Atraumatic forceps
–– “Right angle” dissector
–– Hook
–– Scissors
–– Suction and irrigation device
–– Atraumatic liver laparoscopic retractor
–– Medium/large and large 5/10 mm clip applier

•	 Retrieval endoscopic bag

36.9	 �Surgical Technique for Right 
Adrenalectomy

36.9.1	 �Positioning of the Patient

Once oral-tracheal anaesthesia is completed, the patient is 
gently rotated on his left site with an angle between 80° and 
90°, the table should be split at the level of the left flank in 

order to increase the space between the costal margin and the 
iliac spine.

The right harm should be fixed above patient’s head using 
an arch and special care should be taken for positioning the 
left shoulder correctly in order to avoid accidental damage, a 
soft pillow is usually placed between patient’s knees to pre-
vent pressure sores (Fig. 36.1).

At this point the “bean bag” can be vacuum and patient 
fixed in the final position, during the procedure the operating 
table could be adjusted by tilting it on the left or right side so 
gravity can be used to achieve a better exposure.

The patient is then prepped with iodine or alcohol based 
solution from half of the chest to the sovra-pubic abdominal 
area, sterile drapes are then placed and secured.

The main monitor or the laparoscopic tower is placed on 
the right side of the bed towards patient’s shoulder and 
adjusted according to surgeon’s preferences.

The operating surgeon, the camera holder as well as the 
assistant stand on the left side, while the scrub nurse is usu-
ally on the lower right part of the bed watching and acces-
sory monitor.

36.9.2	 �Pneumoperitoneum and Trocar 
Placements

The pneumoperitoneum can be induced either using a Veres 
needle or an “open” technique.

The Veres needle can be carefully placed in the elevated 
right flank around the middle point between the iliac and the 
umbilical scar, the pneumoperitoneum is induced up to 
12  mmHg of intra abdominal pressure and the first 10 or 
5 mm (depending on the diameter of the optic) trocar is intro-
duced at the level of the middle right clavicle line just under 
the right costal margin (Fig. 36.2). Using this “closed” tech-
nique care should be taken not to damage accidentally the 

Fig. 36.1  Positioning of patient for transperitoneal adrenalectomy
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right lobe of the liver: an “optic trocar” can also be used for 
entering the abdominal cavity.

As alternative, the pneumoperitoneum can be induced 
using an “open” technique with the Hasson’s trocar inserted 
“under vision” in the same position as described above: nev-
ertheless once the abdominal cavity is distended the position 
of such trocar is lowered resulting in a non optimal ergo-
nomic setting.

Three further ports are required and can be introduced 
under direct vision (Fig. 36.2):

•	 One 5 or 10 mm trocar at the level of the midline will be 
inserted just on the right side of the xifoid and will be 
used by the assistant to introduce the atraumatic retractor 
and lift the right lobe of the liver. The diameter of the 
trocar will be chosen according to the size of retractor 
(Fig. 36.2).

•	 One 5 or 10 mm trocar on the level of the anterior clavi-
cle line just under the right costal margin and will be 
used by the surgeon right hand to perform most of the 
dissection, so the size of the trocar will depend by the 
size of the dissection instruments used for the procedure 
(Fig. 36.2).

•	 Finally usually a 5 mm trocar is placed on the lateral clav-
icle line once again the costal margin and will be mainly 
used for the introduction of a retracting instrument during 
the procedure (Fig. 36.2).

36.9.3	 �Surgical Steps

Once the trocar are placed the right lobe of the liver is gently 
lifted using an atraumatic retractor introduced through the 
midline trocar, this will give access to the right adrenal area. 
In some cases adhesion between the liver and the transverse 
colon or the Gerota’s fascia might be encountered and 
divided.

Once the right lobe of the liver is elevated the inferior 
vena cava (IVC) and the second and third part of the duode-
num are exposed (Fig. 36.3).

Using the harmonic scalpel or the hook attached to low 
voltage monopolar electrocautery, partial mobilization of the 
duodenum is carried out in order to achieve a good exposure 
of the vena cava up to the level of the right renal vein.

At this point the IVC should be gently separated upwards 
from the right kidney by means of blunt and low voltage 
electric dissection. During this part of the procedure the left 
hand of the surgeon should gently push downward on renal 
parenchyma to facilitate the dissection of the IVC.

The main adrenal vein will be easily identified once the dis-
section of the IVC is completed up to the diaphragm (Fig. 36.4). 
The right adrenal vein is the only the main vessel that has to be 
dissected during right adrenalectomy but it is usually quite 
short and sometime it enter the IVC on its posterior wall.

The dissection of the main adrenal vein should be carried 
out with care using a “right angle” instrument (Fig. 36.4) or 
the hook, avoiding any accidental damage of the vein or the 
IVC that will result in significant bleeding difficult to be 
controlled.

Once the main adrenal vein is fully freed by the surround-
ing structures it should be secured between clips (Fig. 36.5) 
and divided with laparoscopic scissors.

Right side

A

B

C

O

Fig. 36.2  Position of the trocar for right adrenalectomy (O: optic, A: 
liver retractor, B: surgeon’s right hand, C: surgeon’s left hand)

Fig. 36.3  Operative field after retraction of the right lobe of the liver

Fig. 36.4  Exposure of the main adrenal vein
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At this point the procedures carries on with the mobiliza-
tion of the adrenal gland from the Gerota’s fascia using the 
harmonic scalpel: this part of the operation does not present 
significant difficulties but care should be taken in not acci-
dentally enter the gland that could results in bleeding as well 
as tumour’s cells spillage.

Once the dissection of the gland is completed the 
specimen can be introduced into a laparoscopic bag 
(Fig. 36.6) and extracted through one of the incisions that 
sometime have to be enlarged according to the size of the 
gland.

The surgical field must be carefully checked for bleed-
ing and all the trocars removed under vision; surgical 
drain is usually not required but, if needed, it should 
placed through the lateral incision just under the right 
lobe of the liver.

Any fascia defects larger than 10 mm should be closed 
using re-absorbable suture.

36.10	 �Surgical Technique for Left 
Adrenalectomy

36.10.1	 �Positioning of the Patient

For left adrenalectomy the patients is placed in a mirrored 
position as for the right, the monitor is placed on the left 
while the surgical team stand on the right side (Fig. 36.7). 
The pneumoperitoneum is induced as described above either 
with the Veres needle or “open technique”.

The first 10 or 5 mm trocar (depending from the diameter 
of the optic) is introduced at the level of the middle left clavi-
cle line just under the costal margin (Fig. 36.8), at this point 
used direct vision 2 more 10 or 5 mm (depending from the size 
of the instruments) trocars are inserted at the level of the ante-
rior and posterior left clavicle line respectively. Occasionally a 
4th trocar can be added laterally in order to achieve a better 
exposure in case of large masses or obese patients.

Fig. 36.5  Clipping of the main adrenal vein

Fig. 36.6  Introduction of the adrenal gland into a bag

Fig. 36.7  Position of the patient for left adrenalectomy

Left side

A

O

C

B

Fig. 36.8  Position of the trocar for left adrenalectomy (O: optic, A: 
surgeon’s left hand, B: surgeon’s right hand, C: optional trocar for 
retraction)
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The procedure starts with a full mobilization of the splenic 
flexure by means of low voltage monopolar or ultrasonic dis-
section. Once the colon is mobilized further mobilization of 
the spleen should be carried out dividing the spleno-colic, 
spleno-renal and spleno-diaphragmatic ligaments in order to 
access to the retroperitoneal space (Fig. 36.9).

Dissection between the Gerota’s fascia and the transverse 
mesocolon should be carried out in order to expose the left 
renal vein followed by the main adrenal vein, that usually run 
almost orthogonally to it (Fig.  36.10). Once identified the 
adrenal vein can be gently dissected from the surrounding 
structures using the hook and an atraumatic “right angle” 
dissector and finally clipped and divided.

At this point the dissection of the adrenal gland is started 
medially dividing small arterial branches using the harmonic 
shears (Fig. 36.11).

Leaving so fatty tissue around the gland will allow to 
apply gentle lateral retraction that facilitates the dissection of 
both posterior and superior aspect without damaging the 

parenchyma resulting in annoying bleeding. During the 
mobilization of the upper pole of the adrenal, the left phrenic 
vein should be dissected, clipped and divided.

Once the dissection of the gland is completed an endo-
scopic bag can be introduced and the specimen removed 
from one of the trocar site.

36.11	 �Post-operative Care

The bladder catheter is removed at the end of the procedure 
and the patient is allowed to free liquid diet 4 h after surgery 
and usually return to solid diet within 24 h. When a surgical 
drain is left in place, it is usually removed after 24 h accord-
ing to the post-operative course.

Deep vein thrombosis prophylaxis is recommended with 
light weight heparin up to 15 days after surgery and patients 
are usually discharged 24–36 h after the procedure.
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Retroperitoneal Adrenalectomy

H. Jaap Bonjer and M. Walz

37.1	 �Selection of Patients

A multidisciplinary approach involving surgery, anaesthesi-
ology, endocrinology, nuclear medicine, radiology and 
pathology is strongly recommended to manage patients with 
adrenal disease. Assessing hormonal activity of adrenal 
lesions and high resolution imaging are essential steps to 
determine whether surgical removal is necessary. Hormonally 
active adrenal tumors and non-functional adrenal lesions 
greater than 4  cm in diameter merit removal. In the latter 
group, it is important to identify any signs of malignancy. In 
patients with adrenal suspicious pathology, open surgery is 
advocated because these adrenal malignancies tend to be 
very fragile predisposing to tumor spill during laparoscopic 
manipulation.

Patients with adrenal tumors smaller than 6 cm in diame-
ter and devoid of previous (peri) renal surgery are good can-
didates for retroperitoneal surgery. Approaching the adrenal 
gland retroperitoneally avoids interference with intraperito-
neal adhesions and obviates the necessity to mobilize the 
right lobe of the liver in right adrenalectomy and to mobilize 
the spleen in left adrenalectomy. The retroperitoneal 
approach can be performed with the patient in lateral decubi-
tus position and in prone position [1, 2]. The latter offers 
advantages in patients with bilateral adrenal disease because 
both adrenalectomies can be done without turning the patient 
unlike the lateral approach.

37.2	 �Retroperitoneal Adrenalectomy 
with the Patient in Lateral Decubitus

The patient is place in full lateral decubitus position on a 
bean bag with the lumbar space between the iliac crest and 
the tip of the tenth rib at the crack of the table. The table is 
broken maximally to expose this lumbar space fully. The 
skin in this area should be tout indicating proper positioning. 
The bean bag is deflated and care should be taken to pad it 
down to avoid interference with movements of the laparo-
scopic instruments. The arm on the affected side is supported 
in an arm rest. Pressure points such as the knee and ankle are 
carefully padded. The screens are placed at the top of the 
bed. The surgeon stands on the back side of the patient and 
the first assistant on the opposite side.

The first incision of 1.5 cm is made in the mid axillary 
line just below the tip of the tenth rib (Fig. 37.1). The fascia 
is incised and with forceps or the index finger the muscles 
are passed in between the fibers. The fascia transversalis is 
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opened and then the retroperitoneal space is reached. To con-
firm this, the index finger should be inserted and directed 
cranially to palpate the inside of the ribs. The lower pole of 
the kidney can also be palpated.

