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Foreword

Change alone is eternal, perpetual, immortal.
 Schopenhauer

I am pleased to have this opportunity to pen some words at the beginning of this 
interesting book “Minimally Invasive Surgery in Gynecological Practice.” The book is 
comprehensive, well written and illustrated by internationally recognized authors in 
their field.

The book covers the field within 26 chapters starting from the basics- 
retroperitoneal anatomy, preoperative imaging, anesthesia, principles of electrosur-
gery, laparoscopic entry techniques, suturing, and adhesions- followed by chapters 
on procedures including hysterectomy, myomectomy, endometriosis, benign adnexal 
masses, tubal microsurgery, cesarean section scars, Müllerian anomalies, followed by 
three chapters on urogynecology; three chapters on cancer-cervical, endometrial and 
ovarian, one on Neuropelveology, a new expanding field, three chapters on hysteros-
copy, two chapters on complications – laparoscopic and hysteroscopic-, and one on  
endometrial ablation.

Medicine is a permanently developing field that experienced a significant accel-
eration in the last five decades. In medicine, progress frequently follows scientific 
innovations and improvements in technology. That laparoscopy provided a surgical 
access became evident in the early seventies. The advantages of laparoscopic access 
as opposed to conventional laparotomy in performing a gynecologic procedure were 
already evident more than 30 years ago. Operating within a closed peritoneal cavity 
eliminates the need to use surgical pads and decreases the potential for bacterial 
and foreign body contamination. The surgeon can achieve excellent illumination, 
visibility, and magnification by bringing the distal end of the laparoscope close to 
the area of interest. The pressure effect of the pneumoperitoneum diminishes venous 
oozing and permits spontaneous coagulation of minor vessels. In addition, there are 
the well-known advantages for the patient associated with the avoidance of a large 
abdominal incision.

In the 70’s hysteroscopy was described as “a technique looking for an indica-
tion.” The impact of hysteroscopy in our specialty has been radical. This came about 
when hysteroscopy started to be used as a new mode of surgical access into the 
uterus. This revolutionized and greatly simplified many procedures that previously 
required a laparotomy and a hysterotomy to access the uterine cavity: lysis of severe 
uterine synechiae, metroplasty for septate uterus, excision of symptomatic intra-
uterine  fibroids. These, after all, are common conditions; hysteroscopy has simplified 
these procedures and significantly reduced their morbidity. Direct access to the uterus 
led to the introduction of interventions such as endometrial excision and endome-
trial ablation that offer a less invasive, yet effective alternative to hysterectomy in the  
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vi   Foreword

treatment of abnormal (dysfunctional) uterine bleeding refractory to medical  
treatment. 

Both laparoscopic and hysteroscopic surgery are “minimal access surgery”, but 
what is minimal is only the access; not the procedure, the level of skill required, nor 
the potential of the rate and the degree of complications. Hence, proper training, use 
of proper surgical technique and vigilance are of foremost importance.

Schopenhauer said it so well: “change alone is eternal, perpetual, immortal.”

Professor Victor Gomel
Vancouver
January 2020



Preface

“One must examine what concerns it, not only on the basis of the conclusion and the 
premises on which the argument rests, but also on the basis of things said about it.” 
Aristotle says in Nicomachean Ethics. Our common aim as the Editors is to improve 
the quality of women’s health globally. Surgical practice continues to evolve fast and 
it brings new advantages by improving efficacy and reducing risks. As the technology 
advances rapidly and new evidence on safety and effectiveness is gathered, we feel 
obligated to cover all aspects of minimally invasive gynecologic surgery in a fair, bal-
anced way to include laparoscopic, robotic-assisted, and hysteroscopic approaches. 
That is what we set out to achieve in this book. 

Our target audience are those who wish to further extend their knowledge in 
minimally invasive gynecology. Our priority is to provide practical guidance to the 
reader. The Editors are from Great Britain, United States and Germany and the chapter 
authors represent a broad international experience. They are well respected leaders 
who are shaping current practice and have been invited to contribute to this book 
due to their expertise in their respective fields. Our previous positive experience with 
De  Gruyter press led us to work with them again as we expand our portfolio from 
robotic surgery to all aspects of minimally invasive gynecology. 

We have spent countless hours writing and editing this comprehensive text. 
We would like to extend our appreciation to our families for encouraging us. We could 
not have done it without their support.

https://doi.org/10.1515/9783110535204-203





Contents

Foreword  v
Preface  vii
Principal contributing authors  xix

  Mohamed Mabrouk, Diego Raimondo, Manuela Mastronardi and  
Renato Seracchioli

1  Practical fundamentals of retroperitoneal spaces for safe pelvic surgery: 
possible answers to difficult questions  1

1.1  Does a general gynecologist need to know about retroperitoneal  
pelvic anatomy?  1

1.2  What are the superficial anatomical landmarks of retroperitoneum?  1
1.3 Is there a general scheme for the retroperitoneal space?  3
1.4 How to develop retroperitoneal spaces easily  5
1.4.1 Surgical tips and tricks  6
1.4.1.1 Round ligament exit  6
1.4.1.2 Exit lateral or medial to the IP ligaments at the pelvic brim  6
1.4.1.3 Vesico-uterine exit  8
1.4.1.4 Prevesical exit  9
1.4.1.5 Rectovaginal exit  12
1.4.1.6 Retrorectal exit  13
 References  15

 Elisabeth Bean and Davor Jurkovic
2  Preoperative imaging for minimally invasive surgery in gynecology  17
2.1 Introduction  17
2.2 Role of preoperative imaging in specific conditions  18
2.2.1 Pelvic adhesions  18
2.2.2 Endometriosis  18
2.2.3 Differential diagnosis of pelvic tumors  20
2.2.4 Uterine fibroids  22
2.2.5 Benign dermoid cysts  22
2.2.6 Ectopic pregnancy  24
2.3 Conclusion  24
 References  26

 Alexis McQuitty
3  Anesthetic considerations for minimally invasive surgery  28
3.1 Introduction  28
3.2 Consequences of CO2 PNP  28
3.3 Consequences of patient positioning  29
3.4 Anesthetic management  31



x   Contents

3.5 Pain control  33
3.6 Management of complications  34
3.7 Summary  34
 References  35

 Mohsen El-Sayed and Ertan Sarıdoğan
4  Principles and safe use of electrosurgery in minimally  

invasive surgery  38
4.1 Applied physics  38
4.2 Thermal tissue effects  38
4.3 Monopolar devices  40
4.4 Factors modifying electrosurgical tissue effects  40
4.5 Conventional bipolar devices  41
4.6 Advanced bipolar devices  42
4.7 Combination energy devices  42
4.8 Complications  42
4.8.1 Lateral thermal spread  42
4.8.2 Pedicle effect  43
4.8.3 Inadvertent activation  43
4.8.4 Residual heat  43
4.8.5 Insulation failure  43
4.8.6 Direct coupling  44
4.8.7 Capacitive coupling  44
4.8.8 Antenna coupling  45
4.9 Technological developments and safe electrosurgery  45
4.9.1 Isolated generators and return electrode monitoring technology  45
4.9.2 Active electrode monitoring  45
4.10 Electrosurgery in single incision laparoscopic surgery  45
4.11 Electrosurgery in hysteroscopic surgery  46
4.12 Electrosurgery and electromagnetic interference  47
4.13 Surgical smoke  47
4.14 Key points for safe electrosurgical use  48
4.14.1 Monopolar instruments  48
4.14.2 Bipolar instruments  48
 References  48

 Nisse V. Clark and Jon I. Einarsson
5  Laparoscopic entry techniques  50
5.1 Introduction  50
5.2 Techniques  50
5.2.1 General principles  50
5.2.2 Veres needle  51
5.2.3 Direct trocar  52
5.2.4 Direct vision  52



Contents   xi

5.2.5 Hasson technique  53
5.2.6 Single-incision laparoscopy  54
5.3 Choosing a technique  54
5.4 Alternative entry sites  55
5.4.1 Left upper quadrant  55
5.4.2 Other entry sites  56
5.5 Considerations  57
5.5.1 Prior surgery  57
5.5.2 Morbidly obese patients  57
5.5.3 Very thin patients  57
5.5.4 Pregnancy and the large uterus  58
5.6 Conclusion  58
 References  58

 Ibrahim Alkatout
6  Principles of laparoscopic suturing and alternatives  61
6.1 Introduction  61
6.2 Sutures and suture technique  61
6.2.1 Suture material  61
6.2.2 Thread thickness/suture sizes  62
6.2.3 Barbed sutures  62
6.2.4 Surgical needles  63
6.3 Tips and tricks  64
6.3.1 Loading the needle  64
6.3.2 Adjusting the needle  65
6.3.3 Tying the knot  68
6.4 Conclusions  68
 References  68

 Meghan McMahon and Mostafa A. Borahay
7  Challenges in minimally invasive surgery  70
7.1 Obesity  70
7.1.1 Physiology  71
7.1.2 Positioning  71
7.1.3 Instruments  72
7.1.4 Trendelenburg and intraabdominal pressure  72
7.1.5 Entry  72
7.1.6 Closure  73
7.1.7 Postoperative challenges  74
7.2 Frozen pelvis  74
7.3 Large uterus or pelvic mass  77
7.4 Difficult insufflation and positioning  78
7.5 Conclusion  78
 References  79



xii   Contents

  Luz Angela Torres-de-la-Roche, Lasse Leicher, Rajesh Devassy and  
Rudy Leon De Wilde

8  Adhesions after laparoscopic and hysteroscopic surgery, prevention,  
and treatment  81

8.1 Introduction  81
8.2 Pathophysiology  81
8.3 Role of mesothelial cells  83
8.4 Role of stem cells  83
8.5 Physician awareness  83
8.6 Who is at risk of PA?  84
8.7 Influence of the surgical approach in adhesion formation  84
8.8 Complications and clinical significance  85
8.9 Chronic pain  86
8.10  Classification/adhesion risk scores: pre- and intraoperative  

scores  86
8.11 Adhesiolysis  87
8.12 Prevention of PA  88
8.12.1 Intrauterine adhesions  90
8.13 Conclusion  92
 References  93

 Gokhan Sami Kilic and Burak Zeybek
9  Laparoscopy/robotically assisted simple hysterectomy procedure  96
9.1 Introduction  96
9.2 Positioning the patient/uterine manipulator  96
9.3 Trocar placement/instrumentation  97
9.4 Step-by-step approach to simple hysterectomy  100
 References  106

 Chetna Arora and Arnold P. Advincula
10  Abdominal approaches to uterine myomas (laparoscopic myomectomy)  

and morcellation  108
10.1 Introduction  108
10.2 Laparoscopic myomectomy  108
10.3 Morcellation/tissue extraction  112
10.4 Conclusion  114
 References  115

 Arnaud Wattiez
11  Surgical treatment of endometriosis  117
11.1 Introduction  117
11.2 Preoperative assessment  117



Contents   xiii

11.3 Surgical technique  118
11.4 Ovarian endometriosis  120
11.5 Deep infiltrating endometriosis of Douglas’s pouch  121
11.6 Bowel endometriosis  123
11.7 Bladder endometriosis  124
11.8 Ureteral endometriosis  125
11.9 Postoperative care  125
 References  126

 Liselotte Mettler and Ibrahim Alkatout
12  Management of benign adnexal masses  127
12.1 Introduction  127
12.2 Indications for surgery for adnexal masses  127
12.2.1 Dermoid cysts  128
12.2.2 Serous and mucinous cystadenoma  128
12.3 Surgical approach  128
12.3.1 Cystectomy  129
12.3.2 Oophorectomy  129
12.4 Adnexal torsion and treatment by laparoscopy  130
12.5  Tubectomy and ovariectomy/adnexectomy during hysterectomy beyond 

the reproductive age  131
12.5.1 Tubectomy during hysterectomy  131
12.6 Summary  132
 References  132

 Ertan Sarıdoğan and Kuhan Rajah
13 Surgery for fallopian tube disorders  134
13.1 Ectopic pregnancy  134
13.2 Tubal surgery for infertility  135
13.2.1 Adhesiolysis  136
13.2.2 Fimbrioplasty  136
13.2.3 Neosalpingostomy  137
13.2.4 Tubal reanastomosis  138
13.2.5 Hydrosalpinx and ART  139
13.2.6 Hysteroscopic tubal cannulation for proximal tubal obstruction  141
13.3 Conclusion  141
 References  142

 Olivier Donnez
14  Cesarean section scar defects and their management  143
14.1 Introduction  143
14.2 Symptoms  143



xiv   Contents

14.3 Diagnosis  145
14.3.1 Ultrasound  145
14.3.2 Hysteroscopy  145
14.3.3 Magnetic resonance imaging  146
14.4 Treatment  146
14.4.1 Medical treatment  146
14.4.2 Surgical treatment  147
14.5 Conclusions  149
 References  151

 Andrina Kölle, Katharina Rall und Sarah Brucker 
15  Laparoscopic surgery for Müllerian anomalies  154
15.1 Background  154
15.2 Diagnosis  154
15.3 Congenital vaginal agenesis  156
15.3.1 Nonsurgical method  156
15.3.2 Surgical methods  156
15.4 Uterus bicornis, uterus didelphis (Bicornis, Bicollis)  160
15.5 Uterus unicornis  160
 References  161

 Gokhan Sami Kilic and Ibrahim Alanbay
16  Minimally invasive techniques for urinary incontinence: laparoscopic/

robotic-assisted Burch colposuspension (urethropexy)  163
16.1 Introduction  163
16.2 Pertinent information  164
16.3 Retropubic space description  164
16.4 Colposuspension procedure  165
 References  169

 Burak Zeybek and Gokhan Sami Kilic
17  Robotic procedures for management of apical compartment  

prolapse  170
17.1 Introduction  170
17.2 Robotic sacrocolpopexy  170
17.2.1 Anatomy  170
17.2.2 Procedure  174
17.2.3 Women who would benefit from sacrocolpopexy  176
17.2.4 Surgical outcomes  177
17.2.5 Complications  178
17.3 High uterosacral vault suspension  178
17.3.1 Anatomical considerations  179



Contents   xv

17.3.2 Histology and mechanical characteristics of the USLs  179
17.3.3 Lines of action of pelvic support structures  180
17.3.4 Procedure  180
17.3.5 Outcomes  181
17.3.6 Complications  182
 References  183

 Rufus Cartwright and Natalia Price
18  Laparoscopic management of mesh complications  186
18.1 Introduction  186
18.2 Indications  187
18.3 Preoperative investigations  187
18.4  Laparoscopic techniques for excision of retropubic midurethral  

slings  188
18.5 Laparoscopic techniques for excision of apical meshes  188
18.6  Laparoscopic techniques for excision of meshes eroding  

into the bladder or urethra  189
18.7 Patient outcomes after laparoscopic mesh excision  191
18.8 Conclusion  191
 References  192

 Rainer Kimmig
19 Laparoscopic surgery for cervical cancer  195
19.1 Introduction  195
19.2  Radical hysterectomy and systematic pelvic lymphadenectomy  195
19.3  Tailoring radicality according to tumor size/stage versus resection  

of the entire ontogenetic compartment  196
19.4 Sentinel node dissection in cervical cancer  199
19.5 Paraaortic lymph node staging in advanced cervical cancer  200
19.6 Cone biopsy or simple hysterectomy  201
19.7 Fertility sparing surgery  201
 References  202

  Kirsten Huebner, Alexander di Liberto, Catharina Luck and Kubilay Ertan
20 Minimal invasive surgery for endometrial cancer  207
20.1 Introduction  207
20.2 History of minimal invasive surgery in EC  212
20.3 Indication for minimal invasive surgery in EC  214
20.4 Robotics for EC  219
 References  227



xvi   Contents

 Lucas Minig, Vanna Zanagnolo and Javier Magrina
21  Minimally invasive surgery (MIS) for epithelial ovarian cancer (EOC)  233
21.1 Introduction  233
21.2  Surgical staging of women with apparently early-stage  

ovarian cancer  233
21.2.1  Surgical technique  234
21.2.2 Clinical evidence  236
21.2.3 Sentinel node mapping with indocyanine green  237
21.3  Laparoscopy for abdominal evaluation of tumor  

distribution in advanced stage (Fagotti criteria)  237
21.4 MIS for advanced ovarian cancer  240
21.4.1 MIS for primary debulking  241
21.4.2 MIS for interval debulking  242
21.4.3 MIS for secondary debulking  242
21.4.4 Port-site metastasis  243
21.5 Conclusion  243
 References  243

 Marc Possover
22  Neuropelveology—the medicine of the pathologies  

of the pelvic nerves and plexuses  247
22.1 The neuropelveological approach in the diagnosis and treatment  

of “chronic pelvic pain”  247
22.2 The neuropelveological approach to pelvic organ dysfunction  249
22.2.1 Pelvic organ dysfunctions  249
22.2.2 Electrical stimulation of the pelvic nerves as an  

attractive treatment  250
22.2.3 Genital nerves stimulation—an attractive alternative  

for gynecologists  251
 References  253

 Sven Becker and Morva Tahmasbi-Rad
23  Complications of laparoscopic surgery and their management  255
23.1  Introduction  255
23.2  Incidence of and literature about complications—general  

considerations  255
23.3 Is laparoscopy different from open or vaginal surgery?  255
23.4  Complications of indication  256
23.5  Intraoperative complications  256
23.6  Intraoperative complications specific to laparoscopy  

and how to avoid them  257
23.7  Postoperative complications  259



Contents   xvii

23.8  Managing complications—treating the patient and the surgeon  261
23.9  How to improve and how to train surgeons  261
23.10 Conclusion and outlook  261
 References  262

 Ayesha Mahmud and Justin Clark
24  Hysteroscopy: instrumentation for diagnostic and operative hysteroscopy, 

distension media, and office hysteroscopy  264
24.1 Introduction  264
24.2 Instruments for diagnostic and operative hysteroscopy  264
24.2.1 Light source  265
24.2.2 Imaging systems  265
24.2.3 Endoscopes  265
24.2.4 Diagnostic hysteroscopes  267
24.2.5 Operative hysteroscopes  267
24.3 Distension media  270
24.4 Office hysteroscopy  272
 References  272

 Mark Hans Emanuel
25 Hysteroscopic surgery for submucosal fibroids  275
25.1 Diagnosis and preoperative evaluation  275
25.2 Preoperative preparation  276
25.3 Hysteroscopic surgery  276
25.4 Operative procedures  277
25.5 Postoperative care  279
25.6 Outcome and recurrence  279
 References  280

  Attilio Di Spiezio Sardo, Fabrizia Santangelo, Claudio Santangelo,  
Gaetano Riemma, Gloria Calagna and Brunella Zizolfi

26 Hysteroscopic surgery for Mullerian anomalies  282
26.1 Introduction  282
26.2  Dysmorphic uterus (Class U1 sec. ESHRE/ESGE classification)  284
26.3 Septate uterus (Class U2 sec. ESHRE/ESGE classification)  285
26.4 Robert’s uterus (U2bC3V0 sec. ESHRE/ESGE classification)  286
26.5 Hemiuterus (Class U4 sec. ESHRE/ESGE classification)  287
26.6  Vaginal anomalies (Class V1–V2 sec. ESHRE/ESGE classification)  287
 References  288



xviii   Contents

 Martin Hirsch, Ertan Sarıdoğan and Peter O’Donovan
27  Avoiding complications in hysteroscopic surgery  290
27.1 Introduction  290
27.2 Complications  290
27.2.1 Air/gas embolization  290
27.2.2 Fluid overload  291
27.2.3 Hemorrhage  292
27.2.4 Infection  292
27.2.5 Perforation  292
27.2.6 Intrauterine adhesions  293
27.3 Conclusion  294
 References  294

 Mary Connor
28  Endometrial ablation techniques for heavy menstrual bleeding  296
28.1  Introduction  296
28.2  Historical perspective  296
28.3  Indications for second-generation EA  296
28.4  Risk factors for treatment failure  297
28.5  Comparison of second-generation devices  299
28.6  Complications of EA  299
28.7  Pregnancy following EA  301
28.8  Endometrial cancer following EA  301
28.9  Analgesia for second-generation EA  301
 References  302

Index  304



Principal contributing authors

Dr. Alexis McQuitty
Jennie Sealy Hospital
Department of Anesthesiology
301 University Blvd
Galveston, TX 77555
USA

Prof. Arnaud Wattiez
IRCAD France–Hôpitaux Universitaires
1 place de l’Hôpital
67091 Strasbourg Cedex
France

Prof. Arnold P. Advincula
Department of Obstetrics and Gynecology 
Columbia University Medical Center
Sloane Hospital for Women at 
New York-Presbyterian/Columbia
622 West 168th Street
New York, NY 10032
USA

Prof. Attilio Di Spiezio Sardo
Department of Public Health
University of Naples “Federico II”
80131 Naples
Italy

Dr. Davor Jurkovic
University College London Hospitals
Women’s Health Division
250 Euston Road
London NW1 2PG
United Kingdom

Assoc. Prof. Dr. Ertan Sarıdoğan
University College London Hospital
Elizabeth Garrett Anderson Wing
25 Grafton Way 
London WC1E 6DB 
UK

Prof. Dr. Gokhan Sami Kilic
Urogynecology and Minimally Invasive Gynecology
University of Texas Medical Branch
301 University Boulevard
335 Clinical Science Building 
Galveston, TX 77555-0587
USA 

Dr. Ibrahim Alkatout
Department of Obstetrics and Gynecology
University Hospitals Schleswig-Holstein
Campus Kiel
Arnold-Heller-Str. 3
Haus 24
24105 Kiel
Germany

Prof. Javier Magrina
Department of Gynecology
Division of Gynecologic Oncology
Mayo Clinic Arizona
5779 East Mayo Boulevard
Phoenix, AZ 85054
USA

Dr. Jon I. Einarsson
Division of Minimally Invasive Gynecology
Brigham and Women’s Hospital
75 Francis Street
ASB 1-3
Boston, MA 02115
USA

Prof. Justin Clark
Birmingham Women’s Hospital
Birmingham Women’s NHS Foundation Trust and 
University of Birmingham
Birmingham, B15 2TG
United Kingdom

Prof. Dr. Kubilay Ertan
Dep. of OB&GYN
Klinikum Leverkusen
Am Gesundheitspark 11
51375 Leverkusen
Germany

Prof. Dr. Liselotte Mettler
Department of Obstetrics and Gynecology 
University Hospitals Schleswig-Holstein
Campus Kiel
Arnold-Heller-Str. 3
24105 Kiel
Germany



xx   Principal contributing authors

Prof. Marc Possover
International School of Neuropelveology
Witellikerstrasse 40
8032 Zürich
Switzerland

Dr. Mark Hans Emanuel
University Medical Center 
Heidelberglaan 100
3584 CX Utrecht
The Netherlands

Dr. Mary Connor
Sheffield Teaching Hospitals
Jessop Wing
Sheffield S10 2SF
UK

Dr. Mohamed Mabrouk
S. Orsola- Malpighi Academic Hospital
Bologna University
Via Massarenti 13
40138 Bologna
Italy

Dr. Mohsen El-Sayed
Darent Valley Hospital
Darenth Wood Road Dartford
Kent DA2 8DA
UK

Dr. Mostafa A. Borahay
Department of Gynecology and Obstetrics
Johns Hopkins University School of Medicine
Johns Hopkins Bayview Medical Center
4940 Eastern Ave
Baltimore, MD 21224-2780
USA

Dr. Natalia Price
John Radcliffe Hospital
Headley Way
Headington
Oxford OX3 9DU
United Kingdom

Prof. Olivier Donnez
Institut du sein et de Chirurgie gynécologique 
d’Avignon (ICA)
Polyclinique Urbain V (ELSAN Group)
Chemin du Pont des Deux Eaux 95
84000 Avignon
France

Prof. Dr. Peter O’Donovan
Bradford Teaching Hospitals
M.E.R.I.T. Centre
Bradford Royal Infirmary
Bradford BD9 6RJ
UK

Prof. Dr. Rainer Kimmig
Universitätsklinikum Essen (AöR)Klinik für 
Frauenheilkunde und Geburtshilfe
Hufelandstraße 55
45147 Essen
Germany

Prof. Rudy Leon De Wilde
Clinic of Gynecology
Obstetrics and Gynecological Oncology
University Hospital for Gynecology
Pius-Hospital Oldenburg
Medical Campus University of Oldenburg
Georgstreet 12
26121 Oldenburg
Germany

Prof. Dr. Sara Y. Brucker
Forschungsinstitut für Frauengesundheit
Universitäts-Frauenklinik Tübingen
Calwerstraße 7
72076 Tübingen
Germany

Prof. Sven Becker
Klinik für Gynäkologie und Geburtshilfe
Klinikum der Johann Wolfgang  
Goethe-Universität Frankfurt am Main
Theodor-Stern-Kai 7
60590 Frankfurt
Germany



Mohamed Mabrouk, Diego Raimondo, Manuela Mastronardi and 
Renato Seracchioli

1  Practical fundamentals of retroperitoneal spaces 
for safe pelvic surgery: possible answers to 
difficult questions

1.1  Does a general gynecologist need to know about 
retroperitoneal pelvic anatomy?

Separate works report a strong association between knowledge of pelvic anatomy 
and surgical competency [1]. The ability to manage several surgical procedures is 
 considerably influenced by the level of training in anatomy and the ability to identify 
key anatomical structures [2]. The importance of applied anatomy is suggested also 
by a 7-fold increase in claims made to the UK Medical Defence Organizations between 
1995 and 2000 [3].

The most easily identifiable anatomical structures are pelvic organs and blood 
vessels. In contrast, retroperitoneum, nerves, and lymphatics are the least identifi-
able. Furthermore, whilst laparoscopy has become the standard of gynecological 
 surgical care, the ability to identify pelvic structures at laparoscopy is found to be less 
than laparotomy [4].

Preliminary data of ongoing multicentric study conducted by Bologna  University, 
assessing the necessity and level of training of retroperitoneal anatomy among gynecolo-
gists, have provided an overview of the poor knowledge and confidence of surgeons with 
this topic. Most of gynecologists sustain retroperitoneal anatomy as an essential topic in 
their work, but they perceive limitations in their anatomical  knowledge and training.

Recognizing retroperitoneal structures is essential for the management of 
complex surgery (i.e., deep endometriosis, oncology) but can also be crucial for the 
so-called “everyday” surgery [5–7].

In this chapter, we aim to provide practical and basic knowledge of the retroperi-
toneal pelvic anatomy, referring to other chapters for the remaining anatomical topics.

1.2  What are the superficial anatomical landmarks of 
retroperitoneum?

Most pelvic organs are covered by the peritoneum, a serous membrane with openings 
at the lateral end of both uterine tubes. The peritoneum can be described in two parts: 
parietal peritoneum and visceral peritoneum. The parietal peritoneum is attached to 
the osteomuscular wall by extraperitoneal connective tissue; the visceral peritoneum, 

https://doi.org/10.1515/9783110535204-001



2   1 Practical fundamentals of retroperitoneal spaces for safe pelvic surgery

instead, is firmly adherent to the underlying viscera and often blends with connective 
tissue in the wall of the organs. The potential space between the two layers is called 
the peritoneal cavity.

The peritoneum is reflected from the anterior and posterior uterine surfaces to the 
lateral pelvic wall forming the broad ligament of the uterus, which divides the pelvic 
cavity in the anterior and posterior compartments. Dorsally, the peritoneum covers 
the anterolateral surface of the upper rectum, a part of sacrum concavity and pelvic 
lateral walls, forming a retro-rectal peritoneal reflection. The presence of the uterus 
and the vagina produces two median pouches: the recto-uterine pouch (of Douglas) 
and the vesico-uterine (VU) pouch. It is important to note that the depth of the two 
pouches is variable and the peritoneal reflection of recto-uterine pouch of Douglas is 
more caudal than the VU one. Ventrally, the peritoneum that covers the dome of the 
bladder is reflected on the posterior surface of the lower anterior pelvic wall forming 
a prevesical reflection, when the bladder is empty (Fig. 1.1).

In patients with average weight, some retroperitoneal structures can be recog-
nized through the peritoneum:

 – The peritoneum on the lower anterior abdominal wall is raised into five folds 
(reported as “ligaments”), which diverge as they descend from the umbilicus. They 
are the median, right and left medial, and right and left lateral umbilical folds.  

Fig. 1.1: Overview of the pelvis: (a) prevesical peritoneal reflection; (b) round ligament; (c) ureter at 
the pelvic brim and sacral promontory; (d) pouch of Douglas.
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The median umbilical fold extends from the apex of the bladder to the umbili-
cus and contains the urachus. The medial umbilical fold covers the obliterated 
 umbilical artery. Under the lateral umbilical fold, the deep inferior epigastric 
vessels can be found, below their entry into the rectus sheath.

 – Superior vesical arteries, on both sides, form the transverse vesical folds on the 
bladders dome.

 – Uterine artery, on both sides, passes between the two peritoneal layers of the 
broad ligament, within the cardinal ligament (of Mackenrodt or lateral parame-
trium), and crossing over the ureter.

 – Pelvic ureter enters the lesser pelvis at the level of the sacral promontory, anterior 
to the end of the common iliac vessels (more frequent on the left side) or at the 
origin of the external iliac vessels (more frequent on the right side).

 – Uterosacral ligaments form the recto-uterine folds, containing some pelvic auto-
nomic nerve fibers in its postero-lateral part. In some patients, it is also visible a 
more medial and caudal folder, enveloping the hypogastric nerves (HNs) and the 
inferior hypogastric plexus (or pelvic plexus) [8].

 – Bifurcation of aorta (at the level of the fourth lumbar vertebra or the L4/5 interver-
tebral disc, to the left of the midline) and the left common iliac vein. Middle sacral 
vessels and the superior hypogastric plexus are located in the interiliac triangle (or 
Cotte triangle) at the level of sacral promontory, the starting point of pelvic cavity.

 – Laterally, three somatic nerves from lumbar plexus: genitofemoral nerve lying on 
the psoas major muscle, and the iliohypogastric and the ilioinguinal nerves [9–11].

1.3 Is there a general scheme for the retroperitoneal space?

In the pelvis, three major layers can be identified: peritoneum; retroperitoneum, 
containing anatomical structures enveloped by connective tissue; and pelvic walls 
(muscles and bones covered by connective tissue). In a transversal section of the 
pelvis, it is possible to identify on the midline three main organs: bladder, cervix, and 
rectum (Fig. 1.2).

The functional organization of retroperitoneum (known as endopelvic fascia) is 
provided by dense connective structures—visceral “ligaments” and fasciae—leaving 
areas of looser connective tissue in contact with viscera and abdominal walls, forming 
spaces or septa (coalescence of fasciae). The method of dealing with these spaces rep-
resents the basis of retroperitoneal surgical dissection [12–15].

The endopelvic fascia has different characteristics according to its components, 
and it is divided into: 

Membranous: parietal and visceral pelvic fasciae
The parietal pelvic fascia (PPF), which covers bones and muscles limiting the pelvic 
cavity and adjacent structures (vessels, nerves, and nerve roots), is reflected on the 
pelvic organs (except ovaries and tubes), forming the visceral pelvic fascia (VPF). 
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Fibro-areolar: visceral “ligaments”
The extraserous pelvic fascia (EPF) is defined as the connective tissue between the 
VPF and the PPF and acts as a mesentery, containing vessels and nerve branches. In 
some anatomical locations, the connective tissues of EPF is denser and referred to as 
visceral “ligaments.” 

Visceral “ligaments” can be divided into:
 – sagittal ligaments: pubo-vesical ligaments, VU ligaments and uterosacral liga-

ments; and
 – lateral ligaments: parametrium, paracervix, lateral ligaments of the bladder and 

lateral ligaments of the rectum.

Areolar: septa or spaces
According to the Toldt’s law of fascial coalescence, the areas bordered by at least 
2  independent fasciae and filled with areolar connective tissue are considered 
“ avascular spaces” that can be safely developed. 

It is possible to identify lateral and median spaces:
 – lateral spaces can be split into anterior and posterior compartments by the inter-

nal genitalia, broad ligament and Mackenrodt’s cardinal ligaments (or lateral 
parametrium), called, respectively, paravesical (PV) and pararectal (PR) spaces.

 – PV space can be further divided by obliterated umbilical artery into medial 
and lateral PV spaces.

 – PR space can be further divided by pelvic ureter in medial (of Okabayashi) 
and lateral (of Latzko) PR spaces.

Symphysis pubis

Obliterated
umbilical artery

Broad
ligament

Cardinal
ligament

Uterus
Cervix
Vagina

Ureter

Sacrum

+

Fig. 1.2: General scheme of the retroperitoneum (the “exit doors” are represented by green boxes).
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It is important to consider that these spaces are not perfectly matched, because the 
ureter and obliterated umbilical artery have different course.

 – median spaces correspond to peritoneal reflections:
 – prevesical space,
 – VU and vesico-vaginal spaces,
 – rectovaginal (RV) space, and
 – retrorectal and presacral spaces.

1.4 How to develop retroperitoneal spaces easily

The core skills of a competent surgeon are knowledge and exposure of the anatomy. It 
is always true that we cannot expect good surgical outcomes without a good surgical 
dissection. The principal aim of surgical practice is not the exposure of the retroperi-
toneal structures, but the preservation of their anatomical and functional integrity.

In order to perform an efficient surgery in a reasonable time, we need to learn and 
apply adequate surgical dissection techniques.

General rules of retroperitoneal dissections are as follows:
 – Have a strategy (start point, end point, and a roadmap).
 – Identify anatomical landmarks and find the avascular spaces.
 – Apply traction-counter traction, push, and spread.
 – Use all ways of dissection, including CO2 dissection, surfing into the spider-web 

structures of retroperitoneal area.
 – Keep the surgical field clean and dry.
 – Going slower makes your surgery faster: gradual and controlled thinning out of 

connective tissues to reveal structures within and maintain correct orientation of 
dissection.

 – Separate several anatomic layers progressively (“onion-like concept”).

Concerning the site-specific rules, we have to consider the entry way and the flow 
of dissection. We could access the retroperitoneum everywhere in the pelvis, lifting 
the peritoneal fold and cutting it. However, functional organization, embryological 
origin, and the need for relevant structures preservation impose us to find specific 
entry points and appropriate pathways between fasciae into virtual and avascular 
anatomical spaces, same like emergency exit doors in a closed room or an airplane.

Exit doors: Some doors can be used to access to the retroperitoneum. They are 
very useful in case of complex surgery (deep endometriosis, broad ligament fibroids, 
coagulation of uterine artery at the origin in case of hysterectomy for a large uterus, 
isthmic myomas) or complications (hematoma, ureteral damage).

In the midline, from ventral to dorsal, there are:
 – prevesical door,
 – VU door,
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 – recto-vaginal door, and
 – retro-rectal door.

Laterally, from ventral to dorsal, there are:
 – division of the round ligament and
 – lateral or medial to infundibulo-pelvic (IP) ligament at the level of pelvic brim.

Flow of dissection: laparoscopic surgeons must adapt to the altered appearance of 
anatomy due to the effects of pneumoperitoneum and Trendelenburg positioning, 
two-dimensional images on monitor, fixed visual axis and magnification. Therefore, 
progression and flow of dissection between the fascial structures are essential to 
avoid the loss of the pathway.

1.4.1 Surgical tips and tricks

1.4.1.1 Round ligament exit
The PV spaces are two bilateral spaces located laterally to the bladder and VU liga-
ments and medially to external iliac vessels. To reach this space, we can divide the 
round ligament and, if needed, apply the incision parallel to the external iliac vessels. 

It is divided by the obliterated umbilical artery and umbilico-vesical fascia into 
medial and lateral sections. The limits of these spaces are the posterior face of the 
superior ischio-pubic ramus, ventrally; the cardinal ligaments of the uterus, dorsally; 
and the internal obturator and the iliac-coccygeal muscles, separated by the tendi-
nous arch of the levator ani muscle, caudally. 

Deeply into the lateral PV space, it is possible to identify the obturator nerve and 
vessels, going into the obturator canal, and the obturator lymph nodes. In 83% cases, 
an anastomosis between the obturator and the external iliac arteries or veins (called 
“corona mortis”) can be found [16].

Medially to the obliterated umbilical artery, we can recognize the superior vesical 
artery (superior vesical ligament), the third component of the inferior hypogastric 
plexus (bladder nerve supply) and the distal ureter inside the VU ligament (Fig. 1.3).

1.4.1.2 Exit lateral or medial to the IP ligaments at the pelvic brim
The PR spaces are two bilateral spaces located laterally to the rectum and the uter-
osacral ligaments, reaching the levator ani muscle. Ureter, covered by mesoureter 
(dependence of presacral fascia) divides the PR space into two regions, the medial 
PR space (of Okabayashi) and the lateral PR space (of Latzko), located between the 
ureter and internal iliac vessels. It is bordered by the parametrium and paracervix, 
ventrally; by the piriformis muscle, dorsally; and by the anterior trunk of internal iliac 
artery, laterally. The medial PR space communicates with the retrorectal space, while 
lateral one with the presacral space. 
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Fig. 1.3: (a, b) Opening of the round ligament exit (right side). (c) Developing of medial and lateral 
paravesical spaces, divided by obliterated umbilical artery.
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To reach the medial PR space, it is preferred to start the peritoneal incision medi-
ally to the IP ligament at the pelvic brim. The dissection should be performed along 
the prehypogastric fascia to avoid unnecessary nerve dissection (Fig. 1.4).

To access the lateral PR space, it is useful to go lateral to IP ligament, pulling 
it medially and cephalically. In this way, it is possible to identify the ureter and 
internal and external iliac arteries. Going parallel to the lateral aspect of the ureter 
and following a cranio-caudal direction, the uterine artery and deep uterine vein  
can be revealed (Fig. 1.5). 

The importance of these spaces is related to the presence of the iliac vessels with 
their collaterals and, from the functional point of view, of autonomic nervous system 
structures:

 – The HNs, covered by the prehypogastric fascia (PHF), run approximately 5 mm 
to 20 mm below the course of the pelvic ureter in the upper part of the space, 
passing through the dorsolateral part of the uterosacral ligaments.

 – The pelvic splachnic nerves (“nervi erigenti”), from the ventral sacral roots S2, S3, and 
S4, pierce the presacral fascia, follow the middle rectal artery, below the deep uterine 
vein, and join with the HN to form the inferior hypogastric plexus (or pelvic plexus).

1.4.1.3 Vesico-uterine exit
After pushing the uterus toward the promontory, the vesico-uterine (VU) space can be 
reached via the VU exit. After the peritoneal incision, the peritoneum and underlying 

Fig. 1.4: (a, b) Opening of the exit door medial to the infundibulo-pelvic (IP) ligament and developing 
of the medial pararectal space (left side). (c) Ureter covered by the endopelvic fascia. (d) Hypogastric 
nerve and pelvic plexus covered by prehypogastric fascia and rectum covered by fascia propria recti.
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bladder are pulled ventrally and caudally in order to expose the VU septum. The VU 
septum can be dissected through a mediolateral or lateromedial approach (preferred 
in case of adhesions or endometriotic implant) (Fig. 1.6).

The VU space is located between the posterior face of the bladder and the anterior 
face of the vagina and cervix, covered by Halban’s pubo-cervical fascia. This fascia 
connects the anterior portion of the cervix and upper vagina to the posterior face of 
the pubic bones, diverging around the urethra. The lateral limits of the VU space are 
formed by the VU ligaments (or anterior parametrium, bladder pillars), while caudal 
limit by the levator ani muscle and its fascia. 

The cervix of the uterus is separated from the vesical bladder by a septum of loose 
connective tissue (VU septum), which allows the two organs to be easily dissected 
from each other during hysterectomy. The septum continues caudally, separating the 
bladder from the anterior fornix of the vagina, and it is crossed obliquely by the distal 
ureters and branches from the inferior hypogastric plexus. In the caudal part, the 
anterior face of the vagina is posterior to the urethra and vesical neck. At this point, 
the walls of the two organs are intimately attached, giving rise to the urethro-vaginal 
septum, which cannot be divided into two laminae. 

1.4.1.4 Prevesical exit
Prevesical exit is located between the medial umbilical ligaments. Pulling dorsally 
and caudally the parietal peritoneum between the symphysis and the umbilicus, the 

Fig. 1.5: (a, b) Opening of the exit door lateral to the infundibulo-pelvic (IP) ligament and developing 
of the lateral pararectal space (left side). (c) Ureteric tunnel below the uterine artery. (d) Accessory 
uterine artery passing below the ureter (anatomical variant).
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c d
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Fig. 1.6: (a–c) Opening of the vesico-uterine exit and developing of the vesico-uterine space.
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peritoneal incision and the umbilico-vesical fascia division are performed to reach 
this space (Fig. 1.7).

The prevesical (or retropubic or Retzius’) space extends from the pelvic floor to 
the umbilicus. In the pelvis, this space is horizontal and U shaped, with the concavity 
that wraps the vesical bladder. It communicates with the paravaginal (Yabuki’s fourth 
space), medial PV and Bogros’ (retroinguinal) spaces. Its posterior and cephalic 
limit is the umbilico-vesical fascia, a triangular fibrous tissue that extends from the 

Fig. 1.7: (a–c) Opening of the prevesical exit and developing of the prevesical space.
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 superior part of the umbilicus to the pubo-vesical ligaments and the fascia of the 
internal obturator muscle. Anteriorly, this space is closed by the posterior layer of the 
rectus’ sheath (covered by the fascia trasversalis up to Douglas’ arcuate line), pubic 
bones, symphysis and Cooper’s pectinate ligament. The floor of this space is made up 
by the pubo-vesical and pubo-urethral ligaments, the internal obturator, and levator 
ani muscles.

The prevesical space contains adipose tissue, lymph nodes, and the pelvic-vesical 
venous plexus, which receives the anterior vesical veins, the veins from the urethra 
and the dorsal vein of the clitoris, finally draining into the internal iliac veins [9–11].

1.4.1.5 Rectovaginal exit
Through the RV exit, between the insertion of distal part of uterosacral ligaments 
on torus uterinum, we can access the RV space. Anteverting the uterus and pulling 
the rectum cephalically and dorsally, a peritoneal incision is made at the level of RV 
pouch. The RV space can be developed via medio-lateral or latero-medial approach 
(preferred in case of adhesions or endometriotic implant).

The RV space is an avascular area located between the posterior wall of the 
vagina, covered by the cervico-vaginal fascia, and the anterior wall of the rectum, 
covered by the fascia propria recti. It extends caudally until the upper part of the 
perineal body and pelvic floor muscles. This space is separated from the retrorectal 
spaces by lateral rectal ligaments on both sides [17, 18] (Fig. 1.8).

Inside this space Denonvilliers’ fascia (or rectovaginal septum), a fusion of the 
vaginal fascia and fascia propria recti, is identified.

Fig. 1.8: (a–d) Opening of the rectovaginal exit and developing of the rectovaginal space.
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Laterally, it is divided into several thin laminae (RV ligaments); one of them 
extends dorsolaterally fusing with PHF and enveloping pelvic plexus. The RV septum 
is less prominent in females, thinning out with age and thickening in patients with 
transmural inflammation of the rectum (i.e., radiotherapy) [19]. In postmenopausal 
females and after childbirth, the connective tissue of the septum may atrophy, reduc-
ing the support of the rectal and vaginal walls. Moving caudally and laterally, it is 
possible to reach pubo-rectal and pubo-coccygeal muscles.

1.4.1.6 Retrorectal exit
Pulling laterally on the left side, cranially and ventrally the rectosigmoid tract, we can 
highlight the retrorectal exit in order to develop two spaces, divided by the prescral 
fascia (or Waldayer’s fascia or fascia hypogastrica sacralis): retrorectal and prescral 
spaces.

Presacral fascia is a part of parietal pelvic fascia, pelvic continuation of the 
visceral abdominal fascia (Gerota fascia). This fascia is divided into (1) the fasciae 
enclosing the pelvic plexus together with PHF (see below); (2) the fasciae providing 
a posterior attachment for the levator ani muscle; and (3) the fasciae enclosing the 
sacral plexus and associated vessels [20].

Retrorectal space (Fig. 1.9):
The rectum has no mesentery and is surrounded by the mesorectum, enclosed  
within the mesorectal fascia (or fascia propria recti), which lies ventrally to the 

Fig. 1.9: (a, b) Developing of the retrorectal space through the retrorectal exit. (c) Left lateral 
ligament of the rectum and levator ani (rectosacral fascia transacted). (d) Retrorectal space between 
sacrum covered by presacral fascia and rectum enveloped by fascia propria recti.
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Fig. 1.10: Developing of the presacral space through the retrorectal exit and division of the presacral 
fascia.

 presacral fascia. The median space between these two fasciae is named retro-rectal 
space, which continues laterally in the medial PR space on both sides.

The mesorectal fascia is connected to the parietal pelvic fascia by the two lateral 
rectal “ligaments” (or rectal stalks or wings), containing inconstant middle rectal 
vessels and rectal nerve branches from pelvic plexus, and the recto-sacral fascia, 
3–5  cm above the anorectal junction [21]. Superiorly, this fascia blends with the 
sigmoid mesentery. 

The mesorectal fascia is encircled by an avascular layer of loose areolar tissue, 
separating it from the posterior and lateral walls of the pelvis, along the sacral bone’s 
concavity, called “holy plane of Heald” [22, 23].

A critical step during mobilization of the rectum is the separation of postero-
lateral fasciae in order to avoid nerve injury, in particular of the HN. Dorsally to the 
rectum, the PHF is a ventral dependence of presacral fascia enveloping the HN and, 
more ventrally and caudally, the inferior hypogastric plexus. From this scheme, to 
avoid the risk of nerve injury, the ideal plane for rectal mobilization is between the 
fascia propria recti and the PHF [20]. Interestingly, the relationship between PHF and 
ureters varies according to the side: the left ureter runs dorsal to the PHF, while the 
right ureter runs ventral to it.

Presacral space (Fig. 1.10):
The presacral space is situated between the presacral fascia, ventrally, and the ante-
rior longitudinal ligament of the sacrum and coccyx, dorsally. It begins just below the 
aortic bifurcation and extends inferiorly to the pelvic floor muscle. It communicates 
with the lateral PR space on both sides.
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The presacral space contains:
 – bifurcation of aorta and left common iliac vein: the left common iliac vein can be 

located as close as 3 mm from the midline at the sacral promontory [24]; 
 – superior hypogastric plexus: a reticular or band-like structure containing predom-

inately sympathetic fibers and deriving from intermesenteric plexus and lumbar 
trunks;

 – median and lateral sacral vessels: the lateral ones are variably found on either side  
of the sacral promontory’s midline and can be source of important  bleeding; and

 – ventral sacral roots and sacral sympathetic trunks: they give birth to the sacral 
plexus lining up the piriformis muscle and give a contribute to the inferior 
hypogastric plexus through the parasympathetic splachnic pelvic nerves (or 
“nervi erigenti”) [9–11].
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2  Preoperative imaging for minimally invasive 

surgery in gynecology

2.1 Introduction

Minimally invasive surgery has many advantages over traditional open procedures 
and has greatly improved the surgical care of women with a wide range of gyneco-
logical conditions such as ectopic pregnancy, benign ovarian cysts, endometriosis, 
and certain types of pelvic malignancies. Minimally invasive surgery, however, is not 
without limitations, and good selection of patients is critical both for its therapeutic 
efficacy and safety. 

The selection of women for surgery is a complex process, which has to take into 
account many factors such as their general health, personal preferences, previous 
medical and surgical history, as well as their social circumstances. Clinical exami-
nation also provides invaluable information and is an essential part of this process. 
In modern clinical practice, however, preoperative selection can rarely be completed 
without detailed preoperative imaging. Ultrasound scanning is the most common 
clinical modality in gynecology and is routinely used in the initial assessment of 
women presenting with a wide range of gynecological conditions. It is widely availa-
ble and relatively inexpensive compared to other imaging modalities. It avoids the use 
of ionizing radiation and contrast mediums, supporting its safety profile in pregnant 
women and for patients with allergies or systemic illness that prevent use of contrast. 
It is relatively quick, easy, reliable, and reproducible in performance. 

Recent improvements in ultrasound technology have greatly increased our ability 
to examine pelvic anatomy with a high level of accuracy. In addition to providing 
detailed morphological analysis, transvaginal ultrasound (TVS) also allows assess-
ment of mobility and tenderness of pelvic organs. Transrectal ultrasound provides an 
alternative method for detailed pelvic examination when TVS is contraindicated or 
transabdominal ultrasound is inadequate, e.g., women who have not previously been 
sexually active or women with vaginismus or vaginal atrophy.

Detailed preoperative gynecological ultrasound is valuable in selecting women 
for surgical treatment, planning operations, and deciding on the level of surgi-
cal expertise and techniques required to complete surgery safely and successfully. 
However, the accuracy and usefulness of ultrasound examination are highly depend-
ent upon the skill and expertise of the operator [1]. This is particularly important in the 
assessment of women with ovarian tumors and pelvic endometriosis. The skill of the 
operator is also of critical importance in the diagnosis of ectopic pregnancy. This is an 
important limitation of this technique, and the skill of the operator needs to be taken 
into account when ultrasound findings are used for preoperative selection of patients. 

https://doi.org/10.1515/9783110535204-002
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2.2 Role of preoperative imaging in specific conditions

2.2.1 Pelvic adhesions

Ultrasound is a dynamic investigation, which can be used to assess the mobility of 
pelvic organs and for the presence of adhesions. Bimanual palpation of the uterus with 
gentle pressure on the cervix with the ultrasound probe and suprapubic  pressure with 
one hand on the woman’s lower abdomen can be used to assess for presence of adhe-
sions in both anterior and posterior pelvic compartments [2].  Guerriero et al. found 
that the mobility of the ovary could be evaluated using TVS imaging. The positive 
predictive value (PPV) of TVS in diagnosing adhesions was reported as 81% [3]. Okaro 
et al. assessed ovarian mobility by applying pressure with the ultrasound probe. They 
reported a good correlation between ovarian mobility on TVS and at laparoscopy 
(kappa = 0.81). However, most of their patients had normal ovaries, which are much 
easier to assess for mobility than large pelvic tumors [4]. Yazbek et al. conducted a 
study involving preoperative ultrasound assessment of 137 women. The diagnosis of 
severe pelvic adhesions was made with a sensitivity of 44% (95%  confidence interval 
[CI], 17–69), specificity of 98% (95% CI, 94–99), and a PPV of 67% (95% CI, 30–90) 
(Fig. 2.1). The presence of adhesions was particularly difficult to predict in obese 
patients and in those with large tumors [5].

2.2.2 Endometriosis

In modern practice, many women with endometriosis are managed conservatively 
and the final diagnosis is based on the results of gynecological imaging. TVS is an 
acceptable and noninvasive method of imaging the female pelvis. It has 94% accu-
racy for diagnosing women with moderate to severe endometriosis. Overall, there is a 
good level of agreement between ultrasound and laparoscopy in identifying moderate 
and severe disease [6].

It is widely acknowledged that the success of surgery for pelvic endometriosis is 
highly dependent on the expertise and training of the operating surgeon. Factors that 
increase the risk of conversion to laparotomy include severe pelvic adhesions and 
severe pelvic endometriosis. While mild to moderate endometriosis can be treated by 
medium-level laparoscopic surgeons, severe pelvic disease should be operated on by 
surgeons with significant laparoscopic expertise, particularly if the disease involves 
the rectovaginal septum [7–9]. In an attempt to optimize the treatment of severe 
pelvic endometriosis, tertiary referral endometriosis centers have been established 
in the UK. The capacity of these tertiary centers is limited; therefore, the ability to 
triage patients with severe disease for expert care is crucial. Ultrasound has the ability 
to diagnose severe disease with a high level of accuracy and therefore allows better 
triaging of women with pelvic endometriosis for referral to regional endometriosis 
centers. 
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Accurate assessment of bowel or urinary tract involvement allows appropriate coun-
seling of patients regarding the risks associated with surgery and the likelihood of 
women requiring specialist urinary or bowel treatments, including diversion tech-
niques (Fig. 2.2). Knowing the extent of disease enables preoperative involvement  
of specialist bowel or urological surgeons. The use of preoperative Gonadotropin-
releasing hormone (GnRH) therapy, bowel preparation and ureteric stenting can be 
tailored to the individual patient. 

Commonly, magnetic resonance imaging (MRI) is used for preoperative evalua-
tion of deep infiltrating endometriosis (DIE), particularly in women with suspected 
urinary tract involvement. MRI and TVS have been shown to have equivalent accu-
racy scores in the preoperative assessment of bladder endometriosis. MRI, although 
very precise, is less versatile than TVS and less accurate in establishing the margins 
of lesions, probably due to the relatively low hemosiderin content [10]. Pateman et al. 
concluded that pelvic segments of normal ureters can be identified in almost all 
women on TVS examination and that visualization of the ureters could be integrated 
into the routine pelvic ultrasound examination. In their study of 245 consecutive 
women, the overall visualization rate of ureters was 96% and it was not significantly 
affected by the experience of the operator [11]. Although assessment of the urinary tract  

O

Fig. 2.1: Transverse section of the pelvis showing a large cystic structure (C) filled with moderately 
echogenic fluid. A normal ovary (O) is seen in the center of the image suspended in the fluid. These 
findings are typical of pelvic adhesions forming a large peritoneal pseudocyst.
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is more traditionally achieved with MRI, it is now possible to establish the extent of 
involvement during routine pelvic ultrasound, providing a complete assessment at 
the time of a single investigation. MRI may become a superfluous investigation in the 
work-up of women with DIE, which is likely to have a positive impact on the patient’s 
experience and financial costs to the health service.

2.2.3 Differential diagnosis of pelvic tumors

The role of ultrasound in the assessment of adnexal pathology is well established. 
However, accurate discrimination between benign and malignant adnexal tumors 
remains difficult due to the considerable overlap between the morphological fea-
tures of benign and malignant tumors on all imaging modalities. When planning 
surgical treatment, it is crucial that malignant tumors are distinguished from benign 
 pathology. The former warrant urgent management under the care of a specialist 
gynecological oncologist, whereas benign ovarian cysts may be managed conserva-
tively using minimal-access surgery. 

The more complex the appearance of a cyst is on ultrasound scan, the greater is 
the likelihood of malignancy (Fig. 2.3). Studies assessing ovarian morphology using 

Fig 2.2: A large endometriotic nodule (N), which is located in the anterior wall of the rectosigmoid 
colon. The nodule measures 55 mm in length. These findings are typical of severe pelvic endometriosis.

N
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B-mode grey-scale ultrasound showed that small unilocular simple cysts had a low 
probability of being malignant [12]. However, the presence of papillary projections 
and solid areas within the cyst increased the probability of ovarian malignancy [13]. 
Furthermore, the risk of malignancy increases with increasing locularity and size 
of the cyst. In order to improve the accuracy of ultrasound diagnosis, several mor-
phological scoring systems have been designed. These systems assigned scores to 
each tumor depending on the presence or absence of certain morphological features 
on grey-scale ultrasound. It was hoped that with the advent of TVS color Doppler 
imaging, vascular changes within the ovary could be assessed and this would subse-
quently lead to better detection of malignant changes. However, significant variations 
exist in the reported results of color and pulsed Doppler studies in the assessment of 
adnexal masses [14–16]. Overall, the addition of color Doppler imaging has not been 
shown to improve the accuracy of the assessment significantly when compared with 
grey-scale morphology alone. 