A spacemaker is introduced, aimed cranially and 
inflated under direct vision by placing a 0° endoscope in 
the shaft of the spacemaker (Fig. 37.2). The first structure 
to be identified is the quadratus lumborum muscle. The 
boundaries of the retroperitoneal space created by balloon 

dissection is shown in Fig. 37.3. For proper orientation it is 
helpful to push down on the abdominal wall to correct the 
horizon of the endoscopic image for any undue rotation of 
the scope. In the first part of the dissection with few ana-
tomic landmarks, malrotation of the endoscopic image can 
occur easily. The balloon of the spacemaker is inflated 
approximately 20 times but less in patients with Cushing’s 
syndrome or disease considering the frailty of the tissues 
in these patients. After deflation of the spacemaker, a 
Hasson’s trocar is placed and the retroperitoneal space is 
insufflated to a pressure between 15 and 20 mmHg. A 0° 
scope used mostly throughout the entire procedure but par-
ticularly in the initial phase when the working space is 
small. Orientation in small spaces appears to be more dif-
ficult when using angled endoscopes.

The second trocar is placed posteriorly just beneath the 
ribs. A 5 mm port is placed under direct vision. Care should 
be taken not to insert this port too cranially to avoid entering 
the pleural cavity. Through this posterior trocar a dissecting 
forceps with cautery or a 5 mm sealing device to mobilize 
the peritoneum from the anterior abdominal wall (Fig. 37.4). 
This should proceed until sufficient space is created to place 
a third and fourth trocar with sufficient distance in between. 
A 10 mm trocar is placed anteriorly to the optics’ trocar and 
another 5 mm trocar is placed medial from the 10 mm trocar 
(Fig. 37.5). At insertion, these trocars should be aimed at a 
point where the adrenal gland is expected.

The next step of the procedure is opening the lateroconal 
fascia which extends between the peritoneum and the 
quadratus lumborum muscle (Fig. 37.6). This fascia is trans-
lucent and can be opened easily with scissors in a cranio-
caudal fashion about 2  cm from the muscle to avoid 
perforation of the peritoneum. When this occurs, the work-
ing space becomes smaller but is rarely interfering with pro-
gression of the procedure.

After opening the lateroconal fascia, the kidney needs to be 
identified and serves as anatomical guidance. The upper pole 
of the kidney is freed from peri-renal fat which can be quite 
adherent in some patients (Fig. 37.7). It is important to stay 
close on the kidney to avoid injury of the pancreatic tail on the 
left or right lobe of the liver on the right. During dissection of 
the upper pole the typical golden yellow colored adrenal tissue 
will become visible. Through the most medial trocar, the kid-
ney is pushed posteriorly and caudally with an atraumatic 
instrument. The adrenal gland should not be grasped because 
the adrenal tissue is fragile. Indirect retraction is preferable. 
The anterior plan of the adrenal gland is avascular and can be 
readily exposed. The inferior adrenal vessels are taken down 
and dissection proceeds in a lateral to medial fashion. Care 
should be taken to preserve upper branches of the renal artery 
which are the origin of the inferior adrenal arteries.

Fig. 37.2  Creating of the retroperitoneal space with a spacemaker
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Fig. 37.3  Retroperitoneal space (horizontal arrows) that is created 
with the spacemaker
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Fig. 37.4  Mobilization of the 
peritoneal sac
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Fig. 37.5  Placement of trocars for retroperitoneal adrenalectomy

On the right side the caval vein will be identified and fol-
lowed cranially while taking down medial arterial vessels 
coming from the aorta passing posteriorly to the aorta. 
Ultimately the short adrenal vein is exposed. Gentle lateral 
retraction of the adrenal gland is mandatory to prevent lacer-
ating the adrenal vein. Once the adrenal vein has been ligated 
and cut, the adrenal will ‘give’ and only the superior arterial 
vessels arising from the phrenic artery. In case of a very short 
vein allowing limited length for placing clips, two clips on 
the caval side suffice and a clip on the adrenal side of the vein 
can be left out because the back bleeding is minimal 
(Fig. 37.8).

On the left side, the sequence of dissection is similar to 
the right. However, during dissection of the inferior aspect of 
the adrenal gland the adrenal vein draining into the left renal 
vein and is ligated and transected. The adrenal vein on the 
left is much longer than on the right and, hence, leaves more 
margin for clip placement. Within 2 cm from the adrenal tis-
sue, a diaphragmatic vein drains into the adrenal vein. This 
vein can be left intact when all clips are placed distally from 
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Fig. 37.8  Clipping the right adrenal vein
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Fig. 37.6  Opening the 
lateroconal fascia
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Fig. 37.7  Freeing up the superior pole of the kidney
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the junction between the diaphragmatic vein and the renal 
vein. Otherwise, the diaphragmatic vein needs to be cut and 
ligated. After transaction of the adrenal vein, medial dissec-
tion follows with taking down of the medial adrenal arteries 
arising from the aorta. Finally, the cranial part of the adrenal 
is dissected and superior adrenal arteries coming from the 
phrenic artery are taken down.

Once the adrenal gland has been freed completely, it is 
placed in a bag and extract through the incision of the 
Hasson’s trocar because this is the largest incision. The scope 
is placed in the other 10  mm trocar during extraction. 
Lowering the insufflation pressure at the end of the proce-
dure is advisable to identify any bleeding from venules. 
Drainage of the operative space is not necessary.

37.3	 �Troubleshooting

Perforation of the peritoneal sac reduces the working space 
rendering the procedures in some patients more difficult. The 
mobilisation of the peritoneum to create space for placement 
of the third and fourth trocar needs to take place flush on the 
muscles of the abdominal wall but posteriorly to the trans-
versalis fascia. To get the right angle of dissection, the sur-
geon has to bow down by flexing the knees to get into the 
right plane. External manual pressure on the anterior abdom-
inal wall helps as well.

Failure to identify the adrenal gland is another problem of 
this procedure. Some surgeons have advocated using laparo-
scopic ultrasonography and this may certainly prove helpful. 
However, the secret to finding the adrenal gland is meticu-
lous dissection of the upper pole of the kidney. This will 
always reveal the inferior margin of the adrenal gland.

Bleeding from the adrenal gland or its arterial branches is 
relatively common in patients with phaeochromocytomas. 
Bleeding from small adrenal arteries can be managed by 
inserting a sponge and compression for several minutes. 
Bleeding from adrenal tissue is more difficult to control 
because cauterizing or sealing adrenal tissue is not very 
effective. Indirect retraction and suction will allow sufficient 
exposure for further dissection of the adrenal gland. The 
5 mm suction device is a helpful atraumatic instrument to 
indirectly retract the adrenal gland and evacuate blood or 
water vapour when ultrasonic dissection is used.

Bleeding from the adrenal vein is the most challenging 
situation, particularly on the right side, requiring compres-
sion with sponges and suction to identify the exact site of the 
bleeding. In some instances application of clips partly on the 
caval vein is sufficient. If this is not possible, a laparoscopic 
Satinsky vessel clamp can be placed on the caval vein fol-
lowed by laparoscopic oversewing of the laceration of the 
vessel. If vascular control can not be readily accomplished, 
conversion to lumbotomy is necessary.

37.4	 �Retroperitoneal Adrenalectomy 
with the Patient in Prone Position

The procedure is performed under general anesthesia with 
the patient in prone position. The patient is lying on a rectan-
gular support with central space for the anterior abdominal 
wall. A cental venous line and arterial line are inserted. The 
first incision is made 1.5 cm transversally just below the tip 
of the twelfth rib. The retroperitoneal space is entered by a 
combination of blunt and sharp dissection. Either a space 
maker or finger dissection can used to create a small retro-
peritoneal working space subsequently two trocars are 
inserted four to five cm laterally and medially to the first 
incision (Fig. 37.9). This is done without visual control. The 

Fig. 37.9  Placement of trocars in retroperitoneal adrenalectomy in 
prone position
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Fig. 37.10  Posterior view of the right adrenal gland. 1 adrenal tumor, 
2 right adrenal vein, 3 vena cava, 4 inferior adrenal artery
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retroperitoneal space is insufflated to a pressure of 
12–25 mmHg. A 5 mm 30° endoscope is used. Dissection is 
commenced laterally to the adrenal which tends to be rela-
tively avascular. The dissection is carried cranially up to the 
diaphragm. Care is taken to only manipulate the adrenal 
gland bluntly and delicately to prevent tearing the fragile 
adrenal tissue. Dissection proceeds along the medial border 
of the adrenal gland. On the right side, the adrenal arteries 
cross the vena cava posteriorly these branches are ligated 
either with clips or a sealing device.

The short right adrenal vein runs posterolaterally and is 
secured with clips and cut or transected with a sealing device 
(Fig. 37.10). Dissection is completed and the adrenal gland 
is placed in an extraction bag.

On the left side, the lateral side of the adrenal gland is 
freed up first. On the medial side, the inferior and medial 
adrenal artery are encountered and taken down (Fig. 37.11). 
A branch of the diaphragmatic vein drains into the left adre-
nal vein. When the adrenal vein is transected on the adrenal 
side of the junction between the diaphragmatic branch and 
the adrenal vein, the diaphragmatic vein can be left intact. 
After transection of the vein, mobilization of the cranial part 
of the adrenal gland is completed by taking down the cranial 
adrenal artery.

In patients with bilateral adrenal disease such as MEN-IIa 
syndrome, unilateral partial adrenalectomy van be performed 
to preserve corticosteroid producing adrenal cortex. In these 
cases, the adrenal gland is only dissected cranially and later-
ally to preserve the blood supply of the adrenal gland. After 
identification, the adrenal tumor is dissected with a margin of 
0.5–1 cm of normal tissue. Transection the adrenal tissue is 
done either with electrosurgery or sealing devices.
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NOTES and Hybrid NOTES Procedures 
in Clinical Practice

K.H. Fuchs, W. Breithaupt, G. Varga, and T. Schulz

38.1	 �Introduction

Natural orifice transluminal endoscopic surgery (NOTES) 
has emerged in the early 2000 as a logic development of 
ideas originating from interventional endoscopists and gas-
troenterologists as well as surgeons. After the initial hype 
of ideas and fantasies the concept of NOTES has become a 
clinical reality [1, 2]. The principle of minimal access sur-
gery is the reduction of access-size and access-trauma aim-
ing for a shorter patient recovery, improved postoperative 
well-being, better cosmesis, less inhibiting postoperative 
restrictions in order to get the patient quickly back to full 
physical and psychologic abilities, and possibly an 
improved long term outcome. The latter could be achieved 
by less wound infections and less incisional hernias over 
time. The advantage of this concept of minimal access sur-
gery over conventional open surgery has been clearly 
shown in the past decades. It must be emphasized that the 
improvements in patient care 20 years ago with the advent 
of minimal access surgery were not only caused by the 
reduction of abdominal incisions, but also caused by con-
ceptional changes that came along with re-thinking periop-
erative care [3].

The concept of NOTES reduces the access trauma further 
by using a natural orifice as an access route to the intraab-
dominal cavity [2, 4]. Minimizing access trauma at the 
abdominal or thoracic wall could possibly lead to less post-
operative pain, improved and quicker recovery from surgery, 
less postoperative complications, less wound infection and 
less longterm problems such as hernias.

38.2	 �Basic Considerations in NOTES 
and Hybrid-NOTES Procedures

Some very important issues have to be kept in mind, when a 
NOTES procedure is planned. Table 38.1 summarizes the list 
of challenges and important topics of the initial NOSCAR 
meeting and white paper [1]. The initial thoughts and fears 
characterize the chosen topics of peritoneal access, gastric 
closure, infection, suturing in anastomosis special orienta-
tion, platforms and new technology, complications, intraper-
itoneal events and education and training.

The danger of infection has been overestimated in the 
beginning of NOTES research. The infection rate was kept 
low by limiting contamination. This can be accomplished by 
desinfection of the pharynx, esophagus and stomach, and 
bowel, as well as an adequate antibiotic prophylaxis, which 
is routine practice in gastrointestinal surgery. A number of 
studies on clinical experience showed that the desinfection 
of flexible endoscopes to be used in the mediastinum or 
abdominal cavity seems to be sufficient in limiting contami-
nation and thus preventing infection. Today, infectious com-
plications in NOTES procedures are in most series in an 
acceptable low range below 3 % [5–7].

Several access routes via natural orifices were evaluated 
in the past years and peritoneal access was trained [4]. The 
transvaginal route is most frequently used, since the clini-
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Table 38.1  Important challenges and questions, established by the 
NOSCAR group during their initial working meeting and publication 
[1, 2]

Peritoneal access

Gastric closure

Prevention of infections

Suturing and anastomotic devices

Maintaining spatial orientation

Development of a multitasking platform

Management of intraperitoneal complications and hemorrhage

Physiologic untoward events caused by NOTES

Training
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cal experience in gynecology is 100 years old. The trans-
esophageal and transanal/transcolonic were initially 
considered the most dangerous approaches, since infec-
tions were thought to play a role, but it is established in 
clinical practice today. The transgastric route was initially 
thought to be the most important. Currently, experimental 
and clinical experience showed, that there is a place for all 
these routes for different indications and procedures. In the 
meantime also several closure techniques have been estab-
lished quite successfully for the different approaches. In 
2012, the transesophageal, the transgastric, the transvaginal 
and the transcolonic-transanal approaches are well estab-
lished in clinical practice.

The principle of Hybrid techniques have overcome some 
of the limitations that inhibited the clinical breakthrough of 
NOTES techniques. In Hybrid procedures, transabdominal 
trocards are used in limited number and limited size in order 
to fascilitate, assist and/or enable the maneuvers through the 
natural orifice via graspers for better retraction, exposure 
and/or delivery of rigid energy devices. Despite the fact, that 
transabdominal instruments will somewhat limit the possible 
positive effects of NOTES, Hybrid procedures increase 
patient safety by fascilitating the use of experienced and safe 
laparoscopic techniques.

Organisational and legal as well as ethical requirements 
may vary between countries but also between different insti-
tutions. The evaluation of the protocol to introduce a new 
innovative technique should be performed by an independent 
committee such as the IRB, the ethical committee or a simi-
lar body. It is important to fulfill these requirements, when 
introducing such a potential dangerous procedure in order to 
create more safety for all involved; the patient, the responsi-
ble endoscopist, the hospital and the method. Notes has great 
potential, if performed safely [8].

38.3	 �The Transvaginal Access

The transvaginal route is established in operative gynecol-
ogy since a century. In addition, transvaginal endoscopy or 
culdoscopy has also been performed many decades ago. The 
advantage of the transvaginal access is the possibility to use 
rigid laparoscopic instruments, which surgeons are familiar 
with.

The concept of Hybrid transvaginal cholecystectomy is 
comprehensible to surgeons and can be quickly introduced 
with a steep learning curve in clinical practice [9–11]. In 
addition to cholecystectomy, also transvaginal appendec-
tomy and colon resections were introduced into clinical 
practice with remarkable safety record [9].

Discussions focused on possible side effects of postopera-
tive dyspareunia. However, the transvaginal technique has a 
good safety record and is well established.

Several working groups recommended that transvaginal 
NOTES procedures should be performed initially in cooper-
ation with gynaecologists, until surgeons have gained enough 
experience to perform this technique safely [9, 11]. Usually 
10–15 procedures are advised under guidances. A periopera-
tive antibiotic prophylaxis with cephalosporin should be 
given and a preoperative gynaecologic examination is 
advised.

Contraindications for transvaginal access are recto-
vaginal endometriosis, pregnancy and malignomas of the 
cervix and vagina. Previous gynaecologic operations can 
cause severe adhesions. Therefore it is advisable to use extra 
precautions such as a preliminary capnoperitoneum and 
intraperitoneal visual control, when penetrating the vagina. It 
is advised to perform a suture closing of the access route of 
the posterial vagina wall. Also a gynaecologic postoperative 
check could be advised. Regarding indications and contrain-
dication one should consult the available literature on chole-
cystitis and cholecystolithiasis.

38.3.1	 �Operative Technique of Transvaginal 
Cholecystectomy

A prophylaxis with antibiotics such as cephalosporines 
should be administered prior to surgery. The patient is 
brought in a lithotomy and Trendelenburg position. As 
with many Hybrid techniques, primary abdominal access 
is performed via a safe standard laparoscopic approach 
with establishment of a capnoperitoneum and a transum-
bilical camera trocard, preferably of 5  mm. This allows 
for a safe introduction of a larger access via the vagina 
with several trocards and/or instruments. For a cholecys-
tectomy a larger trocard (10–12 mm) is inserted transvagi-
nallly as well as a seperate long grasper, which reaches 
into the subphrenic region of the right upper quadrant in 
order to lift the liver and gallbladder for adequate expo-
sure of the important anatomic structures. Then the cam-
eraposition is changed to the transvaginal main trocard for 
visualisation of the right upper quadrant. The energy 
device is brought into the abdominal cavity via the umbil-
ical 5 mm trocard and the dissection of the gallbladder can 
be started.

The dissection of the gallbladder follows the rules of the 
traditional laparoscopic dissection with starting at the 
Callot’s triangle and evaluated the “critical view” after com-
pletion of the preparation. For safe closure of the cystic duct, 
either ligatures, 5 mm clips via the umbilical port or 10 mm 
clips vis the transvaginal port are necessary. Once the gall-
bladder is free, it can be retrieved with or without a bag, 
using the large port in the vagina, while the camera is 
changed into the transumbilical position. At the end of the 
procedure the vagina is closed with sutures under direct 
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vision from the outside. This allows for a very safe closure 
with a minimal risk for problems.

A similar approach is used for transvaginal colon resec-
tions [12, 13].

38.4	 �The Transesophagel Access

The transesophageal route, used in peroral endoscopic myot-
omy (POEM) is also evaluated for mediastinal work. 
Currently, several clinical indications are evaluated for the 
POEM techniques such as Achalasia, Diffuse Esophageal 
Spasm and other spastic motility disorders and in the near 
future mediastinal explorations.

Patients with Achalasia, an esophageal motility disorder, 
present usually with occasional to persistent dysphagia and/
or retrosternal pain and burning. The major clinical problem 
is intermittent obstruction of the esophageal passage of food 
and/or fluids, which forces the patient to see a doctor. The 
underlying disease is a functional disorder, which involves 
the lower esophageal sphincter and its incomplete or lacking 
relaxation during swallowing, an aperistalsis of the esopha-
geal body and an increased tone of the lower esohageal 
sphincter.

The therapeutic spectrum of this disorder consists of med-
ical therapy, endoscopic balloon dilatation, endoscopic 
Botox-injection, open or laparoscopic Cardia-myotomy and 
most recently transesophageal endoscopic Myotomy, intro-
duced by H. Inoue as POEM (peroral endoscopic myotomy) 
[14]. POEM is now introduced in clinical practice in dedi-
cated centers around the world [15–17].

38.4.1	 �Requirements for Establishing POEM

The most important requirement is a well experienced team 
in interventional flexible endoscopy [14]. The endoscopist as 
well as the assisting staff should have experience in advanced 
therapeutic endoscopic techniques and hemostasis to handle 
all necessary endoscopic instruments such as injection-
needles, needle-knife, triangle-knife, coagulation-graspers 
and endoscopic clip handling and closures. During the 
POEM-procedure, there is a certain time–pressure, since 
gas-insufflation in the submucosal tunnel is necessary for 
visualisation, which increases the risk with time for exten-
sive mediastinal, retroperioneal and subcutaneous emphy-
sema. The prevention of this problem needs quick and safe 
operative steps with the available flexible endoscopic 
techniques.

In addition advanced surgical and especially laparoscopic 
skills and experience as well as surgical knowledge about 
esophageal disease must be available in case of conversion 
and/or consultation. Our team has performed extensive 

experimental training in submucosal tunnelling and other 
NOTES-procedures, before introducing this technique into 
clinical practice.

The necessary equipment consists of the modern endo-
scopic and laparoscopic technology such as high-resolution 
video endoscopes and laparoscopes, flexible endoscopic 
instruments as well as energy sources to provide spray coag-
ulation technique, which is essential for a safe submucosal 
dissection.

For the introduction of this new technique, patients with 
Achalasia should be selected without prior endoscopic nor 
surgical treatment in order to find optimal tissue conditions 
in the esophageal wall. The patients should be able to under-
stand the procedure well and should also be able to under-
stand the possible risk of complications with such a new 
technique as well as the possible advantages and disadvan-
tages. The investigators, who initially published their experi-
ence, emphasized the importance of informing the patient 
sufficiently. In Europe the requirements in the different 
countries may vary remarkable regarding informed consent 
and IRB approval.

38.4.2	 �The Operative Technique of POEM

Prior to the operation the patient must be npo for 8 h. In the 
3 days before the procedure the Achalasia patient is asked to 
eat only semisolid food and have much fluid to prevent food 
obstruction in the esophagus above the cardia.

The procedures is performed in our institution in general 
anesthesia. The patient is brought in a supine position and 
the abdomen is free for inspection and palpation during the 
procedure to check the possible presence of a capnoperito-
neum. In this case, a Veres-needle is brought in under sterile 
conditions to release the CO2-gas from the abdominal cavity. 
The infection-contamination issue is addressed by discon-
tinuing all antisecretory drugs of the patient 1 week prior to 
the operation in order to keep the intragastric environment as 
acidic as possible to reduce bacterial growth. Also antibiotic 
prophylaxis (Ciprofloxacin and Metronidazole) is given 
intraveneously. After the operation daily high dosage 
Protonpumpinhibitors are administered for better healing of 
the esophagotomy.

Prior to the actual procedure, the upper Gastrointestinal 
tract is checked with an endoscope to remove all fluid and/or 
food, which can be quite often present in Achalasia patients. 
The esophageal, pharyngeal and gastric lumen is rinsed and 
cleared completely. Then it is rinsed extensively with 
chlorhexidine.