The most popular diagnostic model in routine clinical practice is the Risk of 
Malignancy Index (RMI). This remains the case despite several recent studies showing 
that the RMI has a relatively low specificity, which results in overdiagnosis of ovarian 
cancer and a large number of unnecessary surgical interventions [17]. More recent 

Fig 2.3: Transverse section of the right ovary. A large cystic structure with a prominent irregular solid 
component is seen. On Doppler examination, the tumor vascularity was increased. These findings 
are typical of an epithelial ovarian cancer.
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models developed by IOTA collaboration show promise, but they have not gained 
wider popularity and they are mainly seen as techniques in development, which have 
not been fully validated. 

Pattern recognition is the use of grey-scale ultrasound morphology to characterize 
adnexal tumors and is superior to all other ultrasound methods, e.g., simple classifi-
cation systems, scoring systems and mathematical models in discriminating between 
benign and malignant adnexal tumors. Grey-scale ultrasound images provide us with 
similar information that is obtained during surgery or on macroscopic pathological 
examination of surgical specimens. Many pelvic tumors have a typical macroscopic 
appearance that allows for a fairly confident diagnosis to be made based on their 
grey-scale ultrasound appearance alone. This is true of most dermoid cysts, endome-
triomas, corpora lutea, hydrosalpinges, peritoneal pseudocysts, para-ovarian cysts, 
and benign solid ovarian tumors. An expert ultrasound operator can confidently and 
correctly distinguish between benign and malignant adnexal masses by this method 
with or without the use of color Doppler ultrasound examination with a sensitivity 
ranging from 88% to 98% and specificity ranging from 89% to 96% [18, 19].

2.2.4 Uterine fibroids

Ultrasound is of utmost importance in the preoperative planning of minimally inva-
sive surgery for fibroids. Ultrasound “mapping” of fibroids provides surgeons with 
information about their numbers, sizes, and locations within the uterus. This facili-
tates selection of women for hysteroscopic, laparoscopic, or open surgery. It also 
helps to determine whether preoperative treatment with GnRH analogues should be 
considered. Uterine sarcomas are very rare, but recently, there have been concerns 
about the risks associated with morcellation of undiagnosed leiomyosarcoma. Find-
ings on preoperative ultrasound suggestive of uterine malignancy include irregularly 
shaped tumors, blurred margins, signs of necrosis, peritoneal deposits, and inability 
to visualize the endometrial cavity. Careful assessment of the morphology of uterine 
tumors facilitates preoperative detection of most uterine sarcomas. In a recent publi-
cation from our center, we showed that there were no cases of misdiagnosed uterine 
sarcomas among 514 women who underwent a laparoscopic myomectomy over a 
10-year period [20].

2.2.5 Benign dermoid cysts

The composition of benign ovarian cysts is important in planning minimally invasive 
excision. Dermoid cysts are the most common tumor of the ovary and are varied in 
their morphology [21]. The improved quality of ultrasound equipment and increasing 
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experience of operators have resulted in an increased accuracy of ultrasound diag-
nosis of dermoid cysts (Fig. 2.4). This increased confidence in diagnosis has largely 
eliminated the possibility of cancer as an indication for surgery in these cases. In the 
majority of cases, these cysts are diagnosed incidentally and are not the cause of the 
patient’s presenting complaint, and yet their presence is often considered to be an 
indication for surgery. In asymptomatic women with a diagnosis of a dermoid cyst, 
the possible benefits of surgical intervention are not clear, and the risks and costs of 
surgery are hard to justify. Expectant management is a feasible option in this group of 
patients. Dermoid cysts have been shown to grow slowly over a period of time, with 
different studies reporting a similar mean cyst growth rate of up to 1.8 mm/year [22]. 
The tendency of dermoid cysts, however, to grow continuously may be used to justify 
surgery in younger women. Our recommendation is that expectant management is a 
feasible option in older, nulliparous women especially in those with a small unilat-
eral cyst.

Correct preoperative identification of dermoid cysts prior to laparoscopic 
surgery is particularly important. The main risk associated with minimally invasive 

Fig. 2.4: An ultrasound image of the left ovary, which is enlarged by a complex cyst. The cyst 
contains hyperechoic fluid, typical of sebum and multiple thin echoes, representing hair. These 
features are typical of a benign dermoid cyst
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excision of dermoid cysts is spillage of cyst content, which may result in peritoneal 
irritation or chemical peritonitis [23, 24]. Some authors advocate open surgery for all 
large dermoid cysts, with a mean diameter of greater than 10 cm, as they are difficult 
to remove from the abdominal cavity without rupture [25]. Preoperative assessment 
of cyst composition may encourage surgeons to prepare surgical bags in which to 
manoeuvre the cyst during surgical treatment, allowing a method to “catch” fluid 
leakage. For larger solid lesions, a mini-laparotomy may be preferable to laparoscopy 
and ultrasound can be used perioperatively to localize the incision directly above 
the cyst. A purse string suture can be used around the cyst capsule to contain any 
spillage, minimize blood loss and facilitate rapid surgical closure once cystectomy 
is complete. 

2.2.6 Ectopic pregnancy 

In modern clinical practice, TVS in conjunction with measurements of serum human 
chorionic gonadotrophin and progesterone enables accurate preoperative detection 
of most ectopic pregnancies. Imaging is also helpful in safely triaging women to either 
conservative or surgical management. It has been shown that approximately 30–40% 
of tubal ectopic pregnancies can be safely and successfully managed nonsurgically 
[26, 27]. In current practice, the role of laparoscopy for diagnosis of ectopic pregnancy 
is limited and it is now almost exclusively used for the treatment. Ultrasound exami-
nation can also be used to assess the amount of hemopertioneum, which is important 
in prioritizing women for surgery. It can also help to decide whether open surgery 
should be considered when highly skilled minimally invasive surgeons are not imme-
diately available for emergency operations. 

Preoperative ultrasound examination is also helpful in determining the exact 
location of ectopic pregnancy. This is particularly important in women with rare types 
of ectopic pregnancies such as interstitial, cornual, ovarian, and abdominal pregnan-
cies (Fig. 2.5). Surgical treatment of these pregnancies is often technically more dif-
ficult compared to tubal ectopics and the correct preoperative diagnosis is vital for 
planning of surgical technique and ensuring availability of surgeons with expertise 
and skill to carry out advanced minimally invasive procedures.

2.3 Conclusion

Ultrasound has an invaluable role in surgical triage, identifying which women 
should be managed in a specialist center (endometriosis center or cancer center) 
or by a specialist team (multidisciplinary team approach). Ultrasound improves 
 planning of type and site of surgical incisions and informs surgical teams what 
equipment may be required and the expected timing of surgery. Selection criteria 
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for performing laparoscopic surgery may be used to identify those women in whom 
the risk of conversion to laparotomy is low and are suitable for day case surgery and 
enhanced recovery programs. 

Detailed preoperative TVS examination, performed by skilled and experience 
individuals, is helpful for assessing the feasibility of laparoscopic surgery in women 
with benign adnexal lesions. The assessment of tumor morphology and mobility helps 
counsel women about the specific risks associated with surgery, including conver-
sion to laparotomy and their anticipated recovery. Ultrasound assessment of women 
with suspected endometriosis has greatly improved in recent years. The introduction 
of high-resolution TVS scanning combined with targeted palpation enables accu-
rate diagnosis and staging of pelvic endometriosis. This has facilitated the referral 

Fig. 2.5: A three-dimensional scan showing a coronal view of the uterus. A gestational sac (S) is 
seen within the right interstitial tube. These findings are typical of an interstitial ectopic pregnancy. 
Uterine cavity (C).

S

C
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of women to minimally invasive surgeons who are highly skilled in the management 
of severe pelvic endometriosis and the involvement of a specialist multidisciplinary 
approach. Adjuvant and perioperative methods have further enhanced the use of 
ultrasound in maximizing the role of minimally invasive surgery for management of 
women with both benign and malignant gynecological pathologies.
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Alexis McQuitty
3  Anesthetic considerations for minimally 

invasive surgery

3.1 Introduction

Three conditions uniquely alter the patient’s physiology during laparoscopic proce-
dures: increase in intraabdominal pressure (IAP) (pneumoperitoneum [PNP]), patient 
positioning, and use of carbon dioxide for insufflation [1]. These procedures are safe, 
and there are few consequences for healthy women; however, complications may 
occur during long or extensive surgeries or in those with coexisting medical condi-
tions. Patients with increased intracranial pressure (ICP), glaucoma, severe uncor-
rected hypovolemia, and intracardiac shunts are poor candidates for many minimally 
invasive surgeries (MISs) [2, 3]. Caution should be used with renal or hepatic disease.

3.2 Consequences of CO2 PNP

The physiologic response to CO2 PNP is influenced by intravascular volume, preop-
erative medications, cardiopulmonary status, and anesthetic agents [4]. With proper 
management, many hemodynamic changes that occur with CO2 PNP will be clinically 
insignificant. 

Bradycardia may occur with high IAP [5]. This may be associated with high vagal 
tone or preoperative beta-blockade; slow insufflation may limit heart rate changes, 
and tachyphylaxis of this response occurs. Glycopyrrolate and atropine are rarely 
indicated. 

A biphasic cardiac output (CO) response occurs with increasing IAP. Initially, due 
to higher preload, CO increases; then, as venous return decreases, CO may decrease [5]. 
Minimal effects may be seen in healthy individuals, and CO may decrease more with 
IAP > 15 mmHg. The mean arterial pressure (MAP), systemic vascular resistance, and 
central venous pressure (CVP) may all increase due to IAP and increasing sympa-
thetic tone. Volatile anesthetic agents and judicious fluid management may mitigate 
many of these effects. 

Significant hypercarbia may have detrimental effects on those unable to com-
pensate (elderly, coronary artery disease); myocardial dysfunction and arrhythmias 
may develop if the respiratory acidosis is severe [6]. Caution should be used in 
those with pulmonary hypertension, as hybercarbia may exacerbate this condition 
and further strain the right ventricle. CO may decrease up to 60% after abdominal 
insufflation in patients with severe cardiac disease (valvular disorders, congestive 
heart failure), and inotropic support may be necessary [7]. CO2 PNP should be used 
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cautiously in poorly compensated patients in the ICU, as it may further increase left 
ventricular afterload, decrease CO, and exacerbate the ill-effects of positive end-
expiratory pressure (PEEP) [8].

With abdominal insufflation, the peak and plateau airway pressures increase. 
Pulmonary compliance and functional residual capacity decrease. These changes 
may be significant in those with obesity [9] or cardiopulmonary disease; without 
physiologic compensation or ventilator adjustments, hypercarbia and hypoxemia 
may occur. Although atelectasis occurs, it appears that redistribution of blood flow 
away from these collapsed regions limits pulmonary shunting (and hypoxemia) when 
hypercapnia is present [10].

Hypercarbia increases in response to higher IAP with CO2 PNP, and Badawy 
et al. [11] reported an incidence of hypercapnia in 18% of 133 robotic hysterectomy 
patients. Insufflation time influences the uptake of CO2; after 2 hours, there may be 
an end-tidal CO2 (EtCO2) increase of 2 kPa [12]. In healthy patients, the EtCO2-PaCO2 
gradient is <5, and EtCO2 can be used to monitor hypercarbia. Patients with pul-
monary disease may have a higher gradient, and this gradient increases with long 
insufflation times, age, and obesity [13, 14].

With constant EtCO2 and MAP, cerebral blood flow and ICP increase as a direct 
result of higher IAP [15]. Hypercapnia may worsen these effects. Obese patients have 
chronically elevated IAP and ICP, although usually clinically insignificant. Compared 
to nonobese patients, these patients will have higher elevations of ICP with PNP [16]. 
The elevated ICP and subsequent slight decrease in cerebral perfusion pressure 
should not affect the outcome and have little clinical relevance in healthy women [17].

Alterations in renal and splanchnic perfusion are proportional to the pressure 
and length of time of PNP. Renal and hepatic flow is significantly compromised with 
increasing IAP; this should be a consideration in patients with existing disease when 
determining suitability for MIS [2]. Insufflation pressures >20 mmHg reduce gastroin-
testinal blood flow, and metabolic acidosis will ensue if high IAP is sustained. Both 
impaired CO and mechanical compression of renal arteries reduce renal blood flow 
and increase renin release. Patients with chronic kidney disease may develop acute 
or chronic kidney injury, as higher IAP also decreases glomerular filtration rate and 
urine output [5]. PNP can cause an increase in antidiuretic levels [4], with resultant 
oliguria (also influenced by positioning and pooling of urine in the bladder).

3.3 Consequences of patient positioning

Positioning in steep Trendelenburg (sTb) may contribute to the physiologic conse-
quences of PNP. Cephalad movement of the diaphragm can further increase peak 
airway pressures, requiring ventilator adjustments. Obese patients with higher vis-
ceral versus subcutaneous fat will have higher peak airway pressures with position-
ing. Higher amounts of intraabdominal fat correlate with pulmonary intolerance 
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in sTb, and the degree of tilt may need to be limited [18]. As higher IAP may decrease 
CO, sTb may increase preload and slightly improve CO (to compensate for the decrease 
seen with PNP). Higher cardiac filling pressures may be worrisome for those with sys-
tolic and diastolic dysfunction. It should be noted that hypotension due to decreased 
venous return may occur with the head-up position, which is rarely used for gyneco-
logic MIS. 

Although most develop facial edema, it is unlikely to reflect airway edema, which 
would delay extubation [11]. Airway resistance due to edema may persist into the 
postoperative period, even in those without chronic obstructive pulmonary disease 
(COPD); this resistance begins to improve in the first 2 hours after return to the 
30-degree head-up position [19]. Endobronchial (mainstem) migration of the endotra-
cheal tube (ETT) may occur and should be suspected with high airway pressures. As 
it may be difficult to replace the ETT in sTb, a bronchoscope can assist with the ETT 
positioning.

There can be many neurologic sequelae to the positioning of the patient for 
MIS. These include both cerebral effects and peripheral nerve injuries. There can be 
further increases in ICP with sTb. Younger patients have better cerebral autoregu-
lation; however, cerebral edema is still a concern with lengthy procedures [20]. At 
3 hours of sTb, cerebral oxygenation is maintained (although postoperative cerebral 
complications with very lengthy sTb have occurred) [21].

Patients should be examined preoperatively for any preexisting neuropathy, espe-
cially those with higher risk conditions: obesity, diabetes mellitus, peripheral vascular 
disease, heavy alcohol intake, and expected lengthy surgery [22, 23]. Although most 
positioning nerve injuries are mild and resolve (e.g., foot numbness), the incidence 
of these injuries may approach 2% [24, 25]. sTb with shoulder braces may result in 
varying degrees of brachial plexus neuropathies, and incorrectly tucking the arms or 
robotic arm compression may cause upper extremity nerve injury. Extreme flexion of 
the hip can cause nerve damage by stretch (sciatic, obturator) or by pressure (femoral 
nerve under the inguinal ligament). Compression injury may occur in the distal lower 
extremities with positioning devices; the common peroneal and saphenous nerves 
are at risk [26].

In the lithotomy position, calf compression (by boot devices) and hip flexion (in 
conjunction with PNP) predispose the patient to venous thromboembolism and com-
partment syndrome. Patients in the lithotomy position for >5 hours are at high risk 
[2, 26]. Lower elevation of the legs and the time limitation of this position lower the 
risk. Ankle sling supports or intermittent return to the supine position may be consid-
ered for prolonged procedures.

Studies have shown that prolonged sTb results in a significant increase in intraoc-
ular pressure (IOP) and decrease in ocular perfusion pressure [20, 27], which returns 
to baseline postoperatively [28]. This transient increase in IOP does not appear to 
affect healthy eyes, and vision loss is very rare. Eyes with preexisting disease may 
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not tolerate the increase in IOP, and those with glaucoma may experience higher 
elevations in IOP, a risk factor for vision impairment.

3.4 Anesthetic management

The preoperative evaluation includes a thorough history and physical examination 
with emphasis on cardiac and pulmonary conditions. With adequate exercise toler-
ance, no further testing is usually indicated. Consultation may be needed for optimi-
zation of higher-risk populations: elderly, morbidly obese, ischemic heart disease, 
cardiac murmurs, COPD, heavy tobacco use, and neurosurgery history/ventriculo-
peritoneal shunts [29]. Several published guidelines offer algorithms for preopera-
tive management of patients with cardiac disease for noncardiac surgery (acc.org,  
escardio.org). Dyspnea may be cardiac or noncardiac in origin, and a cause should 
be elicited (e.g., decompensated heart failure versus ascites due to ovarian cancer). 

The type of anesthetic is dictated by hospital costs and physician preference. 
Management includes perioperative thromboprophylaxis, especially for obese and 
oncology patients [30]. To avoid hypovolemia, oral hydration is encouraged until 
2 hours prior to surgery (per many anesthesia guidelines). Those at risk for aspiration 
may receive H2 antagonists or nonparticulate antacids.

Enhanced recovery pathways involve the coordination of many care teams. 
Implementation of these guidelines can improve patient pain scores and decrease 
hospital costs, opioid use, and length of stay [31]. Many of these recommendations 
are beneficial for anesthetic care, including the following: patient optimization (e.g., 
stop smoking); correction of anemia preoperatively; adequate preoperative hydra-
tion, avoid benzodiazepines if possible, use thromboembolism prophylaxis, use 
short-acting anesthetic agents and protective lung strategies for ventilation (e.g., 
5–7 cc/kg TV), multimodal agents for nausea and pain control (limit narcotics), main-
tain normothermia, avoid liberal fluid regimes (helpful for sTb cases) and maintain 
euvolemia (using advance hemodynamic monitors as needed) [32]. These guidelines 
may assist with early ambulation.

MIS can be completed using general (GA), regional (RA), or a combined anes-
thetic. GA may assist with the patient work of breathing (avoid fatigue) and ensure 
a secure airway with robotic surgeries (the airway may not be easily accessible). GA 
with an ETT can provide patient comfort, controlled ventilation to correct hyper-
carbia, muscle relaxation, airway protection from regurgitation due to higher IAP 
and gastric tube placement (higher gastric pressure with insufflation) [33]. GA with 
volatile anesthetic agents can be utilized to control elevation of blood pressure [34]. 
Adequate anesthesia depth and analgesia are needed; patient movement is danger-
ous when the robotic trocars are fixed in place [17]. Although GA may be the safe and 
conservative approach, RA (epidural, spinal) as the sole anesthetic can be used; this 
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requires a lower IAP, patient cooperation, and minimal Trendelenburg angle and can 
be considered in women with severe pulmonary disease. With many MISs for neo-
plasm, a combined GA/epidural anesthetic results in overall reduced amount of anes-
thetic, hemodynamic stability, good postoperative analgesia, and reduced recovery 
time [35].

The usual standard monitoring for GA is needed for MIS, including temperature 
and frequent documentation of the positioning. The peak and plateau ventilator pres-
sures should be recorded. Urine output and pulse oximetry should also be monitored 
postoperatively until values return to normal. Obese women with obstructive sleep 
apnea may require longer monitoring; immediately after surgery, continuous positive 
airway pressure may decrease atelectasis, hypercapnia, and reintubation [36].

As most MISs are low-risk procedures, invasive monitoring is rare; the positioning 
and IAP requirements are usually tolerated in older and more debilitated patients [6]. 
Invasive monitoring can be used for prolonged operative times in higher-risk patients; 
arterial lines can be used for blood analysis and assist with hemodynamic monitoring 
of cardiopulmonary disease patients. Blood pressure cuffs may be too small and the 
EtCO2-PaCO2 gradient may be higher in obese patients. Although MIS can be safe in 
obesity with proper monitoring, there is higher perioperative morbidity [37].

CVP may be a poor indicator of preload and misleading to guide fluid manage-
ment, as IAP and intrathoracic pressure are increased. Pulse pressure variation (PPV) 
can be measured during mechanical ventilation and used to guide fluid therapy [38]. 
As a measure of volume responsiveness available with arterial blood pressure moni-
toring systems, PPV allows for early detection of hypovolemia and avoidance of fluid 
overload. Significant fluid shifts may occur during some advanced oncologic surger-
ies [31]. Fluid management may be optimized using goal-directed algorithms, inva-
sive monitoring, or many of the less invasive CO monitors available (e.g., esophageal 
Doppler).

As an alternative to an ETT, many MIS centers have shown the efficacy and safety 
of supraglottic airway devices (SADs) with PNP; however, there is no guaranteed pro-
tection against pulmonary aspiration [39, 40]. Many of the published case studies 
involve limited Trendelenburg (not steep) or reverse Trendelenburg, lower insuffla-
tion pressures and short operative times. In healthy patients (e.g., no obesity, dia-
betes, or gastroesophageal reflux), a SAD can be used safely if the PNP time and the 
degree of sTb (<15 degrees) are limited [41]. In this population, a maximum incidence 
of regurgitation was 2.5% when utilizing a ProSeal device (Teleflex, USA).

Anesthesia management during surgery involves avoidance of hypoxemia and 
significant hypercapnia. Both pressure control (PCV) and volume control can be 
used, and spontaneous ventilation may be inadequate to compensate for hypercar-
bia in the sTb position. In patients with cardiopulmonary or restrictive lung disease 
due to morbid obesity, PCV may offer some advantages: lower peak airway pres-
sures and higher intraoperative lung compliance [42]. The EtCO2, PaCO2 and pH can 
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remain within physiologic range by increasing minute ventilation (usually by  res-
piratory rate). Hyperventilation (with hypocapnia) and large tidal volumes should 
be avoided [43, 44].

Application of PEEP (up to 10 cmH20) during PNP may improve oxygenation, ven-
tilation (limiting respiratory acidosis), compliance, and perioperative stress response 
(reduced cortisol rise postoperatively) [45]. Although PEEP can improve gas exchange 
and decrease atelectasis [46], it should be used cautiously in those with marginal 
cardiac function, hypovolemia, or emphysema. In normovolemic patients without 
cardiac disease, PEEP applied after PNP will have minimal effects on CO and may 
prevent caval collapse induced by higher IAP [47].

Proper positioning is critical for the surgical team; without it, surgical times can 
be long and complications may occur. Higher positioning injuries may be seen with 
extremes of weight, diabetes, elderly, peripheral vascular disease and preexisting neu-
ropathy [25]. With PNP and hip flexion, there is a reduction in femoral venous flows 
and a higher risk for venous thrombosis [48]. Sequential pneumatic compression of 
the lower extremities is recommended for prolonged laparoscopic procedures, and 
this can be combined with pharmacologic prophylaxis (e.g., subcutaneous heparin).

Many strategies may prevent injury: protective padding of joints, no shoulder 
braces, blood pressure cuffs placed above the antecubital fossa, antiskid foam mat-
tresses with gel pads to prevent sliding and pressure on shoulders [25, 49]. A patient 
consent regarding the positioning risk and assessment of any limitation before 
surgery is recommended [26]. An intermittent return to supine or head-up position 
can improve IOP and airway edema [27]; moving the legs from lithotomy every 2 hours 
can also improve circulation and help prevent injury [26].

3.5 Pain control

For the prevention of postoperative pain, a wide range of treatment options exists 
(www.jpain.com). Despite small incisions, many require postoperative opioids [2]. A 
multimodal pain regimen with less opioid may limit the hospital stay, improve return 
of bowel function, and allow for early ambulation. 

Postoperative infiltration of bupivacaine can significantly reduce pain at the 
trocar sites [50], and intraperitoneal spray with local anesthetic has been used. 
Various peripheral nerve blocks (including transverse abdominis plane and paraver-
tebral) can be combined with intravenous (IV) or oral medication. 

Preemptive use of low-dose ketamine (<.5 mg/kg) may allow for hemodynamic 
stability and improved pain control, especially in women with chronic pain condi-
tions. This low dose avoids the psychomimetic effects [51].

Preoperative gabapentin may reduce pain and nausea [52]. Intraoperative 
acetaminophen and ketorolac are also beneficial. Magnesium or dexmedetomidine 



34   3 Anesthetic considerations for minimally invasive surgery

infusions can ameliorate operative pain responses [53]. These anesthetic adjuncts, 
without opioids, can assist with the avoidance of respiratory depression in pulmo-
nary disease.

3.6 Management of complications

Most anesthetic complications are minor, and preparation will help prevent serious 
complications. For MIS with limited access to the patient, it is important to strongly 
secure the ETT, use extension IV tubing, and place an extra peripheral IV before posi-
tioning the patient. Vigilance is needed to prevent airway, ocular, and extremity posi-
tioning injuries. Corneal abrasions may occur in up to 3% of robotic cases. This may 
be a direct mechanical injury (robot arms) or can occur due to desiccation, as edema 
may open the eyelids and expose the cornea. A key to prevention is the use of an 
ocular lubricant and transparent film dressing. 

A multimodal antiemetic regimen is recommended for gynecologic MIS. There 
are many strategies to reduce the risk of nausea/vomiting: avoid inhalation agents for 
patients with history of postoperative emesis, use propofol infusions, avoid nitrous 
oxide, minimize opioids, and provide adequate hydration [52]. The choice of medica-
tions is based on history and the intraoperative course. These medications include 
5-HT3 rc antagonists, NK-1 rc antagonists, and dexamethasone (one dose at induction, 
may avoid in diabetics). Antihistamines and anticholinergics (transdermal scopala-
mine) can be considered. 

Hemodynamic emergencies are rare and related to medical comorbidities, patient 
anatomy, IAP and length of PNP, and the skill of the physicians. Using low to mod-
erate insufflation pressure (<12 mmHg), low gas flows and shorter periods of PNP 
may limit the associated physiologic perturbations [6]. Subcutaneous emphysema, 
while not life-threatening, may occur with extraperitoneal insufflation and should 
be suspected with significantly increasing EtCO2 [5]. This may also be associated with 
capnothorax, which is treated conservatively (remove PNP, provide oxygen). Major 
complications include CO2 embolus, pneumothorax (can occur with high peak airway 
pressure) and pneumomediastinum. Small CO2 emboli may cause an increase in EtCO2 
with minimal hemodynamic changes, while a large embolus results in a decrease in 
EtCO2 and CO [54]. In the event of an emergency, the laparoscopic arms must be dis-
engaged prior to cardiopulmonary resuscitation [55].

3.7 Summary 

Anesthetic complications due to prolonged periods of PNP and steep Trendelenburg 
positioning are rare [11]. With adequate preparation and a team approach to manage-
ment, MIS may be safely performed in many patients, including the morbidly obese, 
the elderly, and those with cardiopulmonary conditions.
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4  Principles and safe use of electrosurgery in 

minimally invasive surgery
The development of surgical energy sources has revolutionized minimally invasive 
surgery and facilitated the performance of more complex procedures. Electricity is 
the most commonly used type of energy in both open and endoscopic surgery due 
to its lower cost, availability and versatility. The use of Bovie generator by Cushing 
in 1926 was the turning point that paved the way for the modern applications of 
 electrosurgery [1]. However, electrosurgery can cause serious complications, which 
can be attributed to the surgical technique or inherent flaws in the device design [2]. 
It is essential for the practicing surgeons to have a good understanding of the princi-
ples and safe use of electrosurgery. 

4.1 Applied physics

Electrosurgery is the use of high-frequency alternating current in surgery to achieve 
the thermal tissue effects of cutting, desiccation, and coagulation. It is not a synonym 
for electrocautery, which is the passive transfer of heat to the tissue with no current 
passing through it. Electrosurgery uses high-frequency current to avoid the Faradic 
effect of nerve and muscle stimulation, which ceases at frequencies above 100 KHz. 
The electrosurgical circuit includes a generator, two electrodes, and the patient. Elec-
trosurgical instruments may be monopolar or bipolar. The main difference between 
them is where the two electrodes are placed. The monopolar instrument has the active 
electrode, whereas the dispersive electrode is placed on the patient away from the 
active electrode. In contrast, the bipolar instrument has the two electrodes at its tip 
with no need for a dispersive electrode (Fig. 4.1). Table 4.1 summarizes the various 
electrical terms and their formulae. The generator or electrosurgical unit (ESU) con-
verts the mains low frequency alternating current of 50–60 Hz to higher frequencies 
of 500 KHz–3 MHz. It also controls the wattage (power), voltage and duty cycle of the 
current [3].

4.2 Thermal tissue effects

Application of high-frequency current to the tissue results in friction of the oscillat-
ing intracellular ions, which leads to heat production. The resultant heat will cause 
various electrosurgical tissue effects. If the temperature rises rapidly to more than 
100 oC, vaporization of intracellular water leads to cellular explosion. This results 
in a cutting effect. A gradual rise in temperature between 60 and 95 oC leads to 
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simultaneous tissue desiccation and coagulation. Fulguration is a type of coagulation 
where the current with high voltage is only on for 6% of the time. It is non-contact 
where electrical arcs hit the tissue to produce a superficial layer of black coagulation 
that insulates deeper tissue and reduces lateral thermal spread. It is ideal to deal with 
a wide oozing surface [3]. 

Tab. 4.1: Essential terminology and formulae for electrosurgery

Electrical term Definition/Formula Unit

Current (I) The rate of flow of electric charge in a circuit 
I = V/R (Ohm’s law)

Ampere (Amp)
Coulomb/second

Current density (J) The electric current per unit cross-sectional 
area of a conductor 
J = I/A (current/area)

Amp/m2

Voltage (V) The electromotive force that pushes electrons 
along a circuit
V = I × R 

Volt (V)
Joule/Coulomb

Resistance (R) The opposition to current flow in a circuit
R = V/I

Ohm (Ω)

Power (P) The rate at which energy (work) is transferred 
or changed 
P = Q/T = V × I

Watt (W)
Joule/second

Energy (Q)
(Thermal)

The capacity for doing work
Q = P × T = (I/A)2 × R × T (Joule’s first law)

Joule (j)
Watt second

Duty cycle The fraction of one on-and-off cycle in which 
the signal is on

Ratio or percentage (%)

Frequency The number of waves per second Hertz (Hz)
Waveform The pattern of voltage changes over time as seen on an oscilloscope 
Circuit The route of the flow of electric current 

A = area, T = time.

Bipolar Monopolar

ESU

Fig. 4.1: Electrosurgical circuit with monopolar and bipolar devices. ESU, Electrosurgical unit.
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4.3 Monopolar devices

Monopolar instruments are the most common energy devices. They are versatile and 
produce tissue effects of cutting, coagulation, fulguration, and small vessel sealing. 
All these tissue effects are best achieved with the cut waveform except the fulguration 
that is best achieved with the coagulation waveform. 

4.4 Factors modifying electrosurgical tissue effects

1. Waveform
The generator produces two main electrical waveforms with different tissue effects. 
A continuous sinusoidal waveform with a high current and low voltage raises the 
temperature to more than 100 oC and results in tissue cutting. An interrupted wave-
form with a low current and high voltage raises the temperature gradually to less 
than 100 oC that leads to tissue desiccation and coagulation. These two waveforms are 
inaccurately known as “cut” (yellow coded) and “coagulation” (blue coded) modes, 
respectively. Blend waveform is a modulated cut waveform with a variable duty cycle, 
current, and voltage to cause variable degrees of combined cutting and coagulation. 
Any of the above waveforms can produce both cutting and coagulation by altering the 
factors that influence the tissue effect (Fig. 4.2).

2. Power output
As complications are associated with higher power output, surgeons should use the 
lowest effective power setting. Generally, for effective cut mode, a power setting of 

Cut waveform
Coagulation waveform

Pure cut Blend cut

Clean cut

 non-contact  non-contact  non-contactcontact contact

Deep coagulation spray coagulation
super�cial coagulation

Haemostatic cut

Fig. 4.2: Different electrosurgical tissue effects.
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50–80 W is recommended, whereas 30–50 W is recommended for effective coagula-
tion mode [4]. 

3. Electrode surface area
The smaller the electrode, the higher the current density and the higher the resulting 
heat is. Surgeons can use the narrow edge of the electrode to produce more heat and 
the wide side to produce less heat without changing the power output [5]. 

4. Activation time
Longer activation increases tissue damage, whereas too short application may not 
produce the intended tissue effect [4]. 

5. Tissue contact
In the cut and fulguration modes, current sparks from the active electrode to the tissue 
without contact. Coagulation and desiccation occur when there is contact between 
the active electrode and the tissue [3]. 

6. Tissue impedance
Thermal change is directly proportional to tissue impedance. Tissues with high water 
content as muscles and skin have low impedance. Conversely, scarred tissue and fat 
have high impedance. Surgeons can modify their technique to increase tissue imped-
ance by removing blood, compressing arteries or stretching tissue. This leads to 
increased thermal effect without increasing the power output [5].

7. Eschar
As it has high impedance, surgeons are advised to clean the active electrode by remov-
ing eschar as this reduces impedance and produces the intended thermal effect. 

4.5 Conventional bipolar devices

Bipolar devices were developed to overcome the inherent problems and associated 
complications of monopolar instruments. They are designed with two electrodes situ-
ated at the tip of the instrument. There is no need for a dispersive electrode as current 
passes through the grasped tissue between the two electrodes. They use continu-
ous low-voltage waveform. Their vessel-sealing effect is achieved by the combined 
effect of desiccation, coagulation, and the mechanical compression of the vessel by 
the tines of the bipolar forceps. Surgeons rely on visual clues as vapor bubbles and 
color changes to assess the thermal tissue effects. Although they are generally safer 
than monopolar instruments, lateral thermal spread still occurs beyond the tines of 
the forceps, especially with a longer application (mushroom effect). Hence, surgeons 
must be careful when using bipolar instruments close to important structures. They 
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also have to avoid overcompression of the bipolar tines as they can touch leading to 
electrical bypass and inadequate coagulation [6].

4.6 Advanced bipolar devices

The introduction of advanced bipolar devices was driven by the limitations of their 
conventional counterparts and the need for reliable hemostasis to undertake complex 
laparoscopic procedures. These devices can seal vessels up to 7 mm in diameter 
through mechanical compression and coagulation. Their generators have feedback 
mechanisms to monitor tissue impedance continually and adjust the delivered voltage 
and current accordingly so as to achieve the intended tissue effects with less thermal 
spread, charring, and smoke. Their generators produce a specific audio signal to indi-
cate that vessel sealing is complete. They use less voltage than conventional bipolar 
devices and deliver current intermittently to give the tissue time to cool down [3]. 
Advanced design of such devices can allow dissection, vessel sealing, and cutting, 
which reduces instrument traffic and operative time. Several studies indicate that 
advanced bipolar devices provide better outcomes in terms of operative time, blood 
loss, complications, postoperative pain, and hospital stay [7]. 

4.7 Combination energy devices

Advanced technology has resulted in the combination of electrosurgery and ultra-
sound energy in a single device where one button activates advanced bipolar and 
ultrasonic outputs simultaneously to achieve sealing and transection of vessels up 
to 7 mm in diameter. The second button activates advanced bipolar output only. Such 
devices have the potential of reducing the multiple exchanges of instruments.

4.8 Complications

Laparoscopic electrosurgical injuries occur in two to five per thousand procedures. 
Most such injuries are not detected during surgery. This delayed diagnosis can lead 
to increased morbidity and mortality. As a result, guidelines were released to address 
the safe use of electrosurgery [8]. 

4.8.1 Lateral thermal spread 

This injury results from the spread of heat to tissues close to the active instrument. It 
is the most common electrosurgical injury with possible damage to the bowel, ureter, 
or blood vessels. It can occur with monopolar, bipolar, ultrasonic, and laser devices. 
Monopolar coagulation causes more lateral thermal spread than the others [9]. Higher 
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voltage and wattage increase are associated with increased lateral thermal spread. 
It is recommended to avoid using electrosurgical energy in close proximity of vital 
structures such as bowel, ureter, and blood vessels. Shorter intermittent activation is 
recommended to minimize the lateral thermal spread. 

4.8.2 Pedicle effect 

Pedicle effect happens when a monopolar device is activated on a structure with a 
narrow pedicle or adhesion. The unintended burn takes place remotely at the narrow 
pedicle or adhesion where the current density is higher (Fig. 4.3) [3].

4.8.3 Inadvertent activation

This can result in unintended burns. It is good practice to remove the energy device 
from the patient when not in use and to place it in a dry rigid plastic holder with 
no other instruments. Also, switching on the activation tone would alert the surgical 
team to that problem.

4.8.4 Residual heat 

Energy devices can retain the heat for a variable time after deactivation. Ultrasonic 
devices have higher residual heat than their electrosurgical counterparts. Surgeons 
should avoid touching vital structures with the tip of an electrosurgical device imme-
diately after deactivation. If you inadvertently touch the bowel with a hot device, 
examine it for blanching and consider suturing it to avoid delayed perforation [3]. 

4.8.5 Insulation failure

This is due to the breach of the insulation layer of the active electrode. It can affect 
about 20% of reusable instruments and 3% of single-use devices. It commonly affects 
the distal third of the device. Its possible causes include wear and tear, repeated 

Active electrode

Fig. 4.3: Pedicle effect.
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cleaning, and sterilization, as well as the use of high-voltage current. Although it is 
recommended to examine the instrument for defects before use, most of such defects 
are not easily seen. The smaller the defect, the higher is the stray current concentra-
tion with increased risk of catastrophic burns. Electrical scans and porosity detec-
tors can identify the defects already present before surgery, but not those that might 
develop during the surgery. Active electrode monitoring (AEM) technology prevents 
burns from insulation failure [2]. 

4.8.6 Direct coupling

Direct coupling occurs when the active electrode touches another metal instrument 
where current flows from the active electrode to the second instrument and to any 
tissue touching it. This can lead to unintended burns. It is related to the surgical tech-
nique; hence, surgeons should keep the active electrode and other metal instruments 
in a panoramic view and not activate energy unless the instrument tip is in view [3].

4.8.7 Capacitive coupling

Capacitative coupling is the transfer of electric current through the intact insulation of 
the active electrode to adjacent conductive materials (Fig. 4.4). It happens on passing 
the active electrode down a metal suction irrigator, an operative laparoscope, or a 
hybrid cannula. Also, the active electrode can induce a current in a nearby cold instru-
ment or in a tissue that is in contact with the intact insulation of the active electrode.

Capacitive coupling can be minimized by avoiding high wattage, open activa-
tion, hybrid cannulas and activation close to metal instruments. In addition, use of 
the “cut” rather than “coag” mod for coagulation with short interrupted activations 
can reduce this complication. [10]. Adaptive electrosurgical technology that monitors 
tissue impedance to vary the output voltage accordingly can reduce capacitive cou-
pling whereas AEM technology eliminates it [2].

Bowel

Plastic gripper

Metallic cannula

Active electrode

Abdominal wall

Fig. 4.4: Capacitive coupling.
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4.8.8 Antenna coupling

The active electrode cord emits electromagnetic energy in the air, which is captured 
by a nearby inactive cord or wire such as the camera cord or electrocardiogram (ECG) 
wires. This can result in unintended burns. Separating the laparoscopy stack from 
ESU and avoiding parallel arrangement of cords reduce such risk [11].

4.9 Technological developments and safe electrosurgery

4.9.1 Isolated generators and return electrode monitoring technology

The introduction of these technologies mostly eliminated alternate site burns at 
ground points and return electrodes, which were the most common complications of 
electrosurgery during its early use in open surgery. 

4.9.2 Active electrode monitoring

Electrosurgery in laparoscopic surgery has created a new pattern of alternate site 
burns (insulation failure and capacitive coupling). Such burns, in contrast to their 
earlier counterparts in open surgery, are internal, mostly undetected intraopera-
tively and possibly fatal. AEM technology was introduced to prevent burns due 
to insulation failure and capacitive coupling. The AEM instrument has two extra 
layers: a conductive shield and extra insulation layer (Fig. 4.5). The AEM monitor 
fitted to the ESU continuously monitors the conductive shield for stray currents. 
When the AEM monitor identifies a high level of stray current, it stops the ESU to 
prevent any tissue burns [2]. The three technological innovations of isolated ESUs, 
return electrode monitoring (REM) and AEM systems have addressed the design 
flaws in electrosurgery and significantly reduced most electrosurgical burns. Train-
ing programs for surgeons and relevant staff in safe electrosurgery would comple-
ment such technologies. 

4.10 Electrosurgery in single incision laparoscopic surgery 

Such surgery where multiple instruments are passed through one incision has inten-
sified the risks of monopolar instrumentation (insulation failure, direct coupling, and 
capacitive coupling) [12]. This is because of the proximity and crossing of instruments 
as well as their longer zone 2 (Fig. 4.6). To reduce such risks, AEM monopolar, bipolar, 
or ultrasonic devices should be used.
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4.11 Electrosurgery in hysteroscopic surgery

Electrosurgical devices (monopolar and bipolar) can be used for the hysteroscopic 
treatment of submucous fibroids, endometrial polyps, intrauterine synechiae, and 

ESU

AEM

Return
electrode

Active electrode
Conductive shield

Outer insulation
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Patient

Fig. 4.5: Active electrode monitoring (AEM) instrument and circuit. ESU, Electrosurgical unit.
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Fig. 4.6: The four zones of laparoscopic instrument.
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uterine septae. Monopolar hysteroscopic devices require nonconductive distension 
media such as 1.5% glycine or 3% Sorbitol, which are hypo-osmolar. Bipolar devices 
work in conductive iso-osmolar media such as 0.9 % saline or lactated ringer’s solu-
tion. Complications such as electrolyte imbalance and its consequences are more 
common with hypo-osmolar distension media, hence bipolar systems are considered 
to be safer compared to monopolar devices. In addition, the bipolar uses less voltage 
with less chance of unintended electrical injury. Bipolar hysteroscopic devices are 
somewhat different than the conventional bipolar device, as in the hysteroscopic 
counterpart only the active electrode touches the tissue and the nearby return elec-
trode drains the current through the conductive medium. Fluid management systems 
are recommended to reduce fluid overload hazards associated with hysteroscopic 
surgery with both monopolar and bipolar systems.

4.12 Electrosurgery and electromagnetic interference

Electrosurgical devices can interfere with active implants such as permanent pace-
makers (PPMs), implantable cardioverter defibrillator (ICD), and neurologic stimu-
lators. This can damage or inhibit such implants, burn the myocardium or cause 
arrhythmias and asystole [13].

The following prevention strategies can be used to avoid these problems:
 – Get advice from the manufacturer or cardiology team before surgery.
 – In patients highly dependent on the implant, use bipolar or ultrasonic devices.
 – When using monopolar:

 – Place the dispersive electrode away from the implant.
 – Avoid capacitively coupled return electrode.
 – Use low power, cut mode to coagulate with short activation.
 – Avoid current vector crossing the implant.
 – Use ECG to monitor PPM during surgery and reprogram it, if required, 

posoperatively. 
 – Deactivate ICD preoperatively then activate it after surgery. A magnet can be 

used in an emergency when cardiology input is not available.

4.13 Surgical smoke

Surgical smoke is a by-product of surgical energy use. It lowers laparoscopic visibility 
with its potential risk of complications. Its harmful gases and chemicals can cause 
ocular and upper respiratory tract irritation in theatre staff. In addition, it contains 
viruses and bacteria that can pose an infection risk. While regular surgical masks are 
not protective against smoke risks, standard smoke evacuation systems are recom-
mended to reduce such risks [3]. 
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4.14 Key points for safe electrosurgical use

4.14.1 Monopolar instruments

 – Use the lowest effective wattage (power).
 – Avoid bony prominences, metal prosthesis, scar tissue, hairy skin, or pressure 

areas for the dispersive electrode. 
 – Use the narrow edge of the active electrode to increase tissue effects without 

increasing the wattage. 
 – Use the cut rather than the coagulation mode to achieve good coagulation with 

low voltage.
 – Avoid prolonged activation.
 – Do not use open activation.
 – Do not activate the device near or in contact with another metal instrument.
 – Use REM dispersive electrode and AEM instruments.

4.14.2 Bipolar instruments

 – Take extra caution near vital structures due to lateral thermal spread.
 – Avoid tissue tension during activation as it affects coagulation. In structures with 

anatomical tension, do few overlapping applications.
 – To produce the desired tissue effect, always keep the instrument jaws clean by 

using a wet swab. 
 – To prevent tissue charring, do short intermittent activations and release the tissue 

at the vapor phase just before switching the instrument off. 
 – If the instrument jaws are stuck to the tissue, reapproximate the jaws, and reacti-

vate before opening them. Irrigate the jaws and tissue with fluid before reactiva-
tion if needed. 

 – Never use in tissues with metal clips or staples.
 – Do not over-compress the grasped tissue to prevent the bypass effect and do not 

include a big tissue bundle in the instrument jaws to achieve a good seal. Skel-
etonize vessels before application to produce an adequate seal.

 – In patients with possible abnormal vessels due to liver cirrhosis, prolonged 
steroid use, atherosclerosis, aneurysm, diabetes, malnutrition, and collagen dis-
eases take extra caution and consider alternative hemostatic methods.
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5  Laparoscopic entry techniques

5.1 Introduction

While laparoscopic surgery is generally safe and offers many advantages over open 
surgery, a small minority of patients suffer life-threatening complications, including 
major vascular or visceral injury [1, 2]. Nearly half of these complications occur while 
accessing the peritoneal cavity, making initial entry one of the most dangerous steps 
in laparoscopy [2, 3]. The incidence of major vascular injury during entry is estimated 
at 0.2 per 1000 procedures, and the incidence of bowel injury during entry is esti-
mated at 0.4 per 1000 procedures [4]. While rare, these injuries incur serious morbid-
ity and mortality, particularly in the case of major vascular injury or unrecognized 
bowel injury [3, 5]. Other complications that can also occur include carbon dioxide 
embolism, small vessel injury, extraperitoneal insufflation, or failed entry. 

Opinion is divided as to the safest entry technique, with many gynecologists 
using a closed entry method and other surgical specialties routinely using an open 
entry method [6, 7]. There are risks regardless of the technique, and high-quality evi-
dence supporting one approach over another is generally lacking [8]. This chapter 
will review and compare laparoscopic entry techniques, including methods, entry 
site, and other considerations.

5.2 Techniques

Laparoscopic entry techniques can be broadly classified into closed or open methods. 
Closed methods include the Veres needle, direct trocar, and direct vision entry. Open 
methods include the Hasson technique and single-incision laparoscopy. 

5.2.1 General principles

A few principles hold true for all entry methods. The bladder should be drained with a 
Foley catheter and the stomach decompressed with an orogastric or nasogastric tube, 
especially if a left upper quadrant entry is planned. Primary entry should take place 
with the patient flat in the horizontal position as the Trendelenburg position may 
distort the anatomy and result in inadvertent injury. 

First entry is typically at the base of the umbilicus, where the fascial layers fuse 
and the abdominal wall is thinnest. A vertical or curvilinear skin incision is made 
at the deepest part of the umbilicus, with the size depending on the ultimate trocar 
diameter. Instruments such as Allis clamps can be used to evert the umbilicus and 
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facilitate making an incision at the base. Care should be taken not to stab through the 
entire abdominal wall, which may cause injury to underlying structures.

Once an incision is made, the fascia is grasped with an instrument such as a 
Kocher or piercing towel clip to elevate the abdominal wall. This increases the space 
between the umbilicus and the great vessels, a distance that can be as little as 2 cm 
in a thin patient [9]. Of note, grabbing only the skin by hand may increase the risk of 
failed entry [10]. 

5.2.2 Veres needle 

The Veres needle technique is a closed entry method that uses a small-bore needle 
to insufflate the peritoneal cavity prior to trocar placement. The technique was 
named after Janos Veres, who originally used the needle to alleviate pneumotho-
rax in patients with tuberculosis [11]. The instrument popularized in laparoscopic 
surgery in the 1970s and is now the primary entry method used by gynecologists 
(Fig. 5.1) [6, 7, 12]. 

The Veres needle is 2 mm in diameter and has a sharp outer sheath that pierces 
tissue as well as a spring-loaded inner cannula that springs forward once inside a 
low-pressure cavity. The instrument can be inserted at several different entry sites, 
although is frequently used at the umbilicus. Prior to insertion, the needle should 
be checked for proper spring-loading action and free flow of carbon dioxide gas. It is 
advisable to attach the gas tubing prior to insertion so the needle does not become 
dislodged once positioned. After a skin incision is made and the fascia elevated, the 
Veres needle is inserted at a 90-degree angle until the fascia is reached. The needle 
tip is then either maintained at a 90-degree angle or reoriented slightly caudad if 

Fig. 5.1: Veres needle.
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the patient is very thin. During insertion, the needle itself should be grasped and 
constant gentle pressure used to introduce the needle in a controlled fashion. At the 
umbilicus, two “pops” are often felt—one as the fascia is entered and the other as the 
peritoneum is entered; however, these are not always distinct. 

To assess for proper placement, the gas should be turned on and a low insuffla-
tion pressure documented as gas flows freely into the nondistended peritoneal cavity. 
The pressure should register less than 10 mmHg and is usually less than 5 mmHg 
unless the patient is obese or has a less distensible abdomen, such as following an 
abdominoplasty. Other ways to assess intraperitoneal placement include the inability 
to aspirate injected saline or a positive saline drop test, although neither test is as reli-
able as a low opening pressure [13]. 

Pneumoperitoneum is obtained while evaluating for uniform abdominal disten-
sion and tympany. A primary port is then placed, typically in the same location as the 
Veres needle. This can be done with or without direct vision using the laparoscope in 
an optical trocar. 

The risk of failed entry with the Veres needle is up to 11.6% on the first attempt 
and 3.0% on the second attempt [14]. Failed attempts often result in preperito-
neal insufflation, which is estimated to occur 2% of the time [8, 14]. Most experts 
advise choosing an alternate entry site if Veres needle placement fails after three 
attempts [15, 16].

5.2.3 Direct trocar

Direct trocar entry involves blindly inserting a trocar without prior peritoneal insuffla-
tion. The technique was first described by Dingfelder in 1978 and is thought to avoid 
complications related to the Veres needle, including extraperitoneal insufflation, 
omental injury, or failed entry [17, 18]. 

Following an incision, typically at the base of the umbilicus, the abdominal wall 
is elevated and a trocar is introduced directly toward the hollow of the pelvis. On 
removal of the trocar, the laparoscope is inserted to confirm appropriate placement. 
Pneumopertioneum is obtained through the trocar and the abdomen is surveyed for 
entry-related trauma. Sharp and pointed trocars are recommended to minimize pen-
etration force; however, unshielded bladed trocars should be avoided for direct trocar 
entry [16, 19]. 

5.2.4 Direct vision

Primary trocar insertion under direct vision is a potentially safer alternative to direct 
trocar entry that uses visual guidance to insert a trocar prior to insufflation. Direct 
vision entry requires an optical trocar with a pointed transparent tip and a 0-degree 
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laparoscope placed inside to observe passage of the abdominal wall layers. Unlike 
direct trocar entry, this technique relies on visualization rather than feel. At the 
umbilicus, one can expect to see subcutaneous fat, fascia, preperitoneal fat and peri-
toneum before entering the peritoneal cavity. The technique can also be used when 
placing the primary port after prior insufflation with the Veres needle.

5.2.5 Hasson technique

The open Hasson technique, named after Harrith Hasson, is the most common 
method of laparoscopic entry used by general surgeons [20]. The technique involves 
directly inserting a trocar into an open peritoneal incision and is therefore considered 
less “blind” than other methods. Open entry is advocated in patients with suspected 
adhesions as well as in very thin or pregnant patients where blind entry may pose 
greater risks. 

The Hasson technique uses making a curvilinear incision along the base of the 
umbilicus or a vertical incision in the depth of the umbilicus. The incision is typically 
12 mm, although the technique has also been described with a 5-mm incision [21]. The 
subcutaneous tissue is then dissected down to the fascia and the fascia is grasped 
with a Kocher clamp. The fascia is incised with a scalpel to expose the preperitoneal 
fat and peritoneum. At this point, the fascia can be tagged with stay sutures to secure 
the port to the fascia and assist with eventual closure. The peritoneum is then entered 
sharply, sweeping the underside of the abdominal wall with a finger to open the inci-
sion and assess for adhesions. The blunt-tip trocar (e.g., Hasson trocar) is placed in 
the incision and the stay sutures are tied to the trocar to secure it. Pneumoperitoneum 
can then be achieved through this port (Fig. 5.2). 

Fig. 5.2: Hasson trocar.
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5.2.6 Single-incision laparoscopy

Single-incision laparoscopic surgery uses an open technique for primary entry similar 
to the Hasson method. Once an initial trocar is placed through an open peritoneal 
incision and pneumoperitoneum is established, second and third trocars are placed 
adjacent to the first trocar, either in the same fascial incision or leaving a small bridge 
of fascia between them to avoid gas leakage. The suggested benefits of this technique 
include reduced postoperative pain and improved cosmesis [22].

5.3 Choosing a technique

A Cochrane review of 46 randomized controlled trials including 13 laparoscopic entry 
techniques and 7389 procedures found no evidence of an advantage for any single 
technique in preventing major vascular or visceral complications [8]. The studies 
reviewed are generally recognized as low quality due to inadequate numbers and 
poor reporting of study methods. Of note, all studies were underpowered to identify a 
preferred entry method, a task that is estimated to require an analysis of over 800,000 
procedures [23].

It has been suggested that open techniques are safer than closed techniques as 
open entry avoids blind insertion of a needle or trocar [6, 7]. While small observa-
tional studies have drawn this conclusion, the Cochrane review found no difference 
in major complications when comparing open and closed entry methods [8]. The only 
advantage identified in the Cochrane review was a reduction in failed entry compared 
with the closed methods [8]. Single-incision laparoscopy also does not reduce major 
complications and has been shown to prolong operative time [8].

Comparing closed entry techniques, the Cochrane review reported reduced vascu-
lar injury and failed entry with the direct trocar compared to the Veres needle technique, 
although these data are noted as being of very low quality [8]. Some studies also show 
a higher risk of minor complications with Veres needle entry, including extraperitoneal 
insufflation and omental injury [24, 25]. Direct vision entry may confer an advantage 
over direct trocar entry, although these methods have not been compared in a rand-
omized fashion. Of note, injury with either direct trocar or direct vision entry may be 
more catastrophic than Veres needle entry given the trocar size. Conversely, bowel inju-
ries from the 2-mm Veres needle are thought to be self-limited and require no treatment.

Surgeons should use the technique with which they have the most experience 
while being familiar with the other techniques. Choosing an entry method also 
requires consideration of the patient’s anatomy, surgical history, and planned inter-
vention. For example, if a minilaparotomy is going to be performed for specimen 
extraction, this can be created at the procedure outset using an open entry technique. 
As another example, if there is concern for umbilical adhesions and ipsilateral ports 
are planned, direct entry in the left upper quadrant also creates a functional port site.



5.4 Alternative entry sites   55

5.4 Alternative entry sites

5.4.1 Left upper quadrant

Primary entry in the left upper quadrant is a feasible alternative to umbilical entry 
and should be considered in patients with a prior midline laparotomy, a massively 
enlarged uterus, pregnancy or multiple failed attempts at umbilical entry [26, 27]. It 
may also be advantageous in very thin or morbidly obese women, where umbilical 
entry is less reliable and could pose an increased risk of vascular injury [28]. 

The classic left upper quadrant access site is Palmer’s point, located 3 cm below 
the left costal margin in the midclavicular line [12]. The abdominal wall layers at 
Palmer’s point include the skin, subcutaneous fat, anterior fascia, external oblique 
muscle, internal oblique muscle, transversus abdominis muscle, posterior fascia, pre-
peritoneal fat, and peritoneum (Fig. 5.3). Entry at Palmer’s point is typically obtained 
using a closed entry technique. If a Veres needle is used, three distinct “pops” may be 
felt as the two layers of fascia and peritoneum are entered. If a direct optical trocar is 
used, a muscular layer is seen between two layers of white fascia before traversing the 
peritoneum and entering the abdominal cavity.

Fig. 5.3: Abdominal wall layers with direct vision entry in the left upper quadrant. From left to right, 
bottom to top, the anterior fascia, muscle, posterior fascia, and peritoneum are shown.
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Depending on the patient’s anatomy, Palmer’s point may be located too far ceph-
alad or medial for pelvic surgery, and an entry site in the left mid abdomen may be 
preferred. A point at the level of the umbilicus and 2.5 cm medial to the anterior supe-
rior iliac spine has been described as a modification of Palmer’s point for gynecologic 
procedures [29]. 

When using the left upper or mid quadrant for primary access, it is important 
to decompress the stomach with an orogastric or nasogastric tube beforehand. As 
with all entry sites, consideration of the underlying anatomy is critical. Patients with 
splenomegaly, hepatomegaly, portal hypertension, gastric, or pancreatic masses or a 
history of splenic or gastric surgery are not good candidates for left upper quadrant 
entry. 

5.4.2 Other entry sites

Several other abdominal entry sites have been reported in the literature, including 
the left or right costal margins, the left ninth intercostal space and the hypogastrium 
[30–33]. The posterior cul-de-sac and uterine fundus have also been trialed for Veres 
needle insufflation, especially in obese women, where abdominal entry may be more 
challenging [34, 35]. Similar to choosing an entry technique, selecting an entry site 
depends on the patient’s anatomy, the procedure and the likelihood of underlying 
adhesions. In general, surgeons should be flexible in their approach and comfortable 
with more than one primary access site (Fig. 5.4). 

Hypogastrium

Le� 9th intercostal
space: immediately above
the rib in the axillary line

Subcostal space
Palmer’s point:
3 cm below the costal margin
in the mid-clavicular line

Umbilicus:
preferred primary

entry site

Modi�ed Palmer’s point:
2.5 cm medial to the
anterior superior iliac spine
at the level of the
umbilicus

Lateral accessory
port

2 cm superior and
medial to the anterior

superior iliac spine

Lateral accessory
port
Suprapubic accessory
port:
2 cm above the pubic
symphysis in the midline

Fig. 5.4: Entry sites. Primary entry is typically at the umbilicus. Alternate primary entry sites are 
shown in black. Common accessory port sites are shown in green. 
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5.5 Considerations

5.5.1 Prior surgery

Patients with prior abdominal surgery are at an increased risk of entry-related com-
plications. A prior midline laparotomy confers a 51.7% to 59% risk of umbilical adhe-
sions, prompting many surgeons to enter in the left upper quadrant [36–38]. The 
risk of umbilical adhesions ranges from 19.8% to 28% in the setting of a prior low 
transverse laparotomy and 1.6% to 21.2% in the setting of a prior umbilical incision 
from laparoscopy [38, 39]. The likelihood of severe umbilical adhesions that risk vis-
ceral injury with a low transverse laparotomy or umbilical laparoscopy is likely lower 
and does not preclude first entry at the umbilicus. Regardless, clinical judgment is 
advised as multiple prior surgeries or a history of abdominal or pelvic infection can 
increase the risk of adhesions. 

5.5.2 Morbidly obese patients

Morbidly obese patients present several challenges during laparoscopic entry due to a 
loss of anatomic landmarks, caudal deviation of the umbilicus and increased abdomi-
nal wall thickness. This can result in unsuccessful entry, preperitoneal insufflation 
and an increased risk of severe complications. Most experts recommend closed entry 
given poor visualization with an open technique [15]. Veres needle insertion at the 
umbilicus should be performed at a 90-degree angle to minimize abdominal wall 
thickness. Moreover, the umbilicus is displaced caudally in obese patients and no 
longer overlies the great vessels [28]. A long Veres needle may be necessary in the 
case of left upper quadrant entry. Alternative techniques include inserting the Veres 
needle through the uterine fundus or posterior vaginal fornix or shifting the obese 
pannus cranially to assist with umbilical entry [34, 35, 40].

5.5.3 Very thin patients

In extremely thin patients, the distance between the anterior abdominal wall and the 
retroperitoneum is sometimes less than 2 cm, placing these patients at an increased 
risk of injury during umbilical entry [9]. If umbilical entry with the Veres needle is 
used, it is advised to direct the needle 45 degrees caudad to avoid vascular injury [9]. 
Other experts suggest manually pulling the umbilicus caudad during Veres needle 
insertion [16]. Although there are limited quantitative data comparing different entry 
techniques in very thin patients, an open technique at the umbilicus or a closed tech-
nique in the left upper quadrant is favored by many experts [15]. 
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5.5.4 Pregnancy and the large uterus

Laparoscopic entry in the second or third trimester of pregnancy should be adapted to 
the height of the uterine fundus. Both closed and open methods can be used, although 
closed entry in the left upper quadrant is likely to reduce the risk of uterine injury [41]. 
In the case of a massively enlarged, nongravid uterus, left upper quadrant entry may 
also be beneficial. Gas insufflation of 15 mmHg can be used during pregnancy with no 
reported adverse outcomes to the fetus [41]. 

5.6 Conclusion

Primary entry is a critical step in laparoscopy, during which a patient is vulnerable 
to serious injury. Several entry techniques exist, each with advantages and disad-
vantages that must be weighed together with the surgeon’s preference, the patient’s 
anatomy, and the surgery at hand. No one technique or tool is superior for all patients; 
therefore, surgeons should use their preferred approach when possible and alternate 
methods as clinically necessary.
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6  Principles of laparoscopic suturing and 

alternatives

6.1 Introduction

Ligatures and suturing techniques represent a safe and, in many cases, the only 
method of hemostasis in endoscopic surgery and are often better suited than thermal 
methods. Various suture materials, applicators and needle holders have been devel-
oped for this purpose. 

Laparoscopic intracorporeal knot tying in minimally invasive surgery requires 
great manual dexterity. There is a difference between laparoscopic suturing and open 
or robotic-assisted suturing. Given a skill score of 10 for various surgical modalities, 
conventional laparotomy requires a score of 2; microsurgery, a score of 4; laparos-
copy, a score of 6; and laparoscopic suturing, a score of 8, while robotic laparoscopic 
suturing returns to the skill level of general laparoscopic surgery with a score of 6. 
This is due to the limited movement abilities of laparoscopic instruments compared 
to open and robotic surgery. Furthermore, there is a variety of alternatives including 
bipolar and ultrasound-based sealing instruments that have replaced intracorporeal 
ligatures and needle handling. Therefore, the art of suturing also includes the art of 
proper selection [1, 2].

The lesson is clear: Never underestimate the art of laparoscopic suturing, never 
get too frustrated and understand that laparoscopic suturing requires repeated 
 training [3].

6.2 Sutures and suture technique

6.2.1 Suture material

Sutures are either monofilament or polyfilament/braided and they are either absorb-
able or nonabsorbable depending on whether the body will naturally degrade and 
absorb the suture material over time. The resorption process includes hydrolysis and 
proteolytic enzymatic degradation. Depending on the material, the process can take 
from 10 days to 8 weeks. The suture holds the body tissues together long enough 
to allow healing, but it will disintegrate so that no foreign material is left. Initially, 
there is a transient foreign body reaction to the material. After complete resorption, 
only connective tissue remains. Nonabsorbable sutures are made of special silk or 
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 synthetics. These sutures are used either on skin wound closure if the sutures can 
be removed after a few weeks or in stressful internal environments where absorbable 
sutures will not suffice. Nonabsorbable sutures mostly cause less scarring because 
they do not provoke immune responses.

Monofilament sutures: These sutures are rigid and the knots are not well posi-
tioned on the wound.

Braided sutures: These have a capillary effect and high friction resistance. For an 
overview on suture materials see Tab. 6.1 [4, 5].

6.2.2 Thread thickness/suture sizes

Suture sizes are defined by the United States Pharmacopeia and are shown  
in Tab. 6.2.

6.2.3 Barbed sutures

To avoid the time-consuming knotting process but still create reliable and fixed 
sutures, barbed suture threads have been invented. These sutures have small barbs 
that allow traction in one direction only, thereby preventing the thread from being 
drawn back. Barbed sutures are used for myomectomy, vaginal cuff closure and also 
for bowel or bladder surgery. Nevertheless, a higher rate of bowel irritation and infec-
tion has been described in some cases in the literature. Furthermore, barbed sutures 
have a higher price than normal absorbable suture materials. Nevertheless, the exist-
ing data and metaanalysis describe the use of barbed sutures as a safe procedure to 
reduce time and surgical difficulty compared to conventional sutures in vaginal cuff 
closure. The comparison of barbed suture versus conventional suturing is shown in 
Tab. 6.3 [6, 7].

Tab. 6.1: Examples of suture materials.

Absorbable Nonabsorbable

Monofilamental Braided Monofilamental Braided
PDS (PD)
Maxon (PGS)

Vicryl (G/L)
Dexon (G/L)

Ethilon (PA)
Prolene (PP)

Ethibond (POE)
Mersilene (POE)

G/L = Glycolid/Lactid
PD = Polydiaxanon
PGS = Polygylcol acid

POE = Polyester
PP = Polypropylene
PA = Polyamid
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6.2.4 Surgical needles

Needles can be reusable (eyed needles). Reusable needles have holes (eyes) and are 
supplied separately from their suture thread, which must be threaded on site. The 
advantage of these needles is that any thread and needle combination is possible. 
Needles with integrated thread are used in laparoscopy. They have less traumatic 
tissue effects and are time efficient but more expensive. Needles may also be clas-
sified by their point geometry: taper, cutting, reverse cutting, trocar point, or blunt 
points. 

There are several shapes of surgical needles. These are listed in Tab. 6.4.

Tab. 6.2: Suture sizes, defined by the United States Pharmacopeia.

USO designation Synthetic absorbable diameter (mm) Nonabsorbable diameter (mm)

11-0 0.01
10-0 0.02 0.02
9-0 0.03 0.03
8-0 0.04 0.04
7-0 0.05 0.05
6-0 0.07 0.07
5-0 0.1 0.1
4-0 0.15 0.15
3-0 0.2 0.2
2-0 0.3 0.3
0 0.35 0.35
1 0.4 0.4
2 0.5 0.5
3 0.6 0.6
4 0.6 0.6
5 0.7 0.7
6 0.8
7

Tab. 6.3: Comparison of barbed suture versus conventional suture material.

Barbed suture vs. conventional suture

Less operative time Higher costs
Less suturing time Higher rate of bowel obstructions
Lower degree of suturing difficulty/technically less demanding
Similar patient outcome
Similar duration of hospital stay
Preferred method based on surgeon’s preference
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The correct selection of the appropriate suture is essential. Each surgical proce-
dure requires specific needle configurations and needle-suture combinations.

The following suture exercises describe in easy steps:

(a) Two extracorporeal knotting techniques, the Roeder and the von Leffern knot 
(Figs. 6.1 and 6.2).

(b) The step-by-step procedure of intracorporeal knotting using the common tech-
niques of knot tying (Figs. 6.3 and 6.4).

The primary role of the needle holder/driver is handling the needle, although 
suturing and tissue grasping are also part of its function. The preferred shape of the 
tip is a slightly spooning curvature. For grasping tissue and looping suture, the tip 
must be able to reach in almost any direction. The jaws should be finely engineered 
to grasp fine sutures without slipping and have rounded edges to avoid accidental 
cutting of the suture as traction is applied. The dominant needle holder should have a 
lock that the surgeon can activate or inactivate at will. It should be strong and prefer-
ably have one moving jaw to reduce suture snagging. The lock on the nondominant 
needle holder should preferably be inactivated.

6.3 Tips and tricks

6.3.1 Loading the needle

First, grasp the thread about an inch from the needle with the assisting grasper. Dangle 
it in a fashion so that the tip of the needle touches the tissue surface. The needle is 
rotated and pivoted until it lines up in the direction required. It is then grasped with 
the contralateral needle driver. The needle is loaded up at the junction of middle and 
proximal third of the shaft of the needle and at the very end of the needle driver.

Optimal conditions for good suturing include a needle holding angle of 90 degrees 
and an angle of needle insertion into tissue of 80–100 degrees. This can be guaran-
teed only if the contralateral hand is flipping the targeted tissue over the needle. 

Tab. 6.4: Surgical needle types and variations.

Straight
1/4 circle
3/8 circle
1/2 circle: subtypes include from larger to smaller: CT, CT-1, CT-2 and CT-3
5/8 circle
Compound curve
Half curved (ski needle)
Half curved at both ends of a straight segment (canoe needle)
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6.3.2 Adjusting the needle 

Adjusting the needle requires good coordination between the left and the right hand. 
After having grasped the needle at about the middle of the needle rounding, it is held 
very lightly. The other hand can then readjust by manipulating close to the tip in very 
deliberate movements.

Pull out the suture, remove the
needle, half hitch.

von Le
ern Knot

Hold the knot with the le� hand
and reach over with the right hand.

Grasp the short end from below and lead it
back, exiting before the half hitch.

Turn back the knot. Hold the straight
suture and tighten the knot.

Fig. 6.1: Von Leffern Knot: a half hitch is performed. The index and middle fingers then twist from 
below in between the sutures and grasp the short end, which is led back, exiting before the half 
hitch. Both ends are pulled on gently so that the knot does not slip over but tightens smoothly. 
Finally, the knot pusher can push the knot onto the leading suture line in the operating field.
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Pull out the suture, remove the needle.
Half hitch around the post strand. 

Roeder Knot

Throw three loops around both strands.
Maintain tension.

Half hitch around the post strand (red).
Push the knot together.

Shorten the suture to approx. 2–3 cm
and perform intraabdominal safety knot.

Fig. 6.2: Roeder knot: The shorter suture is looped three times around both sutures. The fourth time, 
it is looped only halfway and then pulled through the post strand. Both ends are pulled on gently 
that the knot does not slip over but tightens smoothly. Finally, the knot pusher can push the knot 
onto the leading suture line in the operating field.

Alternatively, the needle can be adjusted by holding the suture near the swaged end of 
the needle and maneuvering it until the needle is aligned perpendicular to the jaws. 
The other needle holder can then either grasp the needle in the estimated location or 
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a b

c d

Fig. 6.4: Sliding knot. (a) After performing a normal half hitch, the initial knot lies directly on the 
wound. The second hitch is performed in exactly the same manner. (b) It is not essential that  
the lower knot lies deep in the tissue. The second knot is not straight but torqued. (c) As soon as  
the right instrument smoothly pulls the thread, the two knots, which are not yet tightened, will  
twist around the suture line that is being pulled on. (d) It is then possible to slide the complete 
double knot down to the tissue. 

Fig. 6.3: The upper left drawing shows the classical square knot and the lower left drawing the 
surgical square knot. The upper right drawing depicts the classical granny knot and the lower right 
drawing the surgical granny knot.
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the needle is placed on the tissue so that it cannot squeeze out once the free needle 
holder takes over.

After the ideal position has been reached, the grip on the needle is tightened 
to lock it into position. Most important for stitching in the right position is that the 
targeted tissue is pushed over the needle tip at the exact location required. By this 
means, the limited degrees of freedom of movement in laparoscopy can be overcome 
even in challenging situations. Nevertheless, these are the steps that require the most 
time in training.

6.3.3 Tying the knot

The thread can be held in the right position by either adjusting the needle or the 
thread itself. It is most important that the thread runs as parallel as possible to the 
free and rotating needle holder. Rotating then becomes easy in both directions. Tying 
the knot is easier if the short end is really short (about 3 cm) and if the rotating needle 
holder grasps the thread at the very end before pulling it out of the loop smoothly 
using light rotating movements. For the second and the blocking knot, it is important 
to pull on the long end only so that there is enough thread for the following knots; 
however, the thread should not be longer than necessary [8].

Intracorporeal knotting techniques are shown in Figs. 6.3 and 6.4.

6.4 Conclusions

Laparoscopic suturing courses from beginner to expert for vertical and horizontal 
suturing, including hands-on training, are offered today all around the world. The 
advice of our teacher Kurt Semm, that laparoscopic suturing is essential, has been 
accepted by the endoscopic surgical community. Technical innovations have led to 
a number of alternatives including bipolar, monopolar, or ultrasound-guided energy. 
Nevertheless, for each individual situation, the right type of treatment needs to be 
selected, and therefore, it is obligatory that the experienced surgeon is conversant 
with all types of devices and is able to perform laparoscopic suturing. Otherwise, each 
surgery can become a jeopardy for both the patient and the surgeon [8, 9]. 
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7  Challenges in minimally invasive surgery
Advances in the technology and expertise in minimally invasive surgery (MIS) enabled 
its expansion from diagnostic and minor operative procedures to more complex 
cases. While this extends the well-known benefits of MIS to complex and challenging 
cases (Box 7.1), it poses up to an eightfold increase of serious complications, including 
bowel, bladder, ureteral injuries, bleeding, and infection [1, 2]. In addition, the risk of 
conversion to laparotomy can be up to 45-fold higher in complex procedures [1]. These 
major complications and failed laparoscopy are most commonly attributed to obese 
patients and those with prior abdominal surgery [1]. In this chapter, we will discuss 
strategies for the safe management of these challenging cases.

7.1 Obesity

Obesity has increasingly become more common and currently affects more than one 
third of adults in the United States [3]. Unfortunately, obesity increases the risk of 
multiple gynecologic disorders. For example, obesity can exacerbate pelvic organ pro-
lapse and urinary incontinence, while the associated sex steroid imbalance is associ-
ated with endometrial hyperplasia and cancer [4]. Therefore, obese women are more 
likely to require gynecologic surgery. Thus, it appears that obese women are double 
hit by an increased need for surgery and higher surgical complication rates. Although 
laparoscopic surgery in obese patients is associated with higher complication rates 
compared to non-obese patients such as estimated blood loss (EBL) and length of 
hospital stays; laparoscopic surgery can be successfully and safely completed in the 
majority of obese women [5, 6]. Obesity alone presents several challenges for surgery 

https://doi.org/10.1515/9783110535204-007

Box 7.1: Examples of challenges in minimally invasive surgery.

 – Obesity
 – History of prior surgeries
 – Endometriosis
 – Cancer
 – Radiation
 – Tubo-ovarian abscess
 – Pelvic inflammatory disease 
 – Large pelvic mass
 – Large uterus
 – Difficult entry
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such as positioning, nerve injury, and trocar placement. In addition, obesity is often 
associated with comorbidities such as hypertension, type 2 diabetes, sleep apnea, 
and venous thromboembolism that make anesthesia, insufflation, wound healing, 
and recovery more risky.

7.1.1 Physiology

Obesity causes several cardiovascular, pulmonary, and gastrointestinal physiologic 
changes that impact surgical management. Cardiovascular changes include increased 
cardiac output, larger stroke volume, and decreased vascular resistance due to 
increased metabolic demands. These changes can lead to hypertension and cardi-
omegaly, placing patients at higher risk for arrhythmias and risk of sudden death. 
Obese patients also have decreased functional residual pulmonary volume secondary 
to reduced lung compliance. This is exacerbated with anesthesia and Trendelenburg 
position and therefore placing patients at risk for airway closure and hypoxemia. 
Obese patients are also suspected of having large gastric volumes and slower gastric 
emptying that can increase their risk for aspiration [7, 8].

7.1.2 Positioning

Obese patients are more likely to have nerve injury (Box 7.2) and pressure-related 
complications following laparoscopic surgery secondary to longer operating room 
times and more compressive forces [7]. Therefore, proper positioning and equipment 
are essential for prevention. Appropriate stirrups should be used in dorsal lithotomy 
position to accommodate the weight of the patient. Padding should be used gener-
ously in areas at risk, including the knees, calves, hips, and arms. Ideally, for both 
the surgeon and the patient, the arms should be tucked in military position, which 
may require bed extenders or sleds. Steep Trendelenburg position during surgery can 
lead to downward drifting of the patient, which is exacerbated with obesity and can 
cause brachial plexus stretch injuries. Therefore, egg crate, gel pad, or other materials 
should be placed underneath the patient for  prevention [9].

Box 7.2: Common nerve injuries. 

 – Peroneal: foot drop
 – Femoral: decreased knee extension, hip flexion, and sensation to anterior thigh
 – Obturator: decreased adduction and sensation to medial thigh
 – Sciatic: loss of sensation calf/foot and hamstring/calf weakness with loss of flexion
 – Ulnar: numbness/tingling of fourth and fifth fingers. Weakening of grip
 – Brachial plexus: numbness and weakness in hand, arm, and shoulder 
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7.1.3 Instruments

In preparation for the surgery, it is important to have the appropriate instruments, 
including longer Veress needle and trocars (120 to 150 mm) and instruments to 
retract bowel. Surgeons may also consider robotic surgery secondary to surgeon 
fatigue, better fluid movements with the articulated wrists and less torque of the 
instruments [7].

7.1.4 Trendelenburg and intraabdominal pressure

Trendelenburg position and pneumoperitoneum are required for successful lapa-
roscopy. As mentioned above, obese patients have lower functional residual volume 
that can cause airway closure of dependent portions in the lung, resulting in per-
fusion/ventilation mismatch. It is known that supine positioning and anesthesia 
further decrease functional residual capacity (FRC) by approximately 25 and 20%, 
respectively [8]. However, positioning into Trendelenburg does not have a significant 
additional impact [8]. Morbidly obese patients have increased intraabdominal pres-
sure that may require more pneumoperitoneum. This can lead to increased systemic 
absorption of CO2, venous stasis, decreased urine output, lower respiratory compli-
ance, decreased preload, and impaired cardiac function. However, proper ventilation 
adjustments, sequential compression devices, and intravascular volume monitoring 
and resuscitation can minimize these complications [10].

Most studies show that if patients tolerate the induction of anesthesia and supine 
positioning, they are likely to tolerate pneumoperitoneum and Trendelenburg posi-
tion. However, it is recommended, once the patient is intubated and positioned, to 
perform the “Tilt Test.” The patient is placed in steep Trendelenburg position for 2 to 
5 minutes, while the cardiac and respiratory function is observed. These tests should 
also be performed for cephalad sliding of the patient. This is repeated after insuffla-
tion of pneumoperitoneum. If the patient remains normotensive and has inspiratory 
pressure of 30 to 40 mmHg before and after insufflation, the patient will likely tolerate 
laparoscopic surgery [8]. 

7.1.5 Entry

In the nonobese, entry into the abdomen is at the level of the umbilicus at a 45-degree 
angle and accessory trocar sites are placed in relationship to anatomical landmarks, 
such as the anterior superior iliac spines. However, abdominal entry in the morbidly 
obese poses challenges to this approach with increased subcutaneous tissue, prep-
eritoneal fat and skewed anatomical landmarks. For example, the umbilicus is typi-
cally caudal (can be up to 6 cm) to the aortic bifurcation, anterior iliac spines can be 
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difficult to palpate, and there is suboptimal visualization of the inferior epigastric 
vessels. Recommendations for safe entry include a supraumbilical approach, enter-
ing at a 90-degree angle to prevent tracking along the subcutaneous tissue (Fig. 7.1) 
and accessory trocar sites placed more lateral and cephalad [7, 8].

One Cochrane review reported that in the obese population, the Veress technique 
is associated with higher rates of false entry [11]. Therefore, other methods of entry 
can be considered such as the open Hasson technique, direct visualization with an 
optical trocar or the left upper quadrant (LUQ) approach (Palmer’s point). 

7.1.6 Closure 

Due to increased intraabdominal pressure, obese patients are at higher risk of 
 herniation through the trocar sites. Closure of any port size greater than or equal to 

Fig. 7.1: An illustration showing the recommended angle of peritoneal entry by Veress needle in (a) 
the nonobese with an angle of 45 degrees and in (b) the obese with an angle of 90 degrees.

Non-obese
a

b

Obese 90%

≤45%
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10 mm is essential. However, this closure can be very challenging secondary to large 
subcutaneous fat, and closure devices may be required. 

7.1.7 Postoperative challenges 

Common postoperative complications in obese patients include hypoxemia and pul-
monary emboli. Consequently, aggressive pulmonary toilet with incentive spirometry, 
coughing exercises, deep breathing, and semirecumbent position are imperative. In 
addition, early ambulation, sequential compression devices, and prophylactic subcu-
taneous anticoagulation help prevent life-threatening complications. 

7.2 Frozen pelvis

“No surgeon can expect surgical outcomes better than their dissection skills” [21].
A “frozen pelvis” is described as one in which normal anatomy and dissection 

planes are distorted by extensive adhesive disease and scarring. This can arise from 
several etiologies, including (1) prior surgery, (2) infections (pelvic inflammatory 
disease, tubo-ovarian abscess), (3) benign growths (endometriosis, adenomyosis, 
and leiomyomas), (4) cancer, and (5) radiation therapy [12].

Prior surgeries are one of the biggest risk factors for the development of adhe-
sions. The risk for adhesions is related to the type of previous surgery and incision 
location. The risk of postoperative adhesions in all abdominal surgery is approxi-
mately 54% [13]. Specifically, in obstetrics and gynecologic surgery, it is estimated 
at 51% [13]. The risk of subsequent adhesion formation can be further broken 
down by type of incision: midline incision (57%), Pfannenstiel (27%), and all other 
 incisions (22%) [13].

Preoperative management is extremely important when significant adhesive 
disease is suspected. The following steps should be taken to optimize a successful 
surgery [12]: 
1. Determine risk factors—surgical, infectious, and medical history to see which of 

the above-mentioned etiologies the patient may be at risk for.
2. Physical examination—to determine the size of the mass or uterus and whether 

the structure is fixed or mobile. Rectovaginal examination is essential to provide 
information on the mobility of the posterior cul-de-sac.

3. Consider preoperative imaging studies in selected cases—pelvic ultrasound, com-
puted tomography, or magnetic resonance imaging (MRI). These may yield infor-
mation regarding involvement of other organs or structures (side walls, ureters, 
adnexa, bowel, bladder, etc.).
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4. Intraoperative planning—cystoscopy, sigmoidoscopy, ureteral stent placement 
prior to surgery, preparing blood products. 

5. Consultation of other specialties.

Once in the operating room, approximately 50% of complications related to lapa-
roscopic surgery occur during the initial entry [14]. There are several different entry 
 techniques, including closed (Veress), open (Hasson), direct visualized trocar entry, 
and more. Please refer to Chapter 6 (“Laparoscopic entry techniques”) for more 
details. In general, it is advantageous to enter at virginal areas of the abdomen or 
nonclassical incisions in order to decrease injury. These entry points include the LUQ 
at Palmer’s point or supraumbilical.

Two principles are critical for safe laparoscopic surgery, particularly with adhe-
sive disease: knowledge of relevant anatomy and sound surgical technique. 

Upon entry, identify landmarks and their relationships within the pelvis. At this time, 
the extent of adhesions and distortion of the anatomy can be assessed and adhesiolysis 
may be required. Principles of adhesiolysis include following natural tissue planes, trac-
tion-countertraction, and using blunt and sharp  dissection over energy to avoid thermal 
injury [15]. Dissection should be performed millimeter by millimeter; this allows for good 
orientation, control of instruments, and technique, time to evaluate, quick control of 
bleeding and early identification of injury. Good  surgical dissection utilizes the follow-
ing techniques: (1) grasp and tent—elevates tissue away from vital structures; (2) push-
spread—thins out tissue to visualize  structures; (3) gentle wiping/teasing—further thins 
out tissue; and even (4)  hydrodissection—helps dissect into potential spaces [16].

In a difficult frozen pelvis, it may be useful to also consider robotic technology, 
which has advantages such as improved ergonomics, three-dimensional visualiza-
tion, improved dexterity and range of motion, and tremor filtration [17].

In cases with frozen pelvis, the retroperitoneal approach can be key to success 
where major vessels and the ureters can be identified. Entry includes isolating and 
transecting the round ligament to develop the retroperitoneal space while proceeding 
cephalad parallel to the infundibulopelvic ligament. It is then imperative to under-
stand the retroperitoneal spaces (Box 7.3 and Fig. 7.2) [12, 16, 17]:

 – The paravesical space is bordered anteriorly by the pubic bone, medially by the 
bladder, laterally by the fascia of the obturator internus muscle and posteriorly 
by the cardinal ligament/parametrium with the uterine artery. It includes impor-
tant landmarks such as the external iliac vessels, obturator space, and nerve and 
the hypogastric nerve. 

 – The pararectal space has the ureter and rectum as the medial border and the 
internal iliac arteries as the lateral border. The sacrum is inferior, while the car-
dinal ligament separates it from the paravesical space anteriorly. The space con-
tains the uterosacral ligament. 
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 – The Okabayashi space is created after dissecting the peritoneum from the ureter 
and mobilizing the peritoneum medially toward the rectum. The space is then 
bounded by the ureter laterally and the peritoneum medially. This space includes 
the hypogastric nerve to be identified and preserved in nerve-sparing radical 
hysterectomy.

 – The rectopubic space of Retzius is located behind the pubic symphysis and in 
front the bladder.

 – The vesicovaginal space is a potential avascular space between the posterior 
aspect of the bladder and the anterior aspect of the vagina. The bladder pillars 
are located laterally, where the vesical arteries, veins, nerves, and ureters pass on 
the anterolateral surface of the upper vagina. Development of the vesicovaginal 
space allows direct access to the bladder, cervix, vagina, and distal ureters. 

Box 7.3: Pelvic retroperitoneal spaces. 

Lateral:
 – Paravesical
 – Pararectal
 – Okabayashi

Midline:
 – Retropubic
 – Vesicovaginal
 – Rectovaginal 
 – Presacral

Fig. 7.2: An illustration demonstrating the pelvic retroperitoneal spaces and relevant anatomical 
landmarks. Please refer to text for further details.
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 – The rectovaginal space is bounded by the cul-de-sac peritoneum and the utero-
sacral ligaments superiorly and the peritoneal body inferiorly. The iliococcygeus 
muscles are the lateral borders. 

 – The presacral space boundaries include the rectum, sacrum, uterosacral liga-
ments, and levator ani muscle. The right lateral border is the common iliac artery 
and ureter and the left lateral border is the common iliac vein and left ureter. 
This space contains the middle sacral artery and veins, sacral venous plexus, and 
hypogastric nerve plexus.

Last, our aim should be adhesion prevention whenever possible. Surgical tech-
niques to limit adhesion formation include gentle tissue handling, meticulous 
hemostasis, irrigation, minimal use of energy, avoidance of excessive suturing, and 
less foreign materials. Other adjunct treatments include drugs to decrease the adhe-
sion producing inflammatory cascade and barrier agents that separate the serosal 
surfaces during wound healing [16, 18]. Please refer to Chapter 9 (“Adhesions after 
laparoscopic and hysteroscopic surgery, prevention, and treatment”) for additional  
information.

7.3 Large uterus or pelvic mass

The decision for laparoscopic versus open approach for a large uterus or pelvic 
mass depends on factors including the size and shape. However, there are no defi-
nite  cut-offs. Several reviews and case reports suggest that MIS can be successfully 
adopted by experienced surgeons for virtually any mass size. Potential challenges 
include limited range of motion, obstructed field of view, impeded access to uterine 
vascular pedicles and other adjacent structures, and difficult extraction.

To increase success, the following recommendations should be followed. First, 
one may consider obtaining an MRI to better assess the size, the number, and the 
location of fibroids if present. Second, primary entry may not be feasible at the level 
of the umbilicus and a supraumbilical or LUQ approach may be required. The size and 
shape of the large uterus or mass should also be taken into account for accessory port 
placement. Third, using a 30-degree angle scope over 0 degrees can improve visu-
alization around the corners of the pathology. Fourth, the use of a myoma spiral and 
robust uterine manipulator increases maneuverability. Fifth, to help decrease blood 
loss, one could ligate the uterine pedicle as the first step of the hysterectomy [19, 20]. 
The last challenge in these cases is removal of the large uterus and/or pelvic mass. 
This can be performed vaginally versus abdominally with morcellation, typically 
using a contained tissue extraction system. Please see Chapter 11 for more details on 
morcellation.
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7.4 Difficult insufflation and positioning

Gynecologic laparoscopic surgery requires pneumoperitoneum and Trendelenburg 
positioning for visualization and exposure, safe trocar placement, and adequate 
space to perform the procedure at hand.

Pneumoperitoneum is obtained with insufflation of gas, usually CO2, with 
pressures of 15 to 20 mmHg into the peritoneal cavity. The result of this increased 
abdominal pressure causes compression of vessels (including the inferior vena cava) 
and organs in the abdomen, leading to a reduction in venous return with subse-
quent decreased cardiac output and increased systemic vascular resistance. Also, 
the increased intraabdominal pressure triggers elevation of the diaphragm, which 
impedes expansion of the lungs, leading to decreased functional residual volume. 
This can produce atelectasis in the basal areas of the lungs, which then become 
underventilated, resulting in hypoxemia [21]. Pneumoperitoneum also induces hyper-
capnia by systemic absorption of the carbon dioxide [21, 22]. 

Trendelenburg positioning can also have unfavorable outcomes. Steep position-
ing can decrease venous return from the head, causing increased intracranial and 
intraocular pressures [21, 23]. In terms of pulmonary adverse effects, Trendelenburg 
exacerbates the already decreased functional residual volume, lung volumes, and 
lung compliance [21]. 

Cardiovascular and respiratory complications secondary to insufflation and 
positioning include arrhythmias, subcutaneous emphysema, pneumothorax, gas 
emboli, and even cardiac arrest [21, 22]. In these situations, it is imperative for 
the surgeon and anesthesiologist to work in collaboration to achieve an optimal 
outcome. More recent data suggest the utility of a low pressure pneumoperito-
neum without any significant difference in visualization, operative time, estimated 
blood loss, or intraoperative complications, including conversion to laparotomy 
[24]. In  addition, successful laparoscopic surgery can be achieved at a decreased 
 Trendelenburg angle [25].

7.5 Conclusion 

MIS is now the standard of care in gynecology due to its proven benefits. However, 
increasingly challenging cases require highly trained surgeons, possible only 
through adequate operating room training and simulation exercises. With the limited 
number of surgeries, residency programs should incorporate more simulation-based 
curricula. Furthermore, there is evidence that the current trainees may be differ-
ent from past trainee due to factors including video and computer games [26, 27]. 
There is also evidence that laparoscopic and robotic simulation skills training cross 
over [28].  Multiple studies have proven that simulation training leads to significant 
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improvements in the operating room [29–31]. Unfortunately, some data suggest that 
only 60–70% of programs teach laparoscopic skills and only 59% were satisfied with 
their  training  [32]. This is a huge area for improvement as the field of minimally 
 invasive gynecologic surgery continues to grow. 
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8  Adhesions after laparoscopic and hysteroscopic 
surgery, prevention, and treatment

8.1 Introduction

Peritoneal adhesions (PAs) are connective tissue bands between two normally 
 separate  anatomical structures within the abdominal or pelvic cavity and are the 
most  common complication after gynecological as well as other abdominal and 
pelvic surgeries in men and women (Fig 8.1). They lead to clinically and economically 
significant consequences and negatively influence the quality of health of affected 
people  [1]. Though physicians are aware of PA, critical steps in their pathophysiol-
ogy remain unidentified and their impact on morbidity is often ignored. Hence, the 
disease has been dubbed the “ignored iceberg of medicine” [2]. PAs are of consider-
able importance in women’s health, due to the relationship of PA to chronic pelvic 
pain (CPP), infertility, and repeated readmissions. Despite adhesiolysis being the only 
treatment option, the clinical benefit of adhesiolysis as part of the management of 
pain syndromes is still controversial and most patients will not be  operated. In this 
chapter, we will outline the current knowledge of the pathophysiology, the clinical 
aspects, the importance of surgical technique and the role of the minimal invasive 
surgery in the diagnosis and treatment of adhesion-related pain and infertility. Finally, 
we present an outlook on available methods to avoid or reduce the recurrence of PA. 

8.2 Pathophysiology

To understand the development of permanent PA, it is necessary to take a closer look 
at mesothelial repair. It was first noted in 1919 by Hertzler [3] that both small and large 
peritoneal injuries healed at the same time, and healing differs from healing of inju-
ries to squamous epithelium, where proliferating cells migrate from the edge of the 
wound inward. Several different theories have since been proposed for mesothelial 
repair, including: 

 – Centripetal migration of mesothelial cells
 – Macrophage transformation [4] 
 – Exfoliation of mature or proliferating mesothelial cells from adjacent or opposing 

surfaces [5]
 – Preexisting free-floating serosal reserve cells [4]
 – Subserosal mesenchymal precursors [6]
 – Bone marrow-derived circulating precursors 

https://doi.org/10.1515/9783110535204-008
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Research has failed to find support for most of those theories, and the exact mech-
anism of mesothelial regeneration is still controversial [7]. However, those studies 
have given us a better understanding of peritoneal healing: Both the parietal and 
visceral peritoneum are dynamic membranes involved in homeostasis of the perito-
neal cavity and consist of two layers each: a one cell layer thick mesothelium and a 
submesothelial layer containing fibroblasts, macrophages, and blood vessels. After 
injury, platelets attach within minutes through the activated coagulation cascade, 
which also attract mesothelial cells, macrophages, neutrophils, lymphocytes, and 
fibroblasts. Together, these cells form a fibrin gel matrix, fixating opposing sites to 
each other. Under normal conditions, the gel matrix is eliminated through a fibrino-
lytic sequence initiated by plasmin, while mesothelial and fibroblastic cells prolifer-
ate over the surface, reestablishing normal peritoneum [8]. The “metabolism” of PA 
is a time-dependent process. If fibrinolysis is not completed after 3 days, for example 
as a result of residual blood, damaged mesothelial cells or prolonged inflammation, 
mature fibroblasts form permanent PA [9], which cannot be fibrinolyzed. However, 
the properties and capabilities of cells initiating the mesothelial and fibroblastic pro-
liferation have not been characterized as of yet. Multipotent cells have been postu-
lated, with a stem cell or mesenchymal stromal cell population being the most likely 
candidates.

Contrary to the general assumptions of PA as mostly nonfunctional scar tissue, 
close examination, and histologic reports show them to consist of mostly vascular-
ized collagen and adipose tissue, with smooth muscle and even myelinated and 
demyelinated axons.

Fig. 8.1: In the foreground, a cohesive adhesion from momentum to abdominal lining is visible. In the 
background, there is a flimsy adhesion from abdominal wall to the round ligament of the uterus.
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8.3 Role of mesothelial cells

Mesothelial cells play a crucial role in the development of PA. They are actively 
involved in local fibrin deposition and clearance in the serosal cavities, having both 
procoagulant and fibrinolytic activity, and play a role in preventing and  removing 
fibrin deposits after mechanical injury or infection. Their role in the development 
of PA remains unclear, but recent studies showed evidence for a dedifferentiation 
process during prolonged healing, called the mesothelial to mesenchymal transi-
tion (MMT). MMT is similar to the endothelial to mesenchymal transition that has 
been observed in fibrosis in peritoneal dialysis patients. In the MMT model, mesothe-
lial cells lose their apico-basal polarity and dedifferentiate toward a fibroblast-like 
 phenotype that allows them to migrate and the capacity to synthesize extracellular 
matrix components, replacing mesothelial with fibrous tissue [10]. The mechanism 
explains the way fibroblastic strands develop during prolonged wound healing but 
does not provide a full understanding of the pathological  induction of PA. 

8.4 Role of stem cells

The idea of a precursor population, be it of stem cell, mesenchymal stroma cell, or 
another origin, has been consistently proposed and discussed in theory. However, 
the lack of convincing data allowed for multiple interpretations, from migrating bone 
marrow-derived stem cells to hematopoietic-derived mesenchymal stroma cells to 
subserosal stem cells and more. The discovery of structures from different cell types 
(muscle, nerve, fat) in mature PA (see pathophysiology) led to a closer characteriza-
tion of submesothelial cell populations, which showed positive markers for multiple 
germ layers [11]. This argues the case of a local multipotent precursor population as 
the key to adhesion formation during prolonged regeneration, although research in 
this field is ongoing and a causal or lineageal link between precursor cells and PA has 
not been identified. 

8.5 Physician awareness

A 2014 study analyzed 414 gynecological surgeons from the UK, Germany, the 
 Netherlands, and Italy [12]; 70.8% considered PA a source of major morbidity. About 
half stated that PA represented a major part of their daily work. Two thirds informed 
their patients about the possibility and risks of adhesion formation. While 60% knew 
the recommended surgical techniques to reduce PA, only 44% used an antiadhesion 
agent. Consequently, the PA working group of the European Society for Gynecological 
Endoscopy (ESGE) recognized PA as the most frequent complication of abdominopel-
vic surgery with heightened morbidity, mortality, and cost, as the leading cause of 
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bowel obstruction and an important cause of subfertility, pain, etc. [13] and, among 
others, demanded higher awareness by surgeons, healthcare workers, budget holders, 
and policy makers and better counseling and information of patients. 

8.6 Who is at risk of PA?

Well-known personal risk factors for PA formation include endometriosis, prior pelvic 
or abdominal surgery, history of pelvic inflammatory disease, history of ectopic preg-
nancy, inflammatory bowel disease, perforated visceral organ, peritonitis, abscesses, 
diverticulitis, anastomotic leaks, carcinomatosis, radiation therapy, and long-term 
peritoneal dialysis [18, 19]. Of those, endometriosis is the most influencing factor on 
adhesion formation, even of greater influence than the number of previous surgeries. 
At least 10–28% of women who underwent laparoscopic surgery because of CPP have 
never had any operation [20, 21].

8.7 Influence of the surgical approach in adhesion formation

When trying to establish surgical techniques to prevent postsurgical adhesion for-
mation, laparoscopic interventions were postulated to be superior to open surgery, 
because of the smaller injury to the peritoneal lining, the smaller disruption of the 
moist environment, decreased contact with the peritoneal surface and minimal expo-
sition of the peritoneum. Contrary arguments were the adhesiogenic effect of CO2 by 
induction of bulging of the mesothelial membrane cells and local acidosis [14–16] and 
the incorporation of the complete abdomen, compared to focal peritoneal opening in 
most open surgeries. Reviewed clinical studies demonstrated laparoscopy producing 
fewer and less thick PA when compared to laparotomic surgeries for identical dis-
eases [17]. Secondly, laparoscopic procedures achieved fewer reemergencies of PA in 
adhesiolysis operations when compared to open surgery in animals. 

The surgeries with the strongest correlation are endometriosis excision, hysterec-
tomy, ovariectomy, appendectomy, gastrectomy, cholecystectomy, colostomy, abdom-
inoperineal resection, and vascular procedures [19, 22, 24]. The majority of patients 
(38–55%) will form PA on the ovary, genital tract, and bowel [25]. 

The incidence of PA is related to the surgery approach, with laparotomy 
being more adhesiogenic than laparoscopy (p < 0.000, 95% confidence interval [CI], 
1.02–1.99), regardless of whether clean or dirty [20]. Midline incisions result in more 
PA than all types of incisions performed for obstetric surgery [20, 26]. In the same way, 
new minimal invasive techniques via natural orifice transluminal endoscopic surgery 
or robotics exhibit low PA in animal models, but more studies are required to confirm 
this in humans [27]. 
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A recent literature review with a consequential proof-of-principal clinical trial 
showed that the rigorous exercise of all minimally invasive principles, which are (1) 
atraumatic tissue handling, (2) prevention of hypoxia, reactive oxygen species, des-
iccation, and local inflammation, together with (3) the use of antiadhesive barriers, 
resulted in nearly complete prevention of PA, questioning whether the high incidence 
of PA on a population level could be mostly due to inappropriately or outdated surgi-
cal techniques [9]. 

8.8 Complications and clinical significance

As a result of PA, patients exhibit a range of sequelae, including infertility, CPP, small 
bowel obstruction, reinterventions, difficulties or inadvertent bowel injury at reoper-
ation or during adhesiolysis, extended reintervention times, and prolonged hospital 
stays, and it could produce difficulties to apply minimally invasive surgery in further 
surgeries. In addition, managing these sequelae requires high costs from patients and 
the health system [23, 28]. Less commonly, PA could produce bladder dysfunction and 
urethral obstruction and interfere with intraperitoneal therapies [21].

In relation to infertility, PAs are responsible for 20–40% of secondary infertil-
ity cases in women [23]. A meta-analysis including 10 studies with 1004 women 
[24] found that after colorectal surgery for inflammatory bowel disease, only 50%  
(37–63%) of women achieved a pregnancy up to 158 months after surgery vs. 82% 
(70–94%) in nonoperated women.

Additionally, PAs increase the risk of intestinal injury during open (19%) and  
laparoscopic (10–25%) reoperations. In a big case series, enterotomy occurred in  
3.7–7.9% of cases when adhesiolysis was performed during gastrointestinal (8.7%) 
and gynecological (4.8%) surgery. However, in comparison with open surgery, the 
incidence of intestinal injuries is significantly lower during laparoscopic adhesiolysis 
(odds ratio [OR], 0.21; CI, 0.05–0.90) [24]. 

Probably, the most expensive complication of PA is readmissions, but the 
chance of readmission is equal after laparotomy and laparoscopy. Specifically, in 
women, previous ovarian surgery and hysterectomy harvest the greatest risk of read-
mission [29]. It is expected that 5–30% of operated patients will be readmitted within 
10 years after an extensive open surgery, greater with bowel obstruction (74% of 
cases) after lower gastrointestinal tract surgery, urological surgery, or abdominal 
wall surgery [20, 28, 30, 31]. However, the incidence of intestinal obstruction is lower 
after laparoscopic procedures (OR, 0.38%; CI, 0.16–0.91). In addition, bowel obstruc-
tion cases are responsible for long hospital stays (mean 7.8 days) and 1.9–3.0% of 
patients will die as a result of this obstruction [24]. The cost of readmission in the 
United Kingdom is estimated to be circa £24.2–95.2 million at 2 and 5 years after 
surgery, respectively [23]. 
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8.9 Chronic pain

In CPP, it is often unclear if PAs are the primary or secondary etiology of the pain 
[19, 30]. PAs were identified as cause of pain in 57% (47%–67%) of patients with a 
previous surgery and in 40% (34%–47%) of patients after a gastrointestinal surgery 
for adhesive small bowel obstruction. The highest pain scores are found when the 
filmy PAs involve movable structures like ovaries or peritoneum, but fixed or dense 
PAs, independent of their location, have the lowest pain scores [32]. Nevertheless, 
PAs are not a common cause of chronic pain in men, and there are women without 
pain who exhibit PA at laparoscopy, even with evidence of nerve fibers within the 
PA [19]. Pain in patients identifying as colic is mostly due to obstruction and possi-
ble ischemia, while chronic pain could stem from the peritoneal lining, the PA itself 
or traction executed on organs due to PA. To distinguish these entities, multiple 
surgeries have been conducted on awake patients under local anesthesia, showing 
that pain was produced by touching the peritoneal lining and PA between movable 
organs. Touch or traction on dense PAs or PAs that do not limit movement of organs 
did not produce pain. As chronic pain syndromes often have multiple moderators, 
such as socioeconomic status and plastic changes in the peripheral and central 
nervous system, a single causative pathway has not been found. Studies have shown 
pain score to decrease in up to 70% of chronic pain patients who underwent adhe-
siolysis, with 29% being pain free [33]. Disappointingly, initial improvements seem 
to be relatively short-lived, as most studies show pain-free intervals of less than 
2 years, which can be explained by an extremely high tendency of PA to recur in up 
to 97% of cases [34]. 

8.10  Classification/adhesion risk scores: pre- and  
intraoperative scores

Efforts have been made in order to establish a classification and standard index to try 
to predict and to manage PA. They could be classified as PA formed at operative sites, 
de novo at nonoperative sites or formed after the lysis of previous PA, as in the clas-
sification proposed by Diamond et al. [18].

Based on the macroscopic appearance and their extent to the different regions of 
the abdomen, Coccolini et al. [2] proposed a PA index in 2013, ranging from 0 to 30, 
according to specific scoring criteria based on a precise description of the intraab-
dominal condition. This index is a unique system which helps physicians to evaluate 
patients and compare their conditions after successive surgeries. 

However, the mentioned classifications are not useful in distinguishing who is 
at risk of developing PA. Therefore the Anti-Adhesions in Gynecology Expert Panel 
(ANGEL) [35] has developed an adhesion risk score (ARS), with the aim to provide 
a simple tool that will enable gynecologists to routinely identify women at risk of 
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postsurgical PA. This tool is also useful to facilitate the preoperative assessment and 
informed consent process as well as to make intraoperative clinical decisions.

The ARS questions 10 preoperative and 10 intraoperative risk factors. The Pre-
operative Risk Score can range from 0 to 36, identifying the risk prior to surgery, and 
the Intraoperative Risk Score, ranging from 3 to 31, identifies the risks during surgery. 

According to the total pre- and intraoperative scores, surgeons are able to identify 
women at low, medium, and high risk of postsurgical PA (Tab. 8.1) and adapt the sur-
gical technique with or without using an antiadhesion agent.

8.11 Adhesiolysis

To relieve the patients’ symptoms, PA can be removed by open or laparoscopic surgery, 
but the literature about success rates is variable; cases of chronic recurrent or acute 
small bowel obstruction (SBO), however, resolve with a conservative treatment in up 
to 85% of cases [36]. In contrast, other series reported that adhesiolysis is performed 
in 46% of patients with radiographic and clinical findings of bowel obstruction and 
CPP secondary to PA [21, 30]. Undeniably, the indications for immediate surgical 
intervention are failure of conservative management, increasing pain and progressive 
dilatation of bowel loops, a sign of peritonitis or sepsis [37]. 

Interestingly, McClain et al. (2011) identified that pain resolves quickly when an 
organ is repaired or resected with the immediate resolution of a partial SBO or after 
removal of endometriosis foci [38]. In contrast, adhesiolysis alone needs several 
months to relieve pain, suggesting an involvement of the spinothalamic pathway, 
like observed in phantom pain after amputation. Specifically after excision of endo-
metriosis, the pain relief and improvement in quality of life persist up to 5 years, and 
the return of pain (21.5% at 2 years and 40–50% at 5 years) is not always a sign of 
clinical recurrence [25]. On the other hand, the benefit of adhesiolysis in infertility 
is clear, particularly when it is related to minimal and mild endometriosis, accord-
ing to the revised classification of the American Society of Reproductive Medicine 
(r-ASRM I/II). In the meta-analysis by Jin et al. (2014), laparoscopic surgery improves 
pregnancy rates and live births in comparison with diagnostic laparoscopy [39] 
(RR,  1.52;  95% CI, 1.26–1.84, p < 0.01), with a 1-year cumulative pregnancy rate of 

Tab. 8.1: Ranges and thresholds of low, medium, and high risk of formation of postsurgical PA 
achievable in women undergoing gynecological surgery.

Level of risk Preoperative risk score Perioperative risk score

Low risk 0–12 3–17
Medium risk 13–24 18–28
High risk 25–36 29–31
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28.7% (CI, 24.7–33.4). Particularly, excision of endometriomas shows better results 
in pain relief, pain recurrence, fertility, and subsequent spontaneous pregnancy, in 
comparison with ablation or drainage alone [25].

As regards to the technique of adhesiolysis, laser was initially used because of its 
theoretical advantages of precision and minimal lateral tissue damage, but further 
investigations do not confirm its superiority compared with electrocautery or har-
monic devices [21]. Meanwhile, laparoscopic adhesiolysis has become popular and 
safer in virtue of intrinsic advantages of minimal invasive techniques and patient 
selection criteria. These advantages offer the opportunity to perform it even in some 
cases of chronic [36] and acute SBO [25, 37] with a success rate of 38–87% and pain 
recurrence rate up to 26% [34]. Obviously, patients with contraindication for general 
anesthesia are not candidates for laparoscopic adhesiolysis.

Regardless whether laparoscopic or open adhesiolysis is used, surgeons should 
be aware of possible complications during surgery, such as injury of intestines (occur-
rence rate: 5.5%), bladder, uterus, or vascular structures. These could be minimized 
using subcostal entry, the Hasson technique of “open trocar placement,” handling 
bowel loops gently, and using atraumatic instruments. A laparoconversion should be 
made when those precautions are not guaranteed or in the presence of fused loops, 
extremely dense PA, or unclear anatomy. A conversion threshold in 4–32% is reported 
for cases of acute abdomen secondary to SBO treated by laparoscopy, a morbidity rate 
between 4% and 75%, and mortality rate of 0.4–25%, but with only 0.5% of recurrent 
ileus, whereas it presents in 3–5% of cases managed by open surgery [37]. 

8.12 Prevention of PA

For the purpose of adhesion prevention during gynecological surgery, the European 
field guideline from the ANGEL group [23] has recommended six basic rules to con-
sider in every single case of adhesiogenic surgeries, that is, adhesiolysis, myomec-
tomy, ovarian, and tubal procedures (Tab. 8.2). As a result, the risk of CPP, infertility, 
and inadvertent enterotomy in subsequent surgeries could be minimized. 

As mentioned, in combination with the principles of good surgical techniques, 
adhesion reduction agents could be considered for adhesion prophylaxis, taking into 
consideration their safety, efficacy, manageability, and costs. However, they are not 
capable of compensating for extensive tissue damage during surgery and cannot com-
pletely eliminate the recurrence of PA. 

Different pharmacological agents such as steroids, heparin, gonadotropin releas-
ing hormone analogues, nonsteroidal anti-inflammatories, antihistamines, growth 
factor inhibitors, vitamin E, colloids, and crystalloids alone or in combination have 
been tested, but none of these agents proved to be effective in adhesion reduction 
because they do not reach surgical sites, do not stay long enough or do impair normal 
re-epithelialization [27].
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In contrast, nonpharmacological agents are available as films, gels, or fluids, most 
of them having the ability to separate traumatized peritoneal surfaces, acting as  
barriers and anti-adhesion agents after surgery, being more effective than no treat-
ment in reducing the risk of postsurgical PA [40]. For example, in a retrospective 
analysis of 48 patients who initially had laparoscopic excision of pelvic endometrio-
sis foci, 97.3% did not have PA at second look [41] when a combination of a highly 
experienced surgeon, good surgical technique, and application of an antiadhesion 
agent was used. However, the necessity of an additional major procedure at the time 
of peritoneal excision was associated with filmy PA (8.7% of cases). 

In addition to reducing PA, the Surgical and Clinical PA Research study [42] proved 
that barrier agents reduce the cumulative costs over 3 years, with a 26–60% reduction 
of readmission related costs. However, this study was conducted between 1986 and 
1996, and many new efficient, safe, and easy-to-use substances have become avail-
able; thus, the economic impact could be greater. 

There is, however, a lack of comparative studies of superiority between them, 
and there is no conclusive evidence on the effects of barrier agents used during pelvic 
surgery on either pain or fertility outcomes in women of reproductive age, although no 
adverse events directly attributed to the adhesion agents have been reported [40]. For 
example, the new ADBEE system, a gel composed by a dextrin polymer, has proved to 
be as safe as a standardized surgical myomectomy [43].

Hence, surgeons should be informed about the risk–benefit profile of each product 
and use it after high-risk-of-adhesion surgeries such as myomectomy, tubal surgery, 
ovarian cystectomy, fertility surgery, extensive endometriosis surgery or adhesiolysis 
[13, 18, 44], irrespective if laparoscopic or open surgery. 

Moreover, surgeons should routinely discuss with their patients the personal 
and procedural risks of PA by means of a written consent form, mainly those with 
obesity, preexisting PA or medical conditions. Nevertheless, only 44% of German 
doctors discuss it and 39% of patients felt satisfactorily informed; consequently, most 

Tab. 8.2: ANGEL’s rules of postoperative adhesion prevention in gynecological surgery.