Then the patient is covered with sterile drapes up to the 
mouth. Then a gastroscope is introduced into the esophagus, 
attached to a CO2-insufflator. A transparent cap is attached 
on the tip of the scope for better exposure of the sites. Initially 
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the important esophageal landmarks are measured such as 
the distal end of the cardia, the narrowing of the Cardia in the 
distal esophagus, representing the upper end of the patho-
logic non-relaxing high-pressure zone. The myotomy should 
start a few cm above the latter area. Thus, the starting-point 
of the myotomy is determined. As a consequence, the point 
of the esophagotomy will then be about 5  cm above the 
starting-point of the myotomy, if one aims for a safe tunnel 
distance of 5 cm. Usually this entrance or esophagotomy will 
between 28 and 32 cm from the teeth.

After the measurement, a 5–10 ml depot of blue-stained 
saline and suprarenin will be injected in the submucosal 
area. This will lift the mucosa from the muscular layer and 
the following incision of the mucosa with a Triangle-Tip-
knife will create the entrance into the tunnel. Further careful 
alternating application of injection of blue-stained saline, 
spray-coagulation and moderate pushing of the endoscope 
will complete a tunnel down to the area below the cardia. 
This steps should be performed with extreme care and cau-
tion in order to prevent damage to the mucosa, which is the 
only intact layer towards the mediastium, once the myotomy 
is completed.

It is important to remove the endoscope from the tunnel 
several times to double-check the correct direction of the 
tunnel within the esophageal circumference as well as the 
advancement of the tunnel towards and below the cardia. A 
final check should include an endoscopic view during intra-
gastric inversion to confirm the blue-stained gastric mucosa 
at the end of the tunnel below the cardia.

Then the endoscope is repositioned in the tunnel at the 
starting point of the myotomy and the myotomy is advanced 
distally with the Triangle-Tip-knife, possibly severing only 
the circular layer of the muscle and leaving the longitudinal 
muscle fibers intact.

At the end of the procedure, the extent of the myotomy is 
checked, all fluids are sucked out of the tunnel and the esoph-
agotomy is closed by adaptation of the esophageal mucosa 
and clip closure.

In Europe, so far only a few centers with large experience 
in esophageal disease, laparoscopy and especially advanced 
interventional endoscopy have started to introduce this 
POEM-technique in their clinical practice. Initial success 
and low complications rates are quite promising and show a 
great future perspective for this technique.

38.5	 �The Transgastric Access

The transgastric route, initially thought to be ideal way to 
enter the abdomen, has been tested for several indications 
such as peritoneal exploration, appendectomy, cholecys-
tectomy, ovarian tube ligation, small bowel tumor resec-
tion and gastric tumor resection [1, 2, 4, 7]. Despite a 

tremendous effort of many teams to establish appendec-
tomy, cholecystectomy and staging peritoneoscopy in 
clinical practice, the latter indications are currently not 
well established for the transgastric technique in a clinical 
practice. Reasons for this might be the technical limita-
tions of flexible endoscopy in the abdominal cavity. As a 
consequence, the transgastric route and associated tech-
niques are currently used for full thickness gastric wall 
resections with increasing success specially in the Asian 
countries because of the higher number of cases. In 
Europe few studies have been performed with cholecys-
tectomy, staging peritoneoscopy and appendectomy [4, 
7]. Transgastric cholecystectomy is quite time consuming 
and seems to be technically very demanding compared to 
the transvaginal cholecystectomy, which has proved to be 
successful. Transgastric Appendectomy is under trial 
evaluation.

38.5.1	 �Operative Technique of Transgastric 
Procedure

There are several methods to get access to the peritoneal cav-
ity by transagstric approach. A first decision is made, whether 
to use as safety back-up a visual control via a umbilical port 
for a laparoscope. Another way is the PEG-technique to enter 
the peritoneum without laparoscopic help by first introduc-
ing a wire-connection between gastric lumen and the abdom-
inal wall to make sure that no interposition is possible 
between stomach and abdominal wall. Then the wire can be 
released and used dilatate the transgastric penetration for the 
passage into the abdominal cavity.

An alternative is the penetration of the gastric wall with 
the needle-knife gastrotomy by the flexible endoscope under 
laparoscopic guidance to use the appropriate location at the 
anterior gastric wall.

The patient is prepared with an overnight fast and antibi-
otic prophylaxis with cephalosporine usually an hour 
before the operation. The patient is brought in a supine 
position and for safety reasons a regular pneumoperito-
neum is established with all safety regulations after which 
a 5 mm port is entered and an optic with attached camera is 
introduced into the peritoneal cavity A regular size endo-
scope is used to pass the esophagus and enter the gastric 
lumen. All fluids are removed by suction and an optimal 
spot is chosen under both flexible endoscopic and laparo-
scopic guidance. Then a needle-knife is used to perform a 
direct gastrotomy. Then via a guidewire the endoscope is 
passed into the peritoneal cavity and can be explored, 
depending on the clinical indication.

Closure of the gastromy can be performed with the over-
the-scope-clip or by using miniinstruments by the usual lap-
aroscopic suture technique.
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38.6	 �The Transanal and Transcolonic 
Access

The transanal- transcolonic technique was initially consid-
ered problematic because of the infection issue and the bac-
terial load of the colon. A large clinical experience existed 
for transanal endoscopic procedures, created as Transanal 
Endoscopic Microsurgery (TEM) bei Gerhard Buess in the 
early 1980s [18]. The most important idea behind the trans-
anal/transcolonic route is the use of the anastomotic site as 
the access into the peritoneal cavity [19–22]. As a conse-
quence, since no additional opening in the gut is necessary, 
there is no additional risk of the access site infection and 
complications other than the risk of the anastomosis. With 
completion of the anastomosis, also the access via the natu-
ral orifice is closed.

The latter idea is improved by hybrid technology using 
transabdominal mini-laparoscopy and rigid small-size 
energy devices for safe dissection. These ideas led to the 
introduction of Transanal Hybrid Colon Resections, creating 
a compromise between the concept of NOTES (using access 
via natural orifice) and the experience in safe technique of 
mini-laparoscopic dissection to complete the resection of the 
bowel and performing the anastomosis. This made it possi-
ble to perform transanal-transcolonic colorectal resections in 
clinical practice.

Today, we can differentiate in the transanal approach 
using the principal of the original TEM technique to dissect 
the rectum and perform colorectal resections and rectal anas-
tomosis, and secondly use the transanal access to pass deeper 
into the abdominal cavity and use a transcolonic approach at 
the anastomotic site to perform colon resections.

38.6.1	 �Technique of Transanal Hybrid Colon 
Resection

After establishing a capnoperitoneum via a Veres needle 
and after necessary safety-tests, a periumbilical port was 
introduced in the abdominal cavity. Two additional 5 mm 
ports were brought in the right lower quadrant for dissec-
tion of the colon and rectum. Via these ports also the dis-
section of the anastomotic site, all necessary hemostasis 
as well as an energy device were applied. The dissection 
of the mesentery was stepwise performed under careful 
laparoscopic control to ensure that the pelvic nerve plexus 
was not in danger and the dissection planes could be 
followed.

In case of sigmoid resection for prolaps surgery, the 
colon-lumen was clamped at the level of the descending seg-
ment and a sigmoidoscopy was performed to make sure that 
this bowel segment was clean, which was clarified by rinsing 
of the rectum and colon. After removal of the scope, bougies 

of the sizes 25, 28 and 33 were introduced into the anus, 
rectum and sigmoid colon. A careful bougienage of the rec-
tum facilitates the following maneuvers. The next step was 
the transanal introduction of a Transanal Endoscopic 
Applicator, which allows for safe introduction of endo-
scopes, linear staplers, grasping devices and specimen 
removal. Then the anvil of a 28  mm circular stapler was 
introduced into the rectum with a special grasper and maneu-
vered more proximal up to the descending colon to the future 
anastomotic site.

This was followed by an incision of the colon – usually 
the distal sigmoid  – at the distal anastomotic site. Here, a 
transanally introduced linear stapler could exit the colon into 
the abdominal cavity and was used to transsect the proximal 
end of the sigmoid segment, which needed to be removed for 
shortening of the colon. Via the transanal positioned 
Applicator, the application, removal and change of stapling 
cartridges was technically rather easy to be performed. At 
the proximal colon stump, the intraluminal anvil was grasped 
through the bowel wall and stabilized. The central pin of the 
anvil was penetrated through the bowel wall at the stapled 
line to be available for later anastomosis. The penetration of 
the pin was facilitated by performing a small hole at the sta-
pled line with the ultrasound cutting device.

Once the sigmoid segment was resected and free of 
detachments, a grasper was advanced via the Trananal 
Endoscopic Applicator to reach for the specimen in the 
abdomen. Then the specimen was pulled through the luminal 
opening at the distal rectosigmoid stump, via the rectal 
lumen and transanally to the outside.

After removal of the specimen transanally, a pursestring 
suture was placed at the distal rectosigmoid stump in order to 
complete the anastomosis with the circular stapling device. 
A circular stapler was inserted transanally and advanced to 
the distal rectosigmoid opening, carrying the purse-string 
suture. The central pin was opened and the purse-string 
suture was tied down around the central pin. Furthermore, 
the anvil was connected to the stapler, followed by approxi-
mating and firing the device in the usual manner under lapa-
roscopic visual control. Thus the actual anastomosis could 
be performed under the same optimal conditions, that laparo-
scopic surgery can provide.

In case of a rectal prolaps, a rectopexy was added in the 
usual technique with non-absorbable sutures between perito-
neal, pararectal tissue and the sacral bone at the promonto-
rium using the 5  mm ports, straight needles and 
miniinstruments.

In case of slow transit constipation, subtotal colon resec-
tion was performed by dissection and severing of the com-
plete colon mesentery with the 5 mm Energy- device usually 
via two 5 mm ports, occasionally added by another 3 mm 
grasper without trocard for assisting and better exposure. 
The ileum as well as the sigmoid colon was transsected via a 
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transanal linear stapler. Then the complete colon was 
removed transanally. The anvil was advanced transanally to 
the distal ileum and inserted into to lumen, followed by pen-
etration of the central pin through the antimesenteric ileal 
wall for later anastomosis. The ileum was closed via a trans-
anal linear stapler. The tissue remnant was removed transa-
nally. The ileosigmoidostomy was performed similar as 
described above.

After control of hemostasis, inspection of the anastomo-
sis, leak test with air and water as well as placement of a 
drainage, the procedure was finished by removal of the three 
ports.

38.7	 �Training NOTES and Hybrid NOTES 
Techniques

Since NOTES procedures require both capabilities in inter-
ventional endoscopy and advanced laparoscopic surgery, 
many speculations emerged regarding the future role of sur-
geons and gastroenterologists or endoscopists performing 
these procedures. With increasing experimental and clinical 
experience, it became clear that NOTES procedures and 
Hybrid NOTES procedures depending on their nature, 
require a long training phase and usually a large background 
of clinical and technical experience, necessary to perform 
NOTES procedures safely in the abdominal [2, 4, 7, 23].