The risk of PA should be systematically discussed with any patient scheduled for open or 
laparoscopic abdominal surgery prior to obtaining his/her informed consent.
Surgeons need to act to reduce PA in order to fulfill their duty of care toward patients undergoing 
abdominal surgery.
Surgeons should adopt a routine adhesion reduction strategy at least for patients undergoing high-
risk surgery.
Good surgical technique is fundamental to any adhesion reduction strategy. 
Surgeons should consider the use of adhesion reduction agents as part of the adhesion reduction 
strategy.
Good medical practice implies that any serious or frequently occurring risks be discussed before 
obtaining the patient’s informed consent prior to surgery. 
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patients are not informed adequately about PA, their complications, and measures to 
avoid them, leading to successful negligence lawsuits against physicians [45].

Consequently, patient awareness is of utmost importance to avoid legal conse-
quences of complications secondary to PA, which could be realized by means of a 
leaflet that presents appropriate, patient-orientated information on PA: nature, health 
risks, long-term consequences, and methods of prevention. Moreover in patients with 
prior operations, giving the high risk of complications derived of the existing PA and 
the necessity to perform an adhesiolysis [46]. 

8.12.1 Intrauterine adhesions

Intrauterine adhesions (IUAs) were first described by Joseph Asherman in 1948 and 
are also commonly referred as intrauterine synechiae [47, 48]. They develop mainly 
as a result of trauma during uterine surgery, including D&C, polypectomy, myomec-
tomy or uterine septum removal, uterine artery embolization, or uterine compres-
sion sutures for the management of postpartum hemorrhage. IUA could also develop 
after local infections, prolonged use of an intrauterine device (IUD) or pregnancy. 
The underlying pathophysiology is mechanical disruption of the endometrial basalis 
layer that prevents normal endometrial regeneration and leads to subsequent appari-
tion of fibrous connective tissue bands with or without glandular tissue, ranging from 
filmy to dense [47].

The risk of IUA is related to the type of procedure, being lower for those limited 
to the endometrium, like polypectomy, and higher for those involving opposing sur-
faces or entering the myometrial layer. Using electricity for tumor resection or blind 
removal of gestational tissue also increases the risk of IUA [48]. Due to the resection 
of extensive areas of endometrium during myomectomy, adhesions develop as soon 
as 1–2 weeks after surgery and is associated with the number of fibroids resected, 1.5% 
after a solitary myoma resection and up to 78% after resection of two or more oppos-
ing myomata [47]. 

IUAs are usually suspected and diagnosed 1–3 months after a procedure and 
could be symptomatic or not. Asymptomatic synechiae are of questionable clinical 
significance, while partial obliteration of uterine cavity results in abnormal uterine 
bleeding, chronic dysmenorrhea, female infertility or recurrent miscarriages, referred 
to as Asherman’s syndrome [48]. Hematometra occurs in cases of obliteration of cer-
vical os. Complete uterine cavity obliteration by synechiae leads to secondary amen-
orrhea. In addition, it is reported that high blood flow impedance of spiral artery in 
patients with IUA could impair implantation or lead to poor obstetric outcomes [47]. 

Salpingohysterography (SHG), hysterosonography (HSG) and tridimensional 
ultrasound (3D-US) imaging are useful for their diagnosis, hysteroscopy being the 
standard method for final diagnosis and simultaneous treatment [47, 48]. Conventional 
transvaginal ultrasound fails to demonstrate the IUA extension, with a sensitivity 
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of 52% and specificity of 11% in comparison to hysteroscopy. Transcervical uterine 
sounding could reveal cervical obstruction and adhesions located near the internal 
os, but not those laterally or located higher. Compared with hysteroscopy, HSG has a 
sensitivity of 75–81% and positive predictive value of 43% and false-positive rate of 
39%, limiting its use for IUA diagnosis; SHG has a sensitivity of 75% and positive pre-
dictive value of 50%. Moreover, both methods fail to demonstrate endometrial fibro-
sis and extent of adhesions but are reasonable alternatives. New techniques, such as 
3D-US and 3D-SHG have higher sensitivity of 87% and 70% and specificity of 45% and 
87%, respectively. Magnetic resonance and Doppler sonography are not well studied 
and are therefore not recommended for routine use [47].

After evaluation of IUA, use of a classification system is recommended, as the 
severity of the disease is related to prognosis. In 1989, the European Society of Hyst-
eroscopy created a classification based on the extent of IUA at hysteroscopic evalua-
tion [47]. Other classifications have incorporated a combination of clinical symptoms, 
menstrual characteristics and hysteroscopic and HSG findings, and postoperative 
pregnancy rates. An international classification system of IUA is still lacking [48]. 

Because of the absence of malignancy potential of uterine synechiae, expectant 
management is an option. It is reported that 78% of women resume menstruation and 
45% get pregnant within 7 years after diagnosis [48]. Surgical treatment is recom-
mended for symptomatic women or with fertility desire. The aim of therapies is to 
alleviate the symptomatology and enhance the fertility potential by communicating 
the uterine tubes, the uterine cavity, and the cervical canal [48]. 

Adhesiolysis is the treatment of choice to restore the shape and volume of the 
uterine cavity and cervical canal permeability. With the increasing availability of 
hysteroscopy, cervical probing and D&C have been abandoned because they do not 
provide information about the severity of IUA and also carry a higher risk of uterine 
rupture and further endometrial damage during the procedure. Hysteroscopy has 
various advantages [47, 48], such as direct vision and magnification, which allow a 
precise lysis, cutting, and hemostasis and distention through gel or saline solution. 
However, lateral and severe IUAs increase the potential of uterine perforation and 
visceral damage during adhesiolysis. Mechanical cutting and adhesion division by 
means of scissors or needle are preferred to electrosurgical lysis to reduce the risk of 
endometrial damage and IUA reformation [48]. The 2017 AAGL-ESGE guidelines for 
the surgical management of IUA are available from Gynecological Surgery (2017) [48]. 

Unfortunately, de novo IUAs occur in 3–24% after lysis of mild IUA and in 30% 
to 66% of cases after lysis of severe IUA [49, 50]. Different measures have been tested 
to reduce the incidence of de novo IUA after adhesiolysis, including placing a plastic 
stent, a Foley catheter balloon, an IUD, fresh human amniotic membrane grafts or 
an antiadhesion barrier, which keep uterine walls apart, as well as hormonal sup-
plementation. However, randomized controlled trials have shown no significant dif-
ferences in de novo adhesion formation or pregnancy outcomes after septoplasty 
followed by either no treatment, estrogens, a copper IUD, or a copper IUD plus 
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estrogen [47]. In addition, a meta-analysis [48] showed that 14–48% of cases exhibit 
recurrent IUA after the use of adjuvant measures, such as intrauterine balloon, poly-
ethylene oxide-sodium carboxymethylcellulose gel, hyaluronic acid gel and other 
antiadhesion barriers. When used in IUA-related infertility, it was found that no 
significant differences in live-birth rates between antiadhesion therapies and no 
treatment or placebo (OR, 0.99; 95% CI, 0.46–2.13; p = 0.98). But antiadhesion ther-
apies are associated with fewer IUAs at any second-look hysteroscopy when com-
pared with no treatment or placebo (OR, 0.36; 95% CI, 0.20–0.64; p = 0.0005) [48]. 
However, there is a lack of evidence in relation with their benefit on subsequent 
fertility and pregnancy rates. 

Prognosis and reproductive outcomes depend on type and severity of IUA. Patients 
with extensive endometrial destruction are usually unresponsive to treatments, and 
partial endometrial damage increases the risk for placenta accreata, postpartum hem-
orrhage, blood transfusion, and postpartum hysterectomy [47]. Normal menstrual 
pattern is restored in most of cases (81%). After adhesiolysis, full-term pregnancies 
are achieved by 70–80% of cases with mild to moderate IUA and by 20–40% of those 
with severe IUA, for an overall live-birth rate between 28% and 32% [47].

Further trials are favoring a second-look hysteroscopy within 2 weeks after surgery 
for early recognition and mechanical lysis of IUA before they achieve tensile strength 
[49]. The ongoing OPEN clinical trial is using a new transcervical, intrauterine ultra-
sound-guided radiofrequency ablation system (The Sonata® System, Gynesonics), 
which has been designed to minimize or avoid disruption of the endometrial layer. 
This trial will document the presence or absence of IUA after resection of submucous 
and/or transmural fibroids. 

8.13 Conclusion

As the most common complication of gynecological surgery, the development of PA 
is not fully understood, but key components, such as mesothelial damage, inflam-
mation, proximity, adhesiogenicity of different organs and time dependency, have 
been identified. Prevention is the single most important pillar in surgical practice, 
regardless of open or laparoscopic approach. The use of generally advocated surgi-
cal techniques in combination with barrier agents and the creation of a peritoneal-
friendly environment can greatly decrease the incidence of PA. Compared to open 
approaches, minimally invasive surgery is less adhesiogenic and associated with 
higher pregnancy rates, lower pain scores, and fewer adhesion-related sequelae. 
Moreover, laparoscopic adhesiolysis improves adhesion-related infertility and pain 
syndromes. Unfortunately, PAs virtually always reappear. Therefore, future research 
should focus on the treatment of existing PAs and the understanding of their patho-
physiology, to develop more effective antiadhesion substances. 
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Compared to PA, IUAs have limited clinical implications. Most of the typical 
sequelae (amenorrhea, dysmenorrhea, uterine cavity deformity) can very well be 
treated. Infertility, however, shows lower response rates to treatment and is inversely 
correlated to the severity of the disease, which can be attributed to the irreversible 
change of endometrial tissue to epithelial and connective tissue in the initial stage of 
the disease. As mechanical barriers and antiadhesive gels are available but compara-
tive studies on antiadhesive barriers and gels up to now are underpowered and of 
low quality, focus should be directed toward multicenter comparative analysis and 
the development of a classification of IUA as well as therapeutic options for their 
prevention. 
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9  Laparoscopy/robotically assisted simple 

hysterectomy procedure

9.1 Introduction

One in three women in the USA will have a hysterectomy before she turns 60 [1]. Since 
the Food and Drug Administration’s (FDA’s) statement in 2014 warning against power 
morcellation, the rate of any type of laparoscopic hysterectomy for benign indications 
decreased from 57.3% to 55.4% [2, 3]. As a consequence, postoperative morbidity rose 
in parallel with this change in practice [2, 4–6]. The data have been accumulating 
since the FDA’s warning that the risk and benefit ratio favors a minimally invasive 
approach versus open hysterectomy [2, 4–6]. 

In this chapter, we describe the step-by-step approach to robotically assisted/ 
laparoscopic simple hysterectomy and provide updated useful knowledge about 
 laparoscopic and robotically assisted hysterectomy practice for all professionals, 
especially general gynecologists, urogynecologists, and gynecologic oncologists.

9.2 Positioning the patient/uterine manipulator

After anesthesia, the patient is placed in the dorsal lithotomy position, and both 
of her arms are tucked in by passing a sheet under the patient, wrapping it around 
the arms, and then passing it back underneath the patient once again for traction to 
prevent the patient from sliding. The legs are placed in Allen stirrups (Allen Medical 
System, Acton, MA, USA). The skin is prepped below the breast line, down to the bilat-
eral knees, and laterally to the posterior axillary line.

To gain maximum exposure to the deep pelvic area, a 25-degree Trendelenburg is 
optimal. The robotically assisted Si model (DaVinci, Intuitive, Silicon Valley, Sunny-
vale, CA, USA) must be in the Trendelenburg position at the beginning of the surgery 
following the trocar placement. However, the robotically assisted Xi or laparoscopy 
can be adjusted to the Trendelenburg position, as required, at any time during the 
surgery.

Surgical team members should synchronize their duties before the docking 
process to decrease the operating time. For instance, while the uterine manipulator 
is placed by the surgeon, the scrub, circulating nurses, and assistant surgeon should 
be focusing the camera, light sources, and energy sources, as well as setting the gas 
tubes up.

Worldwide, the most commonly used uterine manipulators for hysterec-
tomy are the Advincula Delineator (Cooper-Surgical, Trumbull, CT, USA), V-Care  
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(V-CARE Standard, CONMED Corporation, Utica, NY, USA), and Rumi II (Rumi 
 Koh-Efficient, Cooper-Surgical, Trumbull, CT, USA). They all give the opportunity to 
manipulate the uterus and delineate the vaginal cuff properly. Using the appropri-
ate cup size is of paramount importance for effective use of the manipulator (or to 
get its full benefits during the surgery). A cup size that is too small for the cervix 
would compromise the delineation component. On the other hand, a cup size that 
is too large would increase the risk of ureteral injury. The Advincula Delineator and 
V-Care provide an additional advantage during the bladder flap creation. The handle 
of these two manipulators can be rotated 180 degrees to create a very prominent 
cervico-vesical delineation.

The balloon at the tip of the uterine manipulator will be insufflated with 7 mL 
of air in a normally sized uterus. Insufflation will facilitate manipulating the uterus 
as well as pulling and removing the uterus transvaginally after the uterus is fully 
detached. It is the authors’ opinion that fixing the uterine manipulator with anchor 
sutures on the cervix is not practical most of the time, especially for in-bag morcella-
tions in larger uteruses or when rotating the manipulator 180 degrees during bladder 
flap creation.

9.3 Trocar placement/instrumentation

Depending on the size of the uterus, surgeries additional to hysterectomy and the 
surgeon’s comfort level, total trocar numbers may vary from one to five. If a roboti-
cally assisted Si or laparoscopy technique is being used either in midline or at the 
Palmer point (located 2 cm below the left arcus costarium in the midaxial line), a 
5-mm optic trocar under direct visualization will be introduced. Entering with the 
5-mm laparoscopic scope in the beginning reduces the potential injury size to the 
surrounding organs. If a robotically assisted Xi is used, a 12-mm optic trocar under 
direct visualization will be the initial trocar choice at the Palmer point. Laparoscopic 
entry proceeds by using either a visual cannula Endoscopic Threaded Imaging Port 
(EndoTIP, Karl Storz GmbH & Co., Tuttlingen, Germany) or optical trocar VISIPORT 
(Covidien Surgical, Mansfield, MA, USA). First, the uterus should be pushed cephalad 
to its maximum level using the uterine manipulator. If a midline entrance is chosen, 
trocar entry should be 10 cm above the fundus of the uterus to give enough space 
for the camera to view the whole surgical field. Usually, the 8-mm robotic working 
trocars are placed lateral to the rectus abdominis muscle at the umbilical level. The 
Si model gives the flexibility to place robotic trocars in a W formation, which main-
tains a distance of 10 cm between each trocar (Fig. 9.1). The Xi model requires all the 
robotic trocars to be on the same line (Fig. 9.2). Unfortunately, finding a place for all 
four trocars in very thin patients can be problematic. However, the Xi model toler-
ates up to an 8-cm proximity in between the trocars. In our practice, a laparoscopic  
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Fig. 9.1: Robotically assisted trocar placement for the Si model.
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Fig. 9.2: Robotically assisted trocar placement for the Xi model.

12-mm trocar is placed on the left upper quadrant and a 5-mm trocar is placed on the 
left lower quadrant. If needed, another 5-mm assistant trocar will be placed at the 
umbilical level on the patient’s right side (Fig. 9.3).

Robotically assisted cases can easily be performed with lower abdominal pres-
sure, such as 11–12 mmHg. Maintaining pneumoperitoneum during the colpotomy 
might be challenging in patients with copious vaginal space. To overcome this effect, 
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either two separate insufflators running simultaneously or high flow insufflation will 
be helpful. Laparoscopic, robotic Xi, and robotic Si with side docking all provide a 
comfortable space between the patient’s legs for uterine manipulation.

In robotically assisted cases, EndoWrist® Monopolar Curved Scissors are  
commonly used on the right, with a bipolar grasper on the left. On the third robotic 
arm, the preferred forceps are usually a ProGrasp or Cardiere grasper. As needed, 
a traumatic grasper or suction irrigator may be used via the assistant trocar. The 
assistant trocar is also used to transport sutures, morcellation bags or Ray-Tec®  
(4 × 4) X-ray Detectable Sponges. Harmonic Ace® (Ethicon Endo-Surgery, Inc., 
 Cincinnati, OH, USA) and Enseal® (Ethicon Endo-Surgery, Inc., Cincinnati, OH, USA) 
are available for robotic use. Energy sources vary in laparoscopic use. None of them 
have significant advantages or disadvantages over the others, so it is the surgeon’s 
discretion to choose.

For robotically assisted single-site procedures, port placement is performed using 
a standard Hasson’s technique: A 2.0–2.5-cm midline intraumbilical incision is made 
and special da Vinci single-site port equipment is used for the Si model. The single-
site port has five lumens: four to hold cannulas and one for the insufflation adapter 
(Fig. 9.4). 

The da Vinci SP system is also available and fully designed for single-port proce-
dures that include three multijointed, wristed instruments and a fully wristed 3D HD 
camera. The instruments and the camera all emerge through a single cannula and are 
properly triangulated around the target anatomy to avoid instrument collisions.

5 mm

11 mm
SurgeonAssistant

5 mm

5 mm
(camera)

Fig. 9.3: Laparoscopic trocar placement.
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9.4 Step-by-step approach to simple hysterectomy

Pelvic space and the upper abdominal area will be explored initially during laparos-
copy. For ergonomic reasons, hysterectomy starts with transection of the round liga-
ment on the patient’s left side using a three-step approach:
Step 1—Using the plasma kinetic (PK)/bipolar cutting forceps, grasp, and coagulate 
the round ligament close to the uterus (Fig. 9.5).
Step 2—Grasp and coagulate the ligament 1 cm distal to the first bite (Fig. 9.6).
Step 3—Without letting the PK/bipolar go, use monopolar scissors to cut between 
the two previous bites to the tip of the PK/bipolar, simultaneously using sharp and 
cutting modes of the monopolar power (Fig. 9.7). 

This three-step rule naturally does not apply to other energy sources.
After completing the round ligament transaction, the PK/bipolar instrument is 

used to dissect the broad ligament parallel to the uterus anteriorly. Care is taken to 
avoid getting too close to the uterus to avoid injuring the ascending branch of the 
uterine vessels and to prevent unintended bleeding. When the dissection reaches 
the utero-vesical junction, it should turn at approximately a 90-degree angle toward 
the cervix (Fig. 9.8). The broad ligament dissection continues until reaching the 

Fig. 9.4: Robotic endoscopic single-site surgery.
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Fig. 9.5: Step 1, coagulating the left round 
ligament.

Fig. 9.6: Step 2, second line of coagulation, 
placed 1 cm away from the first bite.

Fig. 9.7: Step 3, transecting the round ligament 
with monopolar scissors.

contralateral round ligament (Fig. 9.9). The right-side broad ligament is coagulated 
and transected using same three-step technique. The only difference from the left side 
is that the  first-step coagulation is performed laterally to the uterus to prevent the two 
robotic arms from crossing each other. Then attention is turned to completing the 
bladder flap using monopolar scissors. The cutting power should be dropped to 20 W 
to prevent bladder coagulation injuries later. 

Using the uterine manipulator, the uterus is anteverted completely. After tran-
sectioning the round ligament, the broad ligament dissection is extended poste-
riorly. The posterior broad ligament dissection is usually performed parallel to the 
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Fig. 9.8: Broad ligament dissection turning at an approximately 90° angle at the utero-vesical 
junction.

Fig. 9.9: Broad ligament dissection to contralateral round ligament.
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infundibulopelvic (IP) ligament since this approach makes identification and dissec-
tion of the ureter easier if necessary. The IP or utero-ovarian ligaments are coagulated  
and transected with the same three-step technique. The posterior peritoneum is 
dropped to the lower uterine segment.

Special care should be given to skeletonization of both uterine vessels (Fig. 9.10). 
PK/bipolar is used to coagulate, not to transect, the ascending branch of the uterine 
vessels to prevent back bleeding. Uterine vessels should be coagulated after pushing 
the uterus maximally cephaled with the uterine manipulator to decrease the risk of 
ureteral injuries (Fig. 9.11).

Fig. 9.10: Skeletonization of the uterine vessels.

Fig. 9.11: Uterine manipulator pushed cephalad to increase the distance of ureters from surgi-cal field.
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Uterine vessels should first be transected inside the ring provided by uterine manipu-
lator. After transecting the uterine vessels, the vessel stumps are clamped away from 
the uterine lower segment toward the uterine manipulator ring, continuing until 
vessel bundles peel off outside the uterine manipulator ring (Fig. 9.12). 

At this point, the vaginal cuff will be delineated by the uterine manipulator ring, 
and it is safe to start the colpotomy since all the major vessels are transected and 
moved away from the incision area. The cut mode power on the monopolar scissors 
is increased to 40 W before cutting the vaginal cuff, using single blade of the scis-
sors to gain more precise cutting. If using a Rumi manipulator, the vaginal occluder 
balloon is filled with 60 cc normal saline. It is helpful to activate two separate insuf-
flators through the trocars to maintain pneumoperitoneum. The vaginal cuff is cut 
with monopolar scissors layer by layer using brush-stroke-type movements, which 
will help maintain the pneumoperitoneum until the last moment (Fig. 9.13). After 
completing the colpotomy, the specimen is removed vaginally, using morcellation as 
needed. 

The vagina is occluded using laparotomy sponges covered by a sterile glove 
depending on the size of the vagina. Aggressive homeostasis using the energy modal-
ity should be avoided to preserve vascularization and facilitate cuff healing. For cuff 
closure, different combinations of instruments are available. Two needle holders 
provide an advantage in handling the suture needle. One needle holder and one 
grasper provide an advantage in holding the vaginal cuff during suturing. Either 

Fig. 9.12: Lateralization of the uterine vessels’ stumps on patient’s left side (peel off).
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Fig. 9.13: Layer-by-layer excision of the vaginal cuff with monopolar scissors.

option provides opportunity and trade-offs; the final choice will depend on the sur-
geon’s discretion. Commonly used suture material is barbed bidirectional suture 2-0 or 
0 absorbable polyglyconate (V-Loc TM 180 Absorbable Polyglyconate Knotless Wound 
Closure Device, Covidien Ilc, Mansfield, MA). Special care should be given closing the 
vaginal cuff angles. Angles should close in a triangle fashion to avoid uterine vessel 
injury yet properly close the cuff angles (Fig. 9.14).

If no assistant arm is used during the surgery, the CT-1 needle can be introduced 
into the abdominal cavity by bending it slightly to fit into the 8-mm robotic trocar. 

Previous meta-analyses show that cuff dehiscence is slightly higher in minimally 
invasive surgery (MIS) cases compared to open and vaginal hysterectomies: 0.6%, 
1.2%, and 4% for open, laparoscopic, and robotic, respectively [7]. Therefore, longer-
acting suture material is a reasonable choice for cuff closing in robotic surgery. 

During the undocking process, special care should be given to avoid letting the 
robotic arms touch the patient. The robotic camera is exchanged for a 5-mm laparo-
scopic camera, caps are placed on the robotic trocars to serve as 5-mm laparoscopic 
access ports and the laparoscopic camera is introduced into one of these 8-mm 
robotic trocars. Intraabdominal pressure is dropped to 5 mmHg to assure homeosta-
sis, and the Trendelenburg position is reversed to the horizontal level after the pres-
sure reaches 15 mmHg again.

The fascia for all 10-mm and larger trocar incisions is closed. The author prefers 
using an endoclose technique (Carter-Thompson CloseSure System, CooperSurgical, 
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Fig. 9.14: Cuff angle closure.

Trumbull, CT) under direct visualization. Robotic trocar incisions between the skin 
and the fascia are closed using 2/O vicryl UR-6 needle (Polyglactin 910 Synthetic 
Absorbable Suture, Ethicon, Inc., Somerville, NJ). The skin can be closed with the 
surgeon’s preferred method. 

Robotic or laparoendoscopic single-site surgery (LESS) is also an option for 
simple hysterectomy. Although a single-site laparoscopic approach is used for dif-
ferent medical fields, the requirements of the learning curve and technical consid-
erations, including external clashes, poor visualization of critical structures, and 
surgeon fatigue, continue to be major disadvantages of single-site surgery. To over-
come some of these difficulties, novel articulated instrumentation, such as flexible 
scopes, angle instruments, and novel robotic technologies (platforms), have been 
developed and/or applied. The advantage of robotically assisted over laparoscopic 
on LESS cases would be the orientation of the surgeon. In laparoscopy, the surgeon’s 
hands are crossed, which has the potential to cause disorientation, while in roboti-
cally assisted cases, the surgeon can set up the arms based on his or her preference, 
e.g., to adjust the right robotic hand to the surgeon’s left hand and vice versa.
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10  Abdominal approaches to uterine myomas 

(laparoscopic myomectomy) and morcellation

10.1 Introduction

During the reproductive years, uterine myomas are the most common benign tumor 
encountered in women and are the single most frequent indication for hysterectomy [1]. 
As a result, they represent a significant morbidity to many women and a major public 
health problem. The majority of the symptoms related to myomas are associated with their 
mass effect on surrounding structures, heavy menstrual bleeding, pelvic pain, recurrent 
pregnancy loss and even infertility. Interestingly, many women are asymptomatic [2, 3].

Several medical and nonsurgical therapies exist for the treatment of uterine 
myomas. For those women who are asymptomatic, expectant management is advised 
as the risk of malignancy is low and the majority of myomas decrease in size during 
menopause [4]. If symptomatic and treatment is desired, management should be  
tailored to each patient. Therapy should be dependent on the size and location of the 
myomas, the patient’s age, the symptom profile and the desire to maintain fertility. 

If medical treatment is preferred, there are many options currently available that 
can be customized to the patient’s symptom profile. Medical treatment includes the 
use of hormonal therapy, nonsteroidal anti-inflammatory drugs, tranexamic acid, 
gonadotropin-releasing hormone agonists and selective receptor modulators. Often, 
if the symptoms are largely due to heavy menstrual bleeding, dysmenorrhea, or even 
pelvic pain, these therapies can allow for significant improvement [2, 5].

Alternatively, if the myomas are implicated in infertility or cause bulk symptoms 
such as pelvic pressure, urinary/bowel changes, or recurrent pregnancy loss, or they 
have failed medical management, interventional/surgical therapy may be considered. 
These options include uterine artery embolization, magnetic resonance-guided high-
intensity focused ultrasound, ultrasound-guided radiofrequency ablation, myomec-
tomy, and definitive treatment with a hysterectomy [5, 6].

In this chapter, we will discuss the surgical abdominal approach to uterine 
myomas via a laparoscopic myomectomy as well as the history and current tech-
niques of morcellation and tissue extraction.

10.2 Laparoscopic myomectomy

The various surgical approaches to a myomectomy include conventional laparoscopy, 
robotic-assisted laparoscopy, operative hysteroscopy and the traditional abdominal 
incision (either via midline or Pfannenstiel). Operative hysteroscopy is the inter-
vention of choice for all submucosal myomas under 3 cm with >50% intracavitary 
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component (The International Federation of Gynecology and Obstetrics (FIGO) 0 or 
1 classification) [7]. Each route is chosen based on myoma burden (of both size and 
number), myoma location, patient preference, patient comorbidities, and surgeon 
skill. For those women in which fertility is desired or simply uterine preservation in 
the setting of symptoms, myomectomy is the leading intervention [8]. In this chapter, 
we will focus on the conventional (nonrobotic) laparoscopic route.

There are many benefits to a conventional laparoscopic approach compared to 
the alternative routes. These include less blood loss, decreased postoperative pain, 
shorter recovery time, shorter hospitalization time, and decreased perioperative com-
plications [9]. The laparoscopic approach should be considered first-line for patients 
unless the presence of an intramural myoma exceeds 10–12 cm or there are multi-
ple myomas (consensus is approximately four or more) that require several incisions 
based on varying locations within the uterus [10, 11]. While this is a recommendation, 
successful laparoscopic approaches to myomas >20 cm have been published, proving 
that experienced surgeons can safely perform this type of procedure despite the afore-
mentioned recommendations [12–14].

The first step to a laparoscopic myomectomy is abdominal entry. This should be gov-
erned by previous surgical history, clinical examination of myoma burden, preoperative 
imaging, and surgeon preference to optimize access. For patients with a surgically naïve 
abdomen and small myoma(s), entry via the umbilicus is appropriate. In the event access 
is constrained due to suspected or known adhesions or uterine size >20 weeks, Palmer’s 
point (left upper quadrant entry) should be employed. Finally, port placement should be 
individualized to the patient’s pathology and abdominal topography (Fig. 10.1). Three or 
more incisions are required to accommodate the camera as well as at least two operative 
instruments. The sizes of these ports vary from 5 mm to 10 mm depending on the desired 
equipment and surgeon preference. Single-site laparoscopy has also been performed but 
does require specialized and flexible laparoscopic equipment [9, 15].

Another crucial step when performing a laparoscopic myomectomy is the use of a 
uterine manipulator. Myomas can be difficult to remove if located on the posterior or 
lateral aspects of the uterus and can be even more challenging when large enough to 
abut surrounding structures, such as the rectum or the pelvic side wall. The benefits 
of uterine manipulators are multifold. Not only do they allow for better visualization 
and exposure in addition to traction-countertraction, but they also push the uterus 
and the associated pathology away from vital structures such as the ureters, major 
pelvic vasculature, and bowel [16–18].

With the uterus now optimally visualized with a global view via the uterine 
manipulator and the individualized ports placed, the myomas are identified and 
subsequently enucleated. Firstly, not only is there the inherent benefit of laparos-
copy over laparotomy via entry, but also blood loss can be further minimized before 
complete removal if the myomas are first injected with vasopressin into the pseudo-
capsule [19–21]. Other alternative or synergistic ways of mitigating blood loss also 
include the use of vascular clamps, clips, or ties (both permanent and temporary) 
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of bilateral uterine arteries, intravaginal prostaglandins, oxytocin infusions, intrave-
nous tranexamic acid, loop ligation of the myoma pseudocapsule once the majority 
of a large myoma has been enucleated and peri-cervical tourniquets, as well as the 
use of gelatin thrombin matrices or cell salvage systems. Many of these methods have 
been extrapolated from their uses in abdominal myomectomies and applied with 
success laparoscopically [15, 19]. Once adequate hemostatic approaches have been 
utilized, the surgeon must carefully dissect out an intramural myoma by first incis-
ing the serosa and myometrium to the level of the pseudocapsule. Transverse inci-
sions allow the surgeon to ergonomically close the wound, but vigilance when near 
the uterine arteries is indicated. With careful attention to follow the tissue planes 
of the pseudocapsule, the myoma can be circumferentially enucleated and dissected 
from its fibrous attachments to the surrounding myometrium. The devices used to 
perform the enucleation are largely surgeon preference, but it can be accomplished 
with a variety of instruments such as an ultrasonically activated scalpel or electrosur-
gical instruments such as scissors, bipolar forceps, and monopolar needles. An effort 
should be made to minimize the number of incisions to not only minimize further 
blood loss as the majority of bleeding ensues from the surrounding myometrium but 
also minimize serosal injury, limit the chances of disruption of the endometrium and 
maintain the integrity of the uterine body and cornuas [15] (Fig. 10.2).

Fig. 10.1: Sample configuration of incision sites during 4-port laparoscopy.
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With the myoma placed aside within the pelvis or upper abdomen, the uterine inci-
sions are then closed. Tissue extraction and morcellation will be discussed in the 
following section. Closure of the uterine incisions is modeled after the traditional 
abdominal myomectomy closure technique. With the intent to close the defect from 
the inside-out, often, a three-layer closure is employed if the endometrium is not 
disturbed [2 2]. Identification of a breach in the endometrium can be readily identi-
fied by injecting methylene blue into the uterine manipulator, which distends the 
uterine cavity. In the event there is evidence of endometrial disruption with release 
of methylene blue within the abdomen, an extra layer of suture closure may be 
required. Hemostasis is largely achieved by rapid re-approximation with suture, but 
diathermy may be required. Minimal use of energy is advised to maintain the viabil-
ity of the surrounding myometrium and decrease the possible risk of future obstetri-
cal complications, such as uterine rupture [23, 24]. Closure of the incisions can be 
performed with either barbed or nonbarbed suture. If barbed suture is employed, 
unidirectional or bidirectional sutures are available on a delayed absorbable mono-
filament. The suture itself contains small barbs that are arranged in a helical array 
to securely grasp the tissue and maintain tension. Bidirectional sutures have two 
needles (the surgeon starts at the middle and sutures in both directions to the ends of 

Fig. 10.2: Excised myoma placed in anterior cul de sac after antero-fundal hysterotomy with 
subsequent enucleation.
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the incision), whereas unidirectional sutures have a single needle with a loop at the 
end (allowing for the suture to be anchored) [25]. As a result of the barbed suture’s 
design, it also eliminates the need for surgical knots, thus leading to a significantly 
shorter operating time as seen by Alessandri et al. (9.6–13.4 vs 15.7–19.1 minutes;  
p < 0.001) and lower estimated blood loss (ΔHb = 0.5–0.7 versus 0.7–1.1; p = 0.004)  
[25, 26]. Once the myometrium has been sutured closed, attention can then be 
directed to the serosa. A finer suture can be used to imbricate this layer in a baseball 
stitch to decrease suture exposure thus minimizing possible foreign body reactions 
and adhesions [23].

10.3 Morcellation/tissue extraction

Removal of the myomas is the concluding and crucial step in the achievement of a 
minimally invasive approach to myomectomy. While laparoscopic surgery has been 
proven to be associated with fewer perioperative complications, lower mortality, 
faster recovery, better cosmesis, and improved quality of life, tissue extraction of 
large pathology can be a challenge [9, 27, 28]. Further challenges arose with the strong 
warning issued by the Food and Drug Administration (FDA) in spring of 2014 con-
traindicating the use of power morcellation for presumed uterine myomas. This advi-
sory was published after a grassroots movement to ban morcellation was launched 
by a patient with an undiagnosed leiomyosarcoma who underwent a hysterectomy 
with morcellation of her uterus and subsequent worsening of her prognosis by occult 
dissemination [29]. Following this safety communication, there was an 11% absolute 
increase in the use of abdominal myomectomy. While the spreading of malignancy 
is a large concern, even benign, problematic pathology such as endometriosis or lei-
omyomatosis can occur due to iatrogenic dispersal as well. Complications with the 
use of the uncontained power morcellator have been published and include damage 
to surrounding structures from the motorized blade, in addition to the scattering of 
benign or malignant cells [30–32]. While these recommendations from the FDA are 
strong, both the American College of Obstetricians and Gynecologists and American 
Association of Gynecologic Laparoscopists have made statements to support the con-
tinued use of the power morcellator in select patients with consideration for preop-
erative endometrial cavity evaluation either by means of direct sampling or imaging 
American College of Obstetricians and Gynecologists (ACOG) [29]. Given these limita-
tions, alternative techniques for tissue extraction have been reengineered to allow 
for continued safe and minimally invasive gynecologic surgery to be performed for 
myoma management.

An alternative to uncontained power morcellation is in-bag manual morcellation.  
While this option does have an improved safety profile, there is a drawback of poten-
tially increased operative time [33]. Multiple routes for tissue extraction have been 
performed with success. The removal of specimens can be via a posterior colpotomy, 
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thereby avoiding intracorporeal morcellation altogether, through extension of an 
incision to create a mini-laparotomy, thus facilitating removal with minimal to no 
morcellation or with reduction of the specimen to smaller fragments in order to be 
removed via the trocar sites. All three techniques are viable options without signifi-
cant differences in perioperative complications [34, 35].

At our institution, we have developed a trainee-friendly and reproducible 
 technique to simply extract even the largest myomas from the trocar sites safely 
and efficiently. This published technique is called extracorporeal C-incision tissue 
extraction, or the ExCITE technique. It models the same cutting principles of a power 
 morcellator, but it is manual and contained within an endoscopic specimen bag [36].

The ExCITE technique is broken into five key steps.
1. Specimen retrieval and containment
2. Self-retaining retractor placement
3. Creation of the C-incision
4. Tissue extraction
5. Fascial closure

In step 1 of the ExCITE technique, the myoma(s) are placed within an endoscopic 
specimen retrieval bag. The incision at the level of the umbilicus (or the largest inci-
sion used during trocar placement) is extended approximately 2.5 to 3.5 cm. The bag 
edges are then exteriorized and held in place.

Step 2 of the technique involves the placement of a self-retaining retractor within 
the bag. This placement not only allows for a wider exposure during tissue extraction 
but also holds the endoscopic specimen bag open and in place (Fig. 10.3). Both the 
inner and outer rings should be fully deployed. Because an air-tight seal is created at 
the extraction site, pneumo-peritoneum can be maintained if desired, thereby elevat-
ing the contained specimen from critical structures such as the bowel.

Step 3 is the creation of the C-incision. First, grasp the specimen with a type of 
penetrating clamp (Lahey or single-tooth tenaculum unless the specimen is calcified 
or friable). Using a #11 scalpel blade, a reverse C-incision is created with the clamp 
providing upward traction in the nondominant hand and the scalpel starting the inci-
sion from the nondominant side toward the dominant side. By making the incisions 
wide, a specimen strip will be created that can be efficiently removed. A reciprocating 
sawing motion is preferred over single sweeping motions.

Step 4 is tissue extraction. With the basics of surgical traction-countertraction in 
mind, the strip of specimen being created is re-grasped near the base with the pen-
etrating clamp, allowing for the maintenance of tension. As the reciprocating sawing 
motions are continued, the tissue should progressively lengthen into one completely 
intact strip—similar to what one would see with a power morcellator (Fig. 10.4).

Step 5 is the standard fascial closure. The specimen bag, with the self-retaining 
retractor within it, is removed without contaminating the abdomen with either micro-
scopic cells or gross tissue fragments.
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Fig. 10.4: Elongation of myoma strip during manual cold-knife tissue extraction.

Fig. 10.3: Self-retaining retractor placed within specimen retrieval bag at the level of the umbilicus.

10.4 Conclusion

Laparoscopic myomectomy should be considered as the first-line management of 
symptomatic uterine fibroids not amenable to conservative interventions, especially 
in patients desiring future fertility. This procedure is associated with proven success, 
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even with large or multiple fibroids, especially when performed by experts in the field 
of minimally invasive gynecologic surgery. Regardless of the limitations enacted by 
the FDA’s stance on the power morcellator, many viable—and expeditious—tissue 
extraction alternatives allow surgeons to continue to provide this route of surgery to 
the appropriate patients. 
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Arnaud Wattiez
11  Surgical treatment of endometriosis

11.1 Introduction

Endometriosis is a chronic gynecologic condition in which endometrial glands and 
stroma are present outside the uterus. These implants are predominantly found in 
the pelvis but may be present anywhere in the body. Lesions range from superficial 
deposits scattered throughout the pelvic and abdominal cavity, to deep and invasive 
endometriosis with adhesions (Fig. 11.1).

Endometriosis is a progressive, debilitating disease that affects 10–15% of women 
during their reproductive years. Treatment decisions should be individualized and 
consider clinical presentation (e.g., pain, infertility, mass), symptom severity, disease 
extent and location, reproductive desires, patient’s age, medication side effects, sur-
gical complication rates, and cost.

Currently, laparoscopy is the recognized route of surgery for endometriosis.

11.2 Preoperative assessment

Diagnostic preoperative examination must include in all patients a thorough history 
taking and physical examination. The imaging techniques have a fundamental role in the 
diagnosis of endometriosis [1]. Ovarian and deep (vagina, uterosacral, ureter, and bowel)  
endometriosis can be recognized using transvaginal ultrasound and/or magnetic 
resonance imaging (MRI). Although transvaginal ultrasound is the first choice of 
imaging modality when investigating women with pelvic pain, MRI has a role for the 
wider field of visions. Transvaginal ultrasound is superior to MRI with reported high 
sensitivity and specificity of 97% and 80%, respectively.

MRI can be very useful in patients in whom ultrasound findings are ambivalent 
and in carefully selected high-risk population. It is especially beneficial in identify-
ing endometriomas, adhesions, superficial peritoneal implants, and extraperitoneal 
lesions, particularly those in the rectovaginal space and uterosacral ligaments as well 
as in solid endometriotic nodules. 

If deep infiltrative endometriosis is suspected based on symptomatology (such 
as dyspareunia, dysuria, dyschezia, and hematochezia)  and/or  physical exami-
nation (e.g., uterosacral ligament tenderness with dense nodules and nonmobile 
uterus), the preoperative evaluation can include tests targeted to the specific organ, 
such as bladder, ureter, and kidney, lower gastrointestinal (GI) tract such as rectum 
and sigmoid, but also the caecum and the appendix [2]. In addition, ultrasound 
and MRI can provide more details for the higher lesions. Colonoscopy is of limited 
value [3].

https://doi.org/10.1515/9783110535204-011
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Unfortunately, blood serum levels of antiendometrial antibodies and placental pro-
teins PP14 and CA125 marker do not have sufficient sensitivity or specificity to be rou-
tinely used for diagnostic evaluation [2].

Preoperative informed consent and counseling should be targeted toward the aim 
of the intended surgery, covering its risks and benefits. There is no evidence for preop-
erative medical suppressive therapy.

A low-residue diet is prescribed 5 days before surgery, which eases the displace-
ment of the bowel during surgery, allowing for adequate exposure. Rectal enema is 
used in cases of deeply infiltrating endometriosis (DIE) the night before surgery. A 
systematic antibiotic prophylaxis is recommended in all cases of DIE by a preopera-
tive shot half an hour prior the incision.

11.3 Surgical technique

Surgical treatment involves both the assessment of the location and the extent of 
endometriotic lesions followed by the surgical treatment. However, total removal of 
all endometriotic cells from all sites is not clinically possible.

The surgical technique can be divided into general and specific steps. The general 
strategy involves basic steps and ergonomic principles that have to be performed in 
all cases [4].

The woman is placed in the lithotomy position with both arms located alongside 
the body and the coccyx at the edge of the table. The legs must be semiflexed, and 
their position must give the third surgeon optimal access to use vaginal and rectal 

Fig. 11.1: Severe pelvic endometriosis with bilateral endometriomas, adherence of the ovaries to 
each other and the posterior uterine wall, and adhesions between the large bowel and ovaries.
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instruments. Strict caution must be paid to positioning, avoiding both vascular and 
nerve compression. Vaginal and rectal examination under anesthesia must be sys-
tematically carried out to evaluate the endometriotic lesion before surgery begins.

A 10-mm, 0-degree laparoscope is introduced at umbilicus level, and three 5-mm 
accessory trocars are placed, respectively, in the iliac fossa and in the suprapubic 
midline. The midline trocar is located at the level of the lateral ones, or higher, to 
obtain a more ergonomic set-up. In cases of a big uterus due to adenomyosis or associ-
ated other pathology such as fibroids, the midline trocars can be placed at the level of 
the umbilicus and 10 mm trocar supra-umbilical for the laparoscope.

A systematic inspection of the abdominal and pelvic cavity must be carried out to 
map the endometriotic lesions and adapt the surgical strategy. More specifically, the 
diaphragm and the appendix should always be assessed.

At the end of this inspection, the surgeon compares the laparoscopic findings to 
the preoperative diagnosis and the objectives and the consent of the patient and can 
decide to proceed if the pre- and intraoperative assessments match or to abort the 
surgery if the intraoperative findings exceed the preoperative assessment. If the deci-
sion to proceed is taken, it comes with the obligation to do a complete surgery.

Adequate exposure is then achieved by several steps:
 – First, the woman is placed in a Trendelenburg position, and a uterine manipu-

lator is used. Bowel should be moved out of the pelvis if they are free of adhe-
sions. Adhesiolysis is then carried out to reestablish normal anatomy. During 
this process, the physiological attachment of the sigmoid colon is freed to allow 
access to the left adnexa and the left ureter.

 – If endometriotic cysts are present, the ovaries are freed, and usually, during this 
process, they are opened, drained, and suspended to the anterior abdominal wall 
using a suspension method. 

 –  When dealing with more complex cases, other organs can be suspended. The rule 
is that if an organ should be reclined permanently, it should be done by a suspen-
sion method and not by an instrument.

These maneuvers are helpful because they improve the exposure of the surgical field 
and free the assistant’s hand to help the surgeon. 

Suspension of both ovaries and sigmoid colon is usually conducted in DIE surgery 
using straight needles or special devices such as T-Lift.

Ureteral identification is mandatory and may require their dissection. Of note, the 
left ureter crosses the common iliac artery and the right ureter crosses the external 
iliac artery. Hydrodissection and use of liquids is not recommended because the sub-
sequent edema will hide the anatomical plane and make the dissection more difficult 
and the use of electrosurgery less efficient.

Once the normal anatomy is restored, the lesions are reevaluated and the spe-
cific strategy is then implemented. The specific strategy depends on the location and 
importance of the lesions, the goal being to be as complete as possible.
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11.4 Ovarian endometriosis

Laparoscopic surgery is the gold standard approach for the management of endome-
triomas. The main indications are a symptomatic endometriosis or a cyst larger than 
4–5 cm. Several techniques have been described to treat endometriomas. In most of 
these techniques, the procedure consists of opening and draining the cyst, followed 
by either excision (stripping technique), fulguration, or vaporization of the cystic 
wall (ablative technique). Drainage alone is not recommended because of the high 
recurrence rate. Excisional surgery is usually preferred as it provides better outcomes 
than ablative treatment in terms of spontaneous pregnancy rate, recurrence, and pain 
symptoms [5]. However, the balance between different techniques should be tailored 
according to the patient needs, i.e., fertility preservation or pain symptoms.

The ovary is freed from the posterior leaf of the broad ligament by traction. This 
procedure induces cyst rupture in almost all cases; if not, the cyst is intentionally 
emptied with immediate aspiration of the chocolate like material to prevent pelvic 
contamination. The cystic cavity is repeatedly irrigated with suction irrigation and 
inspected by cystoscopy [4]. If dealing with DIE, we proceed with the ovarian suspen-
sion to the abdominal wall, leaving cystectomy to the end of the surgery. The recom-
mended way of cystectomy is to evert the cyst, incise its base, and carry out a reverse 
cystectomy for both halves of the cyst (Fig. 11.2). Two grasping forceps are used to 
exert traction and countertraction in the incision margins. The cyst’s capsule is then 
detached from the ovarian parenchyma by stripping. The correct plane of dissection 
is chosen when the capsule appears white or slightly yellow without red streaks; this 
will allow bloodless dissection without any hemorrhage and will reduce the inadvert-
ent removal of ovarian parenchyma. Precise hemostasis of the ovarian bed is obtained 
by dripping saline and bipolar coagulation electrode. Blind coagulation must be 

Fig. 11.2: After drainage, the ovary with endometrioma is everted and an incision is made to its base. 
The plane between the cyst capsule and ovarian cortex can be clearly seen.
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avoided. Generally, the ovary is left open without any need for suturing. Antiadhesion 
barriers are placed at the end of the procedure to decrease the risk of postoperative 
adhesions.

It must be remembered that endometriomas are frequently associated with 
advanced-stage endometriosis, so it must be considered as a marker of more extensive 
pelvic and intestinal disease. In many cases, endometriomas are fixed to the ipsilat-
eral uterosacral ligament by dense adhesions, and this may involve and displace the 
ureter medially which often necessitate careful ureterolysis. 

11.5 Deep infiltrating endometriosis of Douglas’s pouch

Deep infiltrating endometriosis is defined by the presence of endometriosis lesions 
penetrating more than 5 mm under the peritoneal surface with variable distribution. 
Technical difficulties are expected usually in surgeries for DIE. The surgeon should 
balance his or her skills against the anticipated difficulty and duration of surgery. 
This highlights the need for a team with an assistant experienced in deep endometrio-
sis surgeries, when endometriosis nodule is more than 3 cm.

Lesions of DIE can be classified either as anterior, when they invade the detrusor 
muscle, or as posterior, when they are located at the pouch of Douglas. At this level, 
the most frequent sites affected by the disease are the uterosacral ligaments, the pos-
terior vaginal wall, and the anterior rectosigmoid. 

After lysis of sigmoid adhesions and drainage and stripping of endometriomas, 
ureters and large vessels are localized and the ureter is then exposed down to the ure-
teric canal following its course in the pelvis until healthy tissue is reached (Fig. 11.3). 
If uterosacral ligaments are involved, the anatomical landmarks for uterosacral liga-
ment excision (ureters, uterine arteries, hypogastric nerves, and the rectosigmoid) 
should be identified. In isolated lesions, dissection should begin with a peritoneal 
window, medial to the ureter, to dissect the nodule until the ascending uterine artery 
and torus uterinus. Special attention should be paid not to get too close to the rectum. 

On the contrary, in cases of extensive adhesive disease, the dissection should not 
extend below the deep uterine vein, avoiding harm to the inferior hypogastric plexus 
that contains branches from the inferior hypogastric nerve and from the splanchnic 
autonomic nerves responsible for urinary and bowel function.

The left ureter and the left inferior hypogastric nerve are left lateral and the Oka-
bayashi part of the pararectal space is dissected caudally and medially to the course 
of hypogastric nerve. Dissection should continue lateral to the rectum and then to the 
rectovaginal nodule until the disease is passed caudally, with attention to the middle 
rectal artery. The dissection is made in the same manner on the right side, pushing 
the right ureter and the right nerve laterally. Once healthy connective tissue is reached 
downward in the posterior vaginal wall, it is possible to begin the dissection of the 
anterior rectal wall. Dissection should be tailored to the needs, and extensive dissec-
tion should be avoided.
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Once this step is achieved, the fibrotic/endometriotic tissue is shaved from the rectum. 
It is essential to divide the nodule as close as possible to the rectal wall, leaving as 
much endometriosis tissue attached to the uterus and the vaginal wall. The shaving is 
continued downward along the posterior cervical and vaginal wall and as caudal as the 
rectovaginal space is entered caudal to the lesion. At that point, the lesion is totally dis-
sected and all necessary anatomical landmarks under vision. Finally, once the rectum 
has been detached, the nodule can be dissected from the posterior vaginal wall. 

The lesions are reassessed, and further decisions are taken in order to tailor the 
surgery to the needs. Decisions have to be taken concerning the uterosacral liga-
ments, the vagina, the rectum, and the sigmoid.

The uterosacral ligaments are resected at the site of insertion of the cervix. In 
bilateral uterosacral involvement, the surgeon should decide whether a radical or 
conservative approach should be taken according to the neural risk. Bilateral excision 
of nodules at the uterosacral ligaments has a high risk of hypogastric nerve damage, 
exposing the woman to postsurgical bladder voiding problems. Although transient 
in most women, in some cases, it might last for weeks, requiring self- catheterization. 
Nerve-sparing surgery has been advocated to limit voiding dysfunctions. Neverthe-
less, extensive fibrosis and secondary inflammatory reaction make the nerve dissec-
tion difficult, even in expert hands. This highlights the need for good anatomical 
knowledge, and the feasibility of nerve-sparing procedures in severe DIE needs to be 
questioned. In our opinion, it may be better to limit the extent of surgery than to leave 
the woman with permanent voiding dysfunction.

Fig. 11.3: After adhesiolysis, the left ureter is exposed down to the ureteric canal.
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In most of the cases, the vagina is involved. When the implants are visible vagi-
nally, the situation is clear and a vaginal resection should be performed. If the vagina 
is infiltrated and the implants are not seen vaginally, the indications for vaginal 
opening and resection are not clear. Some authors advocate a systematic resection of 
the vagina, arguing the decrease of recurrence [6]. In that case, the vagina is opened 
as the surgeon follows the nodule between normal and diseased tissue. Once the 
vagina is opened, the gas leak and the vision are impaired. A number of solutions can 
be implemented to solve this problem: packing the vagina with swabs, using a manip-
ulator with an antileak system or removing the manipulator, packing the vagina, and 
suspending the uterus. The nodule can be extracted through the vaginal opening. The 
vagina is closed longitudinally using a monofilament (absorbable) number 0 inter-
rupted suture material and intracorporeal knot tying.

11.6 Bowel endometriosis

Two techniques can be proposed: a radical technique, with the aim of a complete 
resection of the lesions to prevent recurrence, and a more conservative technique that 
could decrease the rate of functional disorders. Consultation with a general or colo-
rectal surgeon should be take place before or during surgery.

Bilateral opening of the pararectal fossas and the lateralization of the ureters are 
mandatory before detaching the bowel from the rectovaginal septum (Fig. 11.4). To 
do so, the assistant pulls the rectum cephalad by means of a flat atraumatic forceps, 
and the posterior part of the uterus and the vagina are detached from the bowel, 

Fig. 11.4: Pararectal spaces have been opened before detaching the bowel from the rectovaginal 
septum.
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progressively turning the lesion around with scissors. Aggressive coagulation of the 
bowel wall, especially when thin, is avoided. The surgeon should leave as much of the 
disease as possible on the posterior vaginal wall. The nodule is then detached from 
the vagina, with attention not to open the vagina if the disease does not infiltrate the 
mucosa. Once the bowel has been detached, a rectal probe is used to check if stenosis 
is present and to control the circumference of bowel involvement.

Occasionally, adhesiolysis is sufficient and no more surgery on the bowel is 
required. Shaving techniques consist of resection of superficial lesions of the serosa 
or of the muscular layer. Muscularis defect will be closed with a single layer running 
transversal suture. A full thickness defect is sutured in two layers. When the lesion is 
deeper than the mucosa and not larger than 3 cm, a discoid resection can be carried 
out using a circular stapler (discoid resection) or a linear stapler (wedge resection).

For segmental bowel resection, the mesentery is dissected close to the diges-
tive tract above the fascia proprietary of the rectum to preserve vascular lymphatic 
vessels as well as surrounding sympathetic and parasympathetic nerves. A linear 
endoscopic stapler is used to resect the bowel at the edge of the nodule. It is proven 
that an intracorporeal anastomosis provides a faster recovery of bowel function, 
decreases postoperative narcotic use, length of stay, and morbidity. Conventionally, a 
4-cm  Pfannenstiel’s incision is made to resect the rectum and place an Alexis retrac-
tor, and an end-to-end or side-to-end anastomosis is carried out intracorporeally with 
GI stapler transanally. Less invasive approaches, such as transanal and transvaginal 
natural orifice specimen extraction, have been developed in colorectal surgery.

The integrity of the anastomosis is systematically controlled with air and  
methylene blue tests. Vascularization of the anastomosis, and absence of tension or 
twists are checked. The two doughnut rings of tissue are also checked.

Although there is no evidence demonstrating its efficacy, an omental flap can be 
placed to separate the anastomosis from the vagina if they are at the same level. When 
the resection is ultralow (less than 6 cm from the anal verge), a protective ileostomy 
might be considered according to the technical complexity and length of the operation. 
Postoperative care must be done with caution to detect early leaks of the anastomosis.

The anterior compartment endometriosis is less frequent but is addressed with the 
same strategy compared to the posterior compartment. The bladder can be involved 
as well as the ureter. Even if the ureter is more frequently involved with posterior 
lesion, we will discuss the ureteric problem as part of the urinary tract endometriosis.

11.7 Bladder endometriosis

Bladder endometriosis is defined as the presence of endometrial glands and stroma in 
the detrusor muscle. Symptoms can be dysuria, hematuria, or recurrent urinary tract 
infections, but in 50% of the cases, the symptoms are not characteristic.

Cystoscopy should eventually be carried out at the beginning of the procedure 
to check the localization of the nodule and to assess the distance of the nodule to 
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the ureteric ostia. Ureteral double-J stents should be placed if partial cystectomy is 
planned, when the lesion is located at the bladder trigone or when the lesion is close 
to the ureteral orifices. Multiple surgical alternatives are available according to the 
degree of bladder-wall involvement. Shaving could be considered when superficial 
endometriosis is found on the bladder peritoneum. The bladder should be opened in 
case of full thickness resection, and care is taken not to damage the intramural part 
of the ureter. The bladder should be opened as high as possible, permitting identi-
fication of the exact location of the ureter. The bladder wall is closed in a single- or 
double-layer interrupted suture using intracorporeal knots. Its integrity is checked 
using methylene blue test, and ureteral stents should be left in place for 6–8 weeks. 
An indwelling catheter should be left in place for 10–15 days and should be removed 
after confirmation of the absence of contrast medium leak by cystography.

11.8 Ureteral endometriosis

Ureteral endometriosis is usually classified into extrinsic, which includes the infiltra-
tion of the surrounding connective tissue and adventitia, and intrinsic, where mus-
cularis mucosa or uro-epithelium is involved. Ureteral involvement should always be 
suspected in the presence of retrocervical nodules larger than 2 cm as it could lead 
to the silent death of the kidney, and the urinary tract should always be assessed in 
case of rectovaginal nodules. Changes in the ureteric course from its lateral to medial, 
particularly at the lower third, are expected in cases of DIE due to the presence of peri-
ureteral fibrosis that causes retraction and distortion. Special attention should be 
paid not to harm the ureteral adventitia to avoid ureteral devascularization (Fig. 11.5). 
In most cases, ureterolysis is the only treatment required, and if severe devasculariza-
tion is observed, it is recommended that a double-J stent is inserted to decrease the 
risk of ureteral fistula. Preoperative stenting is necessary in cases of ureteral stenosis. 

End-to-end anastomosis is required in the case of intrinsic ureteral endometriosis 
or persistent stenosis after relieving extrinsic compression. The double-J stent should 
be left in place for 6–8 weeks.

Ureteral reimplantation is recommended when the lesion is located at the uret-
erovesical junction. A Psoas hitch suspension can be carried out in cases where the 
ureter’s length is insufficient, to ensure a tension-free anastomosis. A double-J stent 
and an indwelling catheter should be left in place for 7–10 days. Before removing the 
bladder catheter, it is recommended that a cystography is carried out to test the integ-
rity of the anastomosis.

11.9 Postoperative care 

Depending on the difficulties encountered during laparascopy, patients are usually 
discharged home 24 to 48 hours postoperatively. Clamping of Foley’s catheter and 
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testing for bladder sensation before removal are advised in cases of DIE. Mild anal-
gesics usually will be sufficient to control the pain. Use of mechanical or pharmaco-
logical venous thromboembolism prophylaxis depends upon the procedure and the 
patient’s risk factors.

Postoperative medical therapy (such as gonadotropin releasing hormone ana-
logues and oral contraceptive pills) may be prescribed to prevent recurrence, reduce 
pelvic pain, and facilitate subsequent induction of ovulation in fertility treatment.
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12  Management of benign adnexal masses

12.1 Introduction

Adnexal masses are common and are one of the leading cause of surgery in gynecolog-
ical practice. The vast majority of adnexal masses is functional and/or asymptomatic 
and can be managed conservatively. A recent international multicenter prospective 
study showed that, among women with adnexal masses thought to be benign at initial 
diagnosis, risk of complications was found to be low (0.4% for ovarian torsion and 
0.2% for cyst rupture). In the same study, spontaneous resolution occurred in 20% 
and risk of malignant or borderline ovarian tumors was 0.4% and 0.3%, respectively 
[1]. The diagnosis of adnexal masses has been covered in Chapter 2. In this chapter, 
we exclude tubal disease as well as ovarian endometriomas and focus on surgical 
management of benign adnexal masses.

12.2 Indications for surgery for adnexal masses

There are no universally accepted indications for surgery for benign adnexal masses. 
Adnexal torsion, cyst rupture, concern of borderline or malignant tumor, and persis-
tent/significant pain are probably the commonly agreed reasons. Some clinicians or 
centers use a certain size as an indication for surgery, but there is no overall consen-
sus if this is a valid indication and what the cutoff should be. 

In premenopausal women, when there is no concern of malignancy and surgical 
treatment is indicated due to cyst accidents (see adnexal torsion below) or pain symp-
toms, conservative surgery, i.e., cystectomy with preservation of the ovary and fallo-
pian tube, is usually the treatment of choice. In the presence of recurrent or very large 
cysts—especially in older women—an adnexectomy may be chosen, even when there 
is no concern of malignancy. If there is concern of malignancy, rupture of the cyst and 
spillage of the contents may potentially be harmful to the survival of the patient; hence, 
cystectomy by laparoscopy is not the proper technique in this scenario. Removal of the 
adnexa is the optimal approach in postmenopausal women when surgery is indicated.

Functional ovarian cysts resolve without surgery, with or without the use of hor-
monal contraceptives [2]. Hence, when functional cysts are diagnosed, expectant 
management for one to two cycles would be appropriate, even if they are symptomatic.  

Optimal management of incidentally detected asymptomatic benign ovarian cysts 
is not known, as the natural course of these is still unknown [3]. However, as men-
tioned above, spontaneous resolution occurs in a significant proportion of masses, 
and risks of torsion or rupture are uncommon [1]. 

https://doi.org/10.1515/9783110535204-012
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12.2.1 Dermoid cysts

Dermoid cysts (mature cystic teratomas) are the most common ovarian neoplas-
tic lesions found in adolescents and approximately 70% of benign ovarian tumors 
in women under 30 years of age [4, 5]. They contain tissues deriving from the three 
embryonic layers (ectoderm, mesoderm, and endoderm) and are frequently filled 
with fatty, thick, sebaceous material with bone, hair, and cartilage.

When surgery is indicated, a minimally invasive approach by laparoscopy offers 
many benefits. However, when very large, bilateral dermoids or cysts with suspicious 
areas are present, some surgeons prefer laparotomy. Spillage of the cyst contents 
during laparoscopy may lead to adhesion formation and chemical peritonitis, but in 
the hand of an expert surgeon, laparoscopic approach with preservation of the ovary 
in young women is the method of choice.

12.2.2 Serous and mucinous cystadenoma

Serous cystadenoma is common in women aged between 30 and 40 years. Their diam-
eter is usually less than 15 cm. They may have smooth internal surface or papillary 
projection in the internal wall. Mucinous cystadenomas are commonly unilateral and 
may reach 30–50 cm or even more in diameter.

12.3 Surgical approach

As with the other surgical procedures, better surgical skills lead to better results 
and fewer complications of surgery. The surgeon should be experienced and should 
understand the disease that is being treated. Whether the plan is organ conservation 
or removal, it should be discussed with the patient before the operation. Route and 
type of surgery, complications, risk of oophorectomy (when cystectomy is planned), 
and possibility of conversion to laparotomy should be discussed and documented via 
an informed consent. Those patients in whom severe adhesions might be detected 
should have preoperative bowel preparation. All patients should receive preoperative 
prophylactic antibiotics and wear antithrombotic stocking and/or sequential com-
pression devices.

The surgery is performed under general anesthesia with tracheal intubation. 
Foley catheter should be placed to empty the bladder and reduce the risk of bladder 
injury. Abdominal skin should be prepared from xiphoid process to mons pubis as for 
an abdominal laparotomy preparation. If the patient has a uterus, uterine manipula-
tor may be helpful to facilitate the adnexal dissection. In the cases of previous hyster-
ectomy, introduction of a vaginal sponge-on-stick is helpful.

In a standard laparoscopic technique, after induction of general anesthesia, 
pneumoperitoneum is attained using a Veress needle. Then, a 10-mm laparoscope is 
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introduced through a 1-cm umbilical incision, and on direct view, two to three acces-
sory 5–12-mm trocars are placed through lower abdominal incisions for introduction of 
accessory instruments. After initial diagnostic evaluation of the pelvis and abdomen 
by rotating the scope around, any sign of adhesion or malignancy should be evalu-
ated. Adhesiolysis is performed when indicated to reestablish the normal anatomy. 
The ovaries should be assessed for the presence of nodules, abnormal vascularity, and 
external vegetations. If ascites is present, or in the presence of suspicious peritoneal 
lesions, samples or peritoneal washings should be obtained for cytology. Suspicion of 
malignancy should be proved by biopsy and frozen sectioning. In this situation, man-
agement should be continued with the involvement of a gynecological oncologist. 

12.3.1 Cystectomy

If spillage is expected, it may be sensible to aspirate the cyst contents before a cystec-
tomy is started. This can be achieved by inserting the closest laparoscopic port into 
the cyst and inserting the suction device directly into the cyst while the port is in the 
cyst cavity. This will minimize the spillage of cyst contents. After aspiration, the port 
insertion site can be extended to start cystectomy.

When intact cyst removal is anticipated, an incision is made on the antimesen-
teric surface of the cyst to reveal the plane between the cyst wall and ovarian cortex. 
The plane is developed further by use of appropriate instruments, careful traction 
and countertraction without tearing the ovarian cortex may be applied, and the cyst 
is enucleated from its bed inside the ovarian tissue. At the ovarian hilus, the dissec-
tion is often more difficult, but nevertheless, dissection should continue until the 
cyst capsule is completely removed from the ovary. Hemostasis is achieved by bipolar 
coagulation, suturing, or hemostatic sealant agents. 

A specimen retrieval bag is usually utilized to remove the cyst from the peritoneal 
cavity. If the cyst is removed intact, its contents are first aspirated in the bag before 
retrieving the specimen. Smaller cysts may be removed through a 10- or even 5-mm 
port if the cyst contents have been aspirated. 

A thorough peritoneal irrigation and aspiration should be undertaken to elimi-
nate any spilled cyst content or blood. This is particularly important after spillage of a 
dermoid cyst. Antiadhesion agents may be used to reduce risk of adhesion formation.

12.3.2 Oophorectomy

The indications for laparoscopic oophorectomy usually include large cysts and 
benign ovarian cysts in peri- or postmenopausal women. A Properly placed uterine 
manipulator is important to get a good exposure of the ovaries and tubes. Three tech-
niques have been described for managing the infundibulopelvic ligament: bipolar 
electrodessication, suture ligation with pretied loop, and stapling. Ultrasound energy 
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devices may also be used. A bipolar coagulation forceps is used to coagulate the 
ovarian pedicle. After total desiccation of the tissue, 5-mm scissors or a CO2 laser is 
used to cut. Before starting the procedure, it is important to observe the course of the 
ureter as it crosses the external iliac artery near the bifurcation of the common iliac 
artery at the pelvic brim.

Specimen retrieval is usually in a specimen retrieval bag through a 10-mm 
port site. 

12.4 Adnexal torsion and treatment by laparoscopy

Adnexal torsion is an uncommon condition that predominantly occurs in the repro-
ductive age group, although it has also been reported in premenarcheal girls. Uni-
lateral torsion associated with an adnexal mass is seen more commonly, although 
cases of torsion of normal adnexa have been reported. Adnexal torsion involving pre-
viously normal adnexa in premenarchal girls may constitute up to 15–50% of adnexal 
torsion cases [6, 7]. It can be difficult to diagnose because although adnexal torsion 
may present in the form of acute pelvic pain, the symptoms can sometimes be mis-
leading. When the lesions are asymptomatic, the diagnosis may be made only during 
the surgical procedure. Doppler evaluation in cases of ovarian torsion can be a useful 
tool, but it was found to be normal in 60% of these cases. The absence of Doppler flow 
was predictive of surgically confirmed cases of ovarian torsion, demonstrating the 
low sensitivity but high specificity of Doppler studies in the diagnosis of torsion [8, 9].

In our unit, we managed 33 patients with adnexal torsion over an 11-year period 
between December 1999 and September 2010.

The mean age of the patients was 34.9 years (range 14–68 years). Four patients 
(12%) were in the premenarcheal age group, 23 patients (70%) were in the repro-
ductive age group, and 6 patients (18%) were postmenopausal. Of 23 patients in the 
reproductive age group (17%), 4 were pregnant at the time of the operative interven-
tion. One of them had a singleton pregnancy of 10 weeks’ gestation and two patients 
had triplets (in vitro fertilization (IVF)/Intracytoplasmic Sperm Injection (ICSI) cycle) 
of 7 and 14 weeks’ gestation, respectively. Both of them had multiple ovarian cysts 
because of ovarian hyperstimulation syndrome. One patient had a cornual interstitial 
ectopic pregnancy of 6 weeks’ gestation as well as a dermoid cyst on the same side.

All 33 patients had a unilateral torsion. The torsion was more common on the 
right side (61%, n = 20) than on the left side (39%, n = 13). Fourteen patients (43%) had 
only an ovarian torsion, 10 patients (30%) had only a tubal torsion, and 9 patients 
(27%) had a torsion of the entire adnexa. 

The diameter of the cyst ranged from 3 to 15 cm, with a median size of 8 cm. 
The categorization of the operations ranged from a conservative procedure, such 

as laparoscopic detorsion, to an aggressive procedure, such as adnexectomy. There 
was no conversion to laparotomy. In 17 cases (52%), the adnexae were preserved by 
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performing detorsion. In two cases (6%), detorsion alone was performed; in 13 cases 
(40%), detorsion and cyst enucleation were performed; and in a further two cases 
(6%), detorsion and cyst aspiration were performed. 

The histopathological reports revealed functional or developmental adnexal 
cyst in 15 cases (45%), dermoid cyst in four cases (12%), endometrioma in two cases 
(6%), serous cystadenoma in three cases (9%), ovarian fibroma in only one case (3%), 
hydrosalpinx in three cases (9%), and normal adnexa in one case (3%) [10, 11].

12.5  Tubectomy and ovariectomy/adnexectomy during 
hysterectomy beyond the reproductive age

Concomitant tubectomy, ovariectomy, or adnexectomy may be considered in women 
undergoing hysterectomy. As oophorectomy is associated with decreased long-term 
health outcomes, ovarian conservation should be considered in premenopausal 
women having pelvic surgery. Salpingo-oophorectomy should be considered for 
“ovarian/tubal” cancer prophylaxis in women with endometriosis, in the presence of 
a suspicious adnexal mass, or after numerous previous surgical interventions on the 
adnexae. 

Tubectomy or salpingectomy during hysterectomy (Opportunistic Salpingectomy), 
however, is considered today as good standard of care for adnexal cancer prevention.

12.5.1 Tubectomy during hysterectomy

Prophylactic bilateral salpingectomy (PBS) without ovariectomy has been proposed 
as a new preventive approach to reduce the risk of sporadic neoplasia in women at 
average risk of ovarian cancer [12] without exposing these patients to the adverse 
effects of iatrogenic premature menopause.

A 2011 position paper by the Society of Gynecologic Oncology of Canada [12] 
encouraged physicians to discuss the risks and benefits of PBS at the time of hysterec-
tomy or tubal ligation with women at average risk for ovarian cancer, and this recom-
mendation has been confirmed in 2015 by the American College of Obstetricians and 
Gynecologists.

The advantage of PBS has been estimated also in term of cost-effectiveness. 
A recent analysis on PBS (elective salpingectomy at hysterectomy or instead of tubal 
ligation) showed that salpingectomy with hysterectomy for benign conditions will 
reduce ovarian cancer risk at acceptable cost and is a cost-effective alternative to 
tubal ligation for sterilization. 

The new proposed theory shifts the early events of carcinogenesis to the Fallopian 
tube instead of the ovary [13], suggesting that types II tumors derive from the epithe-
lium of the Fallopian tube, whereas clear cell and endometrioid tumors derive from 
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endometrial tissue that migrate to the ovary by retrograde menstruation. These obser-
vations have been mainly collected from women carrying BRCA1/2 mutations and 
undergoing prophylactic salpingo-oophorectomy, in which most of the incidentally 
diagnosed in situ carcinomas or intraepithelial precursors of cancers (serous tubal 
intraepithelial cancer) were detected not in the ovary but in the fimbrial end of the  
Fallopian tube [14–16] (Fig. 12.1).

12.6 Summary

1. Benign ovarian cysts can usually be managed by cystectomy, and appropriate sur-
gical technique should be used in the hands of an experienced surgeon. Oopho-
rectomy may be required in a minority of women with benign adnexal masses.

2. Adnexal torsion: Conservative treatment should be considered in women within 
the reproductive age, still desiring fertility. Only beyond the reproductive age, 
adnexectomy should be considered, and really only in cases with extreme pathol-
ogy on the adnexa. Laparoscopy is the primary therapeutic option in patients 
with adnexal torsion. 

3. Tubectomy, ovariectomy, and adnexectomy: Tubectomy and ovariectomy at the 
time of hysterectomies are being reconsidered. While ovariectomy decreases defi-
nitely the long-term health outcome of women, ovarian conservation is advised in 
premenopausal women. Bilateral tubectomy should be performed during hyster-
ectomy (Opportunistic Salpingectomy) at any age, carefully and not compromising 
the vascular supply of the ovaries. 
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13 Surgery for fallopian tube disorders
Fallopian tubes have an essential role in reproduction as an active participant in the 
transport of gametes and embryos. Disorders of fallopian tubes may affect this func-
tion, resulting in infertility and ectopic pregnancy. Tubal function may be disrupted by 
a number of conditions, including salpingitis and pelvic peritonitis, endometriosis, and 
postoperative pelvic adhesions. In this chapter, we will cover the minimally invasive pro-
cedures that are performed to manage disorders of the fallopian tubes. In addition, tubal 
re-anastomosis following tubal ligation for contraceptive purposes will be discussed.

13.1 Ectopic pregnancy

Approximately 1.1% of pregnancies develop within the fallopian tubes [1]. Risk factors 
include previous sexually transmitted infections, endometriosis, infertility, smoking, 
and previous tubal surgery.

The United Kingdom National Institute for Health and Care Excellence (NICE) 
recommends that women who have been diagnosed with a tubal ectopic pregnancy 
should undergo surgical management when there is significant pain, the serum human 
chorionic gonadotropin (hCG) level is 5000 iu/l or greater or when the adnexal mass 
is 35 mm or larger and contains a live embryo. Women who are  haemodynamically 
unstable, have evidence of significant intraabdominal bleeding on ultrasound, are 
unable to comply with follow-up with medical or expectant management, or have 
a heterotopic pregnancy with a viable intrauterine pregnancy should also undergo 
surgical management [1, 2].

The laparoscopic route is preferable to the open approach for the management 
of ectopic pregnancy due to several advantages, including lower blood loss, shorter 
hospital stay, less postoperative pain, and being less expensive [3–5].

The two surgical approaches available are a salpingectomy, which is the partial 
or complete removal of the Fallopian tube, or salpingotomy, which is removal of the 
ectopic pregnancy through an incision on the Fallopian tube while conserving the 
rest of the tube. The European Surgery in Ectopic Pregnancy Study, a large multi-
center randomized control trial, found that salpingotomy does not improve future 
fertility outcomes compared to salpingectomy in the presence of a healthy contralat-
eral tube. The cumulative ongoing pregnancy rate following spontaneous conception 
within a 3-year time period was 60.7% following salpingotomy and 56.2% following 
salpingectomy (p = 0.678) [6]. The Royal College of Obstetricians and Gynaecolo-
gists therefore recommends that a salpingectomy be performed if the contralateral 
tube is healthy but that a salpingotomy should be considered if there are known  
fertility-reducing factors, including previous ectopic pregnancy and contralateral 
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tubal damage. Women also need to be counseled regarding the risk of persistent 
trophoblastic disease, which is reported to be between 3.9% and 11% [2]. NICE recom-
mends that women undergoing a salpingotomy have a serum hCG level taken 7 days 
after surgery and then weekly until a negative result is obtained [1]. The management 
of persistent trophoblastic disease includes further surgery to perform a salpingec-
tomy or systemic methotrexate.

In a salpingotomy, diluted synthetic vasopressin (20 IU diluted with 20–100 ml 
of isotonic sodium chloride) is injected into the mesosalpinx just below the ectopic 
pregnancy to minimize blood loss. A 1–2-cm incision is then made over the ectopic 
pregnancy on the antimesenteric side of the fallopian tube using electrosurgery or cold 
scissors. The pregnancy tissue typically protrudes out of the tube at this point. The 
tissue can be released from the tube through hydrodissection using pressurized irri-
gation and gentle dissection with a suction irrigator. The alternative is to remove the 
tissue with forceps, but this is may lead to the tissue breaking up into smaller pieces. 
The fallopian tube is irrigated thoroughly and any bleeding is controlled through apply-
ing pressure or the use of bipolar diathermy. Suture ligation of the vessels in the mes-
osalpinx may be attempted if bleeding persists [7]. The incision on the fallopian tube 
is left to heal by secondary intention, as there is no benefit from primary closure [8, 9].

A salpingectomy can be performed through a few different methods. Conventional 
bipolar energy to seal the vessels in the mesosalpinx and then scissors to excise the 
specimen is one approach. The salpingectomy can be started either from the fimbrial 
end or from excising the proximal isthmic portion from the uterus. It is important to 
elevate the tube and cut the mesosalpinx close to the tube to minimize damage to the 
ovarian vasculature. A second approach is to use an advanced energy device, either 
an advanced bipolar, ultrasonic, or hybrid device, to perform the salpingectomy. The 
third approach is to use a pretied surgical loop such as ENDOLOOP®. The tube is 
brought through the loop, the loop is tightened, and the tube is then excised with 
scissors. The surgical method of choice will be dependent on the experience of the 
surgeon, complexity of surgery, and available resources. 

13.2 Tubal surgery for infertility

Tubal damage is thought to be responsible in approximately 14% of women with infer-
tility [10], and 10–30% of women with tubal factor infertility have hydrosalpinges [11]. 
While surgery to repair damaged fallopian tubes to improve the chances of spon-
taneous pregnancy has been largely replaced by assisted reproductive technology  
(ART), tubal surgery still has a place in a subgroup of women. It has a role in women 
with mild to moderate tubal damage that is mostly associated with flimsy pelvic 
adhesions with relatively well-preserved tubal anatomy and in those who underwent 
tubal sterilization in the past. ART is usually the preferred method in cases of severe 
tubal damage when the size of hydrosalpinx is greater than 3 cm, the tubal wall is 
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thickened, mucosal folds are lost and flattened, intraluminal adhesions are present, 
extensive and dense peritubal adhesions are present, and there is bipolar (both distal 
and proximal) tubal damage. 

Tubal surgery was initially developed by a small number of pioneers who applied 
the principles of microsurgery before the era of ART. Microsurgical principles include 
magnification, minimal tissue handling, use of starch-free gloves and fine and nonre-
active suture material, judicious use of diathermy, frequent irrigation, and aspiration 
to avoid tissue drying and avoiding the use of dry towels or sponges. Advances in 
endoscopic surgery have made it possible to apply these same microsurgical prin-
ciples to laparoscopic surgery, eliminating the need for open surgery. Minimally 
invasive procedures to improve tubal-related infertility include adhesiolysis, fimbrio-
plasty, neosalpingostomy, and tubal reanastomosis.

13.2.1 Adhesiolysis

Tubo-ovarian adhesions may develop as a result of pelvic inflammatory disease (PID), 
previous pelvic surgery such as myomectomy or adnexal surgery, and endometriosis. 
Adhesions secondary to endometriosis tend to be dense and vascular, while PID adhe-
sions are more likely to be flimsy and avascular. Postoperative adhesions, on other 
hand, may include both types. Adhesiolysis for flimsy adhesions is known to give 
better spontaneous pregnancy outcomes when the fallopian tubes, including tubal 
mucosa, are relatively normal. The condition of the fimbrial end and tubal mucosa 
should be assessed when the fimbrial end is accessible. This may, however, be possi-
ble only after adhesiolysis if the fimbrial end is covered with adhesions. Tubal mucosa 
can easily be assessed by inserting a small endoscope with saline (distal salpingos-
copy) through one of the secondary ports. The loss of mucosal folds and intratubal 
adhesions are indicative of poor prognosis.

The aim of adhesiolysis is to free up pelvic organs and restore pelvic anatomy. It is 
preferable to excise adhesions instead of just dividing them as removing the adhesion 
tissue will reduce the chances of reformation postoperatively (Fig. 13.1). The appli-
cation of antiadhesive agents over the areas where adhesions have been excised or 
divided is recommended to reduce recurrence rates. Laparoscopic adhesiolysis tends 
to give good reproductive outcomes, with intrauterine pregnancy rates of 44–62% and 
ectopic pregnancy rates of 4–8%. High pregnancy rates are achieved when adhesions 
are the only cause of infertility [12].

13.2.2 Fimbrioplasty

Fimbrioplasty is used when the fimbriated end of the fallopian tube is not entirely 
blocked but is damaged due to adhesions. The damage may be in the form of 



13.2 Tubal surgery for infertility   137

agglutination when there are adhesions across the fimbriae, blunting when there is 
side to side adherence of fimbriae giving a “mitten” appearance and when there is 
phimosis or narrowing of the fimbriated end [13]. 

Fimbrioplasty involves excising or dividing adhesions covering the fimbriae, sep-
arating fimbriae that are adherent to each other, and widening the phimotic end of 
the fallopian tube, which may require cruciate incisions using fine-needle diathermy. 
Blunt dissection and widening of the fimbriated end can be achieved by inserting a 
fine tip curved or right angle tip grasping forceps. The quality of mucosa should then 
be assessed as described above. The fimbriated end should be everted by suturing the 
edges onto the serosa using fine monofilament nonabsorbable material to reduce risk 
of recurrence and closure (Fig. 13.2).

Intrauterine pregnancy rates of 17–51% and ectopic pregnancy rates of 4–23% 
have been reported following fimbrioplasty [12].

13.2.3 Neosalpingostomy 

Neosalpingostomy is performed when the fimbriated end is completely blocked. 
Methylene blue dye is administered via a uterine manipulator to distend the fallo-
pian tube and identify the location of the occlusion. Three or four cruciate incisions  
are then made using fine-needle diathermy to open the fimbriated end of the fallo-
pian tube. Care should be taken to minimize diathermy damage to the fimbriated end 
at this stage by using a fine needle with high power pure cutting that will minimize 
lateral spread of diathermy and exercising targeted coagulation for hemostasis. The 
fimbriated ends are then everted using fine monofilament nonabsorbable sutures, as 
described above. Some surgeons use laser vaporization or gentle bipolar coagulation 
of the serosa of the tubal infundibulum to evert the fimbriated end, but this may carry 
the risk of further damage to the fallopian tube. 

Fig. 13.1: (a) Flimsy left perituboovarian adhesions covering the ovary and fimbrial end. A hydrosalpinx 
can be seen on the right. (b) The left Fallopian tube after excision of left adnexal adhesions.

a b
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A systematic review and meta-analysis of salpingostomy for hydrosalpinx at laparos-
copy and laparotomy showed clinical pregnancy rates of 25.5% at 24 months with 
ectopic pregnancy rates of 10% [14].

13.2.4 Tubal reanastomosis

Tubal reanastomosis is performed in the presence of proximal tubal pathology such 
as previous tubal sterilization and salpingitis isthmica nodosa. Regret or change in 
personal circumstances after tubal sterilization are the two most common reasons 
for tubal reanastomosis, and the procedure has particularly high success rates in this 
group of women with previously proven fertility and no other contributing factor. 
A number of prognostic factors have been evaluated after reversal of sterilization, 
including the age of the woman, method of sterilization, time interval between sterili-
zation and reversal, and length of the remaining fallopian tube. The age of the woman 
was found to be the most significant prognostic indicator, with better pregnancy rates 

Fig. 13.2: (a) Phimosis of the left fimbrial end and a small left hydrosalpinx. (b) The left fimbrial end 
has been opened and everted with sutures. (c) Tubal patency after fimbrioplasty.

a b

c
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in younger women. There are no direct comparisons with in vitro fertilization (IVF), 
but it is quite likely that sterilization reversal is more favorable in younger women, 
while IVF may be preferable in older women [15].

Laparoscopic tubal reanastomosis should ideally be performed using specially 
designed 3-mm laparoscopic microsurgical instruments. A very high-quality image 
is required to see the details of tubal layers, small-diameter tubal lumen, and fine 
suture material that is used for this technique. In conventional laparoscopy, three 
or four ancillary ports are used in addition to the camera port. The location of the 
ports depends on the suturing technique of the surgeon, with one of the ports being a 
5-mm port to allow insertion of the suture material into the abdominal cavity. Robotic 
surgery would fulfill the image quality requirements and provide additional flexibil-
ity for suturing with the fine suture material, but larger ports are required.

After the initial assessment of pelvis and upper abdomen, the fallopian tubes are 
assessed closely for their length and appearance of the fimbriated end. Adhesions are 
excised or divided if present. Diluted synthetic vasopressin may be injected into the mes-
osalpinx to reduce bleeding. Fibrotic or scarred tissue, together with the serosa at the tip 
of proximal and distal ends that will be anastomosed, is excised using needle diathermy. 
Following this, the distal end of the proximal tube and the proximal end of the distal 
tube are cut at right angles either using cold scissors or specially designed “guillotine” 
device. The ends that will be anastomosed are then examined closely and ideally the 
diameter of the lumens should be very similar. Methylene blue dye is then administered 
via the uterine manipulator to confirm the patency of the proximal end. Distal part 
patency can also be checked using a specially designed device to instill methylene blue.

The ends are then anastomosed using fine polyprolene sutures. Initially, a single 
suture is placed to approximate the mesosalpinx at the anastomosis site. Following 
this, 7/0 or 8/0 interrupted sutures are placed at 6, 12, 3, and 9 o’clock positions (in this 
order) to bring the muscularis and mucosa together. Two or three interrupted serosal 
sutures are applied to complete the anastomosis. Tubal patency is then checked with 
methylene blue dye administered through the uterine manipulator. 

13.2.5 Hydrosalpinx and ART

Damaged fallopian tubes, particularly hydrosalpinges, have a detrimental impact 
on ART outcome. Surgical treatment of hydrosalpinges is known to improve the 
pregnancy rates of ART. Surgery may be in the form of salpingectomy or proximal 
tubal occlusion (PTO), as a number of randomized controlled trials have shown that 
both procedures improve clinical pregnancy rates [16]. Salpingectomy may reduce 
ovarian reserve more than PTO can, as measured by anti-Müllerian hormone level 
and antral follicle count, as well as being associated with longer ovarian stimu-
lation and higher gonadotrophin requirements. Pregnancy rates, however, appear 
to be similar after both approaches [17]. The reduction in ovarian reserve is likely 
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to be related to the disruption of blood supply to the ovaries, and for this reason, 
any technique to perform PTO or salpingectomy should aim to avoid disruption of 
ovarian vasculature.

PTO may be performed by either bipolar diathermy of the proximal isthmus or by 
applying clips or rings that are used for tubal sterilization, such as Filshie clips. This 
may be combined with fenestration of the distal end of the tube to drain the hydrosal-
pinx fluid.

a

Fig. 13.3: (a) Left hydrosalpinx. (b) Left tubal mesentery and intact blood vessels can be seen after 
salpingectomy.

b
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Salpingectomy may be performed by one of the techniques described above, 
keeping in mind to avoid the mesosalpingeal collateral vessels between the 
uterine and ovarian arteries (Fig. 13.3). If the tube and ovary are densely adher-
ent to each other, as in cases of severe endometriosis, PTO may be preferable over 
salpingectomy. 

13.2.6 Hysteroscopic tubal cannulation for proximal tubal obstruction

Proximal tubal obstruction may be secondary to the presence of mucus, debris, 
or fibrosis. Unblocking the obstruction may be particularly successful in cases of 
mucus or debris, when the rest of the tubes are normal. Tubal cannulation may be 
performed under fluoroscopic guidance as an outpatient procedure. It is a relatively 
simple and inexpensive procedure but does not allow the assessment of the rest of 
the tube, presence of peritubal adhesions, or other pelvic pathology such as endo-
metriosis. An alternative approach is to perform hysteroscopic tubal cannulation 
in combination with laparoscopy. While the latter method usually requires general 
anesthesia and is more expensive, it enables the clinicians to assess the fallopian 
tube and other pelvic organs more reliably. A recent meta-analysis showed results 
that were comparable to IVF, with a cumulative pregnancy rate of 26% after fluor-
oscopic tubal cannulation and 31% after laparoscopy guided hysteroscopic tubal 
cannulation [18]. 

Hysteroscopic tubal cannulation technique involves utilization of a hysteroscope 
with an operating channel which can accommodate 5Fr instruments. Concomitant 
laparoscopy is performed, usually using a second camera stack, to assess the pelvis 
and simultaneously confirm successful cannulation and tubal patency. A 5Fr ure-
teric catheter with guidewire or specially designed tubal cannulation catheters can 
be used to cannulate the fallopian tube after identifying the tubal ostium. Once the 
catheter is successfully inserted into the proximal part of the tube, the guidewire is 
withdrawn and methylene blue dye is administered to confirm tubal patency. Tubal 
patency rates of approximately 70% are achieved with this approach.

13.3 Conclusion

While the use of surgical procedures to improve fertility has decreased with the 
advances of ART, tubal surgery still has a role in a selected group of patients. 
Tubal surgery is particularly more successful in younger women with mild to mod-
erate tubal damage and in those who have previously undergone tubal steriliza-
tion. It may also have a place to increase the chances of spontaneous concep-
tion in women with reduced ovarian reserve and consequently lower chances of 
success with ART.
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Olivier Donnez
14  Cesarean section scar defects and their 

management

14.1 Introduction

Over the recent decades, the number of cesarean sections (CSs) has continued to rise 
worldwide. In the United States, the proportion of CSs performed in 2007 was over 
30% [1–4], while rates in China have climbed as high as 35–58% in 2010 and even 
80% in private practice in Brazil, resulting in increasing obstetric sequelae, such as 
placenta accreta, scar dehiscence, and ectopic scar pregnancy due to incomplete 
healing of the CS incision. Described for the first time as an “isthmocele’’ by Morris 
in 1995 [5], a defect on the anterior wall of the uterine isthmus located at the site of 
previous CS is also known as a “cesarean scar defect” (Fig. 14.1) or niche [6, 7]. CS 
scar defects are increasingly more frequently described, and the reported incidence 
is as high as 61% after one CS, reaching 100% after three or more [8]. As reported by 
Vervoort et al. [9], a number of hypotheses may explain cesarean scar defect devel-
opment: (1) a very low incision through the cervical tissue, (2) inadequate suturing 
or incomplete closure of the uterine wall due to a single-layer endometrial-saving 
closure technique or use of locking sutures, and (3) surgical interventions that 
encourage adhesion formation (namely, nonclosure of the peritoneum, inadequate 
hemostasis, visible sutures, etc.).

14.2 Symptoms

Although these defects could be asymptomatic, they may be associated with compli-
cations in later pregnancies, such as uterine rupture, abnormally adherent placenta, 
or scar rupture [10, 11]. 

Gynecological sequelae, such as abnormal bleeding, chronic pelvic pain, dys-
menorrhea, dyspareunia, and infertility, have also been increasingly reported in the 
last decade in case of CS scar defects [12]. The collection of menstrual blood in the 
uterine defect, with intermittent passage through the cervix, may explain the occur-
rence of vaginal bleeding or spotting. Retention of blood inside the uterine scar 
defect can originate from endometriotic lesions [13] but also from typical hypervas-
cularization [14] or the inability of the myometrium covering the defect to exhibit 
sufficient contractility to expel blood from endometrial shedding during menstrua-
tion. This might be due to the significant decrease in muscular density we observed 

https://doi.org/10.1515/9783110535204-014



144   14 Cesarean section scar defects and their management

Fig. 14.1: Sagittal view of a frozen section from a hysterectomy specimen. A deep anterior  
defect covered with a thin layer of myometrium (white circle) can be observed at the level of  
the presumed site of CS. From Donnez O. Laparoscopic repair of cesarean scar defects. Fertil  
Steril 2016.

in the myometrium covering the defect compared with adjacent myometrium [13]. 
According to the literature [15–17], subsequent fertility may be impaired, with the 
risk of infertility estimated to be between 4% and 19%. Accumulation of mucus 
or blood in the defect, leading to the presence of intrauterine fluid, could prevent 
transport of sperm or embryo implantation [15–19]. This toxic environment could 
be responsible for the decrease in fertility, even though the association between 
a cesarean scar defect and infertility has never been proven. Nevertheless, some 
mechanisms may be speculated to play a role. Bloody fluid or bleeding from the 
cesarean scar flows into the vagina and also the uterine cavity, which could result 
in infertility via a process similar to hydrosalpinx [20]. The cytotoxicity of iron is 
well known, and an excess of iron after degradation of hemoglobin in the uterine 
cavity [21, 22] may be embryotoxic and/or impair embryo implantation via disturbed 
endometrial receptivity, as in case of endometriosis [22] or disrupted expression of 
the cytokine cascade [23].

Although the risks associated with cesarean scar defects remain unclear, there is 
obviously an association between large defects detected in nonpregnant women and 
dehiscence or uterine rupture in subsequent pregnancy (odds ratio [OR], 11.8; 95% 
confidence interval [CI], 0.7–746) [24]. The risk of uterine rupture or dehiscence was 
reported to be even higher in another study in women with large defects (OR, 26.05; 
95% CI, 2.36–287.61) [25].
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14.3 Diagnosis

Anomalies in a cesarean scar can be visualized by hysterosalpingography, trans-
vaginal sonography (TVS), saline infusion sonohysterography, hysteroscopy, and 
magnetic resonance imaging (MRI) and are characterized by a defect within the myo-
metrium, reflecting a breach at the site of a previous CS [26]. The most useful discrimi-
nating measurement is the thickness of the remaining myometrium [8, 24].

14.3.1 Ultrasound

Ultrasound (TVS) is an accurate method used to diagnose and measure a caesarean 
scar defect, with or without saline or gel [7, 27], with high detection rates.

14.3.2 Hysteroscopy 

Cesarean scar defects can also be diagnosed during hysteroscopy. A cavity is then 
observed at the level of the isthmus. The presence of hypervascularized areas and 
dendritic vessels with hemorrhage (Fig. 14.2a), observed by some authors [14, 23] 
at hysteroscopy, could suggest that the bleeding originates from the scarred area. 

Fig. 14.2: (a) Hysteroscopic view of the endocervical canal showed an anterior pseudocavity at the 
level of the dehiscence and the defect running along the whole breadth of the anterior uterine 
wall. Dendritic blood vessels are seen in the defect (white arrows). (b) Hysteroscopic view of the 
endocervical canal after complete resection of the pseudocavity.

a b
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However, there is no additional information regarding residual myometrial thickness 
regarding diagnosis made by hysteroscopy.

14.3.3 Magnetic resonance imaging

MRI gives the precise mapping of defects. Residual myometrium can be easily meas-
ured, and on T1-weighted images with saturation of fatty tissue, hypersignal spots 
are frequently detected in the defect due to the presence of residual menstrual 
blood. This was observed in 89% of the patients from our series [13]. In the other 
cases, the signal was present, but less intense, revealing the presence of mucus. 
Microscopic residual myometrium has recently been correlated to ultrasound and 
MRI measurements [13]. 

MRI and ultrasound are thus appropriate tools to determine the thickness of 
residual myometrium. The advantages of MRI are reproducibility of measurements 
and a clearer view of the defect before surgery. However, its use may be disputed, 
as preoperative residual thickness values were found to be similar by both MRI and 
ultrasound [13]. Further studies are needed to identify the most accurate means of 
imaging, taking into account the cost-effectiveness of both methods.

14.4 Treatment

Of course, in case of incidental diagnosis in asymptomatic women, surgery is not 
recommended. Nevertheless, as stated by Nezhat et al. [28], asymptomatic women 
who wish to conceive in the future may also require surgical repair owing to the 
high risk of uterine rupture, and the pros and cons should at least be discussed 
with the patient. More studies are clearly needed to shed further light on this 
specific issue. 

14.4.1 Medical treatment

The use of progestogen or oral contraceptive may be useful but with various efficacy 
in terms of bleeding and pain [29, 30], as some authors report failure of medical treat-
ment [5, 31, 32]. Regarding these results, medical treatment can be proposed to symp-
tomatic women without desire of further pregnancy and information should be given 
regarding surgical correction in case of failure. 
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14.4.2 Surgical treatment

14.4.2.1 Hysteroscopic resection
Hysteroscopic resection of cesarean scar defects was first described in 1996 [33]. 
Hysteroscopic treatment includes resection of the fibrotic tissue covering the scar 
to facilitate further evacuation of blood during menstruations. This is the most 
commonly reported technique [32, 34–37]. Initial reports recommended complete 
resection of the defect cavity [38] (Fig. 14.2b), while a recent study evaluated the 
possibility of resecting only the distal edge of the defect [39]. Postmenstrual spot-
ting and spotting-related discomfort can be reduced by hysteroscopic resection in 
women with a defect with residual myometrium of ≥3 mm. Standard practice would 
have involved performing hysteroscopic resection of the defect in all patients who no 
longer wished to conceive [28]. However, in our series, hysteroscopic resection was 
not offered due to the risk of bladder injury and uterine perforation in patients with 
myometrial thickness of less than 3 mm [14].

Most series on hysteroscopic management do not provide any information [19, 32, 
34–37] on residual myometrial thickness before and after surgery, although myome-
trial thickness before and after hysteroscopy was reported to be similar in a series of 
24 women treated by hysteroscopy (4.4 mm vs. 5.3 mm) [40]. 

According to several reports on hysteroscopic resection, intermenstrual bleed-
ing can be improved in 59–100% of cases, with pregnancy rates climbing to 77.8% to 
100% of cases [32, 35, 38].

Gubbini et al. [34, 38] published their prospective series of 37 patients who 
delivered by CS after hysteroscopic resection at the level of the cesarean scar 
defect. Unfortunately, as the investigators failed to provide information on resid-
ual myometrial thickness before and after surgery, no conclusions could be drawn 
on the efficacy of the technique in terms of preventing uterine dehiscence or 
rupture. 

Hysteroscopic treatment most likely corrects the scar defect but does not 
strengthen the uterine wall, while laparoscopic/vaginal repair of the defect may 
potentially reinforce myometrial endurance.

14.4.2.2 Laparoscopic repair
The first laparoscopic repair of a uteroperitoneal fistula caused by CS was performed 
by the group of Nezhat [41]. Laparoscopic repair of large defects was subsequently 
described by Donnez et al. in 2008 [42], showing an increased risk of uterine rupture, 
and the first series of 13 patients was reported several years later [14].

Using CO2 laser (Lumenis-Sharplan), the scar was opened up from one end to the 
other (Fig. 14.3a). The fibrotic tissue was then excised from the edges of the defect to 
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access healthy myometrium and facilitate further healing (Fig. 14.3b). Before closing 
the defect, a Hegar probe was inserted into the cervix to preserve the continuity of the 
cervical canal with the uterine cavity. For the first layer, three separate sutures were 
placed to close the scar using 2-0 Vicryl SH (Johnson & Johnson) (Fig. 14.3c). A second 
layer of separate stitches was applied to achieve double-layer closure (Fig. 14.3d). The 
peritoneum was then closed using Monocryl 0 MH+ (Johnson & Johnson) running 
suture. Vervoort et al. [9] suggested that retroflexion of the uterus may impair wound 
healing after CS and encourage formation of cesarean scar defects. For this reason, 
the round ligaments were shortened bilaterally in case of a retroflexed uterus. At the 
end of surgery, hysteroscopy was performed to visualize the repair of the cervical 
canal, which showed complete correction of the defect and normal patency of the 
cervix. All the patients were discharged from hospital within 24 hours of surgery. After 
a period of 3 months and subsequent pelvic MRI, the women were told they could 
attempt pregnancy.

Fig. 14.3: (a) Laparoscopic view of the cesarean scar with a probe inserted into the endocervix. The 
residual myometrium covering the scar is very thin. (b) Laparoscopic view of the cesarean section 
scar defect cavity. (c) Laparoscopic view of the first layer of suture. (d) Laparoscopic view of the 
second layer of suture.

a b

c d
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Residual myometrial thickness increased from 1.4 ± 0.76 mm to 9.6 ± 1.8 mm, 
proving adequate reinforcement of the myometrium. This surgical technique is 
able to restore the thickness of the anterior uterine wall. These results are com-
parable to those obtained by Tanimura et al. [23] but superior to those achieved 
by Chang et al. [32] and Vervoort et al. [43]. However, despite residual myometrial 
thickness being considered the best discriminating factor, this important informa-
tion was missing from the last series of Zhang et al. [44] and Li et al. [45]. Vervoort 
et al. reported 5.3 mm of residual myometrial thickness, but in their series, 22% 
and 34% of the patients respectively presented spotting and dysmenorrhea after 
surgery, with 12% residual myometrium still under 3 mm. The technique we use is 
associated with high success rates in terms of symptoms, as 91% of our patients 
were asymptomatic after laparoscopic repair. Only two women underwent hys-
teroscopic resection to treat residual intermenstrual bleeding, despite a good ana-
tomical result, and one of them was able to achieve pregnancy. It is important 
to note one serious failure occurring in a patient with three previous CSs. The 
myometrium was unable to heal correctly, which could have been due to excessive 
fibrotic tissue surrounding the scar or the inability of the surgeon to distinguish 
healthy tissue after three CS. 

14.4.2.3 Hysterectomy
Hysterectomy is the radical surgical treatment for cesarean scar defects. This option 
must be discussed in case of <3 mm residual myometrium and clear absence of preg-
nancy desire.

14.5 Conclusions

Cesarean scar defect is a relatively new entity. The anterior uterine wall should be 
evaluated in case of symptomatic patient (chronic pelvic pain, dysmenorrhea, inter-
menstrual bleeding, infertility) in women with history of CS. Based on the data 
available in the literature, the choice of therapy will depend on the severity of the 
symptoms, the size of the defect, the residual myometrial thickness, and the wish to 
conceive or preserve uterus. An algorithm can be proposed (Fig. 14.4). Progestogen or 
oral contraceptive may be proposed to symptomatic patient without desire of further 
pregnancy. In symptomatic women with residual myometrial thickness of less than  
13 mm who wish to conceive, laparoscopic repair should be proposed, as it was 
demonstrated that it significantly strengthens the myometrial wall and uterine ante-
fixation can be easily performed during laparoscopy. In case of symptoms like dys-
menorrhea, bleeding, or pelvic pain, hysteroscopic resection may be carried out if 
the residual thickness is more than 3 mm but the postoperative residual myometrial 
thickness still needs evaluation. 
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Andrina Kölle, Katharina Rall und Sarah Brucker 
15  Laparoscopic surgery for Müllerian anomalies 

15.1 Background

The prevalence of Müllerian anomalies in the female population is 0.2% to 0.5%, 
whereas in patients suffering from infertility, it is 3% to 13%. Women with a history of 
recurrent miscarriages have a prevalence of up to 38%. A third of the Müllerian anoma-
lies are septate, a third bicornuate uteri, 10% arcuate uterus, 10% didelphis and unicor-
nuate uterus, and <5% uterine and vaginal aplasia [1–3]. They are often associated with 
non-Müllerian anomalies such as renal and axial skeletal systems’ anomalies.

The different forms of malformations can be referred to the embryologic devel-
opment of the uterus and the vagina. The proximal three quarters of the vagina, the 
uterus, and the fallopian tubes originate from the Müllerian ducts. In the embryologic 
development of the female genital tract, the pairs of Müllerian ducts fuse into a tube, 
followed by the resorption of the inner wall which forms the hollow organs uterus 
and vagina, whereas the cranial part remains in pairs and forms the fallopian tubes. 
The reason for Müllerian anomalies is considered to be an arrested development mal-
formation such as aplasia or incomplete fusion of the Müllerian ducts. This leads to 
a high frequency of combined malformations of the uterus and the proximal vagina. 

The distal part of the vagina is formed by the urogenital sinus. Therefore,  
malformations of the hymen occur in isolation. As the ovaries are not formed by the 
Müllerian ducts, patients with isolated Müllerian anomalies have normal hormonal 
activity. They are often diagnosed as late as puberty, when menarche does not appear 
or sexual activity is not possible, or even later if infertility is the only symptom [4]. The 
leading symptom of obstructive female genital malformations and uterine aplasia is 
primary amenorrhea during normal pubertal development, since hormonal develop-
ment is unimpaired.

15.2 Diagnosis

The correct diagnosis of the malformation is essential for therapy. If there is a sus-
picion of a genital anomaly, a clinical examination, inspection of the outer genital 
organs with the examination of the vaginal length, and an ultrasound of the inner 
genital organs and the kidneys should be performed [5]. For further investigation 
and in order to exclude associated malformations of the urinary tract, a magnetic 
resonance imaging (MRI) including urinary tract collection system can be performed. 
Before the laparoscopic surgery, associated malformations such as duplicated ureters 
or atypical anatomic locations of the kidneys or the ureters should be assessed to 
avoid surgical complications. 

https://doi.org/10.1515/9783110535204-015
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To dissociate Müllerian anomalies from disorders of sexual development 
(XY, DSD) a chromosome analysis and a hormone status might be necessary.

In addition to the existing ones, a new classification system of female genital malfor-
mations was built in 2013 by the European Society of Human Reproduction and Embry-
ology (ESHRE) and the European Society for Gynaecological Endoscopy (ESGE) that  
provides a clinically useful instrument for the comparability of diagnoses (Fig. 15.1) [6, 7]. 

Fig. 15.1: European Society of Human Reproduction and Embryology/European Society for 
Gynaecological Endoscopy classification of female genital malformations (2013).



156   15 Laparoscopic surgery for Müllerian anomalies

15.3 Congenital vaginal agenesis

Vaginal hypoplasia or vaginal agenesis is seen in complex genital malformations such 
as the Mayer-Rokitansky-Küster-Hauser (MRKH) syndrome or the complete androgen 
insensitivity syndrome with chromosome analyses of 46, XY. The incidence of the 
MRKH syndrome is reported from 1:4000 to 1:5000 in female live births [8].

The main symptom is primary amenorrhea without major abdominal pain. This is 
due to the combination of an absent vagina with the absence of a functioning uterus. 
Sexual intercourse is normally not possible or very painful. In some cases, there may 
be a rudimentary uterus containing functioning endometrium, which can lead to 
symptomatic hematometra and/or pain without obvious hematometra.

The correction of an absent vagina can be accomplished by different methods, 
which can be grouped as nonsurgical and surgical. 

15.3.1 Nonsurgical method

15.3.1.1 Nonsurgical stretching method
The stretching method developed by Frank involves the prolonged use of a vaginal 
dilatator by the patient [9]. External pressure is applied regularly to the vaginal dimple 
with dilators of growing size. The self-dilatation therapy is often considered as the 
best first-line treatment with a high rate of success and low accompanying risks due 
its noninvasive nature [10]. Furthermore, the Frank’s method is cheap with a success 
rate from 69 to 95% [11, 12]. The self-dilatation is a therapeutic option in highly moti-
vated patients who refuse a primary surgical therapy. 

However, a systematic review concludes that the self-dilatation leads to the short-
est vaginal length of 6.65 cm and the lowest Female Sexual Function Index score, which 
is an objective instrument measuring sexual functioning in women  [13].  Moreover, 
the treatment success depends on the patient’s self-discipline and perseverance and 
could cause considerable physical pain and psychological strain. Apart from being a 
lengthy procedure, Frank’s method is also associated with several medical disadvan-
tages, including vaginal prolapse caused by the absence of vaginal supporting struc-
tures and scarring. Other complications include accidental urethral dilatation [14]. 

15.3.2 Surgical methods

15.3.2.1 Vaginal tunneling—the McIndoe method
The McIndoe method uses skin grafts, e.g., from the buttocks or posterior thigh for 
the creation of a neovagina. The first step is to make an H-shaped incision in the 
perineum. A canal is developed with blunt and sharp dissection and by spreading 
the scissors until the peritoneum of the posterior cul-de-sac is reached. A skin graft is 
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taken and sutured over a vaginal mold, which is then inserted into the created space. 
The skin graft is secured to the introitus with a few sutures. The mold is removed after 
10 to 14 days and a postoperative mold is inserted for 6 more months. A mesh graft 
may be used to reduce the amount of skin that has to be taken [15].

Complications are partial to total necrosis of the skin graft or development of 
granulation tissue or even fistula, particularly in those with previous surgical inter-
ventions. Postoperative vaginal length is reported between 6 and 9.5 cm, and 78% to 
100% of the patients are satisfied with their sexual life [16].

The disadvantages of the mesh graft are shrinkage and long-term need for dilata-
tion. There is also a risk of vaginal prolapse and lack of vaginal lubrication. 

The McIndoe method can be recommended to patients with previous major 
abdominal surgeries and/or other contraindications to the abdominal approach, e.g., 
after a pouch neobladder. The procedure is more suitable for those women with per-
ineal scarring because the vaginal skin is not required to stretch.

15.3.2.2 Davydov method
The Davydov technique creates a neovagina using the patient’s own peritoneum for 
the lining. To access the peritoneum, a laparoscopy or laparotomy is necessary with 
their associated trauma and risks. The modified laparoscopic Davydov technique 
involves a laparoscopic step, followed by a vaginal approach. During the laparo-
scopic step, the strand that connects the two rudimental uterine horns is lifted, and 
the peritoneum immediately below is incised transversely for a section of 4–5 cm. 
Guided by the middle finger, which is inserted in the patient’s rectum, this incision 
is extended in a horseshoe-shaped fashion for approximately 1 cm into the connec-
tive tissue beneath, which separates the bladder from the rectum. In order to mobi-
lize the peritoneum, which will constitute the neovaginal walls and vault, the round 
ligaments are identified by applying traction on the uterine remnants and then are 
cut bilaterally. The supravesical peritoneum is incised along the apparent line that 
connects the rudiments. A monofilament is used to create two purse-string sutures 
for each hemi-pelvis. Each suture is begun from the mobilized peritoneum above the 
bladder dome by transfixing consecutively the round ligament, the tubal isthmus, 
the uteroovarian ligament, and the lateral peritoneal leaf. The perineal step creates 
an anastomosis between the incised pelvic peritoneum and the mucosa of the vaginal 
dimple. An H-shaped incision is made on the vaginal vestibulum and a dissection 
between the bladder and rectum is created until the peritoneal margins of the lapa-
roscopically performed transverse incision are identified. After the connection, a 
vaginal tampon is inserted [17]. Forty-eight hours after surgery, a vaginal obturator is 
inserted, which has to be used 6 to 8 hours a day until complete vaginal epithelializa-
tion is achieved. Intraoperative complications consist of damage to the bladder, the 
ureters, or the rectum, which can be followed by formation of rectovaginal fistulas, 
which is rare. Peri- and postoperative complications include peritonitis or insufficient 
vaginal lubrication [17].
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15.3.2.3 Bowel Vaginoplasty
There are many ways of using intestinal segments to create a neovagina. Segments 
of rectum, ileum, and sigmoid colon have been employed for vaginal replacement. 
Compared with other segments of the bowel, the sigmoid colon has several advan-
tages: Its location is convenient, it is usually mobile, and its blood supply permits a 
well-vascularized segment to be isolated. 

The laparoscopic procedure releases the sigmoid in the classical manner. A 
sigmoid transplant is 10 to 15 cm long. It remains vascularized by the inferior sigmoid 
artery. In a second step, a perineal H-shaped incision is made and a peritoneal 
opening is made under laparoscopic guidance [18]. 

Sigmoid grafting offers adequate length, natural lubrication, early coitus, and 
lack of shrinkage, narrowing, and stenosis at the perineal introitus. Disadvantages 
are copious vaginal discharge, colitis, or an unpleasant odor. Complications include 
prolapse of the sigmoid neovagina, insufficiency of the anastomosis, necrosis, or 
even vaginal malignancy. 

The method involves a major operation, including all risks of bowel surgery. This 
method is not a first-line treatment and should be reserved for highly complex anom-
alies that have already undergone unsuccessful reconstructive surgery. 

15.3.2.4  Surgical Traction methods—laparoscopically-assisted creation of 
neovagina after Vecchietti and its modifications 

Vecchietti developed a method for the creation of a neovagina in patients with con-
genital vaginal agenesis based on stretching of the vaginal dimple intraabdominally 
after abdominovaginal dissection of the vesicorectal space. An acrylic dummy (olive) 
is threaded and inserted in the vaginal dimple. The threads are then passed through 
the pelvis onto the abdominal wall and connected to a traction device. Using this 
device, tension is continuously exerted on the vaginal dimple, resulting in the forma-
tion of a neovagina by stretching within a matter of days [19]. This method came into 
widespread use but was associated with the surgical trauma of laparotomy. 