There is no doubt that these new techniques should be 
trained in the preclinical setting and extensive experimental 
work is needed, before taking these techniques to the patient. 
Interventional endoscopy and advanced laparoscopy must be 
well established prior to involving NOTES techniques. The 
prerequisites for clinical introduction of an innovative proce-
dure such as NOTES procedures in clinical practice have been 
outlined in detail by EAES consensus recommendations [8].
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Single Incision Laparoscopy

Helmut G. Weiss, Jan Schirnhofer, Eberhard Brunner, 
Katharina Pimpl, Christof Mittermair, Christian Obrist, 
and Michael Weiss

39.1	 �Introduction

In the last decades general surgery has undergone a change 
from open to laparoscopic surgery to reduce morbidity, shorten 
hospital stay and accelerate recovery. Nowadays, both simple 
as well as complicated procedures in benign and malignant 
diseases are performed endoscopically. This has led to devel-
opment of new instrumentation and standardization.

The quest for even less invasive procedures led to further 
reducment of the surgical trauma by minimizing the size and 
number of trocar incisions, with the ultimate goal to omit any 
visible scar in the abdominal wall. One of these attempts is 
Single Incision Laparoscopy (SIL), which is generally car-
ried out through a single incision hidden in the umbilicus.

Although the first steps in laparoscopy have been devel-
oped in the eighteenth century through one single umbilical 
incision, technical limitations mandated the use of multiple 
trocars to perform minimal invasive surgery other than solely 
diagnostic laparoscopy. Almost 200 years later gynecolo-
gists recycled the transumbilical single incision approach for 
laparoscopic tubal ligation [1]. Recent advantages in instru-
mentation provided the opportunity to reuse the SIL concept 
in technically more demanding procedures. The field was 
pioneered with the first SIL hysterectomy [2] and SIL appen-
dectomy in 1991 [3]. General surgeons cautiously adopted 
the SIL technique by developing either extraumbilical one-
trocar techniques [4] or stepwise reducing the incisions for 
appendicectomy by means of transumbilical laparoscopic 
assisted techniques [5]. The first report on SIL cholecystec-
tomy is attributed to Paganini in 1995 [6], but first published 
by Navarra in 1997 [7].

Due to the slow penetration of new inventions within the 
medical society it lasted another 10 years to introduce SIL 
in daily surgical routine. Beside the contemplative reluc-
tance of surgeons evaluating safety and feasibility, there 
was another main factor supporting the advancement of 
SIL. Namely the scientific realization of the opportunity to 
perform surgery without any scar utilizing the mouth, 
vagina or anus as the entrance to the surgical field - natural 
orifice transluminal endoscopic surgery (NOTES). This 
new methodology immediately attracted patients who 
stated that they would prefer NOTES over standard lapa-
roscopy if the risks associated with the two approaches 
were similar [8]. This was a first express of patients request 
for unmaimed cosmesis beside other negative effects of 
surgical scars apart from the proven risks of pain, bleeding, 
infection or hernia.

However, the concept of NOTES has several disadvan-
tages and limitations with the currently available instru-
ments, including abdominal spillage of gastric, urinary, or 
colonic contents, the necessity of many special instruments, 
difficulties in maintaining the spatial orientation, difficult 
tasks of viscerotomy closure with the additional risk for 
leakage from gastrotomy or colotomy. Since there are so 
many obstacles in the development of NOTES it is still in its 
early developmental stages. NOTES has to be evaluated 
thoroughly in experimental models before it is introduced 
into clinical routine.

However, it has stimulated a revived interest in SIL. SIL 
represents an attractive alternative to both, conventional lap-
aroscopy and NOTES, by hiding the scar in the depth of the 
umbilicus. And in addition, it can be performed with stan-
dard laparoscopic instruments and according to well known 
strategic surgical steps. Thereby, surgical safety and out-
comes remain unaffected. Also, conversion from a single-
port surgery to multi-port conventional laparoscopy can be 
performed immediately on demand.
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39.2	 �Terminology

SIL initially was described using many synonyms, some of 
which were trademarks others more intuitive link the tran-
sumbilical approach to natural orifice concept.

Table  39.1 lists the most commonly used synonyms of 
SIL.

39.3	 �Indications–Contraindications

For surgeons having passed the learning curve indications 
for the SIL approach are basically the same as for conven-
tional laparoscopy. With regard to the expected outcome pre-
existing scars or planned redo-surgery other than SIL contest 
at least the cosmetic benefit. Contraindications are similar to 
those given for conventional laparoscopy, namely, general-
ized peritonitis or patients at a high operative risk. Due to the 
relation between height of patients and length of instruments 
small children are not optimal candidates for SIL.

Table 39.2 shows the number of patients with regard to 
the defined SIL procedures operated at our department from 
August 2008 to August 2013 (Table 39.2).

39.4	 �Technique and Instrumentation

The entrance at the umbilicus is variable. Most surgeons pre-
fer cutting vertically in the groove of the navel to hide the 
scar [9]. For larger incisions the cut initially juts out the navel 
at the lower margin. At the end of the procedure a virtually 
scarless aspect can be achieved by incorporation of the inci-
sion within the restored umbilical crease using a intracutane-
ous running suture that combines a linear with an purse-string 
closure (Fig. 39.1).

Others advocate to cut at the upper margin of the umbili-
cus with a slight lengthening to both sides resulting in a 
omega-shaped line [10]. In the standing position this scar is 
hardly detectable after surgery.

The length of the skin incision depends on both, the num-
ber and size of trocars and the diameter of any specimen that 
have to be retrieved. The positive correlation between length 
of incision and risk for wound complications has been scien-
tifically proven [11] for incisions longer than four centime-
ters in open surgery. Presumably, for SIL and conventional 
laparoscopy a similar correlation exists although available 
data can not convincingly identify a threshold. In our experi-
ence the better ability to perform a fascial closure under 
direct vision after SIL might outweigh the risk of a longer 
incision compared to conventional laparoscopy.

The prevalence of fascial gaps or preexisting umbilical her-
nia is about 40 % in our patient population. By using the tran-
sumbilical approach these defects are detected more accurately 

and can be closed simultaneously during the SIL procedure. 
Closure of umbilical hernia with non-absorbable sutures or 
mesh augmentation is generally recommended. Use of absorb-
able single stitches or running sutures in cases other than pre-
existing hernia is under debate. Skin closure can be preferentially 
performed with subcuticular sutures or glue (Fig. 39.2).

Initially SIL was performed with an optical trocar to min-
imize the approach. Limitations in surgical performance 
mandated the use of additional trocars. Therefore, additional 
trocars were used low profile through separated fascial inci-
sions. Later on, single-port devices enclosing three to four 
working channels or a gel cap were developed to bring three 
or more instruments through one fascial incision (Fig. 39.3).

It is of paramount importance for SIL that sufficient seal-
ing of the pneumoperitoneum is facilitated. These port 
devices increase the procedural costs but reduce the risk for 
wound complications significantly [9]. In order to reduce 
procedural costs hand-made ports are developed that com-

Table 39.1  Most commonly used synonyms of Single Incision 
Laparoscopy

Synonyms for single incision laparoscopy

Single incision laparoscopic surgery, SILSTM

Laparo-endoscopic single-site surgery, LESS (U-LESS)

Embryonic NOTES, E-NOTES

Transumbilical endoscopic surgery, TUES

Single port access (SPA) surgery

Single port laparoscopy (SPL)

Single-access-site (SAS) laparoscopic surgery

Single-site-access (SSA) laparoscopic surgery

Single site umbilical laparoscopy (SSUL)

One port umbilical surgery, OPUS

Natural orifice trans-umbilical surgery, NOTUS

Trans-umbilical laparoscopic assisted, TULA

Single incision pediatric endosurgical techniques (SIPES)

Hybrid procedures (on the way to NOTES)

Table 39.2  Most commonly used synonyms of Single Incision 
Laparoscopy

Transumbilical SIL procedures Number

Cholecystectomies 756

Inguinal hernia repairs 508

Colorectal resections 362

Appendectomies 253

Liver resections 32

Small bowel resections 28

Fundoplications 21

Gastric resections 20

Pancreas resections 9

Adrenalectomies 9

Others 94

Total 2092
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bine an Alexis wound protecting foil with a sterile surgical 
glove where the fingertips serve as points of access, yet 
maintain an airtight seal for insufflation. As an alternative, 
reusable SIL ports are available that are cost effective with a 
break-even in procedural costs after 15–20 procedures com-
pared to conventional laparoscopy.

The technical challenges encountered with single-port 
surgery are the fight of instruments inside and outside the 
body since surgical movements have to be deflected at a sin-

gle fulcrum in the umbilicus. As a consequence specific 
tricks are mandatory to restore triangulation during the 
manipulations:

First, crossing the instruments leads to a virtual exchange 
of the right and left side, meaning that the instrument that is 
deployed with the right hand is positioned at the left side of 
the operative field and vice versa (Fig. 39.4).

In this situation the use of at least one articulating or 
bended instrument reestablishes triangulation and prevents 

Fig. 39.1  Closure of incision 
that jut out the navel at the lower 
margin: a running suture 
combines a linear with an 
purse-string type closure. F 
depicts the deep fascial stitch 
whereas all other stitches are 
intracutaneous

Fig. 39.2  An assortment of frequently used single port devices: Disposable and reusable systems are shown in the upper and lower panel, 
respectively
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clashing of the hands outside. Furthermore use of longer 
graspers helps to reach the target via the longer curved way. 
Handling with pre-bent instruments seems easier when start-
ing with SIL. However, articulating instruments with rotat-
ing tips enable more degrees of freedom for complex 
movements in advanced procedures. The bended or articulat-
ing instrument should always be used in the supporting hand 
whereas the straight instrument is in the operating hand to 
facilitate dissection, sealing, clipping or suturing.

Second, double-curved instruments have been developed 
to allow instrument guidance for both hands. This benefit is 
attenuated by the fact that almost all movements with the 
instruments are no longer in a linear axis.

Third, retracting devices, suspending sutures or magnetic 
anchoring are available to expose the dissection field. 
Thereby it is possible to substitute working instruments and 
to exclusively use straight tools throughout the procedure 
with little clashing outside.

Fourth, the most sophisticated devices for SIL are opera-
tive platforms, such as the disposable SPIDER™ (Single 
Port Instrument Delivery Extended Reach, TransEnterix, 
DACH Medical) device or the da Vinci Single-Site™ 
Instrumentation robot (Intuitive Surgical, Inc). These sys-
tems offer all possible degrees of freedom for dissection or 
retraction. The SPIDER™ delivers two flexible instruments 
as graspers, hooks or scissors together with a five millimeter 
camera and an additional straight trocar through a four chan-
nel shaft. The da Vinci SI robot additionally offers stereo-
scopic vision and subtle guidance of instruments. At present, 
high costs and longer operation times due to laborious instal-
lation impede wide acceptance of this robotic platform, at 
least for non-advanced procedures.

Cameras that are recommended for SIL should be extra-
long to prevent collision of hands outside. Getting the light 
cable out of the field is advantageous and can be achieved by 
a right-angle connector or an end-on light source. It seems 

Conventional laparoscopy

R L

SIL - curved instruments

LR

SIL - double curved instruments

LR

L LR R

Fig. 39.3  Compared to conventional laparoscopy (left) crossing the 
instruments to reestablish triangulation leads to a virtual exchange of 
the right and left hand side using single bent instruments (middle). 

Thereby the working path is slightly longer than the direct route. 
Double curved instruments allow for instrument guidance as effectively 
delivered (right)

Fig. 39.4  I OR setting for SIL-AE, right side TAPP/TEP, SIL right hemicolectomy. II: OR setting for left side SIL-TAPP/TEP, SIL left hemico-
lectomy, SIL rectal resection, SIL pancreas resection. III: OR setting for SIL-CHE, SIL gastric and esophageal procedures, SIL liver resection
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insignificant to take a straight, 30° or 45° optic or a laparo-
scope with a flexible tip. For the benefit of a better amount of 
light it is advisable to use a 10 mm instead of a 5 mm laparo-
scope for complex procedures.

39.5	 �Procedures–Operating Room–
Technique Step by Step

In the new area of SIL a variety of basic and advanced surgi-
cal procedures are described. The setting in the theatre is 
depicted in Fig. 39.5.

As most of the procedures are carried out with at least one 
straight instrument our preferred standard of delivery through 
the single port device is shown in.

39.5.1	 �SIL Appendicectomy (SIL-AE)

In 1991 Pelosi described the first successful SIL-AE [3]. 
This approach has the potential to offer the same benefits 
commonly associated with laparoscopic surgery in terms of 
recovery and pain with, perhaps, an even better cosmetic 
result. It is regarded the easiest of the surgical standard SIL 
procedures with the shortest learning curve [12]. However, 
for beginners the SIL technique limits the surgeon’s working 

angles and has the potential to be a more technically demand-
ing approach with potentially increase of operation time. 
This may jeopardize acceptance and patience of the opera-
tive team during acute surgery which is carried out com-
monly outside office hours.

The patient is placed in the supine position with the left 
arm alongside the body. The surgeon and assistant stand on 
the left side of the patient, with the monitor placed on the 
patient’s right side. An umbilical incision of about 15 mm is 
performed. A SIL port is inserted, pneumoperitoneum is 
reached and the abdominal cavity is inspected with a 5 mm 
30° laparoscope.

Then the operating table is tilted to a 30° Trendelenburg 
position associated with a left tilt to allow adequate exposi-
tion of the right lower quadrant of the abdominal cavity. The 
mesoappendix is divided as usual. Transection is performed 
sharply after placing an absorbable loop (Endoloop; Ethicon 
Endosurgery) or by using an intestinal load of an endosta-
pler. The appendix is slowly retrieved through an appropriate 
channel of the port device without squeezing or contact with 
the abdominal wall. Bulky, inflamed, vulnerable or perfo-
rated specimen are removed in a bag to prevent wound 
complications.

Data of randomized controlled studies, comparative studies 
and meta-analyses revealed that in SIL-AE compared to the con-
ventional laparoscopic appendectomie operative time is longer 

Fig. 39.5  I Trocar position of camera (C), operating (A) and supporting (B) instruments to reach targets left to the optical axis (e.g., 
SIL-CHE, left side SIL-TAPP/TEP, SIL-CR). II: Trocar position for right side SIL-TAPP/TEP, SIL-AE
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in children and obese and therefore results in greater costs. In 
contrast, less pain and faster recovery is reported in cases with 
perforation when operated by means of SIL [13–17]. However, 
these small differences are likely of marginal clinical relevance. 
SIL-AE did not increase the rate of complications and therefore 
is a valuable alternative to conventional laparoscopic appendec-
tomy with the benefit of better cosmetic satisfaction.

39.5.2	 �SIL Cholecystectomy (SIL-CHE)

As mentioned above the first official presentation of SIL-
CHE by Paganini and Navarra dates back almost 20 years. A 
variety of different techniques is described so far, of which 
some obviously ignore the rules of safety by compromising 
the standard dissection in the triangle of Callot. However, 
more or less sophisticated variations have been published 
using sutures, wires, endohooks, SPIDER™, robotics etc. 
All of those showed safety and feasibility for SIL-CHE at 
least in non-acute cases.

In brief, the patient, surgeon, assistant and monitor are 
exactly positioned according to multiport laparoscopy. After 
a two centimeter incision through the folds of the umbilicus 
a single port device is inserted. Thereafter, the operating 
table is tilted to a 30° Anti-Trendelenburg position associated 
with a slight left side rotation to allow adequate exposition of 
the right upper quadrant of the abdominal cavity. The fundus 
of the gallbladder is retracted by use of either a stay suture, 
endoscopic retractors (Endograb, TPEA Lifter, AFS Medical 
Austria) or an additional extra-long grasper (DACH Medical, 
Austria). During dissection of the triangle optical view can 
be optimized by placing a suture that allows pulling the 
infundibulum either on the right or on the left side according 
to a puppeteer. In acute cholecystitis the gallbladder is emp-
tied to release the pressure. The opening of this puncture is 
immediately closed with a stay suture without any conse-
quences. In difficult cases a top down preparation is helpful 
as it would be used in conventional laparoscopy. Intraoperative 
cholangiography, a rendez-vous bile duct exploration with 
intraoperative ERCP/EPT or stone removal can be performed 
easily in this approach. Clips are available with straight or 
curved graspers. Any form of loops or sutures can be applied 
on demand. At the end the specimen is retrieved with a bag 
to protect wound complications as well as spillage of 
content.

The initial enthusiasm for SIL-CHE resulted in a high 
number of low profile feasibility studies that provoked justi-
fied skepticism. The lack of sufficient data to clearly prove 
any inferiority or benefit still hampers scientific conclusion. 
The current evidence shows that SIL-CHE offers a safe alter-
native to conventional cholecystectomy with a comparable 
profile in intra- and postoperative complications [18–20]. 
The need for a longer operating time is balanced by a trend 

towards lower postoperative pain and improved patient 
satisfaction.

39.5.3	 �SIL Inguinal Hernia Repair (SIL-TAPP, 
SIL-TEP)

Inguinal hernia repair is one of the most commonly per-
formed surgical procedures worldwide. Laparoscopic tech-
niques, including transabdominal preperitoneal (TAPP) and 
totally extraperitoneal (TEP) inguinal hernia repair, have 
resulted in reduced postoperative pain, faster recovery, and 
low recurrence rates. Both methods can be performed 
through a single skin incision with safe and feasible outcome 
[21–23].

SIL-TAPP is carried out with the patient in the supine 
position arms along side the body. The surgeon and the 
assistant are both standing at the contralateral side of the her-
nia. A two centimeter incision is performed intraumbilically 
and the pneumoperitoneum is installed after insertion of a 
single port device. Dissection of the groin region requires 
substantial shear stress at the fulcrum. Three isolated trocars 
mostly result in gas leakage and unstable pneumoperito-
neum. This is why we strongly recommend to use a single 
port system for SIL-TAPP rather than three isolated trocars 
via separate fascial incisions. For dissection and reposition 
of the hernia the table is tilted head down. For simplicity a 
slight modification in peritoneal incision and preparation of 
the peritoneal flap is commonly used: the incision line is not 
directed towards the inner ring of the inguinal channel but at 
a some centimeters higher level. Thereby only a dorsal peri-
toneal flap is prepared which can be readjusted by re-absorb-
able tacks at the end of the procedure without the risk of 
nerval injury. However, with more technical training closure 
of the peritoneum above the mesh can be performed using a 
running suture as described in conventional TAPP. All steps 
of standard TAPP are respected, such as meticulous reduc-
tion of the hernial sac, preservation of the epigastric vessels 
and vas deferens, defining the pubic symphysis and finally 
placing a 15–12 cm mesh medially across the pubic symphy-
sis and laterally up to the lateral end of iliopubic tract. The 
mesh is fixed to Cooper’s ligament medially and also at the 
upper-lateral angle using absorbable tacks or glue.

It is advisable to use a straight instrument with the hand 
that is opposite of the hernia side to directly reach the target 
region. The other hand guides a bent or articulating instru-
ment which is crossing the path of the first one to allow tri-
angulation. For bilateral hernia the operating team changes 
the side. Ambidexterity is advantageous in this case.

The SIL-TEP technique is performed as follows:
The patient is placed in the supine position with the sur-

geon and assistant standing opposite of the site of the 
hernia.
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A single curvilinear skin incision at the lower margin of the 
umbilical crease is performed on average two to three centi-
meter in length. Dissection of subcutaneous tissue to the ante-
rior sheet of the rectus muscle is performed. The anterior sheet 
is incised for another two centimeter in a curved path to get 
access to the preperitoneal space which is preformed with a 
blunt 5 mm dissector underneath the rectus muscle. A single 
port device is placed to allow insufflation without further bal-
loon dilator. A 30° laparoscope and two five millimeter instru-
ments–one of which is articulating–are delivered through the 
channels. The use of three independent trocars all adjacent to 
each other with a distance of about one centimeter has been 
shown to sometimes fail in sealing the gas and are therefore 
not recommended by us. Dissection, reposition, and mesh 
placement are carried out in the same way as in conventional 
laparoscopy. The technical challenge for the camera man is 
during the accurate dissection lateral to the semilunar line. As 
in conventional TEP mesh fixation is not done routinely. No 
drain is inserted at the end of the procedure. Gas is stepwise 
released under vision to reposition the peritoneal sac onto the 
mesh without kinking it.

Both techniques, SIL-TAPP and SIL-TEP, are regarded 
technically advanced procedures. This is why the penetration 
rate of these techniques among surgeons is not as high as the 
rate for SIL-CHE or SIL colon resections. The benefit of the 
invisible scar is counterbalanced by longer operating time, 
the demand for higher technical skills and higher procedural 
costs if disposable instruments are used.

Good comparative scientific studies comparing SIL-TAPP 
and SIL-TEP with conventional TAPP and TEP are warranted 
to identify one method having the edge over the other.

39.5.4	 �SIL Colorectal Resection (SIL-CR)

SIL in general is best suited for a subset of patients who 
require specimen extraction or stoma creation. Therefore it is 
convincing to apply the SIL approach to colorectal surgery.

Since 2008 [21, 24, 25] various SIL techniques have been 
described for resection of the right, transverse or left colon, 
as well as rectal resections.

When performing SIL-CR two alternative approaches 
other than the transumbilical route can be considered: The 
“classical” site at the umbilicus has the advantage of an easy 
access to all parts of the colorectal frame. But, in cases 
requiring a protective ileostomy or Hartmann’s procedure 
the entire operation can be carried out via the proposed stoma 
site at the right or left lower quadrant. A valid alternative 
might be through a Pfannenstiel incision with the aim to 
reduce any wound complication risk in the midline.

SIL-CR transvaginal and transrectal instrument delivery 
or specimen extraction extends the surgical options. Both 
intracorporeal and extracorporeal anastomosis are as feasible 
as in conventional laparoscopy.