To avoid this, an endoscopic approach was established in 1992 at the Department 
of Obstetrics and Gynaecology at Heidelberg University Hospital, Germany, and was 
optimized in Tübingen University Hospital, Germany [20]. 

The advantage of the Vecchietti-based methods is that they create a neovagina 
with normal anatomy, histomorphology, and functionality [21]. Moreover, there is no 
need to use exogenous tissues such as skin, peritoneum, or intestine or to perform 
plastic surgery that causes visible scars. Most importantly, functional results are 
achieved very quickly. Postoperative vaginal dilatation is essential to prevent vaginal 
stenosis for up to 6 months or until epithelialization is complete. Initial coitus can 
take place with the understanding compliance of the partner as soon as 4 weeks after 
the operation and sexual intercourse is satisfying without the need for additional 
lubricants. 
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The advantage over the McIndoe technique is the absence of major scarring from 
skin grafting in these young patients. The Vecchietti method has good functional 
results because the neovagina is lined with the typical vaginal epithelium [22]. 

Surgical steps of creating a laparoscopically assisted neovagina modified from 
Vecchietti include an initial laparoscopy with simultaneous recto-vaginal palpation. 
The vaginal dummy (olive) with a central hole for the flow of secretion is inserted in 
the vaginal dimple, followed by the laparoscopic determination of the perforation 
point. The vaginal step consists of the perforation of the vaginal membrane through 
the recto-vesical septum without dissection of the recto-vesical space. The threads 
that are attached to the vaginal dummy are passed into the peritoneal cavity through 
perforation of the recto-vesical septum (Fig. 15.2). Following this, the threads are led 
through the abdominal wall subperitoneally and fixed on a special traction device 
above the umbilicus. The traction device provides a smooth surface and a stable 
direction for the tension without unintentional opening or snapping off of the threads 
and ensures equal tightening of both traction threads [23, 24].

After 5 to 7 days, the traction device is removed and a vaginal dummy (10 × 3 cm) 
is inserted into the neovaginal space. In the first 4 weeks after surgery, the patients 
have to wear the vaginal dummy for about 23–24 hours a day. After this period, the 
time the patients have to wear the dummy is reduced and they can start having sexual 
intercourse approximately 6 months after the healing of the neovagina is complete. 
Routine controls are recommended at 1, 3, 6, and 12 months after surgery. After that 
time, the neovagina stays in adequate size even without regular sexual intercourse. 

a b

dc

Fig. 15.2: (a) Insertion of the threads through the vaginal dimple under laparoscopic view. 
(b) Transabdominal insertion of the curved thread guide. (c) Subperitoneal guidance of the 
threads under laparoscopic view. (d) Abdominal fixation of the traction device.
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The procedure is fast, effective, and minimally traumatic, with a low long-term com-
plication rate. Moreover, a good quality of sexual life and sexual satisfaction are 
reported [24–26].

Surgical vesico-rectal tunneling is not needed and vagino-abdominal blunt per-
foration of the vaginal dimple is not associated with high complication rates or a poor 
functional outcome. The improved minimally invasive laparoscopic technique and 
development of novel instruments have resulted in safer and quicker surgery. In addi-
tion, this low-risk procedure creates a vaginal canal in the correct axis that is of ade-
quate size and with secretory capacity. These allow intercourse to take place without 
the need for continual postoperative dilatation and therefore require minimal care to 
maintain long-term benefits. 

Presently, there is no consensus in the medical literature regarding the best 
surgical option for the creation of a neovagina. All described procedures should be 
performed by surgeons with experience in vaginal reconstruction and laparoscopic 
surgery. It is also important to provide the patient with access to psychological and 
psychosomatic support. A multidisciplinary approach in all aspects of care cannot be 
overemphasized [21].

15.4 Uterus bicornis, uterus didelphis (Bicornis, Bicollis)

Müllerian malformations do not necessarily require surgical intervention as long as 
there is no obstructive malformation causing symptomatic hematometra or hemato-
colpos, or as long as there is no problem with fertility. It is essential to  differentiate 
between septate uterus and bicornuate uterus (see Fig. 15.1). It is not possible to 
distinguish between these malformations at hysteroscopy; hence, an MRI, a three-
dimensional ultrasound, or a laparoscopy is required for an accurate diagnosis. The 
possibility of a laparoscopic metroplasty in bicornuate and didelphic uteri under 
simultaneous hysteroscopy is described. It consists of a gradual incision from the 
medial aspects of the uterine horns near the region of the fallopian tubes and the sub-
sequent suturing to form a single uterine cavity [27]. Surgical therapy for a bicornuate 
uterus or uterus didelphis depends on the pregnancy history of the patient and should 
be performed only if the patient has had recurrent miscarriage or late abortions.

15.5 Uterus unicornis

Fertility is reduced in the presence of a unicornuate uterus. Preterm delivery is 
reported in between 10% and 44%, and the miscarriage rate is typically between 29% 
and 58% [28]. A noncommunicating rudimentary horn should be ruled out if a patient 
with a unicornuate uterus presents with cyclic pain. These patients may also present 
with dysmenorrhea as a result of endometriosis from retrograde menstrual flow out 
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of the functional endometrium in the horn [29]. Pregnancies can occur in the rudi-
mentary horn. When this happens, this uterus is at risk of rupture. The horn contain-
ing the pregnancy should be removed via laparotomy or laparoscopy. Currently, with 
the good instrumentation and experience, laparoscopic removal of the rudimentary 
uterus is easily accomplished. If there are no symptoms, the noncommunicating horn 
can be left untreated [29].
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16  Minimally invasive techniques for urinary 

incontinence: laparoscopic/robotic-assisted 
Burch colposuspension (urethropexy)

16.1 Introduction

For many years, open Burch colposuspension (urethropexy), first described in 
1961 [1], was accepted as the gold standard in the treatment of incontinence due to 
urethral mobility [2]. Lapitan et al. found a 68.9–88.0% overall cure rate for open 
retropubic colposuspension, based on their review of 2403 women who under-
went the procedure [3]. Its overall continence rates were found to be approximately 
85–90% within the first year and 70% after 5 years [3]. Then, in 1991, as the use 
of minimally invasive surgeries increased in popularity and momentum, the first 
laparoscopic Burch procedure was described [4]. Laparoscopic colposuspension 
has its own obvious advantages over open cases, such as improved visualization, 
shorter hospital stay, and faster recovery [5]. But the introduction of midurethral 
sling kits to the urogynecology world drew attention away from colposuspension. 
The kits grew in popularity because they are user-friendly and provide a shorter 
surgery time. However, mesh-related complications created an abundance of litiga-
tion issues that have been highlighted in the media and have led to multiple Food 
and Drug  Administration (FDA) announcements. The FDA announcements do not 
specifically implement restrictions on midurethral sling use, but the bad publicity 
surrounding mesh has motivated patients to seek mesh-free alternatives for urinary 
incontinence [6]. Recently, robotic-assisted surgeries were introduced, and the 
robotic-assisted colposuspension is now a feasible option to open Burch [7]. This 
chronology of events has led to the increased use of laparoscopic or robotic-assisted 
colposuspension in recent years.

Based on the literature [8], the following reasons support choosing laparoscopic/
robotic-assisted retropubic colposuspension: 

 – Concomitant pelvic floor reconstruction together with laparoscopic/robotic-
assisted colposuspension and paravaginal repair can correct anterior compart-
ment prolapse [9]. 

 – A laparoscopic/robotic-assisted colposuspension can be performed at the same 
time as a concomitant hysterectomy, with or without salpingo-oophorectomy.

 – Laparoscopic/robotic-assisted colposuspension eliminates the potential, long-
term complications of mesh in patients at high risk of mesh erosion due to poor 
vaginal tissue vascularity, cancer, and history of pelvic radiation.

https://doi.org/10.1515/9783110535204-016
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 – Laparoscopic/robotic-assisted colposuspension can be offered after a failed 
vaginal midurethral tape procedure [10]. These patients receive urodynamic 
testing first to confirm the stress incontinence.

 – Laparoscopic/robotic-assisted colposuspension is an alternative for patients 
seeking options that do not involve mesh.

16.2 Pertinent information

A few related issues need to be addressed before the Burch operation is described:
 – Sutures are found to be better than mesh or staples in retropubic colposus-

pension, and two suspending sutures are better than single sutures in each 
side [11, 12]. 

 – During the Burch operation, the vaginal anterior wall is pulled forward, and 
the entire abdominal pressure can be directed to the posterior compartment of  
the urogenital hiatus. This procedure can cause iatrogenic rectocele or enterocele 
development in 10–15% of cases [13–15]. Therefore, this risk should be disclosed 
when informed consent is obtained. To prevent this complication, the use of 
Halban’s culdoplasty or Moschowitz posterior cul-de-sac obliteration is also sug-
gested along with synchronous retropubic suspension operations. This decision 
should be made with the patient before the surgery.

 – If a midurethral sling is planned after a failed retropubic colposuspension, the 
authors require an operative note from the previous surgeon disclosing whether 
the peritoneum was closed. If the peritoneum was left open during the previous 
Burch operation, the bowel loop could potentially get trapped in the retropubic 
space, and there is a risk that passing needles used for the retropubic midurethral 
sling may injure the bowel. If a previous operation note cannot be obtained, the 
authors recommend placing a camera intraperitoneally to pass the sling needle 
under direct visualization.

16.3 Retropubic space description

The retropubic space (or Retzius) is an extraperitoneal space. It is located behind 
the pubic symphysis and in front of the urinary bladder, and it extends to the level 
of the umbilicus. The lateral border of the retropubic space reaches the pelvic side-
wall. The structures located at the lateral boundaries are the obturator internus 
muscle and endopelvic facia (the arcus tendineus fascia of pelvis). The boundaries 
also include the pubic rami laterally and the symphysis pubis anteriorly. The retro-
pubic space contains anterior aspects of the proximal urethra and extraperitoneal 
portions of the bladder; these structures lie on the endopelvic fascia. The Cooper’s 
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ligament (pectineal ligament) covers the superior pubic ramus and is used as a suture 
fixation point; a surgeon must know the anatomy of Cooper’s ligament relative to 
other pelvic structures. The major vascular structure in this region, especially in the 
paraurethral area, is the Santorini complex, which is a venous network that contains 
vaginal vessels. Thus, the important anatomical landmarks of the retropubic space 
are the pubic symphysis, Cooper’s ligament (pectineal ligament), veins of Santorini, 
pubocervical fascia, pubourethral ligament, obturator neurovasculer bundle, and 
external iliac artery and vein. Dissection at the lateral borders of the Retzius space is 
important, and the surgeon must be careful to avoid the important anatomical struc-
tures encountered during this procedure, such as the obturator neurovasculer bundle 
and aberrant obturatory vessels. Knowledge of the relative locations of these struc-
tures is crucial because their close proximity and obscured location could result in 
inadvertent injury. This knowledge is especially important when performing a mini-
mally invasive procedure (both laparoscopically and robotically) because it can be 
difficult to maintain perspective and depth of field due to camera magnification and 
loss of tactile sensation. 

In a cadaver study [6], the distances between the major anatomical structures and 
the suture sites were measured after the classical Burch operation. The paravaginal 
fascia was dissected using the same technique as in open surgery. The study showed 
that the mean distance from the most lateral suture in the Cooper’s ligament to the 
obturator bundle was 25.9 ± 7.6 mm, and the distance to the external iliac vessels was 
28.9 ± 9.3 mm. Notably, the obturator neurovascular bundle and external iliac vessels 
lie, on average, less than 3 cm from the most lateral suture through the Cooper’s liga-
ment and in some cases are within 1.5 cm. 

16.4 Colposuspension procedure

Laparoscopic colposuspension is performed using either a transperitoneal or extra-
peritoneal approach. The technique described in this chapter is mostly described in 
terms of robotic surgery:
1. The patient is placed in the modified dorsal lithotomy position to allow vaginal 

manipulation when the surgeon enters in the retropubic area. 
2. After proper entry into the abdominal cavity, the surgeon places a robotic camera 

5 to 10 cm above the umbilicus. In addition to the camera, two 8-mm working 
ports are inserted at the right side of the patient’s abdomen, and a third one is 
inserted in the left lower quadrant, lateral to the rectus muscle, between the sym-
physis pubis and the umbilicus. 

3. Prior to the retropubic dissection, a 22F Foley catheter with a 30-ml balloon is 
placed in the bladder. The bladder is filled with 300 ml of normal or blue-stained 
saline (3-ml methylene blue 10 µg/ml in 1000 ml normal saline), facilitating the 
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identification of the upper limit of the bladder and upper edge of symphysis 
pubis. The anterior peritoneal incision starts approximately 1 to 3 cm above the 
upper limit of the bladder.

4. The incision is extended laterally to the medial umbilical ligament on each side. 
The loose connective tissue in the space is dissected bluntly with the help of intra-
peritoneal gas to arrive at the symphysis pubis bone anteriorly with the Cooper’s 
ligaments positioned laterally on each side (Fig. 16.1). 

*It should be kept in mind that the aberrant obturator vessels (corona mortis) and 
obturator neurovascular bundle, and even the external iliac vessels, may be encoun-
tered during upper lateral dissection.
5. The bladder is then drained, and the dissection is continued until a lateral posi-

tion to the pelvic side wall is acquired so that the obturator muscle and the arcus 
tendineus fascia pelvis (white line) can be seen bilaterally. Experience enables 
the surgeon to decide if the lateral margin of the dissection has been reached. 

6. The adipose tissue behind the symphysis, between the bladder and the pubic 
bones and between urethrovesical junction (paraurethral tissue) and white line, 
is gently separated. Attention should be paid to the pubic branches of the aber-
rant obturator or inferior epigastric vessels near or above the Cooper’s ligament. 

Fig. 16.1: Suturing landmarks of Retzius space.
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 7. The bladder base is dissected bluntly and pushed medially by the help of the 
finger in the vagina, elevating the anterior vaginal wall (Fig. 16.2). 

*During the dissection, the surgeon should avoid dissecting within 2 cm of the ure-
throvesical junction to prevent inadvertent bleeding and nerve damage. It is impor-
tant to remember that there may be internal pudendal and venous plexus from the 
vaginal vessels.
 8. Finally, the pubourethral ligament, urethrovesical junction, and urinary bladder 

base are revealed clearly within the space of the Retzius. 
 9. It is absolutely necessary to see the white paravaginal endopelvic fascia and put 

the sutures here for an effective surgery. Before suturing, all sutures can be placed 
in the abdomen and on the anterior wall of the abdomen to simplify this part of 
the operation.

10. The first suture is passed into the paravaginal fascia as a double bite, approxi-
mately 2 cm lateral to the midurethra, and a second suture is placed 2 cm distal 
to the bladder neck without passing through the vaginal epithelium. The sutures 
should be fixed to the nearest point on the ipsilateral Cooper’s ligament. During 
suturing, two fingers should be placed in the vagina to apply upward pressure to 
identify the appropriate areas in the lateral vaginal wall to suture. 
a. When using a laparoscopic approach, the authors prefer to place their hands 

intravaginaly to identify the endopelvic fascia during suturing. 

Fig. 16.2: Endopelvic fascia on the left side Retzius space. Air knots in four retropubic sutures.
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b. In robotic-assisted cases, the bedside assistant should visualize the fascia, 
and the console-side surgeon should grasp the fascia with a prograsp before 
suturing. Traction on the Foley catheter at the same time can fix and help to 
identify paraurethral fascia and urethrovesical junction. 

*It is important to use nonabsorbable monofilament suture material for a successful 
procedure. Nonabsorbable 2-0 sutures (Ethibond Excel® Polyester, Ethicon Inc. USA) 
are the authors’ preference.
11. When tying the suture, excessive upward tension on the vaginal wall can be 

avoided using the following two methods: 
a. A probe with 1-cm marks for calibration can be used to ensure that the dis-

tance between the upper edge of the Foley balloon (filled with 12 ml of water) 
and the superior border of the symphysis pubis is not less than 2 cm, or 

b. There must be a space of at least a two-finger breadth between the suture 
knot and the Cooper’s ligament.

*The intended tension when tying the suture should be enough to bring the stitched 
vaginal wall to the level of the arcus tendineus fascia pelvis (Fig. 16.2). 

*The sliding suture technique is very helpful at this stage to adjust the tension of 
the suture (Fig. 16.3).

Fig. 16.3: Sliding suture knot.
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12. The procedure is repeated on the contralateral side. Bleeding control is performed 
after the sutures. If needed, hemostasis with chemical agents can be used. Next, 
the anterior peritoneal incision is closed with polyglactin 910 or barbed sutures 
so that the bowel does not enter the space. 

13. A cystoscopy should then be performed after each case to ensure that the Burch 
sutures have not gone through the bladder and to confirm normal ureteral efflux.
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17  Robotic procedures for management  

of apical compartment prolapse

17.1 Introduction

Pelvic organ prolapse (POP) affects 11% of women in the United States;  approximately 
200,000 POP surgical procedures are performed annually [1]. It has become a growing 
public health problem; during a woman’s lifetime, the estimated risk of undergo-
ing POP surgery is 11–19%, and it is expected to be higher in the near future due to 
increased life expectancy [2, 3]. The significant role of level I support (apical support) 
has been demonstrated in previous studies showing that its loss is a major factor in 
the development of symptomatic and apical wall prolapse [4, 5]. In addition, neglect-
ing to address the apical compartment in certain patients during prolapse surgery 
is associated with failure of the POP surgery in the long-term [6]. There are a variety 
of procedures that can be performed either abdominally (open, minimally invasive) 
or vaginally for this purpose. The aim of this chapter is to demonstrate the practi-
cal aspects of robotic sacrocolpopexy and robotic uterosacral vault suspension in 
patients with POP. 

17.2 Robotic sacrocolpopexy

17.2.1 Anatomy

17.2.1.1 Mechanisms of pelvic organ support 
Pelvic organ support depends on the fine balance between the levator ani muscle and 
connective tissues in the pelvis. The levator ani muscle holds the pelvic floor closed 
and provides lifting forces to prevent pelvic organ descent, while pelvic support struc-
tures attach the uterus and vagina to the pelvic walls. When the muscles are damaged 
or weakened, or when the endopelvic fascia is not strong enough to hold the organs 
in place, a downward force vector occurs, causing progressive distress on the pelvic 
support system, which leads to downward displacement of pelvic structures [7]. 

17.2.1.2 Levator ani muscle
The levator ani muscle is comprised of three components: the pubovisceral (pubo-
coccygeus), iliococcygeal, and puborectalis muscles [8]. The pubovisceral muscle 
is further divided into three subcomponents: the pubovaginal, puboperineal, and 
puboanal, all of which are aspects of one muscle but are not distinct muscles. These 
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subcomponents all run from the pubic bone, but their insertion sites are different: 
the puboperineal muscle inserts into the perineal body, the pubovaginal muscle 
inserts in the vaginal wall at mid-urethra level, and the puboanal muscle inserts in 
the intersphincteric groove between the internal and external anal sphincters. The 
different insertion sites give these muscles different roles and functions; the pubop-
erineal muscle pulls the perineal body to the pubis, the pubovaginal muscle elevates 
the vagina to mid-urethra level, and the puboanal muscle elevates the anus and its 
attached anoderm. The iliococcygeus muscle arises laterally from the arcus tendine-
ous levator ani and provides lifting forces, which course +41 degrees and +33 degrees, 
respectively, above the horizontal line in the standing posture. The puborectalis 
muscle also originates from the pubis. It makes a sling around the rectum to form the 
anorectal angle. However, its course of action is below the horizontal line, with an 
angle of –19 degrees (Fig. 17.1) [7].

17.2.1.3 Endopelvic fascia
Support structures are formed by the endopelvic fascia, a connective tissue network 
that surrounds all pelvic organs and connects them loosely to the pelvic musculature 
and bones. These tissues are divided into three levels, first described by DeLancey, 
reflecting the type of support, from cranial to caudal [4].

Level I support: Uterosacral / cardinal ligament complex
The upper third of the vagina and cervix are attached to lateral pelvic sidewalls and 
the sacrum via the uterosacral and cardinal ligaments, which are composed of con-
nective tissues that contain blood vessels, lymphatics, and nerves. The uterosacral 
ligaments (USLs) originate from the posterolateral aspect of the cervix at the level of 
the internal cervical os. However, despite their name, they do not end at the sacrum; 
instead, they insert in the sacrospinous ligament and the coccygeus muscle complex 
on the pelvic sidewalls in the majority of women. The general consensus is that there 
is no direct insertion to the bone, and in only 7% of healthy individuals, they insert in 
the region of S2–S4 presacral fascia [9].

Level 1 support is similar for both the anterior and posterior compartments, 
except for one important difference in the posterior section. The uterosacral complex 
consists of two parts: the ventral superficial, which is visible during surgery, and the 
deep dorsal, which is below the peritoneum and cannot be seen without dissection. 
The deep dorsal portion of this complex is important for the posterior compartment 
because the cardinal ligaments are in a relatively vertical orientation in a standing 
posture, physiologically, and the dorsally oriented sacrouterine complex prevents the 
uterus/upper vagina from sliding down the inclined plane of the levator plate.

Loss of level 1 support is correlated with the prolapse of all compartments (apical, 
anterior, and posterior). However, the answer to the question of which component 
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(levator ani muscle injury or connective tissue support loss) is more significant in the 
pathogenesis of POP lies within the fact that the cervix may easily be pulled down to 
the level of the hymen or pushed up to the level of the sacrum in healthy women with 
no descensus or prolapse. The pubovisceral portion of levator ani muscle injury has 
been proven to be the main causative factor in POP (Fig. 17.2) [10–12].
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Fig. 17.1: Schematic view of the pelvis from left lateral side: 1. symphysis pubis, 2. arcus tendineus 
fascia pelvis, 3. arcus tendineus levator ani, 4. ischial spine, 5. obturator internus muscle, 6. 
iliococygeus muscle, 7. pubovaginalis muscle, 8. puboperinealis muscle, 9. puboanalis muscle, 10. 
puborectalis muscle, 11. external anal sphincter, 12. urethra, 13. vagina, 14. priformis muscle, 15. 
cocygeus muscle, 16. obturator canal, 17. sacrum.

Note that the levator ani consists of three parts: pubovisceralis muscle (also termed as 
pubococygeus), puborectalis muscle, and iliococygeus muscle. The pubovisceralis muscle has also 
three components: puboperinealis, pubovaginalis, and puboanalis. All of these parts of the levator 
ani have different lines of action.

The anterior attachment of the arcus tendineus fascia pelvis is to the caudal inner surface of the 
pubic bone, which is at approximately 4 mm lateral to the pubic symphysis.
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Level II support
This level of support is the continuation of the cardinal ligament complex at the level 
of the ischial spine, where the middle third of the vagina is attached to the arcus 
tendineous fasciae pelvis (ATFP) or the “white line.” ATFP originates from the ischial 
spine and ends on the inferior edge of the symphysis pubis, creating a bar-like struc-
ture on each side of the pelvic wall for the anterior part of the vagina to attach. At this 
level, the posterior part of the vagina is attached to the aponeurosis of the levator ani 
between the ischial spine and perineal body. The loss of level II support results in 
paravaginal defects and anterior compartment prolapse.

Level III support
This is the most distal part of the support, where the distal third of the vagina and 
urethra are attached to the perineal membrane and the perineal body and its sur-
rounding structures. The loss of level III support can result in urethral hypermobility, 
urinary incontinence, and rectocele. 
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Fig. 17.2: Two-dimensional magnetic resonance (MR) imaging-based biomechanical model showing 
the effects of pubovisceral muscle impairment and apical (uterosacral/cardinal ligament complex) 
impairment in the pathogenesis of POP. Left panels show model development: midsagittal MR 
image and biomechanical model. Right panels show a simulated magnitude of anterior vaginal 
wall prolapse under maximum Valsalva with various degrees of pubovisceral muscle (PVM) and 
cardinal / uterosacral complex impairment (indicated in percentage). D represents the size of 
prolapse measured as the descent of the most dependent point of vaginal wall from the end of the 
perineal membrane. PVM: Pubovisceral muscle; PS: Pubic symphysis; SAC: Sacrum; PM: Perineal 
membrane; LA plate: Levator plate; R: Rectum; V: Vagina; CL: Cardinal ligament; US: Uterosacral 
ligament; B: Bladder; UT: Uterus (Complimentary sharing from Dr. John DeLancey work).
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17.2.2 Procedure

The following is a step-by-step description of the procedure:
1. Prepping and positioning: Prep and drape the patient in the dorsal lithotomy posi-

tion with her legs padded in stirrups. Tuck and pad her arms to minimize nerve 
injury. Despite the fact that the port placements vary from patient to patient, and 
surgeon to surgeon, we prefer to use a three-arm system (three robotic arms and 
one robotic camera = total of four robotic ports) and a 12-mm assistant port. Align 
all ports within about 5–15 degrees and at least 8–10 cm apart when using the 
DaVinci Si® surgical system; an advantage of using the Xi® system is it allows port 
alignment in a straight line with a narrower space between the ports (approxi-
mately 8 cm). Place the camera port 5–10 cm above the umbilicus for a proper 
view of the sacral promontory. Fig. 17.3 demonstrates the port placements for both 
the DaVinci (Intuitive Surgical, Sunnyvale, CA) Si® and Xi® systems. 
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Fig. 17.3: Port placements for the DaVinci (Intuitive Surgical, Sunnyvale, CA) Si® and Xi® systems.  
(a) Port placements for the Si® system. (b & c) Port placements for the Xi® system.
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2. Creating vesicovaginal and rectovaginal spaces for mesh placement: In a patient 
with a prior hysterectomy, an EEA™ sizer (Medtronic Inc., MN, USA) may be used 
by the assistant to manipulate the vaginal cuff. After inspecting the cuff within the 
pelvis, dissect the peritoneum overlying the cuff with the da Vinci PK™ Dissecting 
Forceps (advanced bipolar) and monopolar scissors. If a hysterectomy is planned 
at the time of the procedure, these spaces can be created after uterine vessels are 
ligated prior to colpotomy, when the uterine manipulator is already in place.

3. Placing the mesh: Place the Y-shaped prolene type 1 mesh in the abdomen and 
suture it into the anterior and posterior vaginal walls through the previously dis-
sected vesicovaginal and rectovaginal spaces with two barbed sutures on each 
side in a running fashion. In our practice, we start suturing at the very distal end 
of the vaginal wall and move proximally. Keep in mind that the sheared forces are 
strongest at the proximal parts of the “Y,” so make sure to appropriately suture 
the proximal portion of the vaginal walls close to the vaginal apex. We prefer to 
adjust the arms of “Y” to 6 cm in patients with stage 2 prolapse per the POP-Q 
system. In patients with stage ≥3 prolapse, we adjust this length to 8 cm. Par-
ticular caution must be taken for dissections >8 cm because this area contains 
periurethral nerves and the vascular plexus.

4. Preparing the sacral promontory: This step requires particular attention since 
this area includes significant anatomical landmarks. To improve visualization 
when using a traditional laparoscopy or Xi® robotic system, airplane the patient 
to the left (10 degrees). The Si® system has to be undocked before reposition-
ing the patient. Through the assistant port, the bedside assistant can sweep the 
sigmoid colon out of the field using a laparoscopic bowel retractor. Then, identify 
the track of the right ureter. Next, identify and ligate the middle sacral artery on 
the sacral promontory. The right common iliac vein is more laterally located from 
the center of the promontorium than the left common iliac vein (24.00 ± 4.65 vs. 
19.00 ± 6.44 mm) [13], and this close proximity of the left common iliac vein to the 
sacral promontory deserves special attention to avoid major vessel injury at the 
time of suture placement (Fig. 17.4). 

5. Dissecting between the vaginal cuff and sacrum: Once the promontorium is iden-
tified, dissect away the peritoneum overlying the sacrum. At this point, you may 
use one of two techniques (tunneling vs. nontunneling). (1) Using the nontun-
neling technique, incise the peritoneum between the sacral promontory and the 
vaginal cuff with sharp scissors to place the mesh under the peritoneum. Then, 
close the peritoneum in a running fashion at the end of the procedure. (2) Using 
the tunneling technique, create a peritoneal tunnel between the vaginal cuff 
and the sacrum without incising the peritoneum. Then, feed the mesh through 
the tunnel and lay it flat, free of tension. There are two potential advantages of 
using the tunneling vs. the nontunneling technique. First, less injury to the infe-
rior hypogastric plexus can be anticipated since there is no peritoneal incision. 
Second, the risk of ureteral kinking can be avoided since there is no need for 
peritoneal closure. Although there are no published data comparing these two 
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methods, our preliminary results show significant improvement in urinary func-
tion in patients who underwent surgery via the tunneling technique (Fig. 17.5; 
unpublished data).

6. Pulling the vaginal cuff: The decision of how much to pull the vaginal cuff 
depends on the patient’s maximum vaginal length and her age. In our practice, 
we pull the mesh up to two-thirds of the maximum vaginal length in patients 
younger than 60 years old, but only up to one-half of the maximum vaginal 
length in patients older than 60 years old. With the assistant’s aid, perform this 
procedure by pushing the EEA™ sizer (Medtronic Inc., MN, USA) into the vagina 
to measure the maximum length and pulling out one-third to one-half based on 
the patient’s age.

7. Placing sutures in the sacral promontory: Suture the mesh to the anterior longi-
tudinal ligament at the promontorium with a nonabsorbable suture. We prefer 
to use Gore-Tex® CVO2 (Gore Medical, Newark, USA) or Ethibond® (Ethicon, 
Somerville, NJ, USA) 2-0 sutures at this stage. Place a minimum of two sutures. 
On rare occasions, it might be difficult to identify the sacral promontory due to 
morbid obesity or history of multiple abdominal surgeries. These patients should 
be counseled about alternative options of apical prolapse surgery, such as high 
uterosacral vault suspension, as a back-up plan. 

17.2.3 Women who would benefit from sacrocolpopexy

Abdominal sacrocolpopexy provides better objective anatomical long-term out-
comes when compared to vaginal repairs [14, 15]. Therefore, women with increased 
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Fig. 17.4: Demonstration of anatomical structures around the sacral promontorium. The close 
proximity of the left common iliac vein deserves special attention at the time of suture placement. 
1. Right common iliac artery; 2. Left common iliac artery; 3. Left common iliac vein; 4. Right common 
iliac vein; 5. Middle sacral artery; 6. Sacral nerve roots; 7. Internal iliac arteries; 8. Ureters.
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risk of  recurrent prolapse would benefit from sacrocolpopexy. This group includes 
those with:

 – Young age
 – Obesity
 – Stage IV POP
 – Previous failed POP surgery

17.2.4 Surgical outcomes

The long-term outcomes for abdominal sacrocolpopexy have been reported in the 
extended Colpopexy and Urinary Reduction Efforts (eCARE) trial [16]. This study 
was initially designed as a randomized controlled trial in women without stress 
urinary incontinence who underwent abdominal sacrocolpopexy to investigate 
whether adding a prophylactic Burch urethropexy affects the incidence of de 
novo stress urinary incontinence after POP surgery. The original study’s follow-
up period was extended to assess the long-term anatomic and symptomatic recur-
rence of POP. At the 7-year follow-up, the anatomic failure rate was reported as 
22% and 27% in patients with and without urethropexy, respectively. Symptomatic 
failure rates were 24% and 29% and composite failure rates were 34% and 48%, 
respectively, within the groups. In a systematic review and meta-analysis that 
included 577 patients who underwent robotic sacrocolpopexy, the anatomic cure 
rate was reported to be 88.4–100% in a mean follow-up period of 26.9 (range 7–59) 
months [17]. Patients should be counseled that the long-term reoperation rates for 
POP after sacrocolpopexy ranges between 2% and 26%, based on long-term study 
results [18]. 
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Fig. 17.5: Surgical outcomes of urinary function after tunneled vs. nontunneled robotic sacrocolpopexy.



178   17 Robotic procedures for management of apical compartment prolapse

17.2.5 Complications

The complication rates from robotic sacrocolpopexy data are reported as follows [17]: 
 – Mesh exposure/erosion: 4.1% (posterior vagina is the most common site of 

erosion/exposure, followed by apex and anterior vagina, with a mean follow-up 
of 26.9 months)

 – Reoperation for mesh revision: 1.7%
 – Reoperation rate for apical prolapse: 0.8%
 – Reoperation rate for nonapical prolapse: 2.5%
 – Bladder injury: 2.8%
 – Wound infection: 2.4%

The mesh exposure rate after robotic sacrocolpopexy is reported to be slightly higher 
than open (3.4%) [19] and laparoscopic (2.7%) [20] sacrocolpopexies. The most 
common site of mesh exposure is the posterior vaginal wall, followed by the apex 
and anterior vaginal wall. The type of mesh is also important for exposure; the lowest 
rate was reported for polypropylene (0.5%), followed by polyethylene and polytetra-
fluoroethylene (3.1% to 5%). The most common reason for reoperation is recurrent 
prolapse, followed by mesh revision. The majority of the prolapse recurrences occur 
at the posterior vaginal wall, which suggests that in patients with significant posterior 
vaginal wall defects, a concomitant posterior repair might be offered in addition to 
sacrocolpopexy to decrease the risk of possible future reoperation. 

In the eCARE trial, the reoperation rate for recurrent prolapse was reported to be 
5% and the mesh erosion rate was 10.5% at 7 years [16]. The cases were performed by 
25 surgeons from seven different sites, which makes the outcomes more generaliz-
able; however, the types, sizes, configurations of mesh type, numbers of sutures, and 
procedure techniques were not standardized.

17.3 High uterosacral vault suspension

Understanding the anatomy and dynamics of level 1 support for the uterus and 
upper vagina is essential, not only because these ligaments are responsible for pro-
viding apical support but also because they are strongly related to anterior wall 
prolapse [21]. Knowing that anterior wall descent is the most common form of POP 
in almost 85% of cases [22] and the anterior wall is the most common site of failure 
in the long-term after POP surgery (72% of recurrences) [23] has led us realize that 
anterior and apical defects are one phenomenon instead of two separate ones. 
In this section, anatomical relationships and the histology of the USLs will be pre-
sented, and practical considerations of high uterosacral vault suspension will be  
described. 
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17.3.1 Anatomical considerations

USLs consist of fibroelastic and smooth muscle tissue containing autonomic nerves. 
They represent the lateral boundaries of the posterior cul-de-sac and are positioned 
lateral to the rectum. The ligament has a fan-shaped structure with mean widths 
of 5.2 ± 0.9 cm at its cranial (sacral) portion, 2.7 ± 1.0 cm at its intermediate portion, 
and 2.0 ± 0.5 cm at its caudal (cervical) portion [24, 25]. Its length has been meas-
ured between 12 and 14 cm in cadaver studies [26]; however, magnetic resonance (MR) 
images of living women reported much shorter measurements, with a mean cranio-
caudal distance of 2.1 ± 0.8 cm (range 1–5 cm) [9]. This discrepancy could be attributed 
to the fact that the measurements during MR imaging (MRI) represent the lengths at 
rest, while cadaver studies require dissections. MRI also aided in understanding the 
insertion locations of the ligaments. The most common proximal insertion point is 
the sacrospinous ligament-coccygeus muscle complex (82%), followed by the sacrum 
(7%). Rarely, the insertion point is at the piriformis muscle, sciatic foramen, or ischial 
spine. These variations are partly due to the two architectural compartments of the 
USLs: 

 – The superficial compartment is the visible portion that is covered by peritoneum 
and is visible during surgery within the pelvic cavity. 

 – The deep compartment requires retroperitoneal dissection to be exposed during 
surgery. It includes parasympathetic fibers from the S2–S4 sacral nerve roots, 
which join to the superior hypogastric plexus to form the inferior hypogastric 
plexus or pelvic plexus.

Distal attachments of the ligament are noted to be cervix alone in 33% of individuals, 
both cervix and vagina in 63%, and only vagina in 4%.

17.3.2 Histology and mechanical characteristics of the USLs 

The content and texture of USLs are not uniform along their length; three different 
histologic regions have been identified [27]. At the one-third distal portion (cervi-
cal), the ligament consists of closely packed bundles of smooth muscle, along with 
medium- and small-sized blood vessels and small nerve bundles. The intermedi-
ate third of the ligament is predominantly composed of connective tissue with few 
nerve elements and blood vessels. This portion includes less smooth muscle when 
compared to the distal third. The proximal third (sacral) is almost entirely composed 
of loose connective tissue with intermingled fat, a few vessels, nerves, and lymphat-
ics. This histological architecture gives different tensile strengths to these portions, 
making the distal part the strongest, followed by the intermediate part. The prox-
imal portion is the weakest. In a cadaver study, the distal portion was shown to 
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support a weight of >37.4 lbs (17 kg) before it failed at the level of the cervix and 
ischial spines, whereas the sacral portion failed at 11 lbs (5 kg) [24]. Studies in living 
women show that a much smaller amount of force is needed to move the uterus 
and stretch the ligament: 1 lb (0.45 kg) of force is enough to move the uterus 12 mm 
in vivo [28]. This difference might be explained by the fact that the tissues are pre-
conditioned in in vitro trials, wherein they are tensioned a few times prior to actual 
measurement, which might affect the tensile strength. More studies are needed to 
clarify this discrepancy. 

Opposed to general belief, USLs are not elastic structures, and ligament stiffness 
is not correlated with POP [29]. However, ligament length is noted to be a strong pre-
dictor of POP-Q, supporting the logic behind the uterosacral vault suspension—the 
shorter the ligament, the stronger the apical support, and the lesser the risk of pelvic 
descent. 

17.3.3 Lines of action of pelvic support structures

As previously mentioned, the levator ani muscle, the main support system, has sub-
divisons with different functions. The pubovisceral fibers course +41 degrees and the 
iliococygeus fibers course +33 degrees above the horizontal line in a standing posture, 
whereas this line is –19 degrees for the puborectal muscle [7]. The anal sphincter’s 
line of action is also below the horizontal line. Also, the pubovisceral, iliococcygeus, 
and puborectal muscles have horizontal fibers that work together as a horizontal 
force that closes the levator hiatus. Regarding connective tissues, the cardinal liga-
ment has almost a vertical direction in a standing position, whereas the USLs has an 
angle of +18 degrees above the horizontal line [7]. The vectoral summary for the lines 
of action of these structures is as follows:

 – Vertical vectors: The pubovisceral and iliococcygeus muscles and the cardinal 
ligament together act as lifting forces to prevent pelvic descent. 

 – Horizontal vectors: The horizontal fibers of the pubovisceral, iliococcygeus, and 
puborectal muscles work as a closing force, as noted above, while the USLs act as 
a rope that ties the ship (the uterus and upper vagina) to the deck (the presacral 
fascia), preventing these structures from sliding down the inclined plane of the 
levator plate.

17.3.4 Procedure

Identify the ureters: Identify the ureters, and make a 2–3-cm peritoneal incision 
between the USL and the ureter on each side with scissors (Fig. 17.6a,b).
1. Lateralize the ureters: Once the peritoneal incision is made, laterally dissect the 

ureters to avoid ureteral kinking (Fig. 17.6b).
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2. Place a 2/0 nonabsorbable suture in the midportion of the right USL, and attach it 
to the midline vaginal apex, including both posterior and anterior vaginal walls. 
Incorporate the left side mid-USL with the same suture, and tie it (Fig. 17.6c).

3. Place another 2/0 nonabsorbable suture approximately 1 cm proximal to the first 
suture, which includes both USLs. The aim of this suture is to relieve the tension 
and support the first suture (Fig. 17.6d).

4. Perform a cystoscopy at the end of the procedure to confirm bilateral ureteral efflux. 

17.3.5 Outcomes

Data regarding surgical outcomes for USL suspension are mostly from vaginal route 
procedures, but studies comparing vaginal and laparoscopic routes showed similar 
success and complication rates [30, 31]. A systematic review and meta-analysis of 
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Fig. 17.6: Demonstration of robotic high uterosacral vault suspension. (a) Identification of the 
ureters. (b) A 2–3-cm peritoneal incision is made between the uterosacral ligament and the ureter on 
each side with scissors. Once the peritoneal incision is made, the ureters are dissected laterally to 
avoid ureteral kinking. (c) Placement of the first suture. (d) Placement of the second suture. LUS: Left 
uterosacral ligament; V: Vaginal cuff; B: Bladder; LUr: Left ureter; US: Bilateral uterosacrals.
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11 studies that included 930 patients with a median follow-up of 25 months reported 
pooled success rates of 81.1%, 98.3%, and 87.4% for the anterior, apical, and pos-
terior compartments, respectively [32]. A successful anatomic outcome was defined 
as POP-Q stage 0 or 1 in this review. The higher degree of POP-Q stage in the ante-
rior compartment prior to the procedure was related to less successful postoperative 
outcomes (92% success rate with preoperative stage 2 anterior wall prolapse vs. 67% 
success rate with preoperative stage 3). The results regarding subjective symptoms 
were reassuring, with a rate of 82–100% for symptom relief; however, the data could 
not be pooled due to methodological differences between the studies. The reopera-
tion rate for symptomatic prolapse or stress incontinence was reported to be 9% (only 
four studies reported data). Improvement in bowel symptoms was modest but did 
not reach statistical significance. Dyspareunia was relieved in 68–100% of patients 
(only in two studies), but 25% of patients still reported mild or severe dyspareunia 
postoperatively. Data regarding the effect of the uterosacral vault suspension on 
≥stage 3 posterior vaginal wall prolapse are lacking, and further research is needed 
for clarification. 

17.3.6 Complications

The most common, but also the most worrisome, complication of the procedure is 
ureteral kinking, which is approximately 11%, based on previous reports [33, 34]. This 
occurrence is not surprising when the close proximity of the ureters, USLs, and sus-
pension sutures is taken into account. In a study of 15 embalmed female cadavers, in 
which the distance between the ureter and the USL was investigated, mean distances 
of 0.9 ± 0.4, 2.3 ± 0.9, and 4.1 ± 0.6 cm were measured in the cervical, intermediate, 
and sacral portions of the USLs, respectively [24]. The ischial spine was consistently 
beneath the intermediate portion, and the distance from the ischial spine to the ureter 
was 4.9 ± 2.0 cm. In another study, in which 15 unembalmed female cadavers were 
included, the distance between uterosacral vault suspension sutures to the ureter was 
measured and the mean distance was noted to be 14 mm for both proximal and distal 
sutures [35]. The discrepancy between these two studies could be explained by the 
different tissue characteristics in embalmed vs. unembalmed cadavers and the pli-
ability of the fresh tissue potentially affecting ureteral position. To prevent this com-
plication, ureteral patency should be checked via cystoscopy after both sutures are 
tied. If both ureters do not efflux briskly, the sutures should be removed, starting with 
the proximal one.

Another complication is sacral nerve entrapment. In the study by Wieslander 
et al. [35], suspension sutures were noted to be at the level of the S1 in 43.8%, the 
S2 in 33.3%, and the S3 in 22.9% of specimens. One of the 48 sutures entrapped 
the third sacral nerve. The proximal sutures were located at a level medial to the 
sacral foramina in 38.5% of the specimens, anterior in 42.3%, and lateral in 19.2%. 



References   183

The distal sutures were located at a level medial to the sacral foramina in 31.8% of 
the specimens, anterior in 10.9%, and lateral in only 27.3%. These findings were in 
line with the study by Siddique et al., in which the anatomical relationship of USLs 
to the sacral plexus was investigated in six embalmed female cadavers [36]. The 
authors demonstrated that the mean distances between USLs and the S4, S3, S2, and 
S1 trunks superior to the ischial spine (the level of intermediate portion of USLs where 
sutures are commonly placed) were 0.9 cm, 1.5 cm, 2.6 cm, and 3.9 cm, respectively, 
placing S2–S4 at more risk to nerve injury during uterosacral vault suspension. These 
observations from cadaver studies are supported by case series and retrospective 
reviews of patients who underwent uterosacral vault suspension. Flynn et al., in a 
review of 182 patients, identified seven women with sensory neuropathy and pain 
in the S2–S3 dermatomes immediately during the postoperative period (substantial 
sharp buttock pain and numbness that radiated down the center of the posterior 
thigh to the popliteal fossa in one or both lower extremities) [37]. Pelvic examinations 
were nonspecific in four women; however, in the other three women, the pain was 
exacerbated by pulling on the ipsilateral uterosacral suture, suggesting nerve entrap-
ment in these patients. Therefore, the authors decided to remove the ipsilateral USL 
sutures (within 4 days of the procedure) in three women; these women experienced 
immediate subjective pain reduction and complete resolution of pain by 6 weeks. The 
remaining four women were treated conservatively (physical therapy, nonsteroidal 
anti-inflammatory drugs, gabapentin) and had symptom resolution up to 6 months 
postoperatively.

Acknowledgment: Authors thank Dr. John DeLancey for graciously sharing his work 
used on Figure 17.2
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18  Laparoscopic management of mesh 

complications

18.1 Introduction

Despite serious safety concerns, rates of incontinence and prolapse surgeries incorpo-
rating polypropylene meshes have increased over the last two decades [1, 2]. A large 
majority of current incontinence procedures utilize either retropubic or transobtura-
tor synthetic polypropylene slings [3–5], with increasing adoption of abdominal poly-
propylene mesh procedures including hysteropexy for uterine prolapse and sacrocol-
popexy for vault prolapse [6, 7]. Use of vaginal prolapse mesh was rapidly adopted, 
reaching more than 40% of vaginal prolapse procedures in the United States by 2009 
[8], but this proportion has fallen sharply in the United States [9, 10] and many other 
countries [11, 12] after the Food and Drug Administration warnings of 2008 and 2011. 
Despite European consensus guidance [13], also urging caution, vaginal prolapse 
mesh use remains common across many parts of Europe [5], with worrying variation 
in practice both between [5] and within different countries [14].

The earliest studies using polypropylene slings and meshes [15, 16] identified few 
complications. Subsequent studies have identified serious complications including 
mesh exposure or extrusion through the vaginal mucosa; erosion into the bladder, 
urethra, or bowel; negative impacts on bladder or bowel function; and pelvic pain 
or dyspareunia caused by mesh shrinkage or direct nerve impingement. In medium- 
to long-term follow-up, polypropylene incontinence slings have been found to have 
10% risk of hospitalization for complications [17, 18] and 3–10% reoperation rates 
[17, 19–21]. Vaginal prolapse meshes have been associated with an 11% risk of mesh 
erosion and 7% risk of reoperation for mesh erosion in randomized trials [22]. Outside 
of trial settings, complications have been even more common, as demonstrated in a 
large Scottish population-based study [18], where vaginal prolapse mesh was asso-
ciated with a 20% risk of hospitalization for complications and a 20% risk of reop-
eration. This difference can perhaps be accounted for by the observation that mesh 
complications are more common for low volume surgeons and where prolapse and 
incontinence meshes are used together [23]. Abdominal open or laparoscopic sacro-
colpopexy is associated with around a 3% risk of mesh erosion [24], around an 11% 
risk of hospitalization for complications [18], and a 5% risk of reoperation for com-
plications [25]. Rates of chronic pain and dyspareunia in real-world practice are not 
well characterized for any of these types of mesh procedure, but in trial settings have 
ranged from as low as 2% for incontinence slings [26], up to a 40% risk with vaginal 
prolapse meshes in some studies [22]. While reoperations for pain remain relatively 
uncommon, persistent pain remains one of the leading causes of litigation.

https://doi.org/10.1515/9783110535204-018



18.2 Indications   187

Most mesh erosions into the vagina, urethra, or bladder, and most cases of dys-
pareunia associated with mesh, can be dealt with using an entirely vaginal approach, 
and techniques for this are described elsewhere [27]. However, as media attention has 
highlighted safety concerns about mesh, more women are requesting complete exci-
sion of mesh, which cannot typically be achieved vaginally. This chapter describes 
primarily the laparoscopic techniques for dealing with these mesh-related complica-
tions, including excision of the abdominal portion of retropubic mesh slings, as well 
as abdominally placed meshes for hysteropexy and sacrocolpopexy. In the following 
sections, we address the indications for such complete mesh excision, the preopera-
tive work-up, specific surgical approaches and considerations, and, where available, 
the patient outcomes.

18.2 Indications

Media coverage of mesh complications has led some patients to attribute very diverse 
symptoms to insertion of mesh, including chronic fatigue, fibromyalgia, and chronic 
pain distant from the pelvis. Patients may also have psychological morbidity, rooted in 
anxieties about long-term harms of mesh. While polypropylene mesh may cause sig-
nificant chronic inflammation [28] with associated local pain, there is little evidence 
for systemic effects of mesh [29], and certainly no evidence for human carcinogenesis 
[30, 31]. As discussed later in the chapter, there is moderate evidence for resolution of 
pelvic pain following mesh excision for some, but not all, patients. Mesh erosions into 
vagina, bladder, or urethra can also be effectively addressed, but there is little evidence 
for other benefits of mesh removal. Preoperative counseling must address patients’ 
expectations for the surgery and set realistic goals for improvement. Patients must 
understand the alternatives to operative management including vaginal estrogens, 
specialist physiotherapy, and medications to optimize bladder and bowel function. 
Patients must be made aware that mesh excision can be associated with major imme-
diate complications, and potential for recurrent prolapse or incontinence, depending 
on which portion of mesh is excised. While some surgeons are performing simul-
taneous mesh excision and reimplantation of either mesh [17] or autologous fascia 
[32], recurrence of either prolapse or incontinence is difficult to predict. In our own 
center, we would typically favor a second stage nonmesh procedure only if patients do 
develop de novo symptoms, a strategy supported by other expert opinion [27]. 

18.3 Preoperative investigations

There remains very little evidence to rationalize preoperative investigation before 
mesh excision. Vaginal erosions should be excluded with careful examination, if 
necessary under anesthesia. Where erosion into the lower urinary tract is suspected, 
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consider cystoscopy before definitive surgery to enable surgical planning. Similarly, 
when bowel involvement is suspected, consider rectosigmoidoscopy. Pelvic imaging 
including translabial or transvaginal ultrasound or pelvic MRI scan may be particu-
larly informative where previous attempts have been made to partially excise the 
mesh, or when chronic infection or abscess is suspected, and can help exclude other 
causes of pelvic pain. Urodynamics or defecating proctography may also be indicated 
depending on the nature of the patient’s symptoms. 

18.4  Laparoscopic techniques for excision of retropubic 
midurethral slings

A three-port laparoscopy is performed using a 0-degree laparoscope. The bladder 
is instilled with 300 ml of normal saline with methylene blue, to help deline-
ate the dome of the bladder. With the patient in the Trendelenburg position, the 
retropubic space is opened using a monopolar hook at 2 cm above the bladder 
reflection. A plane of loose areolar tissue can be easily developed from this correct 
incision point. With careful blunt dissection the space of Retzius is developed, 
and the bladder is reflected down bilaterally to expose the urethra and sphincter 
complex in the midline, and the obturator vessels and nerves bilaterally, similar 
to the dissection for a laparoscopic colposuspension. The arms of the mesh can 
then be identified, and the relation of the mesh to the important structures in the 
retropubic space can be assessed at this stage. The mesh arms may sometimes be 
found deviated from what would be an optimal insertion. For a retropubic sling, 
the most proximal portion visible can be dissected from the abdominal wall using 
monopolar hook or scissors. The free edge is then grasped with a toothed grasper, 
and under traction, the mesh can be sharply dissected out from the surrounding 
structures. This can be continued down to the level of the vagina where the tape 
is divided. If a patient opts for total excision, the vaginal portion of the tape is 
best excised first before undertaking the laparoscopy as this helps define the limit 
of the laparoscopic dissection. Once hemostasis is assured in retropubic space, 
the peritoneal edges can be sutured using a single continuous polyglactin suture. 
Excised portions of mesh should be retained for microbiological culture [33] and 
histological examination [34]. Many meshes excised for vaginal erosion will show 
bacterial colonization [33], but there is occasional evidence of infection of meshes 
that have not eroded [35].

18.5 Laparoscopic techniques for excision of apical meshes

Again, a minimum three-port laparoscopy is performed using a 0-degree laparoscope. 
With the patient in Trendelenburg position any adhesions are divided, and a careful 
assessment is made of adhesions or bowel herniation related to the mesh. The bowel 
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is mobilized to expose the promontory and right pelvic sidewall. The peritoneum 
over the promontory is lifted with a grasper and opened using diathermy. With trac-
tion on the mesh, sharp and blunt dissection can be used to free the mesh and any 
capsule from the surrounding tissue. Devices used to fix the mesh to the promontory, 
such as Pro-Tack staples, may be difficult to remove, but this should be attempted if 
there is suspicion of sacral osteomyelitis. The mesh itself can be followed toward the 
vault or cervix, with dissection proceeding with constant awareness of the path of the 
right ureter, rectosigmoid colon, and vessels, which may be dragged toward the mesh 
by chronic inflammatory processes. Again, excised portions of the mesh should be 
reserved for microbiological and histological analysis.

18.6  Laparoscopic techniques for excision of meshes eroding 
into the bladder or urethra

Various vaginal and cystoscopic techniques have been described for excision of  
mesh eroding the urethra or bladder, including use of cystoscopic trimming [36], or 

Fig. 18.1: Laparoscopic excision of retropubic sling arm. (a) The cave of Retzius is opened showing 
the course of both arms. (b) With traction on the end of one arm, dissection commences using 
monopolar hook. (c) The dissection is extended to the suburethral portion. (d) The peritoneal 
incision is closed using monofilament suture.
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ablation with a holmium laser [37], all of which carry a high risk of recurrence of ero-
sions. Several small case series have described vesicoscopic approaches to vesical 
mesh erosions. The earliest technique described by Maher and colleagues [38] does 
not require bladder insufflation but uses a large 5-cm cystotomy for adequate access. 
In the technique described by Grange and colleagues [39], the bladder is filled with 
CO2 using a urethral catheter and then suspended from the anterior abdominal wall, 
before an incision is made at the dome. Sarlos and colleagues [40] recommend filling 
the bladder to 200 ml, and routinely place bilateral ureteric stents before entering at 
the dome. This approach may provide optimal exposure for mesh erosions close to or 
within the trigone, as may be typical with vaginal prolapse meshes, or the anterior 
arm of a sacrocolpopexy mesh. These techniques allow removal of intraluminal and 
submucosal mesh but leave the intramural portion of the mesh, with a risk of recur-
rence of mesh erosion. 

Midurethral slings typically erode more laterally in the bladder. A modification 
of these techniques for retropubic slings can be used for total laparoscopic exci-
sion of an eroding sling without cystotomy at the dome (Fig. 18.2). One case series 
has recommended combined cystoscopy and laparoscopy, to help avert ureteric 

Fig. 18.2: Laparoscopic excision of mesh eroding into the bladder. (a) A cystotomy is made where 
the tape breaches the bladder wall. (b) The tape is completely freed from the bladder using scissors. 
(c) The cystotomy is sutured in two layers with polyglactin suture. (d) A check for watertight closure 
is made.
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injury  [41] with a lateral cystotomy. Our own group uses ureteric stenting to help 
avoid such injuries. We use the same extra peritoneal approach as for excision of 
noneroding midurethral slings. The sling arms are dissected down to the bladder 
wall. The cystotomy is then made where the sling erodes into the bladder, minimiz-
ing the trauma to the bladder still further. In contrast to the earlier techniques, this 
method allows complete excision of the intramural portion of the mesh, preventing 
any recurrence of erosion. The same technique can be used to dissect slings that 
have eroded the urethra. Some authors have combined laparoscopic excision with 
a midline vaginal division of the tape [41] to help free the mesh from the urethra. 
If possible, a total laparoscopic approach is always preferable, as it eliminates the 
risk of urethrovaginal fistulas. As in the other techniques, the cystotomy is closed 
in two layers using a polyglactin suture. An indwelling catheter is left for 2 weeks to 
allow bladder healing, with a cystogram performed at 2 weeks postoperation, prior 
to the catheter removal.

18.7 Patient outcomes after laparoscopic mesh excision

The few available case series suggest that total laparoscopic excision of mesh is typi-
cally safe and feasible, but the evidence regarding patient outcomes is less clear [42] 
and may vary by indication. A handful of case reports describe the excision of mesh 
for sacral osteomyelitis, with apparently good outcomes [24, 43, 44]. Similarly, where 
the major concern is erosion into the lower urinary tract, the few small case series of 
laparoscopic management [38, 39, 45] suggest approximately a 10% risk of recurrent 
erosion, which compares favorably to cystoscopic approaches. Improvement in pain 
is variable [46]. The largest available laparoscopic series, while still providing only 
low-quality evidence, suggest that 68–100% of patients will experience improvement 
in pain [35, 47], which provides some basis on which to counsel patients. Some evi-
dence suggests that obturator neuralgia is much more likely to improve than puden-
dal neuralgia [48], but otherwise, factors predicting improvement in pain are unclear. 
It is also difficult to counsel patients about the risk of recurrent stress incontinence 
after removal of slings, with estimates of new-onset stress incontinence ranging from 
22% to 53% [35, 47], with an additional risk of new onset urgency incontinence.

18.8 Conclusion

The laparoscopic approach for excision of retropubic tapes and apical prolapse 
meshes has numerous advantages over vaginal or open approaches. These include 
precise dissection under direct vision, which gives better exposure and identification 
of anatomical structures, and the opportunity for a complete excision to prevent recur-
rence. Despite these advantages, patient outcomes remain very difficult to predict. 
Resolution of pain cannot be guaranteed, and the impact of surgery on lower urinary 
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tract symptoms is also variable. The key to successful surgery is therefore careful pre-
operative counseling, so that patients have realistic expectations for improvement.
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19 Laparoscopic surgery for cervical cancer

19.1 Introduction

Cervical cancer is still the fourth most common malignancy in women worldwide, 
despite all attempts in screening, early detection, and even HPV vaccination,  
cervical cancer was responsible of 250,000 deaths in 2012 [1]. Generally, treatment 
consists of surgery and/or radiochemotherapy [2]. Surgery is mainly recommended 
in early cervical cancer,  primarily stage Ia and Ib1 according to The International  
Federation of Gynecology and Obstetrics (FIGO) [3], although surgical treatment of 
Stage Ib2–II is also still routinely performed in specialized centers [4]. Currently, there 
is no evidence that favors surgery or radiochemotherapy in Ib2 tumors [5]. Although 
 recommended in most guidelines to abandon radical hysterectomy in case of posi-
tive pelvic nodes to reduce morbidity due to adjuvant radiochemotherapy, it is not 
clear whether this may potentially improve recurrence free survival [6]. In  addition, 
evidence was found that pelvic lymphadenectomy in addition to paraaortic node dis-
section was beneficial in cases of positive bulky nodes prior to primary radiochemo-
therapy of advanced cervical cancer [7].

In this chapter, radical hysterectomy, pelvic systematic lymphadenectomy, 
 paraaortic systematic lymphadenectomy, sentinel node dissection, radical trachelec-
tomy, and less invasive procedures will be discussed with respect to the laparoscopic 
approach. In principal, the term laparoscopy means in this context all laparoscopic 
procedures including robotic surgery.

19.2  Radical hysterectomy and systematic pelvic 
lymphadenectomy

Following the introduction of laparoscopy into surgical treatment of cervical cancer 
by Dargent and Querleu in the early 1990s [8, 9], minimally invasive surgery (MIS) has 
been implemented more or less entirely in the subsequent decades. As summarized 
in [10], “laparoscopic or robotic radical hysterectomy and pelvic  lymphadenectomy 
are likely non-inferior to laparotomy with respect to surgical outcomes and survival” 
[11–17]. There was also no evidence of compromising the  oncological outcome and 
the minimal invasive approach became widely accepted [18–20]. However, in 2018, 
the prospective randomized the Laparoscopic Approach to Cervical Cancer (LACC) 
Trial has been published that reported a significantly less recurrence-free survival 
(97.1% vs. 91.0%) and lower rate of overall survival (99.0% vs. 93.8%) in stage Ia and 
Ib1 treated by laparoscopy compared to laparotomy [21]. On parallel, the data of an 
epidemiologic cohort study seemed to support these findings [22].

https://doi.org/10.1515/9783110535204-019
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Currently, there is a an ongoing debate about the validity and the impact of these 
data on our practice with respect to minimal invasive therapy [19, 23–25]. However, 
at present, it is difficult to draw final conclusions. But we may say that the results 
refer to The International Federation of Gynecology and Obstetrics (FIGO) Ib1 tumors  
≥2 cm in size. Thus, for tumors less than 2 cm, stage Ia, at least no statistical difference 
between the groups has been reported in either report. Hence, these results predomi-
nantly apply to tumors between 2 and 4 cm in size. 

Second, although not proven, as long as cell or tissue dissemination (spilling) 
cannot be ruled out as a cause for recurrence, we should cautiously prevent any 
contact of the tumor to the surgical field. This can be achieved by closing the vagina 
preoperatively as described by Dargent for vaginal radical hysterectomy or potentially 
by using a stapler before dissection.

If a decision for minimal invasive radical hysterectomy is made, there are  
different strategies.

19.3  Tailoring radicality according to tumor size/stage versus 
resection of the entire ontogenetic compartment

Up to now, the most common approach to minimize morbidity in smaller tumors 
was to limit the resection borders according to the tumor size just to achieve free 
margins. There was a lot of effort to define different classes of radical hysterectomy 
for  standardization, which in newer classifications also included “nerve-sparing” 
 techniques [26, 27]. The problem of this tailored approach is that it refers on mac-
roscopic tumor extension rather than the tissue at risk. Ideally, all the tissue at 
risk should be removed by respecting the borders of neighboring tissue to reduce 
 morbidity to a minimum. This is the approach of the entire resection of ontogenetic 
tissue compartments. In case of cervical cancer, this means the Müllerian compart-
ment, consisting of the uterus, the vascular (Fig. 19.1), and the ligamentous meso-
metrium (Fig. 19.2), including the first regional lymph compartments. This total 
mesometrial resection (TMMR) is sufficient for all organ confined cancers. In case 
of tumors extending beyond the compartment borders, the procedure has to be  
extended to the neighboring compartments (EMMR). The principles and  clinical 
results of this concept of TMMR/EMMR were previously published by Höckel [28–31].  
Surgery and surgical anatomy were consecutively described and illustrated for 
 laparoscopy step by step in [32]. 

Pelvic lymphadenectomy has been less well defined. Usually, lymph nodes 
along the external and internal iliac artery and the common iliac artery will be 
removed more or less completely. From the studies of Höckel, it is evident that the 
first nodes involved are usually those along the uterine artery (mesometrial) and the  
paravisceral nodes reached by the connecting lymph vessels to the nodes along  
the vascular and ligamentous mesometrium below the common iliac bifurcation of 
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the artery ( ventrally) and vein (dorsally) (Figs. 19.3 and 19.4). Thus, the prespinal, 
 preischial, and presacral lymph nodes have to be resected in addition to the obtura-
tor, internal, and external iliac nodes as the primary lymph node compartment in 
cervical cancer (Fig. 19.5). The common iliac nodes represent the secondary lymph 
node compartment and should be resected for safety, but are usually not involved, 
if the first compartment is free of disease. The tertiary lymphatic compartment is the 
lumbar inframesenteric paraaortic region. If these nodes are negative, there is no  
substantial risk of higher lymph node involvement [33, 34]. However, there is one 
exception; if there is tumor infiltration of the isthmus or corpus uteri, there may 
be involvement of the paraaortic nodes drained via the ovarian lymphatic vessels 

A. umbilicalis

N. obturatorius Le� Ovary

Vascular mesometrium
(A. uterina)

Ureter

A. vesicalis sup.

Fig. 19.1: Uterine vascular mesometrium on the left.

Right ligamentous mesometrium
(„sacrouterine ligament“)

Rectum

Rectovaginal space

Inferior hypogastric
plexus

Fig. 19.2: Uterine ligamentous mesometrium on the right.
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(Fig.  19.6), as it is known from endometrial cancer (M. Höckel, 2018, personal 
 communication). These have to be removed as primary lymph compartment in this 
situation. The principles of lymphatic drainage of the uterine cervix and corpus have 
been investigated using indocyanine green (ICG) injection [35].

For laparoscopy, the different lymph node compartments and technique of 
 resection have been described systematically [36]. In addition, the technique 
of  laparoscopic surgery for TMMR and pelvic and paraaortic lymphadenectomy 
has been demonstrated in numerous video presentations with and without ICG.  
These are available either as open access (PubMed, YouTube) or in ESGO eAcademy 
[37–47]. Hence, the reader is advised to refer to these resources for further details.

Cervix uteri

Corpus uteri

Le� ligamentous mesometrium –       right

Rectum

Vascular
mesometrium

Fig. 19.3: Lymphatic drainage along the uterine vascular and ligamentous mesometrium.

Lymph vessels
from le�
vascular
mesometrium

„Sentinel node“

External iliac
artery and vein,
le�

Fig. 19.4: Uterine sentinel node in the left iliac region following indocyanine green (ICG) application.
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19.4 Sentinel node dissection in cervical cancer

There is consensus that tumor infiltration of more than 3 mm in depth and/or addi-
tional risk factors carry an increased risk for pelvic lymph node metastases and nodes 
should be evaluated [48]. However, 80–85% of the patients are expected to be node 

N. ischiadicus

N. obturatiorius

A. Iliaca interna

A. glutea superior et inferior

A. pudenda

Fig. 19.5: Prespinal and gluteal region ventro-medially to the ischiadic nerve, left.
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Fig. 19.6: Surgical specimen of a peritoneal mesometrial resection (PMMR) with pelvic nodes.
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negative and would be overtreated by systematic lymphadenectomy [49]. To reduce 
morbidity—mainly lymphedema, lymphocele, and vessel injury—whether patients 
with positive nodes may be accurately identified by sentinel node biopsy has been 
evaluated. Although initial studies with blue dye and technetium showed accuracy 
for tumors <2 cm only [50], others [10] reported a high bilateral detection rate and 
a false-negative rate close to 0 for early cervical cancer. It has also been shown that 
ICG seems to be superior to blue dye and radioactive tracers. Isolated sentinel node 
excision reduced morbidity and did not increase the risk of recurrence compared to 
complete pelvic lymphadenectomy in node negative disease [51–55]. Thus, sentinel 
node excision is a less invasive alternative to diagnostic pelvic lymph node resection, 
usually performed laparoscopically.

An interesting variant with respect to diagnostic and therapeutic aspects could 
be the “targeted compartmental lymphadenectomy,” first described for treatment of 
endometrial and ovarian cancer [56, 57]. With this method, the vascular and ligamen-
tous mesometria will be resected in continuity with the lymph vessels marked by ICG, 
including the sentinel nodes of each channel “en bloc” (Fig. 19.6). 

19.5 Paraaortic lymph node staging in advanced cervical cancer

In cases of planned primary radiochemotherapy, paraaortic lymph node staging is 
usually recommended prior to final treatment decision [58]. As outlined earlier, in 
tumors with no infiltration of the isthmus or corpus uteri, the removal of inframes-
enteric paraaortic nodes, including the lumbar chain (Fig. 19.7), is sufficient to 
 preclude higher node involvement if histologically negative [59]. Only in the case of 

Aorta
V. cava

Sympathetic nerve branch

A. mesenterica inf.

Fig. 19.7: Inframesenteric paraaortic region (right) with removal of the lumbar chain.
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uterine infiltration beyond the cervix should infrarenal paraaortic node dissection be  
performed for staging as it is for positive inframesenteric nodes (see 19.2 Radical  
hysterectomy and systematic pelvic lymphadenectomy section).

19.6 Cone biopsy or simple hysterectomy

At present, there is agreement that in cervical cancers with stage Ia1 with no lympho-
vascular space involvement (LVSI), cone biopsy is sufficient. There is a very low risk 
in parametrial involvement in tumors >2 cm with surgically staged negative nodes 
[10, 60, 61]. Thus, it may be justified to perform extrafascial hysterectomy instead 
of radical hysterectomy in these situations. To evaluate the safety of less radical  
surgery in early cervical cancer, there is one randomized trial (SHAPE trial: 
NCT01658930) and two prospective cohort studies (ConCerv: NCT01048853 and 
GOG278:NCT01649089) that are ongoing at present [62–64]. 

19.7 Fertility sparing surgery

Since cervical cancer occurs during reproductive age, the question of fertility 
 preservation is important. As already outlined, in Ia1 with no LVSI, cone biopsy is 
sufficient. In Ia2 to Ib1 (<2 cm) tumors with negative nodes, no LVSI, no neuroen-
docrine subtype, and invasion less than 10 mm, a recurrence rate of <1% following 
cone biopsy or simple trachelectomy has been reported [65]. In an excellent review  
Covens et al. report a crude recurrence and survival rate of 4.5% vs. 1.7% for tumors 
less than 2 cm and 11% vs. 4.2% in tumors >2 cm in diameter for radical trachelec-
tomy with pelvic node dissection. In patients who had neoadjuvant chemotherapy for  
tumor reduction, the numbers were 6.3% vs. 1.3% [10, 66]. Thus, it seems justifiable 
to offer patients fertility-sparing treatment, depending on their individual situation. 
Whether radical trachelectomy as introduced by Dargent an Schneider [67, 68], less 
radical methods of cone biopsy and simple trachelectomy, or more radical approaches 
such as fertility preserving mesometrial resection [69] will be combined with lymph 
node assessment in the future has to be evaluated in further trials.

In summary, laparoscopic surgery in cervical cancer is widely used for  different 
indications. It has been shown that with respect to morbidity, recovery, and life 
quality, MIS is beneficial compared to open surgery. With respect to the LACC data, 
oncological safety has to be assessed further and results have to be thoroughly 
observed. Patients have to be informed about these data to give informed consent 
prior to MIS. However, we have to remember that for tumors less than 2 cm and no 
additional risk factors, MIS has not been shown disadvantageous in this study and 
tumors higher than stage Ib1 have not been investigated.
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20 Minimal invasive surgery for endometrial cancer

20.1 Introduction

Endometrial cancer (EC) is the fifth most prevalent cancer worldwide in women up 
to the age of 65 years. The risk of getting diagnosed with EC by this age varies from 
0.46% (in developing countries) to 0.92% (in developed countries) [1]. The incidences 
of EC worldwide are constantly rising. It is primarily the cancer of the postmenopau-
sal woman, with a mean age of diagnosis at 62 years (age-standardized incidence is 
9.5 to 15 per 100,000 women [2]), and a mean age at death of 70 years [3]. Seventy-
one percent of the patients are diagnosed at stage 1 of the disease. The overall 5-year 
disease-free interval of stage 1 EC is high (>90%) after adequate surgical and adjuvant 
treatment, if needed [4]. 

EC is classified into two histological subtypes presenting with different risk factors, 
molecular genetic profiles [5], pathways of carcinogenesis, and clinico-oncological 
outcome [6, 7]. According to this concept, endometrioid type 1 carcinoma evolves from 
an atypical hyperplastic precursor, undergoes a malignant transformation by estro-
genic stimulation, and develops into endometrioid adenocarcinoma [8]. Therefore, 
exposure to unopposed estrogen is the strongest risk factor, as seen in chronic ano-
vulation as in the polycystic ovary syndrome, estrogen replacement therapy (even if 
decreased by the use of progestins) [9, 10], high endogenous estrogen production in 
adipose tissue or by estrogen-secreting tumors, as well as seen in the estrogen-agonist 
effect of tamoxifen on endometrial tissue [11]. Furthermore, a history of nulliparity, 
infertility, early menarche, and late menopause, as well as  diabetes mellitus, as an 
independent factor or associated with obesity is also related to a higher EC risk. This 
subtype 1 accounts for 80–90% of cases, is predominantly seen in younger and/or 
obese patients, is generally diagnosed at an early stage, appears in a better differenti-
ation (grade 2–3), and seems to have a better prognosis compared to the subtype 2 EC. 

The latter, also known as nonendometrioid subtype 2 carcinoma (10–20% 
of ECs), develops on the grounds of an atrophic endometrium, without estrogenic  
stimulation [8], into a uterine papillary serous carcinoma or clear cell carcinoma. 
 Frequently, carcinosarcoma (malignant mixed-Mullerian tumor) is assigned to this 
group due to its similar clinical characteristics [12]. Generally, type 2 ECs are related 
to a more aggressive tumor behavior, often diagnosed at an advanced stage and 
higher grade, leading to a disproportionally higher mortality (40%). Therefore, they 
are considered a uterine high-risk factor for recurrence (GOG 99, subchapter 2), and 
with regard to a worse oncological outcome, grade 3 endometrioid cancer is often 
allocated to this group. Upon other studies, the LAP2 study showed that subtype 2 EC  
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carcinomas appear predominantly in the elderly population with a lower body 
mass index (BMI) [13], demonstrating that age is an important general risk factor. 
The dilemma of a more aggressive tumor nature in elderly patients on the one hand 
but with an increased surgical risk due frailty and a higher comorbidity index on the 
other hand may lead clinicians to an understaging of this patient group with worse 
oncological outcomes (see chapter 20.3).

Hence, the above-mentioned populations of elderly and obese patients  
represent the majority of patients with EC. From a surgeon’s point of view, both  
are considered surgical high-risk groups requiring adequate and oncologically  
feasible operative techniques, which will be discussed below. 

Lately, another risk factor has been looked at more closely, which is diabe-
tes mellitus. The mechanisms are multiple; insulin and insulin-like growth factors 
are known to enhance directly the proliferation of EC cells, and insulin reduces 
the levels of sex hormone binding globulin, which augments the biological avail-
ability of estradiol [14]. It is assumed that in EC genesis, diabetes counts as an  
independent predictor for an aggressive tumor nature and poor oncological outcome, 
as similarly seen in colorectal [15] and pancreatic [16] cancer. Not only is this silent 
disease strongly associated with obesity, but also, interestingly, two recent studies 
could show that diabetes specifically in nonobese patients (BMI <30/<25 kg/m2) led 
to a significantly higher all-cause, cancer-specific and non-cancer-related  mortality 
 compared to the obese diabetic EC patient group [17, 18]. It therefore seems to be 
a strong risk factor. In this context, low BMI is even discussed to be a marker for  
the severity and type of diabetes and existence of comorbidity [17]. 

Apart from diabetes, medical comorbidities in general are considered another  
risk factor as they have been shown to not only negatively affect the overall EC  
survival [19] but also aggravate the EC-specific outcome, predominantly in  nonobese 
patients with subtype 2 EC [18]. This may be explained by the fact that women 
with a high comorbidity index seem to present at a more advanced EC stage and  
subsequently receive surgical and adjuvant undertreatment [20]. 

Lastly, whereas most ECs are thought to emerge sporadically, a small group of 
patients with EC shows a genetic predisposition. The Lynch syndrome (hereditary 
nonpolyposis colorectal cancer syndrome [HNPCC]) accounts for 2–5% of all ECs,  
and endometrioid EC is the most frequent extracolonic manifestation. In fact, in half 
of predisposed families, the detection EC was sentinel, revealing the genetic predis-
position for HNPCC [21]. Early onset of EC (the risk rises significantly at the age of 
>40) and low BMI should therefore alert in patients with or without a family history 
 fulfilling the Amsterdam criteria II (according to the International Collaborative group 
on HNPCC, 1999). 

To date, the association between germline mutations in BRCA genes and the 
risk of EC could not be proven. However, a prospective study could demonstrate  
that women with genetic mutations for BRCA 1/2 showed a high relative risk for 
EC (11.6) when under tamoxifen therapy compared to untreated carriers ( p = 0.17) 
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within the observational period of 3.3 years [22]. Conversely to the risk factors  
named above, protective factors such as the use of combined oral contraceptive pills, 
depot medroxyprogesterone acetate, or progestin-releasing intrauterine-uterine 
devices could be identified. Unexpectedly, smoking could reduce EC risk, particularly 
in postmenopausal women [23].

For the prognosis and oncological outcome of EC, not only the histological 
subtype has relevance but also other risk factors such as intermediate or high tumor 
grade, deep myometrial invasion, lymphovascular space involvement (LVSI), cervi-
cal stroma invasion, adnexal involvement, malignant peritoneal cytology, pelvic and 
para-aortic lymph node involvement, respectively, vaginal, inguinal, or distant metas-
tasis, in general. Among the above-mentioned, the most important prognostic factors 
for stage 1 EC remains the depth of myometrial invasion >50% (stage), positive LVSI,  
as well as an intermediate or high tumor grade. These were the identified postop-
erative criteria, also called “uterine risk factors,” classifying patients of stage 1  
carcinoma into the high-intermediate risk group (HI-R EC) for recurrence by the  
GOG 99 study in 2004. Patients of this group were found to benefit from a compre-
hensive surgical staging including complete pelvic and para-aortic  lymphonodectomy 
(LNE) in order to select them for adjuvant therapy or avoid overtreatment in the 
case of a negative lymph node status.

The typical symptoms of EC are abnormal uterine bleeding, postmenopausal 
bleeding, suspicious vaginal discharge, and rarely none of them. Symptoms of the 
later stage might be similar to those of ovarian cancer such as abdominal/pelvic 
pain,  abdominal distension, feeling of early abdominal fullness, change of bowel, 
and bladder function.

The standard evaluation of EC consists of transvaginal sonography, endometrial 
biopsy, or dilatation and curettage (D&C) with or without hysteroscopy, whereas the 
gold standard continues to be the D&C combined with diagnostic hysteroscopy as 
this yields higher accuracy than blind D&C [24].

With regard to preoperative metastatic evaluation, EC primarily remains a sur-
gical staged disease (GOG 33, 1987, see chapter 20.3). A computed tomography (CT) 
scan, magnetic resonance imaging (MRI), or positron emission tomography/CT can 
be useful for deciding upon the mode of surgical approach, triaging poor  surgical  
candidates, or in case of symptoms indicating possible metastasis to atypical sites [25].  
Among the above-mentioned, imaging by MRI seems to have the highest inter-
observer concordance [26]. In the assumption of an advanced cancer stage, cys-
toscopy, rectoscopy, and rectal endosonography, as well as a chest X-ray and an 
abdominal ultrasound, can be considered individually as part of the preoperative  
workup.

The CA 125 tumor marker is selectively used in patients whose comorbidities do 
not allow comprehensive staging surgery or have a high-risk cancer histology, such 
as papillary serous EC [27]. Interestingly, a prospective Danish study could show 
that not only CA 125 but also the marker human epididymis protein 4 (HE 4) was  
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significantly increased in patients with the prognostic high-risk factors of high his-
tological grade, affected LN, deep myometrial invasion, cervical involvement, and 
increased FIGO stage [28]. 

After the FIGO staging system was revised in 2009, the recommendation of 
how to perform a comprehensive staging surgery in EC patients continues to be 
total  hysterectomy with bilateral salpingo-oophorectomy, with or without bilateral 
pelvic and para-aortic lymph node dissection, as well as omentectomy and perito-
neal  biopsies when indicated (Tab. 20.1, modified according to [29]). Even though a 
 positive peritoneal cytology is no longer an upstaging factor, it is still an essential 
component of the 2009 FIGO staging system. 

Alterations of the procedure can be considered with regard to conserving the 
ovaries in premenopausal women with early-stage and low-risk EC or in a same 
group with fertility-preserving wishes by a uterus-conserving, progestin-based 
approach. However, this is not the standard of care and needs thorough prethera-
peutical assessment, follow-ups, and ultimately the hysterectomy as the curative  
treatment [30]. 

Traditionally, the surgical treatment of EC has been performed by laparotomy. 
However, not only the GOG LAP 2 study but also multiple clinical studies of the 
 previous two decades have demonstrated that EC should be initially approached  
with a minimally invasive surgical technique conferring reduced surgical risk 
to patients at identical oncological outcome (see chapter 20.3). Robotic-assisted  
laparoscopy is a safe and feasible minimally invasive alternative for patients with 
EC, ideal in obese and elderly patients or complex cases, as discussed below.

Limitations of the minimally invasive surgery (MIS) approach would be grossly 
metastatic manifestations of EC outside the uterus, disseminated involvement of 
lymph nodes in preoperative imaging, extremely large-sized uterus that cannot 

Tab. 20.1: Overview of the stage-adjusted surgical intervention in EC patients.

Tumor stage Surgical intervention

pT1a, G1, G2 Laparoscopic hysterectomy (extent of hysterectomy is not defined: 
range between simple HE vs. radical hysterectomy) with BSO; optional 
pelvic and para-aortic lymphonodectomy (LNE)

pT1a, G3, and pT1b, G1-3 TLH with BSO and pelvic and para-aortic LNE, if applicable: omentectomy
pT2 (Radical) hysterectomy, BSO + pelvic and para-aortic LNE
pT3a Radical hysterectomy, BSO + pelvic and para-aortic LNE, omentectomy, 

tumor debulking
pT3b, pT3c If applicable: radical hysterectomy, BSO + colpectomy, pelvic and  

para-aortic LNE
pT4a If applicable: pelvic exenteration + pelvic and para-aortic LNE
N1 Total hysterectomy with BSO + pelvic and para-aortic LNE
M1 If applicable: palliative hysterectomy and tumor debulking
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be vaginally evacuated without bisecting, and evidence of deep infiltration of the  
uterine wall with the risk of perioperative perforation [31].

Vaginal hysterectomy can be appropriate in patients with a high  comorbidity 
index and at high surgical risk for early-stage EC, with similar oncological  
outcomes [32].

Standard pelvic LNE is characterized by the dissection of the nodal tissue of 
the common iliac arteries, the anterior and medial aspect of the cranial half of the 
 external iliac vessels, and the nodal tissue plane anteriorly to the obturator nerve. 
Para-aortic lymph node dissection comprises the removal of lymphatic tissue 
anterior of the caudal inferior vena cava between the renal vessels and the mid-
right common iliac artery. Likewise, on the left, the plane of lymph node resection  
extends between the aorta and left ureter from the renal vessels to the mid-left 
common iliac artery [30]. Despite the fact that the GOG 33 study demonstrated the 
benefit of harvesting the para-aortic lymph nodes up to the renal vessels [33], some 
authors suggest LNE only up to the inferior mesenteric artery. According to a recent 
study by Mariani et al., as much as 38–46% of patients with para-aortic lymph node 
involvement would be missed due to isolated positive lymph nodes in this area [34].

A comprehensive staging with a complete pelvic and para-aortic lymph node 
dissection has the advantage of knowing the exact diagnosis, evaluating the prog-
nosis, and triaging patients for the adequate adjuvant therapy. There is overall 
 consensus that the complete procedure, including pelvic and para-aortic LNE, is  
indicated in the high-intermediate risk group (HI-R EC, GOG 99) of stage 1 EC and 
higher FIGO stages. Apart from the above-mentioned benefits, it is even believed by 
many authors to have a therapeutic effect [35–37]. In this context, the ASTEC trial 
should be mentioned, although controversy exists due to some of its weaknesses. 
In contrast to the above consensus, this large randomized, multicenter trial showed 
the same oncological outcome of early-stage EC of high-intermediate risk patients 
who were randomized to a complete surgical staging with LNE or to the group 
without LNE, after both groups had received pelvic external beam radiotherapy 
(pelvic EBRT). On the grounds of these findings, the authors questioned the effi-
cacy of LNE in early-stage intermediate-high risk EC [38], given that pelvic EBRT is  
performed. Interestingly, the cotrial ASTEC/EN.5 demonstrated that the overall sur-
vival in  intermediate-high risk early-stage EC patients postoperatively was likewise 
not improved after adjuvant pelvic EBRT compared to the group who did not receive 
 radiotherapy. Unfortunately, in the ASTEC/EN.5, the number of women in the group 
who had LNE for their primary surgery was low; hence, it was difficult to draw a firm 
conclusion on a possible interaction between lymphadenectomy and postoperative 
adjuvant pelvic EBRT. Taking also the high toxicity of radiotherapy into considera-
tion, the authors concluded that pelvic EBRT “cannot be recommended as part of 
routine treatment for women with intermediate-risk or high-risk early-stage EC with 
the aim of improving survival” [39]. 
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Definitive guidelines for a complete lymph node dissection in patients of  
early-stage EC of low-risk for recurrence (L-R EC, GOG 99) remain unclear, and the 
procedure might not be warranted, as concluded by Mariani et al. [34] and Todo et al. 
[35] and others.

Ultimately, the sentinel lymph node (SLN) dissection technique may offer the 
solution to this dilemma determining which early-stage low-risk patient might benefit 
from a complete lymphadenectomy. In fact, 10% of early-stage low-risk patients and 
15% of patients in the intermediate-risk group were shown to be upstaged after SLN 
dissection [40]. A very recent Japanese study confirmed the applicability of early-
stage EC in low-risk patients and demonstrated high detection rates, sensitivity, 
and negative predictive value in intermediate-/high-risk patients, in both pelvic and 
 para-aortic SLN biopsy [41]. 

Particularly patient groups of high surgical risk such as elderly, obese, and 
 multimorbid women, would take advantage of the SLN biopsy, the associated reduced 
operation time, and decreased perioperative morbidity and mortality [42].

The adjuvant treatment of vaginal brachytherapy in patients with stage I/II EC 
with high-intermediate risk showed an equivalent reduction of the locoregional 
recurrence rate compared to the pelvic EBRT, although neither of them affected the 
overall survival [39]. Yet, compared to pelvic EBRT, vaginal brachytherapie has fewer 
gastrointestinal side effects and shows better quality of life and is therefore deemed 
the adjuvant treatment of choice [43]. Whereas only 10–15% of all new diagnosed EC 
are found to be in FIGO stage III/IV, they constitute for 50% of all uterine cancer-
related deaths. In these cases and in recurrent EC, the most crucial aspect, and an 
independent prognostic factor, for progression-free and overall survival is radical 
surgical treatment with maximal cytoreduction [44], going as far as pelvic exentera-
tion particularly in previously irradiated patients. Adjuvant treatment with combined 
radiochemotherapy (pelvic EBRT and paclitaxel/carboplatin) completes the multi-
modal approach to advanced EC.

Selected women diagnosed with EC who are unsuitable for surgery can be treated 
with primary radiation followed by chemotherapy [30]. 

20.2 History of minimal invasive surgery in EC

Historically, EC has been treated by abdominal hysterectomy and bilateral salpingo-
oophorectomy, until in 1987, the GOG 33 trial described the benefits of surgical  
staging, including the pelvic and para-aortic LNE [33]. It was the first trial to  
demonstrate that clinically diagnosed stage 1 EC postoperatively had pathologi-
cally proven risk factors for recurrence; 22% had myometrial invasion of the outer 
third, 71% had grade 2 or 3 disease, and 15% were positive for lymphovascular space  
invasion. Furthermore, among the clinically stage 1 patients, 9% showed pelvic LN 
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metastases, 6% had para-aortic nodal dissemination, 5% had adnexal involvement, 
and 6% had other extrauterine metastases, meaning an upstage after surgery for  
this patient group. Growing evidence had suggested that extrauterine disease was 
related to a poorer prognosis and that adjuvant treatment was required for a com-
plete therapy in order to improve the oncological outcome. Thus, the surgical 
staging procedure was deemed the key to properly diagnosing EC in order to triage 
patients for adjuvant therapy if applicable. As a consequence, in 1988, the FIGO 
officially  converted EC to a surgically staged disease with pelvic and para-aortic  
LNE included.

Within the same year (1987), the first laparoscopic hysterectomy was per-
formed by Reich et al. [45], and the first extraperitoneal endoscopic pelvic LNE, by 
Dargent et al. [46]. In 1992, the first laparoscopic hysterectomy for EC and the first  
laparoscopic para-aortic LNE for a gynecological malignancy were completed by 
Childers et al. [47]. A year later, the same group released a case series of 59 patients 
who underwent laparoscopically assisted surgical staging for their stage 1 EC, rating 
this procedure as an “attractive alternative to the traditional surgical approach in 
patients with stage I endometrial carcinoma” [48].

In 1993, Reich conducted the first total laparoscopic hysterectomy [49], and in the 
same decade, multiple studies proved the feasibility of the laparoscopic approach 
in EC.

In 2004, another landmark study was completed by the GOG. The GOG 99 
study demonstrated that adjuvant external beam radiation therapy (pelvic EBRT) 
could only lower the rate of recurrence in women with IB, IC, and II stage EC in the  
presence of high-intermediate risk factors (HI-R EC) such as grade 2 or 3, positive 
for LVSI, and depth of invasion to the outer one-third of the myometrium  combined 
with age. In low-risk cases, recurrence was anyhow low and EBRT showed no further 
benefit; hence, unnecessary overtreatment with corresponding side effects can 
be avoided in this patient population. Overall survival was not affected in either 
group [50].

In the meantime, the robotic-assisted system was implemented, matured, and 
in 2005 approved by the Food and Drug Administration for gynecological surgery in 
the US.

In 2009, a cooperation of multiple European medical institutions released the 
results of the ASTEC trial assessing the therapeutic effect of LNE on overall  survival 
in early-stage EC [38]. A total of 1408 women with stage 1 EC had been  randomly 
allocated to surgical staging with LNE vs. without LNE (but palpation of the  
para-aortic lymph nodes). All women with high-intermediate uterine risk factors  
such as FIGO IA or IB with high-grade pathology of G3, papillary serous or clear cell, 
as well as FIGO IC and FIGO IIA, and independent of lymph node status, received 
radiotherapy. The results showed equal progression-free interval and overall sur-
vival in both groups, so the therapeutic benefit of systematic lymphadenectomy for 
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oncological outcome in early EC was doubted. Although the ASTEC trial is one of the 
largest reported surgical trials in gynecological oncology, providing some of the best 
data regarding comprehensive surgical staging, it has ever since been debated due 
to high rates of crossover to radiotherapy and selection bias.

In the same year, the GOG completed the GOG LAP2 trial comparing the 
 laparoscopic approach to the standard abdominal surgery in EC patients and  
showed superiority of laparoscopy in terms of fewer moderate to severe postopera-
tive complications, length of hospital stay, and quality of life within 6 postoperative 
weeks [51].

In 2009, the FIGO staging classification was revised, with four main adjustments 
(Tab. 20.2).

In 2011, the American Association of Gynecologic Laparoscopists released a 
 position statement claiming that hysterectomies for benign disease shall be per-
formed by vaginal or MIS approach [52]. 

20.3 Indication for minimal invasive surgery in EC

The MIS approach to the surgical management of early EC has been established as 
the  treatment of choice for many years. Multiple studies could prove the benefit 
over  open surgery with regard to peri- and postoperative complications as well as 
perioperative data such as rates of blood loss and blood transfusion, hospital stay, 
return to full activity or work, and quality of life [51, 53–55]. 

Oncological outcome after laparoscopic staging surgery has also shown 
 comparable results to laparotomy [51, 53, 55, 56], as well as the number of lymph 
nodes resected in pelvic and para-aortic LNE [56]. While the rates of recurrence within 

Tab. 20.2: FIGO classification for staging of endometrial cancer before and after 2009.

Stage Classification up to 2009 Classification after 2009

I IA: Endometrium IA: No or <50% of myometrium
IB: Inner half of myometrium IB: ≥50% of myometrium
IC: Outer half of myometrium *

II IIA: Endocervical mucosa II: Cervical stroma
IIB: Endocervical stroma

III IIIA: Serosa, adnexa, cytology IIIA: Serosa, adnexa*
IIIB: Vaginal metastasis IIIB: Vaginal/Parametrium
IIIC: Nodal metastasis IIIC: Nodal metastases IIIC1: pelvic nodes +* 

IIIC2: para-aortic nodes +*
IV IVA: Bladder or rectal mucosa IVA: Bladder or rectal mucosa

IVB: Distant metastases IVB: Distant metastases

Changes are indicated with *. FIGO classification 1988–2009, revised in 2009.
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3 years in the GOG LAP 2 were significantly higher in the laparoscopic group, the 
overall survival after 5 years was then similar. A large single-arm retrospective study 
(n = 288 patients) by Lee et al. in Taiwan in 2016 revealed overall survival rates for 
laparoscopically operated early-stage EC as high as 94% in 5 years and 92.7% in a 
20-year follow-up [37]. They significantly surpassed the expected overall survival  
not only for the above-mentioned laparoscopic study results but also for the open 
surgery procedure, justifying again this method from an oncological aspect. 

Even in cases with high-risk histologic subtypes such as uterine serous, clear 
cell,  and carcinosarcoma [57], as well as high-grade endometrioid EC [57, 58], 
the choice of surgical technique had no impact on the recurrence and survival  
pattern.

The implementation of the robotic system has been a further milestone in 
the development of the MIS techniques by alleviating not only the actual surgery. 
Recent studies have shown that robotic surgery was even surpassing conventional 
 laparoscopy in terms of intra-/postoperative complications, conversion rates, hos-
pital stay, reinterventions, blood loss, or transfusion rate [54, 59–62], with equiva-
lent oncological outcomes [54, 59, 62]. Yet, there are only observational studies to  
prove this. 

The formerly assumed disadvantages of MIS of prolonged operation time and 
the risk of conversion in early literature were shown to be highly impacted by the 
learning curve of the MIS team [37]. In fact, the study of Guy et al. showed that 
 laparoscopy in general can have shorter operation times compared to robotics 
and OS [63]. Moreover, robotics, having a much shorter learning curve, was clearly  
demonstrated to have shorter operation times than conventional laparoscopy after 
the same surgeon had performed more than 40 cases [64]. 

The robotic system with high upfront costs at purchase and continued expenses 
for maintenance and disposable equipment still poses a challenge to the health 
system. However, a correct cost analysis should take into account the decrease in 
intra- and postoperative complications with fewer conversion rates, readmissions, 
and reinterventions and the lowering of laparotomy rates in general as robotic  
surgery facilitates complex cases as well as surgery in the obese patient [65]. 

In addition, the costs of robotic surgery decrease in the long-term with increasing 
hospital volume and procedures [66].

Lastly, having found a surgical method that can avoid abdominal midline 
 incisions from infrasternal to suprapubical, tackling even highly complex cases with 
fewer perioperative complications and lower rates of blood loss in a decent operation 
timespan is priceless. Furthermore, women describe their experience with surgery as 
“easy to overcome” and “feeling recovered shortly after surgery and reporting their 
health-related quality of life was restored to the preoperative level within 5 weeks 
after RH” [67]. 

Ultimately, the choice between the two MIS systems depends on the surgeon’s 
preference and experience as well as to the accessibility of the robotic system.
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The two growing population groups of (morbidly) obese and elderly patients 
show a high incidence of EC and pose group-specific challenges to the MIS 
surgeon. Reasons for higher risks in the obese patient group with EC are mainly 
related to higher rates of comorbidities (cardiovascular disease, diabetes mellitus, 
renal disorders), leading in the long-term to a higher overall mortality, as well as  
significantly increased peri- and postoperative complications (higher rates of blood 
loss, wound infection especially aggravated in coexisting diabetes, wound dehis-
cence, ileus, arrhythmias, acute cardiac events, and venous thrombotic events). 

In order to reduce these surgical risks, the laparoscopic approach has become 
the surgical technique of choice, as long as the compromised cardiopulmonary 
function due to increased intraabdominal pressure in steep Trendelenburg is  
manageable. Thus, peri-and postoperative complications, such as transfusion rate, 
injury of neighboring organs, wound closure or infection, and deep vein thrombosis 
events, have been significantly lowered by MIS, and return to baseline function is 
significantly earlier compared to open surgery [68]. In fact, open surgery is consid-
ered an independent indicator for surgical complications in morbidly obese women, 
showing a three times higher rate of such compared to the MIS approach [68]. In 
addition, OP equipment has been perfected by vacuum mattresses, shoulder holders 
and surgical stirrups to overcome the concern of inadvertently sliding on the opera-
tion table. The solution to the remaining problem of reduced vision in laparoscopic 
surgery for the (morbidly) obese patient commonly resulting in conversion to lapa-
rotomy in order to achieve adequate treatment [51, 69–71] is the implementation of 
the robotic surgery [72]. This advanced MIS technique is considered a milestone for 
this surgical high-risk patient group to make their minimal invasive procedure safe, 
easier, and feasible while allowing a more ergonomic positioning for the surgeon  
and providing higher instrumental mobility [73]. Compared to conventional lapa-
roscopy, the robotic-assisted surgery was shown to have comparable peri- and post-
operative complications rates in the obese patient group, if not lower [72]. With 
increasing BMI (30–57 [73] and 17.5–69 [74]) and number of comorbidities [74],  
peri- and postoperative complications rates remained stable when performed by 
robotic surgery. Yet, it was demonstrated that obese patients with a greater number 
of comorbidities (three or more) had a higher rate of postoperative complications, 
 specifically cardiac and renal related, even if statistically nonsignificant [74]. 

As mentioned above, the high costs of the robotic system have always been a 
topic since its implementation. However, particularly in the patient group of mor-
bidly obese, a recent study showed that the total hospital charges for robotic surgery 
were only 10% higher than conventional laparoscopy or open surgery in EC [68]. The 
cost difference is lower in morbidly obese patients as all surgeries in the morbidly 
obese patient group require more operation time and in addition have higher peri- 
and postoperative complications; therefore, readmission and reintervention rates 
after robotic-assisted surgery are fewer. Thus, the advantage of the robotic-assisted 
system becomes more effective in these higher complex surgeries. However, this study 
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refers to the US medical system, and the costs can be very diverse in different national 
health systems.

As much as the peri- and postoperative complications in the obese patient  
group could be lowered, too many of these women still die from the complications of 
their comorbidities, also in the long run. Obesity is the second most common cause 
of preventable death, after smoking [75]. It continues to be on us physicians and  
surgeons to counsel our patients for a healthier lifestyle and weight reduction along 
with making sure they are handed over to regular follow-ups of their chronic diseases. 

EC is also considered the cancer of the elderly, postmenopausal woman being 
diagnosed at a mean age of 68. With the aging of our population, the prevalences 
of EC in the elderly patient population are steadily rising. As a matter of fact, EC in 
elderly patients has a much higher rate of recurrence and lower rate of 5-year cancer-
specific survival compared to younger patients [76–78]. 

Reasons are multifactorial. Data showed that EC in elderly women appears to 
be more aggressive in terms of histological characteristics, with significantly higher 
rates of serous and clear cell histology as well as increased rates of grade 2–3 [77, 
79, 80] and lymphovascular space invasion [13]. All features are typically found in  
the histological subtype 2 of EC, underlining the alternative pathway as the 
 predominant carcinogenesis in this patient group. This assumption is supported by 
the observation that elderly with EC have a significant lower BMI than do younger 
patients, which correlates inversely with increasing age [13, 79, 81]. 

Furthermore, elderly patients typically presented with a higher FIGO stage [82], 
which is known to correlate with the 5-year survival. On the one hand, this might 
be related to the aggressiveness of the carcinoma in this patient group. On the 
other hand, it was observed that elderly generally present late with their symptoms  
(20% wait at least 1 year [83]) and a delayed management of the medical institutions 
might contribute likewise. 

By any means, all mentioned factors seem to be related to a poorer prognosis;  
in fact, age over 70 years is considered a significant and independent predictor of 
poorer survival [13, 76]. Looking at a growing high-risk group with regards to recur-
rence rate and cancer-specific mortality, this calls for the most optimal surgical 
 technique and appropriate radicality. However, studies show that this patient group 
in particular receives less surgical and adjuvant treatment compared to younger 
patients [78, 84]. And although MIS is considered the technique of first choice for 
surgical staging in EC patients in general, it has not yet been converted to the group 
of elderly patients.

Yet, there is no obvious reason for this. A systematic review of 16 trials comparing 
perioperative data in the elderly treated with MIS versus open surgery could show 
lower rates of blood loss, shorter hospital stay, similar rates of operation time, and 
perioperative complications in the MIS arm [84]. Postoperative complications were 
either fewer (grade I/II) or similar (grade III/IV) in the MIS arm compared to open 
surgery. Furthermore, comparing the elderly with the younger patient group treated 
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with MIS, there were no significant differences in operation time, blood loss, hospital 
stay, perioperative complications, and conversion rates [84].

Looking at complication rates according to surgical approach and age, a 
 subanalysis of the LAP2 study underlines the finding of the above: the rates of 
 postoperative complications of the open surgery group significantly increased 
with age starting at 60 years old compared to a much more gently inclining rate for 
the laparoscopic arm [13]. It has to be pointed out that in the LAP2 trial, one of the 
inclusion criteria was a “good performance status” (GOG performance status <4) 
with relatively healthy elderly patients, so a low overall rate of complications was 
expected. Another recent Surveillance, Epidemiology, and End Results Analysis 
comparing open surgery vs. robotic approach in elderly patient populations showed 
that with increasing age, perioperative complications also increased in both groups. 
However, in a subanalysis of the older patient group (n = 7142), there were lower rates 
of perioperative complications and death, shorter hospital stays, and a higher rate 
of discharge to home in the robotic compared to the open surgery group [63]. This  
was confirmed by several other retrospective studies [85–87]. To conclude, elderly 
women with EC seem to benefit from the MIS approach, from as early as the age of 60. 
Also in this patient group, the implementation of the robotic system contributes to 
achieve a minimally invasive procedure even in complex cases and prevents unneces-
sary laparotomies with increased perioperative morbidity. 

In terms of oncological outcome, there is limited information in the current 
 literature and no randomized controlled trials with regard to the elderly patient group 
comparing MIS to open surgery.

Knowing that EC of elderly women has more aggressive tumor characteristics 
lymph node dissection is a crucial part of a complete staging surgery. In the above-
mentioned systematic review [84], the lymph node count was the same for MIS 
versus open surgery and it was similar in the elderly and younger age group with 
the   exception of two studies showing a significant lower rate of LNE in the elderly 
group [88, 89]. Similarly, although nonsignificant, a substudy of the GOG LAP2 [13] 
found out that the largest group of patients having no lymph node dissection was 
the >80 years old group. 

These findings raise the question if surgeons adequately perform LNE in elderly 
patients when it is indicated, even though laparoscopic LNE appears to be a feasi-
ble and safe technique. It is known that in general oncological surgery, the elderly 
are often undertreated [90] as LNE extends operation time, which is an independent 
 predictor for morbidity in patients above the age of 80 [91]. In addition, it increases 
perioperative (vascular and neural injury) and postoperative (lymphedema and 
neurological defects) morbidity. Thus, the hesitation to perform a complete  surgical 
staging in a woman of 80 years is understandable, even though elderly patients 
“desire radical surgery and disease cure as strongly as the young” [92]. 

Apart from applying the MIS approach and especially robotics to the group 
of elderly as a standard of care, another solution to this dilemma could be the 
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 standardized application of an oncogeriatric score to predict perioperative morbid-
ity. This has strongly been advocated by the group of Bourgin et al. [93] and evalu-
ates frailty rather than the commonly used predictive factor age. The geriatric concept 
of frailty identifies a patient’s physical reserve of coping with a stress situation of a 
long surgery predicting not only the peri- and postoperative complications but also 
the domino effect on postoperative morbidity that might follow. It shall ultimately 
provide help in the decision making of who would benefit from a radical surgical 
intervention and who is at high risk for complications so preoperative counseling 
of the elderly woman can quantitatively be objectified. Clinically, the frailty index 
looks at weight loss, reduction in grip strength, exhaustion, low physical activity, 
and slowing of walking speed [94] and is considered better performing than other 
scores (ASA, ECOG, and Charlson Comorbidity index [95, 96]). Besides, postoperative 
 complications specific to this age group can present atypically with falls and confu-
sion for instance and need to be identified as such by the clinicians [97]. 

Another breakthrough for the surgical high-risk group of elderly women with 
EC seems to be the implementation of the SLN biopsy when it becomes the stand-
ard of care. Once matured and implemented, a complete lymph node staging is 
 performed only when truly indicated so unnecessary perioperative morbidity can be 
avoided in this frail patient group. At last, it is important to acknowledge that not 
only the obese  but also elderly woman with EC typically have a certain spectrum 
of  comorbidities. If we want to improve their life expectancy, an interdisciplinary 
approach to control these is a crucial step to make our contribution effective. 

20.4 Robotics for EC

In the current literature, the anatomical structures and the steps of the surgical 
staging  procedure in EC patients have been presented many times. In the follow-
ing section, we go through the procedure of a radical hysterectomy with bilateral 
salpingo-oophorectomy, para-aortic, then pelvic LNE and infracolic omentectomy, 
emphasizing on the use of the three robotic arms (Tab. 20.3) and comparing it to the 
surgical steps of conventional laparoscopy. The description is based on the standard 
surgical procedure performed in the department of the authors of this chapter.

The preoperative assessment of the size and mobility of the uterus as well as the 
condition of the vagina and introitus is crucial to achieve the removal of the uterus 
and adnexa in toto. A large uterus can be cored in a bag and delivered per vaginam, 
and very large specimens can be placed in an endobag and retrieved via a minilapa-
rotomy at the end of the procedure. The application of an Alexis® wound retractor 
can facilitate this maneuver. Preoperative bowel prep is useful to optimize intraopera-
tive visualization. 

In advanced-stage EC, an initial maximal cytoreduction was demonstrated to 
have a direct and significant impact on the progression-free and overall survival and 
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Tab. 20.3: Tabular listing of the steps for the surgical staging procedure in EC by robotics, assigned 
to the three robotic arms.

Procedure component Robotic arm 3 Robotic arm 2 Robotic arm 1

Radical hysterectomy Retracts the lateral  
third of the round 
ligament

Coagulates and 
transects the round 
ligament

Coagulates and transects 
the round ligament

Access to  
parametrium:

Grabs the uterus and 
retracts it to cephalad

Grasps lateral pedicle  
of round lig for  
c-traction

Transects anterior leaf of 
round lig to ant. midline

 – Perivesical and 
pararectal spaces

Grabs the medial  
stump of the round 
ligament

Stays at the lateral 
stump of the round 
ligament

Develop the perivesical 
and pararectal spaces

 – Uterine vessels Uterine vessels are 
transected

 – Medial  
parametrium

Medial part of the 
parametrium is dissected 
and the

Mobilization of ureter Ureter is mobilized and 
exposed to the point of its 
insertion into the bladder

Vesicouterine lig Vesicouterine ligament is 
transected laterally

Rectovaginal space Grabs the uterus and 
anteverts

Tractions the inferior 
part of posterior 
peritoneum

Dissects horizontally to 
expose rectovag space

Uteracral lig Uterosacral ligaments are 
divided

IP lig IP lig divided 2 cm or 
more above the iliacs

Colpotomy Tractions the uterus 
cephalad

Holds up the bladder 
flap

Colpotomizes

Para-aortic LND

Access: Elevates the  
peritoneum overlying 
the distal aorta

Lifting the third portion 
of the duodenum

Transects the peritoneum 
vertically

Left area of the aorta 
and above

Retracts the left leaf  
of the peritoneum

Lifts the peri- and  
inter-aorto-caval LN

Dissects LN tissue

Right area of the vena 
cava

Pulls right ureter +  
right leaf of  
peritoneum to right

Lifts the lymphatic 
tissue

Dissects LN tissue

Pelvic LND

Access: Elevates round lig Incises the post broad lig
External to common 
iliac LNE

Elevates round lig Lifts lymphatic tissue 
under the IP ligament

Dissects external iliac 
lymphatic nodes

Tracking of the ureter Applies traction toward 
medially or laterally
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should be an important surgical goal [98, 99]. In certain situations, additional omen-
tectomy and peritoneal biopsies are recommended, such as in patients with the high 
risk EC types of clear cell, papillary serous, and carcinosarcoma histology. 

In metastatic disease, conversion to laparotomy is often necessary but is depend-
ent on the surgeon’s skills and experience.

The patient is placed in a dorsal lithotomy position on a vacuum mattress to 
reduce sliding during steep Trendelenburg position. Patient positioning is similar in 
traditional and robotic laparoscopy. Padded shoulder braces with additional gel pads 
shall prevent neural damage as well as upholstered boot stirrups. First, the abdomi-
nal cavity is accessed with the Veres needle at the inferior crease of the umbilicus and 
a capnoperitoneum is created, then the camera port is placed at the Lee-Huang point 
or at the Palmers point in case of previous surgery. In case of periumbilical adhe-
sions, the camera trocar access can be achieved by a modified Hasson technique in 
the region of the Lee-Huang point. On principle, the differences between traditional 
and robotic-assisted laparoscopic port placement are illustrated in Fig. 20.1. 

If an SLN biopsy is planned, the intracervical injection of patent blue or  indocyanine 
green (ICG) at 3, 6, 9, and 12 o’clock is applied at this point of the  procedure (bearing 
in mind that the SLN mapping shall be performed within 15–60 minutes after the 
ICG injection). With the required equipment for ICG fluorescence imaging of the SLN  
(e.g., daVinci-FireFly™ system for robotics and Stryker Novadaq™ system for tradi-
tional laparoscopy, see Figs. 20.2 and 20.3), this technique is easily applicable and 
capable of being integrated to the surgical procedure. 

We prefer to use the VCare® uterine manipulator for its easy handling (the 
general use and handling of uterine manipulators in oncologic surgery especially 
in terms of safety precautions and tumor biological considerations will be dis-
cussed in future not only for cervical cancer surgery but also in EC surgery because 
a potential risk of tumor cell dissemination has to be assumed as well) and place 
a urinary catheter. The four robotic and the assistant ports are inserted in the  

Tab. 20.3 (continued)

Procedure component Robotic arm 3 Robotic arm 2 Robotic arm 1

Obturator LNE Elevates round lig Traction of LN plane 
toward medially

Dissects LN

Adhesiolysis of  
physiol. adhesion of 
the sigmoid

Gives traction on the 
round lig

Drags the colon gently 
toward medially

Performs the adhesiolysis

Omentectomy Retracts the omentum  
at the distal end

Lifts the transverse 
colon for  
countertraction

Dissects the omentum

Vaginal vault suture Lifts up the bladder  
flap

Grasps the anterior  
then posterior lip  
of the vagina

Secures the sutures
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Fig. 20.1: Standard trocar placement for surgical staging of endometrial cancer: (a) traditional and 
(b) robotic surgery (daVinci™ S and SI system and the daVinci™ Xi system permits a more variable 
trocar placement); in traditional laparoscopy, the subumbilical camera trocar is used for the pelvic 
part of the procedure, and for para-aortic LND, the suprapubic camera position is utilized. In robotic 
surgery, a more cranial position of the camera is necessary (5–7 cm supraumbilical), thus using a 
region nearby the Lee-Huang point; in expected major peritoneal adhesions, a modified Hasson 
technique can be performed in this location, as well.

so-called “sunrise distribution” (see Figs. 20.1 and 20.4); however, any reasonable  
placement to optimize visualization shall be favored. For traditional laparoscopy,  
we use the conventional technique for peritoneal access at the umbilicus and insert 
the working trocars as illustrated in Fig. 20.1. 

We start the procedure with a panoramic view of the abdominal cavity in a 360-
degree manner, followed by the collection of the peritoneal cytology. The patient 
is then maneuvered into a steep Trendelenburg position, and the robotic system is 
docked on from the patients’ legs or in the side-docking technique. Docking with the 
daVinci Xi™ system is much more sophisticated due to the modified patient side cart, 
which is the most important innovation in the generation of daVinci™ systems.