With the experience of more than 350 SIL-CR we stan-
dardized the technique as described briefly:

39.5.5	 �Ileocolic Resection and Right 
Hemicolectomy

The patient is prepared supine and secured to the table as for 
any laparoscopic procedure. Surgeon and assistant are stand-
ing on the left side of the patient. Split-leg extenders can be 
beneficial for the scrub nurse for better assistance while 
watching the operation. The table is tilted with the left-side 
down and in Trendelenburg position. A three to five centime-
ter transumbilical incision is adequate depending on the size 
of the specimen or a prevalent hernia. Adhesions near the 
incision can often be taken down sharply through the inci-
sion with adequate retraction and lighting. Achieving an 
adequate view of the anatomy while being able to work 
untroubled is one of the more challenging aspects of SIL-CR.

Dissection, vessel sealing and intestinal transection fol-
low the oncologic principles of complete mesocolic excision 
of open and conventional laparoscopic surgery. Traction and 
countertraction is mandatory and can be established with an 
additional straight instrument guided by the assistant or by 
using a lifting device or suspending suture.

Ligating, stapling, clipping or sealing the ileocolic artery 
and branches of the superior mesenteric veins is at the discre-
tion of the surgeon.

Visualization and dissection of the hepatic flexure is alle-
viated by moving the table to the reverse Trendelenburg posi-
tion and, with a bowel grasper, sweep the right colon medially 
and anteriorly, which will display the hepatocolic attach-
ments in reference to the duodenum. After transection the 
specimen is retrieved in a tearproof bag to protect the perito-
neum from any bacterial or tumor cell contamination through 
the spillage of squeezed fluid.

39.5.6	 �Left Colectomy, Low Anterior Resection, 
Total Colectomy, and Proctocolectomy 
with Ileal Pouch-Anal Anastomosis

The patient is prepared and stabilized to a split-leg extender 
table with the operating team on the right side. A three to five 
centimeter incision is made either in the planned stoma site 
or the umbilicus. A single port device in combination with a 
wound protector is strongly recommended to reduce the risk 
for wound complications. The challenge to drive the camera 
is acceptable if learning can occur in a laboratory setting. A 
technique for providing sufficient retraction and triangula-
tion is using an increased table angulation and gravity to tent 
the mesentery over the articulated instrument while dissect-
ing with the other. Again, ambidexterity substantially saves 
time and enhances performance. All steps of SIL dissection, 
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vessel ligation, bowel transection and anastomosis entirely 
follow the standards of conventional laparoscopy.

When below the peritoneal reflection, visualization can 
be difficult. A floppy uterus can be retracted anteriorly using 
a (temporarily transcutaneous) suture. Clips can also be used 
to tack a floppy ovary or fallopian tube above the broad liga-
ment. To get further separation between the vagina and the 
rectum, a probe can be placed into the vagina for anterior 
retraction or into the rectum for posterior retraction. Both 
retraction methods can be utilized to create more operating 
space in the deep narrow pelvis.

Placing the stapler in an anterior-to-posterior fashion 
might be easier to fit the rectum within the stapler jaws. The 
proximal and distal transected colon specimen is wrapped in 
a bag and extracted through the wound protector. Thereafter 
the proximal colon segment is advanced externally to place 
the anvil. Reaching at least two centimeter past the symphy-
sis is sufficient to ensure appropriate length for any 
anastomosis.

39.5.7	 �Ileostomy and Colostomy Creation

Stoma creation is definitely one of the under-appreciated 
benefits of SIL, particularly in the re-do patient. SIL requires 
only an incision at the stoma site which will be used to free 
adhesions and establish pneumoperitoneum under direct 
vision. The bowel should be marked to ensure proximal ver-
sus distal orientation. It is essential not to twist the segment 
to maintain mesenteric orientation during extraction.

Randomized controlled trials between SIL and conven-
tional CR indicate a comparable outcome which favors 
SIL-CR in terms of shorter hospital stay and a trend to less 
pain. Therefore SIL-CR might serve as a safe alternative to 
the conventional approach in a selected group of non-obese 
patients [26–28].

Furthermore, SIL has been shown to be feasible in fundo-
plication, gastric resection, metabolic surgery (Gastric band-
ing, gastric sleeve resection, gastric RY-bypass, 
mini-gastric-bypass, biliopancreatic diversion), liver, pan-
creas, spleen resections, adrenalectomies, in small bowel 
obstruction and some other advanced procedures with opti-
mal outcome.

39.6	 �How to Start–Learning Curve

The SILS approach is technically more challenging than 
conventional laparoscopy. For novices this difference in per-
formance is flattened within some procedures. Moreover, 
learning to carry out SIL appears to result in better skills that 
improve abilities to carry out both SIL and LC, whereas 

training in LC fails to have the same effect [29]. The same is 
true for experienced laparoscopic surgeons. During SIL, per-
formance scores drop and frustration, effort, and mental and 
physical demands are all increased. Training is paramount to 
prevent an obstacle race during the first SIL procedures. 
Proctoring might be helpful for surgeons to get SIL skills in 
their repertoire [12]. Last but not least parameters, such as 
limited time, loss of patience, wrong patient selection, inap-
propriate instruments, and substantial air leak might end up 
in frustration and dishonor the SIL approach. It has been 
published that operating times generally are brought in line 
after 10–25 SIL cases.

A surgeon who offers SIL has the responsibility to inform 
his patients by fully explaining the procedure, mentioning any 
lack of safety profile, offering alternative traditional methods 
and giving the patients enough decision time. As SIL is still 
not a common standard, thorough documentation in a pro-
spective database is recommended to pass external audits.

�Conclusion

The tendency towards either limiting the number of 
abdominal incisions or eliminating them completely rep-
resents the ultimate goal for surgeons in their quest to per-
form SIL as the ‘minimized’ surgery aiming to avoid any 
visible scars.

Improving surgical skills, overcoming commercial 
temptation and pressure and focus on the clinical outcome 
will allow to conduct more valid studies to proof any 
benefit of SIL other than cosmesis.
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Robotic Surgery

Ivo A.M.J. Broeders

40.1	 �Introduction

Telesurgery was initially explored to enable battlefield care 
from a remote location. A prototype called the Green manip-
ulator was developed in the eighties by the National Air and 
Space Administration (NASA) and the Stanford Research 
Institute (SRI). The research team involved developed a 
four-degrees of freedom robotic system that enabled manip-
ulation of surgical instruments over distance using cables for 
data transfer. The company Intuitive Surgical Inc commer-
cialized this prototype (Fig.  40.1). By that time Computer 
Motion Inc. has already launched their Easop robotic arm for 
voice controlled steering of rigid endoscopes. They expanded 
their concept to the Zeus robotic telemanipulator, a remote 
surgery system that held three separate arms. Intuitive 
Surgical inc. acquired this company and is the sole provider 
of commercially available robotic systems for endoscopic 
surgery from 1998 up to 2016.

Their da Vinci® system was launched to enable minimally 
invasive cardiac bypass surgery. Nevertheless, the CE mark 
was acquired by presenting data on safety in endoscopic sur-
gical procedures such as cholecystectomy and fundoplica-
tion for reflux disease.

Robotic cardiac surgery didn’t reach the assumed market 
potential but widespread introduction followed a few years 
later when urologists started using the da Vinci® system at 
large scale for radical prostatectomy. This led to interest 
among gynaecologists and ENT specialists. General sur-
geons used the system from start at limited scale. Robotics 
started to gain popularity when larger studies on low anterior 
resection appeared in 2008 and on.

Up to now 1.8 million procedures have been performed 
worldwide with surgical robotics and over 3000 systems are 
installed (old numbers or put in reference with date stated).

The key element of telemanipulation is the introduction 
of dedicated computer technology between the surgeon and 
the surgical instruments. This enables surgical support, 
advanced imaging and the use of dedicated computer -steered 
tools. The inherent drawbacks of endoscopic surgery are 
dealt with by reversing the tip response of the instruments, 
and by introducing scaling to lower the fulcrum effect. Two 
degrees of freedom are added to the instrument tip to enable 
refined and complex dissection and suturing tasks (add: the 
instrument are wristed and the tip can turn 360° and there-
fore can perform precise tasks in small defined areas such as 
the pelvis).

The surgeon also steers the camera by pressing a foot 
paddle, which leads to blocking of the instrument arms and 
control of the camera arm by the joysticks. The endoscope is 
completely stable during surgery, and a high level 3-D view 
is provided by a 12 mm optic (and in the latest version the Xi 
model a 8,5 mm optic) with two optical channels. The two 
separate images are fused in the workstation to deliver the 
true 3-D image.

The surgeon controls three arms, to operate with two and 
assist with one. Usually one extra assistant trocar is placed, 
and surgery is preferably performed with one dedicated OR 
nurse only. The surgeon can adapt the position of the chair, 
the arm- and head rests to work in an ergonomically favour-
able position.

A drawback is the complete absence of haptic feedback in 
combination with loss of direct contact with the instruments. 
This is of less importance in refined work, but is an issue to 
deal with in case larger forces are exerted. Telemanipulation 
surgery separates the surgeon from the tableside team, which 
inherently leads to loss of direct control within the sterile 
field. Also, there are substantial differences between the sur-
geon and the OR nurse in vision, horizon dependency, instru-
ment handling and body position. This demands extensive 
collaboration between the team members and clear commu-
nication with a feedback check system.

Robot-assisted surgery usually increases direct surgical 
costs and requires intensive training by both surgeon and OR 
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nurses. It puts demands on OR space, time management and 
anaesthesia.

Users of the current robotic systems should therefore aim 
at complex endoscopic surgery, from a technical and finan-
cial perspective. One should however realize that computer 
aided surgery is not just about surgical performance. telema-
nipulation systems open the way to a new era in surgery, 
were virtual reality, big data analysis and artifical intelli-
gence will be incorporated to bring surgery to the next level. 
Competing systems will bring new economic models, which 
surgeons get the opportunity to stay in line with revolution-
ary concepts in digital healthcare.

40.2	 �Indications

There is abundant ex-vivo evidence on superiority of robot-
ics systems when performing complex surgical tasks [1–7]. 
Articles on clinical use of robotic systems in endoscopic 
surgery are also abundant, but high quality comparative- or 
randomized studies are scarce. A large international ran-
domised prospective trial on robot versus laparoscopical 
rectum surgery (the Rolarr trial) did only show a lower con-
version rate after robotic rectum surgery for a specific group 
of obese and male patients (ref abstract ESCP Barcelona 
sept 2015).

Fig. 40.1  Development of 
robotic surgical (da Vinci) system 
through the years (Permission for 
reproduction: ©2017 Intuitive 
Surgical, Inc.)
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Experienced teams will drape a robotic system while pre-
paring the patient and dock in five minutes, and time required 
for instrument changes is comparable to standard endoscopic 
surgery. The initial time loss will not be compensated in rou-
tine surgery, such as cholecystectomy, fundoplication or 
uncomplicated right-hemicolectomy. This type of laparo-
scopic procedures also allow reasonable to good ergonomics 
for the surgeon, so no clear benefit for robot use with the 
currently available systems. Additionally, trocar size in 
robotics is bigger; the camera port measures 12  mm (or 
8.5 in the latest Xi version), and the working ports 8.5 mm. 
In routine procedures, the added value in imaging, dissection 
and ergonomics will therefore not compensate for time loss, 
trocar size and costs. Apart from this, it will be difficult to 
demonstrate superiority of robotic surgery on standard 
parameters, such as blood loss, postoperative complications 
and length of stay when comparing the technique to standard 
endoscopic techniques. One should therefore seek for proce-
dures that are technically demanding or ergonomically unfa-
vourable. Optimal visualisation, dissection and tissue 
reconstruction in combination with a good working position 
should increased results in long term functional outcome and 
should enable experienced surgeons to perform these proce-
dures routinely for many years without the physical com-
plaints related to standard endoscopic surgery.

Oesophageal- and lung cancer are the primary targets in 
thoracic general surgery. The precise dissection enables 
extensive lymph node dissection in difficult areas such as the 
aorto-pulmonary window [8]. The assisting arm and the sta-
ble, surgeon-controlled camera are of particular value in the 
transhiatal approach.

Robotics have been used in anti-reflux surgery, but there 
are hardly studies focusing on long term outcome, and early 
results are comparable [9–11]. Excellent results have been 
published on the use in myotomy in achalasia and the system 
is of value in the repair of giant hiatal hernia’s and redo sur-
gery for reflux and para-esophageal hernia [12]. The suturing 
support or robotic systems can be of particular value in pan-
creatic and liver resection and biliary reconstruction, the 
repair of visceral aneurysms and pelvic floor reconstruction 
[13, 14].

Rectal cancer is a main focus at this point of time. 
Robotics may support the surgeon in optimal dissection in 
the right plane while avoiding nerve damage.

A number of comparative studies have been published, 
and meta–analysis suggests comparable outcome, but lower 
conversion rates in the robotic group [15]. These studies on 
early results are subject to many confounders. The Rolarr 
trial compared both laparoscopic as robot technique in a 
multicentre randomized setup with conversion as primary 
end point. This study showed a lower conversion rate after 
robotic rectum surgery for a specific subgroup of patients 
(male and obes) (ref abstract ESCP Barcelona sept 2015).

Robotics surgery provides surgical support by eletrome-
chanical instrument and camera manipulation, but the 
computer-based setup also offers extensive additional gain in 
perioperative diagnostics and additional onlay imaging. This 
may prove to be a main benefit in the upcoming years. 
Examples are near infrared technology with fluorescence 
imaging. This will be used for tissue discrimination, sentinel 
node detection and analysis of colorectal vascularisation in 
prevention of anastomotic dehiscence. Computer aided sta-
pling allows pressure measurement within the stapler beak to 
ensure the application of the correct stapler height.

40.3	 �The Business Case for Robotics

Robotic surgery adds costs to treatment. In-hospital cost 
recovery is difficult when comparing robotic surgery to stan-
dard endoscopic surgery, because one cannot expect much 
difference in OR time, hospital stay and complications. 
Optimal exploitation of robotic systems is therefore most 
desirable.

Cost consists of fixed annual expenses and procedure 
related costs. Annual expenses include the depreciation of 
the 1.8 million system expenses of a period of maximally 8 
years, and a 10 % annual burden of this amount for full ser-
vice and software upgrades. This leads to about 400 K euro 
fixed annual system costs. Procedure related costs consist of 
sterile drapes and the use of (semi) disposable instruments. 
These costs average 1500 euro’s per procedure and depend 
on the type and number of instrument used.

When using the system for 100 procedures annually, 
robotics add 5500 euro’s to patient hospital costs, but this 
amount lowers to 2300 euro’s when using the system 500 
times per year. It is therefore most important to build a 
realistic business case, based on the number of complex 
endoscopic procedures that are performed in the hospital 
in the past years. Most hospitals will require a multidisci-
plinary robotic surgery program to reach the numbers 
needed to bring costs in an acceptable range. A multidisci-
plinary team of medical specialists, OR staff, OR planners 
and hospital board is therefore advisable to prepare acqui-
sition of a robotic system and allow cost-efficient use from 
start.

40.4	 �Preparation and Training

Robotic surgery requires dedicated training because of inher-
ent differences with standard endoscopic surgery. Surgeons 
and OR nurses need to understand the technical details of the 
console and robot to enable efficient and safe use. Also team 
and communication training should be part of the training 
program.

40  Robotic Surgery
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Training starts with building knowledge on technical 
details. These comprise connection, cable management and 
startup, ergonomic settings of the console, and moving and 
storing of the console and robot. OR nurses will subsequently 
focus on draping the arms while surgeons work on technical 
details of instrument- and camera settings, and on under-
standing all steering capacities with graspers and pedals. 
Learning how to connect the robot to the trocars is a team 
effort.

Currently, the selling company guides preparation and 
training. The program includes site visits to understand the 
general concepts, followed by dedicated team training of sur-
geons and OR nurses. This training includes learning techni-
cal knowhow as mentioned, followed by (procedure specific) 
surgery on a pig- or human model. Company trainers and 
medical proctors guide the initial procedures.

The USA project Fundamentals of Robotic Surgery has 
realized a training curriculum with the objective to “create 
and develop a validated multispecialty, technical skills 
competency based curriculum for surgeons to safely and 
efficiently perform basic robotic-assisted surgery” (see 
www.frsurgery.org) (https://www.nicholsoncenter.com/sites/
default/files/research/Fundamentals%20of%20Robotic%20
Surgery.pdf). This program aims to deliver an obligatory and 
independent training course for residents and registered sur-
geons who intend to start robotic surgery, comparable to the 
Fundamentals of Laparoscopic Surgery program. Meanwhile, 
numerous joint initiatives and dedicated training centres 
offer specialism-dedicated courses to practice basic and 
advanced robotics surgery skills.

Basic skills can also be trained using simulators 
(Fig. 40.2). The company Mimic offers a table top simula-

Fig. 40.2  An example of an OR set-up with robot system (Permission for reproduction: ©2017 Intuitive Surgical, Inc.) 

I.A.M.J. Broeders
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tion device that teaches basic instrument and camera manip-
ulation with a number abstract drills and a scoring system 
comparable to endoscopic surgery trainers, that also allows 
table side OR technicians to train robot skills together 
with the surgeon. Intuitive Surgical also offers the software 
of this trainer in a hardware setup that is mounted on the 
robotic console. This allows training in the actual surgical 
environment.

Surgeons who start with robotic surgery should be 
familiar with all details, risks and pitfalls of endoscopic sur-
gery and the pneumoperitoneum. Moderate to extensive 
experience in more complex endoscopic surgical procedures 
is desirable. The actual clinical use should start with 
straightforward procedures that are completely familiar to 
the surgeon and the complete OR team. Such procedures 
include e.g., cholecystectomy or uncomplicated ileocecal 
resection. Step-up to more complex procedures is usually 
appropriate after some ten cases. It is essential to operate at 
least weekly to develop the skills needed to deal with the 
complex setup and delicate technology and to minimize 
time loss during start-up.

40.5	 �Efficient and Safe Use of Robotic 
Systems

Robotic surgery is a team effort. Both console surgeons and 
table side OR nurses or surgeons should understand the dif-
ferences in appreciation of the surgical scenario and ergo-
nomics. Surgeons should be aware of the risks of abrupt arm 
movements for table-side staff, who usually assist though a 
port in between two robotic arms. Console surgeons should 
also be aware of the loss of haptic feedback and the large 
forces that can be embedded on tissue with the instruments, 
both in- and outside their field of view. They should also cre-
ate a high level of awareness on endoscopic surgery related 
issues such as gas leakage of heat damage by optics, because 
they are no longer in direct touch with the patient. Robotic 
arms may deliver pressure damage to body parts such as the 
upper or iliac crest in small pelvis surgery, or direct damage 
to the patient face of chest by the large camera head. 
Additionally, the high definition 3-D view usually allows 
visualisation from a larger distance to the target, and the con-
sole surgeon is less horizon dependent, because there is no 
direct contact with instruments and patient and the surgeon’s 
field of view is completely limited to the operating field due 
to the design of the head rest. A gyroscope is projected in the 
upper border of the screen to show the amount of rotation 
and to allow correction.

Good and direct contact between console surgeon and 
table-side team is essential because of these differences in 
appreciation of the surgical procedure. This implies that the 
console should be positioned in such a way that direct eye 
contact is guaranteed when the surgeon lifts the head from 

the head rest. Verbal communication is supported by a micro-
phone and speaker system.

The procedure starts with correct placement of trocars. 
Robotic surgery is less forgiving in this aspect. Ideally, the 
central column of the robot is in line with the target and the 
camera port. The latest generation robotic system allows 
docking from the side, which allows better access to the head 
or perineum during surgery. Trocars should ideally be placed 
8–10 cm apart, and not in each others working line towards 
the target in order to avoid contact between the robotic arms 
during surgery. The assistant port is usually positioned 
between the camera port and the left- or right surgical port. 
The ports should not be to close to the target to avoid large 
exterior excursions of the arms due to the fulcrum effect. All 
team members should check for unwanted contact of the 
moving parts of the arms with the patient’s head or body.

The OR table is placed in the correct position before con-
nection to the robot. In case of pelvic surgery, legs are posi-
tioned as low as possible to allow connection of the arms in 
Trendelenburg position. Downward tilting of leg rests should 
be avoided after draping to avoid excess strain in the groin. 
In case of upper abdomen surgery, the patient’s head should 
be relatively close to the table top-end, otherwise robotic arm 
length may run short.

The robot is not connected to the OR table, so a change in 
table position will put unwanted force on trocars and may 
lead to trocar displacement or damage. Good access to the 
target area should therefore be guaranteed before connec-
tion. Excessive Trendelenburg is to be avoided in pelvic sur-
gery. One can remove the small bowel from the smaller 
pelvis in 30–40° Trendelenburg, and then reduce table tilt as 
long as the small bowel stays beyond the promotorium. Good 
and continuing muscle relaxation is requested to maximize 
working space and to avoid patient straining or couching, 
which may lead to trocar displacement. In case table posi-
tioning during surgery appears necessary, release buttons on 
all four robotic arms need to be activated to allow save table 
movement. The XI system form Intuitive Surgical can be 
conneted digitally to a dedicated OR table, which allows OR 
table movement with the robot connected to the patient.

In case of emergency conversion, table-side team mem-
bers remove instruments and remove arms one by one, by 
pressing the release button with one hand and pulling the 
trocar with the other. Such a manoeuvre can be completed 
within 30 s. In the time out procedure before starting the pro-
cedure, an item can be added to discuss emergency conver-
sion shortly as to whom drives the robot cart away, who is in 
charge of opening the laparotomy sets etc. It can also be con-
sidered to leave trocars and pneumoperitoneum to gain faster 
access to the abdomen in emergency setting, according to 
surgeons preference.

Success of robotic surgery depends on knowledge of the 
essentials endoscopic surgery and robotic technology. 
Teamplay is crucial and trocar positioning and coupling of 
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the robot is best performed in joint effort by both console 
surgeon and tableside team. Good preparation and repeti-
tive use of robotic systems will allow safe and time-effi-
cient use and will deliver maximal proficiency of robots as 
a most useful companion in complex endoscopic surgery.
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