For dissection and coagulation, we use the monopolar scissors and a bipolar 
forceps. In our opinion, the Maryland forceps is too delicate for tissue rigidity. For 
retraction, we utilize a grasping forceps. For suturing, we use the Mega Suture Cut™ 
needle driver. In the conventional procedure, a sealing instrument is inevitable  
apart from the graspers and different scissors, especially the Metzenbaum scissors. 

The Fallopian tubes are sealed proximal to the uterus to prevent the dissemi-
nation of cancerous cells. First, we typically start the surgical staging procedure 
for early-stage EC (1A, B, G1-3) with the radical hysterectomy (type B according to 
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Fig. 20.2: Sentinel node biopsy in traditional laparoscopic endometrial cancer staging using 
fluorescence imaging with indocyanine green (Novadaq™ system by Stryker Inc., ICG: Verdye®,  
25 mg/50 mg powder, Diagnostic Green, Germany). (a) Transperitoneal visualization of an SLN 
on the left external iliac artery; (b) dissection of the SLN (amazing presentation of the lymphatic 
vessels).

a

b

Querleu-Morrow classification corresponding to the type 2 Piver hysterectomy, also 
known as the TeLinde modification, or type C/Piver 3 in case of suspected stage 2 EC, 
respecting the principles of nerve-sparing hysterectomy and the concept of mesome-
trial structures), in order to send the specimen to the frozen section as early as pos-
sible. In robotics, arm 3 retracts the medial third of the round ligament to medially 
elevating the IP ligament with the ureter. Then, visualization of the latter is done. 
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Fig. 20.3: Sentinel node biopsy in traditional laparoscopic endometrial cancer staging using 
fluorescence imaging with indocyanine green (Novadaq™ system by Stryker Inc., ICG: Verdye®, 
25 mg/50 mg powder, Diagnostic Green, Germany). Detection of an SLN below the aortic bifurcation 
(frequent SLN location in endometrial and cervical cancer).

Fig. 20.4: (a) Arrangement of trocars in the so-called sunrise position. (b) Robotic procedure for 
endometrial cancer staging (between legs docked patient side cart, daVinci S™ system).

a b

Arm 2 grasps the lateral peritoneum opposite of arm 3 for countertraction, so arm 1 
can transect the peritoneum laterally and parallel to the IP ligament. Arm 3 grabs the 
uterus and retracts it to cephalad while arm 2 grasps the lateral pedicle of the round 
ligament for countertraction, so arm 1 can transect the round ligament and extend the  
transection into the anterior leaf of the broad ligament, continuing along the line  
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of the vesicouterine reflection to meet the anterior midline of the pelvic peritoneum. 
Arm 3 grabs the medial stump of the round ligament, and arm 2 stays at the lateral 
stump of the round ligament, so arm 1 can develop the perivesical (Latzko’s fossa)  
and pararectal spaces. The uterine vessels are transected at their origin from the 
internal iliac vessels, the medial part of the parametrium is dissected, and the ureter 
is mobilized from the peritoneum (Okabayashi space) and exposed to the point of 
its insertion into the bladder. The vesicouterine ligament is then transected  laterally 
to mobilize the bladder further inferiorly so sufficient vaginal margins can be 
 maintained. The filling of the bladder with 100–200 ml of saline solution facilitates 
the identification of the vesical wall. Arm 3 then grabs the uterus and anteverts, and 
arm 2 tractions the inferior part of the posterior visceral peritoneum so arm 1 can 
dissect it horizontally to expose the rectovaginal space. The uterosacral ligaments  
are divided between the mid and posterior section of the ligament.

For colpotomy, arm 3 retroverts and tractions the uterus toward the cephalad, 
arm 2 holds the bladder flap, and arm 1 colpotomizes. Uterine manipulation with 
the inserted device crucially simplifies all these surgical steps, including the iden-
tification of the vaginal border of the dissection area. It is performed by the first 
surgical assistant or, if available, of a second assistant. In traditional laparoscopy, 
the surgical steps of hysterectomy correspond to the described robotic steps but 
are managed by less holding features, thus resulting in a higher physical strain for 
the surgeon. The specimen is delivered through the vagina in toto. A balloon cath-
eter is inserted into the vagina and filled up with water as needed to maintain the  
capnoperitoneum.

For para-aortic lymph node dissection, the retroperitoneum is accessed by 
arm 3 elevating the peritoneum overlying the distal aorta and arm 2 lifting the third  
portion of the duodenum to enable dissection up to the left renal vein. Before 
 performing the LNE, the inferior mesenteric artery and the left ureter have to 
be identified. Remarkably, on the left side of the aorta, a high amount of lymph 
nodes can be retrieved. Then, arm 1 transects the peritoneum vertically to enter 
the retroperitoneum. Arm 1 starts the dissection, while arm 3 exposes the retroper-
itoneum by retracting the left leaf of the peritoneum and arm 2 lifts the peri- and  
inter-aorto-caval lymphatic tissue. For the dissection of the right area of the vena  
cava, arm 3 or the assistant pulls the right ureter and right leaf of the peritoneum 
to the right side. As arm 2 lifts the lymphatic tissue, arm 3 dissects it. In traditional 
laparoscopy, the camera position is changed to the suprapubic trocar for para-aortic 
LNE and the screen is positioned above the head of the patient. For the retraction of 
the peritoneal leaves, we insert two to three special laparoscopic retractor disposables 
(e.g., TPEA lifter®, Brenner Medical). The lymph node specimens are collected in 
marked endobags and delivered vaginally, later on. Hemostatic agents can be applied 
if required.

For pelvic lymph node dissection, we expose the previously opened retroperi-
toneal space by retracting the lateral stump of the round ligament anteriorly with 
arm 3 while arm 1 incises the posterior leaf of the broad ligament toward cephalad, 



226   20 Minimal invasive surgery for endometrial cancer

parallel to the external and common iliac vessels. The bedside assistant takes over 
the traction on the lateral peritoneum for pelvic LNE on the right side and on the 
sigmoid medially for the pelvic LNE on the left side. The latter step requires suffi-
cient mobilization of the sigmoid colon along the physiological adhesion before-
hand. As the fatty tissue under the IP ligament is well exposed, arm 2 can then lift 
it, and the dissection of the external iliac lymphatic nodes up to the common iliac 
vessels is accomplished by arm 1. The ureter is tracked medially with arm 3 or 
 laterally depending on the side of the pelvic LNE and with progression of the LNE  
along the external and common iliac vessels toward the cephalad. 

The obturator lymph node dissection is performed easiest in the caudo- cranial 
direction, starting at the inferior edge of the superior ramus of pubis in order to 
 identify the obturator nerve most safely and straightforward. Arm 3 still retracts 
the peritoneum anteriorly while arms 1 and 2 perform the LNE. 

For pelvic and para-aortic LNE in traditional laparoscopy, the basic surgical steps 
are identical, however, again a physical challenge for the surgeon and  assistant. 
In addition, anatomical exposure can be more intricate or requires additional 
 placements of trocars. 

The lymph node specimens are collected in marked endobags and delivered 
 vaginally. Lastly, as for the omentum, an omental biopsy or a full omentectomy can 
be performed according to the uterine risk factors. For a complete omentectomy, it 
is advisable to perform this as the last procedure because the robotic system shall 
be redocked at the patients’ right or left shoulder and the Trendelenburg position 
shall be reversed. The sunrise distribution can be maintained. For an infracolic  
omentectomy, we start with the central third of the transverse colon. Arm 3 retracts 
the omentum at the distal end while arm 2 lifts the transverse colon for countertrac-
tion and arm 1 dissects the omentum. It is delivered per vaginam.

In conventional laparoscopy, infragastric or infracolic omentectomy can be 
 performed with less expenditure regarding the technical equipment, either sub-
sequent to the para-aortic LNE or followed after the pelvic LNE when the camera 
 position has been changed.

The horizontal closure of the vaginal vault is done by vertical stitches in a  
figure-of-8 fashion, commencing with one on both lateral margins: Arm 3 lifts up the 
bladder flap, arm 2 grasps the anterior then posterior lip of the vagina, and arm 1 
(having changed to a needle holder) secures the sutures. We favor figure-of-8-stitches 
over running sutures to prevent vaginal cuff dehiscence as a typical complication  
of MIS procedures in general. For this reason we also use late absorbable suture 
 material (such as polydioxanone) for vaginal closure, both in robotics and conven-
tional laparoscopic procedures.

The robotic system is then undocked.
Finally, one drain is inserted into the left lower abdominal port site. The pneu-

moperitoneum and ports are removed and incision closure is performed, including 
fascia closure in trocar sites of > 1 cm. 
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21  Minimally invasive surgery (MIS) for epithelial 

ovarian cancer (EOC)

21.1 Introduction

Early-stage epithelial ovarian cancer (EOC) is defined as a tumor confined to one or 
both ovaries without evidence of local or distant spread. The recommended treatment 
by the International Federation of Gynecology and Obstetrics (FIGO) consists of surgi-
cal staging based on hysterectomy, bilateral salpingo-oophorectomy, omentectomy, 
pelvic and aortic lymphadenectomy, multiple peritoneal biopsies, and appendectomy 
(for mucinous histology) through midline incision [1], With this type of treatment and 
with the addition of platinum-based chemotherapy in selected group of patients, the 
5-year survival ranges over 90% [2]. 

In the last 30 years, minimally invasive laparoscopic surgery has become increas-
ingly integrated as a surgical approach for the treatment of endometrial and cervi-
cal cancer. However, the acceptance and wide application of laparoscopy for women 
with EOC are limited [3]. Long surgeons’ learning curve, long operative time, and the 
paucity of data regarding the long-term oncological outcomes constitute some of the 
main obstacles. The clinical evidence to help quantify the risks and benefits of lapa-
roscopy for the management of early-stage EOC as routine clinical practice is based 
on case series [4–13] or a few comparative studies with laparotomy [3, 14–22]. Recent 
evidence suggests a role of laparoscopy to evaluate tumor resectability in women with 
AEOC [23]. Limited evidence suggests a role of minimally invasive surgery (MIS) for 
cytoreduction in selected women undergoing primary, interval, or secondary debulk-
ing [24]. Therefore, the current chapter will describe the current role of laparoscopy in 
the management of women with EOC. 

21.2  Surgical staging of women with apparently 
early-stage ovarian cancer

Early-stage EOC is defined as a tumor confined to one or both ovaries without visible 
or microscopic evidence of local or distant spread. The surgical removal of organs 
and tissues that may be potentially affected by microscopic disease seems to be the 
best alternative to determine the true extension of the disease due to the limitations 
of current diagnostic methods such as positron emission tomography–computed 
tomography (CT) or nuclear magnetic resonance imaging [25]. 

https://doi.org/10.1515/9783110535204-021
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21.2.1  Surgical technique

Surgical staging of apparently early-stage EOC requires a well-trained surgical team, 
an adequate preparation of the patient, as well as appropriate surgical instruments 
and equipment. Furthermore, the patient needs to be in a semilithotomy position over 
an antisliding device to prevent sliding when in the Trendelenburg position. 

21.2.1.1  Intraoperative diagnosis of apparently early-stage ovarian cancer with 
immediate staging

This procedure is a two-step surgery: pelvic and abdominal approach. The first trocar 
(11 mm) is placed at the umbilicus by using the Veress or open technique. Three 5-mm 
trocars are introduced in the pelvis as shown in Fig. 21.1. 

Surgical staging should start with the aspiration of free fluid or pelvic washing 
for cytological analysis of tumor cells. The next step is a thorough inspection of the 
parietal and visceral peritoneal surfaces of the entire peritoneal surfaces of the pelvis, 
middle, and upper abdomen. Any suspicious lesions are excised if the inspection is 
negative, and random peritoneal biopsies along the natural flow path of peritoneal 
fluid should be done. This begins in the Douglas pouch and extends through the para-
colic spaces to the hemi-diaphragms. Biopsies should be large (4–5 cm2) and 5 to 10 
in number [26]. 

11 mm
(camera)

Pelvic approach

5 mm
5 mm5 mm

Assistant Surgeon

Monitor

Fig. 21.1: Trocars’ distribution for pelvic approach.
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With a preoperative diagnosis of a suspicious adnexal mass, the tumor should be 
amenable to place in an endobag for removal and without apparent gross metastatic 
disease limited. During the initial surgical inspection, the affected ovary should 
be ideally free of dense adhesions and without any evidence of an ovarian surface 
tumor  [26]. In the absence of extra-tumor disease, the adnexal dissection and its 
 subsequent removal must be carefully performed to avoid cyst rupture, potentially 
affecting the needs for adjuvant therapies and prognosis of the disease [27, 28]. 
Thus, tumor size must be small enough to enter fully into an endoscopic bag to be 
removed intact [29, 30]. If the frozen section reveals an invasive epithelial ovarian car-
cinoma, full surgical staging, as previously described, needs to be performed [31]. At 
this point, total simple hysterectomy Bilateral Salpingo-oophorectomy(BSO), omen-
tectomy, biopsies, and pelvic and aortic lymph node dissection are performed. All 
specimens are removed through the open the vagina before closure.

Despite the fact that some port sites are used for the second part of the surgery, 
additional incisions are required, as Fig. 21.2 shows.

The abdominal part of the operation includes infracolic omentectomy, appendec-
tomy (for mucinous histology), and aortic transperitoneal lymphadenectomy. The left 
infrarenal node dissection is the most complicated procedure for staging early-stage 
EOC patients. It is estimated that nodal invasion is present in approximately 10% of 
these patients, and the most common location is in the left infrarenal group [32]. In 
addition to prognostic information, identifying patients with nodal involvement will 
select a small group of women who will require adjuvant chemotherapy only because 
of positive nodes [33]. 

11 mm
(camera)

Abdominal approach

5 mm5 mm

12 mm
(camera) 5 mm

Assistant

Assistant

Monitor

Surgeon

Fig. 21.2: Trocars’ distribution for the abdominal approach. Trocars in the triangle represent the 
additional access.
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21.2.1.2  Surgical restaging of an apparently early-stage ovarian cancer
In some instances, patients undergo delayed surgical staging after an incidental diag-
nosis of an apparently early-stage EOC. In this case, the surgical restaging can start by 
performing an extraperitoneal para-aortic lymphadenectomy [34]. For some authors, 
this approach may be safer and easier, especially in obese women or in patients with 
multiple intraabdominal adhesions [34, 35]. In these cases, surgical staging begins 
with a transumbilical diagnostic laparoscopy to assess the peritoneal cavity. In the 
absence of intraperitoneal disease, an extraperitoneal para-aortic lymphadenectomy 
is performed via a left-sided approach. A 10-mm incision is made 3 cm medial to the 
anterosuperior iliac spine. The extraperitoneal space is developed using finger dis-
section of the peritoneum over the psoas muscle and the left flank. CO2 is insufflated 
and the space is created. Two additional 5-mm trocars are then introduced in the 
midaxillary line in the preperitoneal space under laparoscopic guidance. One trocar 
is located just above the iliac crest and the other one 1–2 cm below the left inferior 
costal margin. An additional 5-mm laparoscopic trocar can be inserted between the 
camera and the trocar above the iliac crest to obtain better exposure of the surgi-
cal field. After finishing this procedure, the surgery can proceed by performing the 
pelvic approach as previously mentioned once the robotic column is undocked and 
redocked (Fig. 21.1).

Therefore, performing laparoscopic MIS staging should be considered only in 
carefully selected patients. 

21.2.2 Clinical evidence

The feasibility of laparoscopic staging requires the evaluation of several aspects, 
including the frequency of complications, the rate of conversion to laparotomy, and 
the risk of recurrence. Laparoscopic surgical staging in early-stage EOC should be 
performed only in cases where the surgeon and the surgical team can meet the same 
quality indicators of safety and oncologic radicality with procedures performed by 
laparotomy. Thus, referral to a surgeon with a sufficient level of surgical preparation is 
the recommended strategy [36]. In this regard, several studies have shown that about 
30% of patients with apparently early-stage disease operated on by general gynecolo-
gists or general surgeons are upstaged by gynecologic oncologists because of findings 
of disease in retroperitoneal lymph nodes, peritoneal biopsies, or omentum [36]. 

To date, a total of 11 retrospective studies comparing laparotomy with laparoscopy 
are published in the literature [3, 14–22]. The studies included 3065 patients, of whom 
1450 underwent laparoscopy and 1615 underwent surgical staging for apparent early-
stage EOC by laparotomy. In a meta-analysis recently published [37], laparoscopy was 
associated with a significantly lower estimated blood loss (Weighted Mean However 
it generally known WMD: –156.5 ml; 95% confidence interval [CI]: –216.4, –96.5) and 
shorter length of hospital stay (WMD: –3.7 days; 95% CI: –5.2, –2.1). Transfusion rate 
was higher in laparotomy patients (odds ratio [OR]: 0.21; 95% CI: 0.10, 0.43). On the 
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other hand, operative time and intraoperative complications were similar between 
both surgical approaches.

Even though postoperative complications were lower in the laparoscopy group (OR: 
0.48; 95% CI: 0.29, 0.81), grade 3 or worse complication rates were similar between the 
two approaches (OR: 0.83; 95% CI: 0.24, 2.92). Upstaging rate (OR: 0.81; 95% CI: 0.55, 
1.20) as well as cysts’ rupture rate (OR: 1.32; 95% CI: 0.52, 3.38) were similar between both 
groups. The numbers of pelvic (WMD: −1.09; 95% CI: −5.70, 3.51) and para-aortic (WMD: 
1.92; 95% CI: −0.80, 4.65) nodes was similar. Laparotomy was associated with a longer 
time to chemotherapy than laparoscopy was (WMD: −5.16 days; 95% CI: −8.68, −1.64).  
Recurrence rate (OR: 0.75; 95% CI: 0.47, 1.20) and survival (OR: 0.76; 95% CI: 0.55, 1.05) 
was similar between both surgical approaches. The limited evidence published indi-
cates that laparoscopy is feasible and safe for the staging of early EOC. 

21.2.3 Sentinel node mapping with indocyanine green

Laparoscopic sentinel lymph node (SLN) detection by using indocyanine green (ICG) 
is currently under investigation [38]. A recent multicenter Italian study reported 
10  cases of apparent stage I EOC schedule for a laparoscopic surgical staging. A 
total of 0.5 to 1 ml of ICG solution was injected close to the ovary, into the dorsal and 
ventral side of the proper ovarian parenchyma, and in the suspensory ligament with 
a 22-gauge needle. Subsequently, by using the real-time fluorescent infrared light of 
the SPIES camera, the entire retroperitoneal area was explored to find the fluorescent 
tracer in the lymphatic channels and to identify the anatomical location of the SLNs.

At least one sentinel node was detected in 9/10 patients (90%). The median 
number of lymph nodes removed per patient was 2 (range 0–2). All the detected SLNs 
were identified ipsilateral to the site of injection. In 3/10 (30%) patients, a common 
iliac SLN was found, and two of those cases were associated with an aortic SLN, 
whereas in one case, only one SLN was discovered. All the 15 SLNs removed were neg-
ative for metastasis upon final pathology. In the absence of positive nodes, the sensi-
tivity cannot be calculated. Specificity and negative predictive value were 100%. Even 
though this technique appears to be safe and promising, aiming to reduce the mor-
bidity and complications associated with a full lymphadenectomy in this setting of 
patients, more studies are needed before its implementation into clinical practice [38].

21.3  Laparoscopy for abdominal evaluation of tumor distribution 
in advanced stage (Fagotti criteria)

In advanced-stage ovarian cancer, the role of laparoscopy has been described as a tool 
to triage for resectability and second-look evaluations, with limited studies on its role 
in cytoreductive procedures [23]. The number of patients with advanced EOC (AEOC) 
who undergo an optimal cytoreductive procedure widely varies in the literature, 
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depending on either surgeon’s training/clinical setting and patient’s characteristics. 
Therefore, a certain number of women still undergo explorative laparotomy only, fol-
lowed by neoadjuvant chemotherapy (NACT). Several approaches, including assess-
ment of CA-125 serum levels and CT scan, have been attempted to identify preopera-
tively those patients who will achieve optimal cytoreduction (residual tumor less than 
1 cm), thus avoiding unnecessary laparotomies. The accuracy of these approaches has 
been limited by several factors, such as the number of patients, retrospective nature 
of the studies, and the significant difference of optimal cytoreduction rate among the 
centers [23]. The possible advantages for a laparoscopic evaluation before cytoreduc-
tive surgery include the following: 

 – The assessment of intraperitoneal disease. 
 – The reduction of unnecessary laparotomy resulting in suboptimal cytoreduction, 

and therefore, patients who are not candidates for cytoreduction may start imme-
diately NACT. 

 – Collection of tissue for definitive diagnosis and molecular analysis [23].

In 1998, Vergote et al. [39] published the first study evaluating the role of  laparoscopy 
prior to upfront surgery in a retrospective analysis of 285 patients with advanced 
ovarian carcinoma. Later, two Italian studies were published, in 2005 and 2006  
[40, 41], suggesting a role for laparoscopy in identifying patients with AEOC who are 
candidates for NACT versus primary debulking surgery (PDS).

Fagotti et al. first suggested that laparoscopy is able to provide the same infor-
mation as standard laparotomy regarding intraperitoneal diffusion of AEOC and 
consequently to accurately assess the chances of optimal cytoreduction in these 
patients [23]. The characteristics required for the definition for each laparoscopic 
feature are as follows: massive peritoneal involvement and/or a miliary pattern of 
distribution for peritoneal carcinomatosis (score 2); widespread infiltrating carci-
nomatosis and/or confluent nodules to the most part of the diaphragmatic surface 
(score 2); large infiltrating nodules and/or involvement of the root of the mesen-
tery supposed on the basis of limited movements of the various intestinal segments 
(score 2); tumor diffusion along the omentum up to the large stomach curvature 
(score 2); possible large/small bowel resection (excluding recto-sigmoid resec-
tion) and/or extended carcinomatosis on the ansae (score 2); obvious neoplastic 
involvement of the gastric wall (score 2); and liver surface lesions larger than 2 cm 
(score 2). Afterward, by summing the scores relative to all parameters, they set up 
a laparoscopy-based quantitative predictive model (predictive index value [PIV]), 
which, since it reflects a continuum of progressive tumor diffusion, provides an 
objective score related to intraabdominal disease diffusion and predicts the likeli-
hood of optimal cytoreduction. The performance of this model was validated in a 
larger prospective cohort of AEOC patients [42]. The overall accuracy rate of the 
laparoscopic procedure ranged between 77.3% and 100%. At a PIV >8, the probabil-
ity of optimally resecting the disease at laparotomy was equal to 0, and the rate of 



unnecessary exploratory laparotomy was 40.5%. Therefore, the authors concluded 
that the proposed laparoscopic model appears a reliable and flexible tool to predict 
optimal cytoreduction in advanced ovarian cancer.

In 2013, Fagotti et al. published the results of a prospective multicentric trial 
Olympia-MITO 13 designed to report the accuracy of laparoscopy to describe intraab-
dominal diffusion of AEOC and to verify the reproducibility of the scoring system in 
the description of tumor spread. The most difficult feature to assess was mesenteric 
retraction; however, an accuracy rate of 80% or greater was reached in three of the 
four satellite centers. The authors’ conclusion was that laparoscopy allows an accu-
rate and reliable assessment of intraperitoneal diffusion of disease in AEOC patients 
in trained gynecological oncology centers [43]. 

More recently [44], the same authors published an updated laparoscopy-based 
model to predict incomplete cytoreduction (residual disease = 0) in AEOC, after the 
introduction of upper abdominal surgery. A total of 234 women with newly diagnosed 
AEOC underwent laparotomy PDS after staging laparoscopy (S-LPS). In the new 
model, laparoscopic assessments of mesenteral retraction and miliary carcinoma-
tosis on the serosa of the small bowel were considered as absolute criteria of unre-
sectability, and therefore, these two parameters had been excluded from the updated 
version of the model, whereas the following laparoscopic parameters were included: 
(1) massive peritoneal involvement and/or a miliary pattern of distribution for parietal 
peritoneal carcinomatosis; (2) wide spread infiltrating carcinomatosis and/or conflu-
ent nodules to the most part of the diaphragmatic surface; (3) tumor diffusion along 
the omentum up to the large stomach curvature; (4) possible large/small bowel resec-
tion (excluding recto-sigmoid involvement); (5) obvious neoplastic involvement of the 
stomach and/or lesser omentum and/or spleen; and (6) liver surface lesions larger 
than 2 cm [42, 43]. Based on the presented results, LPS is confirmed as an accurate 
tool in the prediction of complete PDS in women with AEOC. The updated LPS-PIV  
showed improved discriminating performance, with a lower rate of inappropriate 
laparotomy explorations at the established cutoff value of 10.

Other studies have confirmed the feasibility of complete cytoreductive surgery 
assessed by laparoscopy [45, 46]. 

Two RCTs were undertaken to investigate this issue. The first, from the Netherlands 
[45], a multicenter, randomized controlled trial, evaluated the role of laparoscopy 
before PDS leaving residual tumor (RT) of <1 cm in women with AEOC. Participating 
patients were randomly assigned to either laparoscopy or PDS. Laparoscopy was used 
to guide the selection of primary treatment: either primary surgery or NACT followed 
by interval surgery. The primary outcome was futile laparotomy, defined as a PDS with 
residual disease of >1 cm. Futile laparotomy occurred in 10 (10%) of 102 patients in 
the laparoscopy group versus 39 (39%) of 99 patients in the primary surgery group 
(p < .001). In advanced ovarian cancer patients, these data suggest that performance 
of diagnostic laparoscopy prior to PDS is reasonable with the aim, if cytoreduction to 
<1 cm of residual disease seems feasible, to proceed with upfront surgery.
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The second study, from Italy, is the SCORPION trial [47], which compared surgi-
cal complications and progression-free survival from primary surgery versus interval 
debulking surgery (IDS). After confirmation of histology and assessment of PI score 
at S-LPS, patients were assigned to treatment arms. The results of this study dem-
onstrate that NACT/IDS may be preferable to PDS in patients with a very high tumor 
load in the abdomen in terms of perioperative moderate/severe morbidity, whereas 
quality of life measurements show no differences at the end of treatment between the 
two arms. 

In conclusion, existing studies suggest a valuable role for laparoscopy in objec-
tively assessing the chances for optimal PDS in patients with AEOC (FIGO stages III 
and IV). 

21.4 MIS for advanced ovarian cancer

Most patients with EOC are diagnosed with stage IIIC and IV, and most of them have 
extensive peritoneal metastases. If the disease can be removed to no visible tumor, 
i.e., complete tumor resection, primary surgery can be performed via laparotomy [48]  
in most patients or by MIS—laparoscopy or robotics—in a smaller proportion of 
patients [49]. When the metastases cannot be completely removed with primary 
chemo-cytoreduction, NACT with the goal to completely remove the residual tumor 
burden at interval debulking is recommended. Either via laparotomy or MIS, most 
patients will recur, in which case a secondary debulking via laparotomy or MIS will be 
carried out depending on the extent of the disease [24]. Whether it is primary, second-
ary, or interval debulking, patient selection for MIS follows the same principles out-
lined in another section of this chapter. A careful patient selection is mandatory for 
a successful tumor resection by MIS, due to the limitations of this approach in EOC. 

Unfortunately, an MIS approach has not found much support among gynecologic 
oncologists due to the fear of leaving disease, or inadequate surgeon’s expertise, or 
the lack of standardization of the MIS techniques. It is not surprising that, due to the 
advantages of robotics over laparoscopy, most studies relate to robotics [24]. 

Laparoscopy provides immediate access to all four abdominal quadrants, while 
the da Vinci S and Si (Intuitive Surgical Inc., Sunnyvale, CA, USA) systems require 
rotation of the operating table to access lower and upper abdomen. Others preferred 
a hybrid procedure laparoscopy-robotics: a portion of the operation is performed via 
robotics while laparoscopy is used to remove other disease not reachable by robotics, 
therefore avoiding table rotation [50, 51]. The problem with the S and Si models was 
solved with the development of the da Vinci Xi system (Intuitive Surgical Inc., Sun-
nyvale, CA, USA), which allows rotation of the robotic arms for removal of disease in 
any of the quadrants [50], and the introduction of the camera at any of the port sites. 
However, additional trocars may be required to access all disease sites. Hand-assisted 
robotic surgery [52] was reported to facilitate resection in areas difficult to access and 
where palpation can be helpful. 
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The evidence regarding MIS in advanced or recurrent EOC is limited, although 
positive to the use of that approach in selected patients [24, 50, 51, 53–56]. The most 
important requirement for a successful MIS debulking, whether for primary, interval, 
or secondary disease, is careful patient selection, as indicated above. This requires 
appropriate preoperative evaluation, detailed laparoscopic exploration prior to 
debulking, and surgeon’s expertise. Laparoscopic exploration is mandatory to select 
patients with localized disease to areas amenable to resection, and with absent peri-
toneal nodular metastases. 

21.4.1 MIS for primary debulking

A comparison of robotics, laparoscopy, and laparotomy for AEOC was reported 
in 2011 [53]. A total of 76 patients with advanced stage were operated by robotics  
(n = 15), laparoscopy (n = 20), and laparotomy. Patients in each surgical approach 
were divided into three subgroups according to the number of major surgical 
procedures performed—one, two, or three or more—such as bowel resection, full 
thickness diaphragmatic resection, partial liver resection, and splenectomy. The 
study showed a significant reduction in blood loss and hospital stay for women 
who underwent robotic and/or laparoscopic approach compared to laparotomy. 
Intraoperative and postoperative complications were similar among the three dif-
ferent surgical groups. 

Robotic patients undergoing two or more major surgical procedures had a longer 
operating time than did those who underwent laparoscopy or laparotomy. There were 
no differences in overall survival among the three groups, but there was a higher 
progression-free survival for the robotic group, most likely related to initial extent of 
disease. 

Another study [56] compared 63 robotic and 26 laparotomy patients with EOC. 
This is the only study with significant improvement in overall survival for robotic 
patients, due to a substantial heterogeneity regarding inclusion criteria and different 
surgical procedures between both groups. Surgical staging for early stage disease was 
performed in 40% of robotic patients as compared to 27% of laparotomy patients. No 
patients underwent bowel resection in the robotic group, while it was performed in 
38% of laparotomy patients. 

In 2014, Nezhat et al. [51] reported the results of women with advanced stage/
recurrent EOC that underwent robotics (10 patients), laparoscopy (29 patients), and 
laparotomy (8 patients). In case of diffuse abdominal implants, laparotomy was the 
surgical approach of choice. A significantly higher blood loss and longer hospital stay 
were noted in laparotomy patients, while there were no differences relative to operat-
ing time and intraoperative and postoperative complications among the three groups. 
It was concluded that MIS seems to be an acceptable approach in selected patients 
since laparoscopic and robotic perioperative outcomes were comparable and not infe-
rior to laparotomy. 
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MIS is an adequate approach in highly selected patients with AEOC with local-
ized disease amenable to complete resection. In patients with of diffuse disease, large 
omental cake, or requiring three or more major surgical procedures, laparotomy or 
NACT is preferred. 

21.4.2 MIS for interval debulking

The feasibility and safety of MIS for interval debulking are well documented in the lit-
erature. Alletti et al. [57] demonstrated its feasibility in a multicenter trial in patients 
with complete clinical response to NACT. Comparison studies of MIS with laparotomy 
for interval debulking have also shown benefits for the MIS approach. As with primary 
and secondary debulking, it is obvious that the only candidates for MIS are highly 
selected patients with localized disease amenable to complete resection, which is a 
small proportion of patients with AEOC, even after NACT. 

As compared to laparotomy, interval debulking patients operated by MIS had 
similar or longer operating times [58, 59], reduced blood loss [58–60], shorter hos-
pital stay [58–60], similar complications rate [58–60], similar rates of tumor resec-
tion [58–60], similar operative mortality [58], shorter interval to chemotherapy [59], 
similar readmission rates [58], similar recurrence rate, and similar survival [58–60]. 
More importantly, a meta-analysis showed that MIS was not inferior to laparotomy for 
interval debulking [61]. 

As is the case with primary and secondary debulking, MIS can also be used for 
interval debulking following similar criteria for patient selection as for primary and 
secondary debulking and with similar patient benefits. 

21.4.3 MIS for secondary debulking

MIS is feasible and safe for patients requiring a secondary cytoreduction [51, 54,  
55, 62]. As with primary debulking, careful patient selection is mandatory for a 
 successful complete tumor resection via MIS. 

A comparison study of robotics (10 patients), laparoscopy (9 patients), and lapa-
rotomy (33 patients) for secondary debulking concluded that MIS was preferable due 
to lower blood loss and shorter hospital stay. Again, careful patient selection and sur-
geon’s expertise were mandatory requirements for a successful debulking [54]. 

A multi-institutional study was performed in 48 women with localized recur-
rent EOC and absent peritoneal nodular implants who underwent secondary robotic 
cytoreduction. An optimal debulking was achieved in 36 (82%) patients, with an 
acceptable complication rate of 13.6% (6 patients). It was concluded that selected 
patients with recurrent EOC are candidates for secondary surgical cytoreduction via 
MIS, in this study via robotics. Surgical and oncological outcomes appear to be favora-
ble as compared to previous reports of laparotomy debulking for recurrent EOC [55].
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21.4.4 Port-site metastasis

Port-site metastasis is an important concern when performing MIS in patients with 
AEOC. The highest risk for port-site metastasis is the presence of carcinomatosis 
and ascites [63]. There is a 17–47% incidence of subclinical implantation of malig-
nant cells at trocar sites [63, 64], but clinical manifestation is present in only 5% of 
them [64] and, as already indicated, is related to carcinomatosis and ascites [63, 64]. 
Microscopic tumor implantation at trocar sites does not appear to be related to the 
interval period between laparoscopy and definitive surgery or chemotherapy and has 
no impact on survival [63, 64]. One study recommended proceeding with immediate 
surgical resection at time of laparoscopy or to NACT within 7 days later. Clinical port-
site metastasis in patients undergoing primary or secondary debulking via MIS was 
not observed [53, 54].

21.5 Conclusion

Laparoscopy has become the standard approach for the evaluation of optimal debulk-
ing prior to laparotomy in patients with AEOC. MIS staging is preferable for patients 
with apparent early-stage ovarian cancer. There is a clear role of MIS for highly 
selected patients with localized disease amenable to complete resection undergo-
ing primary, interval, or secondary debulking. This constitutes a small proportion of 
patients with advanced ovarian cancer. 
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Marc Possover
22  Neuropelveology—the medicine of the 

pathologies of the pelvic nerves and plexuses
The pelvis contains major somatic and autonomic nerves and plexuses, which are 
responsible for the transportation of all afferent and efferent information in the lower 
half of the human body. Efferent fibers are involved in pelvic organ functions, prin-
cipally those of sexuality, voiding and storage in the pelvic organs, and equilibrium 
when standing or walking. Afferent fibers transport all sensitive information gener-
ated in the lower limbs and pelvis to the central nervous system. Pelvic nerve pathol-
ogies therefore lead to a combination of sensory dysfunctions with pelvic and low 
extremity visceral and/or somatic pain syndrome and motor dysfunctions with pelvic 
organ dysfunctions and difficulties with walking, balance, and coordination of the 
lower extremities.

22.1  The neuropelveological approach in the diagnosis 
and treatment of “chronic pelvic pain”

Chronic pelvic pain (CPP) is a condition with many faces—it is defined as nonmalig-
nant pain perceived in structures related to the pelvis and accompanied by symptoms 
as consequences of a well-defined pathology, e.g., infection, endometriosis, hemor-
rhoids, anal fissure, pudendal neuropathy, sacral spinal cord pathology, vascular 
and cutaneous disease, or psychiatric conditions [1, 2]. CPP has been estimated to 
have a prevalence of between 4% and 15% [3, 4]. If identifiable disease conditions 
are excluded, idiopathic pain conditions and CPP syndromes (CPPSs) can be defined. 
The International Continence Society has defined CPPS as constant or recurrent pain 
in the pelvis of nonmalignant origin that is present for at least 6 months [5]. In CPPS, 
the pain is often accompanied by symptoms related to organs in the pelvis, without 
a proven infection or other obvious pathology, e.g., lower urinary tract symptoms or 
sexual, bowel, pelvic floor, or gynecological problems [5]. These symptoms are often 
accompanied by negative cognitive, behavioral, sexual, or emotional consequences 
with an important impact on the quality of life [6]. CPPS is often combined with 
chronic low lumbar pain (LLP), which has a high prevalence in the general popula-
tion (6–45%) [7]. Because of the stigma and social isolation of these patients, it is not 
surprising that other associated problems may coexist, such as depression, anxiety, 
and drug addiction. CPP/CPPS and LLP present a major challenge to healthcare pro-
viders because of their unclear etiology, complex natural history, and poor response 
to therapy. These patients often approach several new physicians with a combi-
nation of unrealistic hopes for a cure and suspicion related to past diagnosis and  
treatment failures. The goal of treatment is then often to reduce pain and other  
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symptoms without a real search for a potential etiologic treatment. These patients are 
all too often sidelined and are offered no alternative other than to accept medical pain 
management and antidepressants, with their known side effects and the dangers of 
dependence for the rest of their lives. 

Pathology of the pelvic nerves and plexuses may explain such “unknown pain 
conditions” and associated pelvic organ dysfunctions. Pathologies of the pelvic 
somatic nerves may produce neuropathic pain in the lower back, the genito-anal 
areas, and the lower extremities, but also pelvic organ dysfunction as in CPPS [8]. 
Considering the number of pelvic pathologies and invasive procedures in proxim-
ity to the pelvic nerves that could potentially induce neuronal compression, entrap-
ment, or damage, reports in the literature are rare. The incidence of pelvic nerve 
pathologies seems widely underestimated, mainly because of the lack of awareness 
that such lesions may exist, lack of diagnosis and acceptance, as well as the decla-
ration and reporting of such lesions. Neurosurgical procedure techniques are well 
established in nerve lesions of the upper limbs, but surgical exploration of the pelvic 
retroperitoneal area and the pelvic nerves is still unusual for neurosurgeons. The 
only nerve that has been truly investigated in pelvic nerve pathology is pudendal 
neuralgia (Alcock’s canal syndrome) because the nerve is easily accessible for neu-
rophysiological explorations, infiltrations, and surgical decompression. In contrast, 
endopelvic nerves are difficult to access and have been much less investigated in 
the past. Nevertheless, pathologies of the pelvic nerves may explain many cases of 
CPP/CPPS [9]. Management of pelvic nerve pathologies requires good integration 
and knowledge of all pelvic organ systems, neuro-functional pelvic anatomy, and 
the musculoskeletal, neurologic, and psychiatric aspects, and no current specialty 
seems to be devoted to this field. The concept of “neuropelveology,” the first medical 
practice focused on the pathologies of the pelvic nervous system was introduced 
more than 10 years ago [10]. Neuropelveology combines the knowledge required for 
a proper neurologic diagnosis for intractable CPP/CPPS and LLP. Because of growing 
interest from the medical community, the International Society of Neuropelveology 
(ISoN) (www.theison.org) was founded in 2014 with one major objective: to provide 
universal access to education in neuropelveology. The neuropelveological approach 
to pelvic neuropathies may not only explain many cases of CPPS but also enable 
new therapeutic options from noninvasive treatments to laparoscopic neurofunc-
tional procedures. Advances in video endoscopy and microsurgical instruments 
enable good access to all areas in the retroperitoneal pelvic space [11], providing 
the necessary visibility with magnification of the structures and the possibility to 
work with appropriate instruments for adequate neurofunctional procedures such as 
nerve decompression and neurolysis [12–15]. Laparoscopy is also the only technique 
that enables selective placement of electrodes to all pelvic nerves and plexuses. This 
technique of laparoscopic implantation of neuroprothesis, also called the “LION 
procedure,” enables the selective placement of electrodes in direct contact with the 
nerves under direct visualization [10]. 
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Laparoscopic neuropelveological procedures may be reserved for experienced 
surgeons in laparoscopic retroperitoneal pelvic surgery, but diagnosis of pelvic nerve 
pathologies is accessible for all physicians [16]. It is essential to adopt a “neurologi-
cal way of thinking.” Standard medical training imparts the concept that the location 
of the pain and its etiology correspond to the same area. In pathologies of the pelvic 
nerves, however, the location of the patient’s pain (dermatomes) and the sensomotor 
dysfunctions of the pelvic organs and the lower extremities reveal which nerves are 
involved in the pain process, whereas the etiology is mostly located on the path from 
the dermatome to the brain. A neuropelveological workup aims to determine which 
nerves, at which level, are involved in pain generation and always follows five steps 
in the following subsections:
1. Determination whether the pain is visceral or somatic
2. Determination of the nerve pathways involved in the relay of pain information to 

the brain
3. Evaluation of the neurological level of pain (central vs. pelvic vs. peripheral)
4. Establishment of a potential etiology
5. Confirmation of and therapy for a potential etiology.

Steps 1 to 3 are achieved by referencing the patient’s history, while the neurological 
examination with the direct transvaginal/rectal digital palpation of the pelvic somatic 
nerves may confirm the diagnosis. Modern imaging and/or laparoscopic visualization 
may offer an effective etiologic diagnosis and, in most patients, the corresponding 
etiologic treatment.

Because neuropelveology is now accessible for all physicians, it is no longer 
acceptable to ignore the pathologies of the pelvic nerves as a potential etiology for 
CPP/CPPS and LLP, and it seems reasonable to advise all “pelvic physicians” on the 
need for proper knowledge of neuropelveology, at least for the recognition of neuro-
pelveological conditions [17]. The ISoN proposes an E-learning program accessible to 
all physicians for the acquisition of such knowledge (www.theison.org).

22.2  The neuropelveological approach to pelvic organ 
dysfunction

22.2.1  Pelvic organ dysfunctions

Urinary incontinence, bladder overactivity, sexual dysfunction, and other pelvic floor 
disorders are common problems affecting millions of people of all ages, gender, and 
race. Overactive bladder (OAB) is a condition that affects millions of citizens world-
wide. 

The US Department of Health and Human Services estimates that approximately 
13 million Americans suffer from urinary incontinence.  Urinary incontinence is an 
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underreported problem that increases with age, affecting 50–84% of the elderly 
in long-term care facilities. Moreover, 10% to 30% of American women/girls aged  
15–64 years are thought to suffer from it, compared to between 1.5% and 5% of 
men. Over half of all nursing home residents are thought to be affected by urinary 
 incontinence. It is estimated that 20% of all women over the age of 40 are affected 
by urinary incontinence.

Recent international population and nonpopulation studies reported OAB in 
10–17% of the adult population, depending on sex. In the US, a population-based 
study reported that 16.0% of men and 16.9% of women experienced OAB, which 
corresponds to approximately 33 million people [18]. Also, sexual dissatisfaction 
and/or trouble with penis/clitoris erection affects both women and men. Up to 30 
million American men are affected by erectile dysfunction (ED). Women’s sexual 
health, like men’s, is important to overall emotional and physical well-being. The 
three most common sexual dysfunctions in males are decreased libido, ED, and 
ejaculatory dysfunction. ED is a common problem in primary care and currently 
affects more than 150 million men worldwide, with a projected prevalence increase 
to 322 million men by the year 2025. The safety and efficacy of phosphodiesterase 
5 (PDE5) inhibitors has been well documented. First-line therapy for the treat-
ment of ED is medication with a PDE5 inhibitor. A contraindication for the use of 
PDE5 inhibitors is the intake of nitrates, and patients with severe cardiovascular 
comorbidities should not use a PDE5 inhibitor. Up to 50% of patients suffering 
from ED present a suboptimal answer to the PDE5 inhibitors. During recent years, 
downsizing of catheter material has facilitated endovascular revascularization of 
small-caliber erection-related arteries. In a study known as the ZEN study [19], 
procedural success was 100%, with no major adverse events during follow-up. 
About 60% of patients undergoing stent placement showed functional improve-
ment subsequent to endovascular revascularization. However, the restenosis rate 
was reported to be as high as 34% in these small-caliber arteries after 6 months 
of follow-up.

22.2.2  Electrical stimulation of the pelvic nerves as an attractive treatment

Electrical stimulation of pelvic nerves in the pelvic floor may provide an effective 
therapy for a variety of disorders. Electrical stimulation has emerged as an alternative 
and attractive treatment for refractory cases of bladder overactivity, urinary inconti-
nence, and also bladder retention (incapacity of bladder emptying). Also the stimula-
tion may be effective in restoring sexual function or alleviating pelvic floor or genital 
pain. Continuous or intermittent electrical nerve stimulation strategies are used to 
treat lower urinary tract dysfunction. Neuromodulation is used to treat both overac-
tivity and underactivity, but it is currently also used to treat bladder pain. Electrical 
stimulation is performed at different sites in the human body and therefore targets 
different nerves. 
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Sacral Nerve Stimulator (SNS) has proven efficacy in both refractory OAB, neu-
rogenic bladder disease, bladder retention, and fecal incontinence [20]. Sacral nerve 
stimulation enables stimulation of pudendal fibers—the key player of the functions 
of the pelvic organs, including the genital organs—contained in the sacral nerve 
root and also activates other fibers that are present in the sacral nerve root. This in 
turn produces some patient discomfort, such as feeling of electricity in the leg. In an 
attempt to target the pudendal nerve more specifically, Spinelli et al. described a sur-
gical procedure that places an electronic lead into Alcock’s canal via either a perineal 
approach or a posterior approach [21]. Groen et al. investigated the applicability of a 
mini-neurostimulator called the Bion® that was placed near the pudendal nerve in 
Alcock’s canal [22]. Despite these positive outcomes, no follow-up study of this device 
has been done since. Peters et al. investigated whether isolated pudendal nerve stimu-
lation (PNS) was superior to SNS with a cross-over study in 30 patients. Results were 
remarkably in favor for PNS, which was chosen as the superior lead in 79.2%, with 
an average reduction of symptoms of 63% compared to 46% for the SNS group [23]. 
Transcutaneous electrical nerve stimulation is still in evaluation and seems inferior to 
other OAB treatments like SNS and PNS but is noninvasive and applicable for ambu-
lant therapy. The percutaneous dorsal genital nerve stimulation is still an experimen-
tal neuromodulation technique to treat neurogenic bladder and OAB disease and is 
not applied in routine clinical practice [24]. The nerve is a direct branch of the puden-
dal nerve and could therefore, in theory, be more closely related to the main nerves 
that control lower urinary tract function compared to, for instance, the posterior 
tibial nerve. Because part of the distal pudental nerve lies superficially to the skin 
outside the pelvis, this nerve can be stimulated using surface electrodes attached to 
the overlying skin. This application is also limited due to intolerance of the required 
high stimulation amplitude. In patients with intact sensitivity, this leads to stimula-
tion amplitudes that are less effective or too low to be effective, which subsequently 
results in incontinence. Surface electrodes have additional limitations such as difficul-
ties in daily proper placement and hygiene. Implanted electrodes are more suitable, 
but implanted electrodes in the penis or near the clitoris have to endure mechanical 
stress of penile erections and external pressure, with risk for cable/electrode breakage 
and dislocation. A technique for percutaneous implantation of an electrode near the 
origin of the DNP, close to the Alcock’s canal, has also been developed. Because such 
a technique lacks direct vision to the nerve during implantation, X-ray screening and 
neurophysiological monitoring of the nerve are usually mandatory. The technique is 
not easy and also exposes patients to electrode migration and failure since the lead is 
not fixed to any anatomical structure and patients are sitting on the lead.

22.2.3  Genital nerves stimulation—an attractive alternative for gynecologists

Because the laparoscopic approach to the pelvic nerves enables selective exposure 
of all pelvic nerves and plexuses, the technique of laparoscopic implantation of lead 
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electrodes to different nerves has been developed—the LION procedure [25, 26]. These 
procedures present significant advantages compared to all percutaneous techniques 
of implantation but still present some surgical difficulties and are not reproducible by 
every laparoscopic surgeon. However, gynecologists are untrained not only in the LION 
procedures but also in classical percutaneous techniques of implantation. This is, in 
fact, a pity because most patients suffering from OAB and incontinences are women. 
As a consequence, all our efforts over the last few years have been focused on the devel-
opment of a surgical technique for the implantation of neuroprothesis to the pelvic 
nerves, straightforward enough to be reproduced by most laparoscopic surgeons and 
urogynecologists. Because gynecologists are usually trained in both the laparoscopic 
Burch procedure (dissection of the space of Retzius) and Tention free vaginal tape 
(TVT) procedure, the GNS procedure—genital nerves stimulation—is a new technique 
for implantation that may be easily accessible for every gynecologist. The technique 
combines a percutaneous approach from below, similar to the TVT procedure, with a 
primary endoscopic dissection of the Retzius space as in the Burch procedure. The pro-
cedure starts with the laparoscopic trans- or retroperotineal dissection of the Retzius 
space with exposure of the pubic arch. Then the patients are placed lying on their back 
with their legs in a position of 30 degrees abduction and 30 degrees flexion of the hips 
and the procedure is carried out on as per a TVT procedure. A sagittal incision about 
1–2 mm is made approximately 1 cm below the external urethral meatus in a female 
(infrapubic parapenile incision in a male). A curve needle driver is inserted into the 
incision. The tip is oriented at an angle of 5–10 degrees from the midline, toward the 
symphysis. The inserter tip will be approximately in the 11 o’clock position (or 1 o’clock 
position on the right side). The inserter is advanced, contacting the inferior edge of the 
pubic ramus. While maintaining contact with the bone, further advance is made into the 
Retzius space, previously dissected by laparoscopy. During the insertion, the surgeon 
controls the position of the inserters by palpation, as per standard surgery, but also by 
endoscopic view to avoid injury to the pelvic organs, vessels, or nerves. The spear of 
the curve driver needle is removed by laparoscopy and the electrode lead is introduced 
retrograde into the shaft of the curve driver needle. By retraction of the curve needle 
driver, the electrode lead is left in the right position under the pubic bone, transfixing 
the urogenital diaphragm down to the genital organ, in contact to the cavernous (from 
the pelvic splanchnic nerves) and dorsal nerves of the penis/clitoris (ventral branch of 
the pudendal nerve). This technique provides a selective and distal stimulation of key 
nerves involved in controlling the functions of the pelvic organs, including:

 – overactivity of the bladder, urge incontinence, and bladder retention [27]; 
 – idiopathic fecal incontinence, frequency, and retention [28]; and 
 – ED in males, and sexual dysfunction in females.

However, it is evident beyond any doubt that large cohort studies are necessary to 
determine the applicability of the GNS by gynecologists and urogynecologists but 
also by general surgeons and urologists. 



References   253

The LION procedure to the pelvic somatic nerves further allows for control of neu-
rogenic pain syndromes [29] and may also represent a potent alternative to current 
methods for neuromodulation in the treatment of visceral pain mediated by the 
autonomous nerve system [30]. Recent studies have demonstrated that pelvic nerve 
stimulation might also induce changes that affect the central nervous system to 
engage residual spinal and peripheral pathways for the recovery of voluntary motion 
of the legs in chronic paraplegics [31, 32].

This evolution in the management of pathologies and dysfunctions of the pelvic 
nerves and plexuses requires more interdisciplinary exchange of knowledge between 
clinical physicians and basic researchers and should encourage young physicians to 
devote time and energy to the field of clinical and experimental pelvic nerve medi-
cine, neuropelveology [33]. This new field of medicine not only offers diagnostic and 
therapeutic options for many intractable conditions but also opens the door wide for 
physicians, revealing the mystery of the pelvic nerves and plexuses with further new 
fields of application that are simply ready and waiting to be discovered by future gen-
erations.
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23  Complications of laparoscopic surgery and their 

management

23.1  Introduction

Complications are the limiting factor of all surgery. More than performing the actual 
surgery, learning how to avoid complications before, during, and after surgery is the 
most important task of every surgeon. Severe complications can destroy the lives of 
those patients that we intend to cure. Complications such as uretero-vaginal fistu-
las, which might be the result of less than 2 seconds of inattentive preparation, can 
lead to years of hardship, suffering, accusations, and litigation. Excellent surgery is 
about performing the right surgery for the right patient without any complications. 
Minimally invasive surgery is technically challenging. This chapter will go through 
the major causes of complications in laparoscopy both for simple and for advanced 
gynecologic patients and present strategies for prevention, early detection, and intra- 
and postoperative management. 

23.2  Incidence of and literature about complications—general 
considerations

Traditionally, intraoperative complications in regular and advanced laparoscopic and 
minimally invasive surgery are thought to be no more common than in open surgery, 
while post-operative complications, mostly involving the abdominal wall, are much 
rarer [1]. There is additional evidence indicating that for specific advanced indica-
tions, the rate of severe intraoperative complications might actually be lower for lapa-
roscopic surgery than for either abdominal or vagina surgery [2].

23.3 Is laparoscopy different from open or vaginal surgery?

Laparoscopic surgery is mentally and physically more demanding on the surgeon and 
tends to have a longer learning curve than open surgery. This is mostly due to the 
more difficult management of intraoperative bleeding.

Where in open surgery, pressure can be applied to control (excessive) bleeding, 
often allowing for a short break and a moment of relaxation in surgery, laparoscopic 
surgery becomes more difficult with every additional amount of blood obscuring the 
surgical field. The generally low rates of laparo-conversion observed in the literature 
reflects mostly on the fact that surgeons attempting laparoscopic advanced surgery 
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tend to be experienced surgeons using additional caution when facing a new and 
challenging situation [3].

Laparoscopic surgery requires a completely different mindset than open or 
vaginal surgery. Most surgery requires a refined technique, but laparoscopy requires 
a refined approach that is not immediately obvious—and even more true in oncology 
cases.

23.4  Complications of indication

Laparoscopy has been well established for treatment of most gynecologic pathologies 
and has become standard treatment for many of them.

Complications of indication often have little do to with laparoscopy. The decision 
to operate on a cervical cancer extending all the way to the pelvic sidewall will lead 
to complicated surgery, no matter what the approach is. If the indication is wrong, the 
technique cannot improve on that. 

“Indication is science, operation is art”—the proper indication for laparoscopic 
interventions is no different than for open surgery. However, not everything that is 
possible laparoscopically should be done laparoscopically. Patients with multiple 
midline laparotomies can always be assessed laparoscopically through a Palmer’s 
point incision, but the length of time required for a laparoscopic adhesiolysis and the 
likelihood of its success need to be balanced against the overall time available and the 
willingness of the surgical team to go through with this approach. 

Classical complications of indication in laparoscopic surgery for gynecologic 
disease that will increase complication rates are as follows:
1. Concurrent medical comorbidities preventing Trendelenburg positioning
2. Complication of wrong approach
3. Giant uterus, requiring hours of morcellation
4. Laparoscopic radical hysterectomy in stage III cervical cancer
5. Laparoscopic approach to stage II ovarian cancer
6. Complication of improper oncologic approach (laparotomy better than laparos-

copy)

23.5  Intraoperative complications

The best approach to complications is to avoid them altogether. The following 
20 “Frankfurt” points summarize the key issues that must be addressed in the  
laparoscopic surgical theater to allow for an atmosphere of zero tolerance against 
laparoscopic complications. Such surgical “advice” always has a strong subjective 
component and consequently should not be viewed as rules, but rather as recom-
mendations.
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Experienced surgeons have fewer complications than inexperienced surgeons do. 
Everyone assumes that this is true—and it probably is [4]. One could easily devise a 
randomized trial proving that, but what patients would willingly accept to participate 
in such a study? Unwillingly, they participate every day. 

Again, the following points are teaching points that are the result of experience 
combined with an extensive research of the existing literature. They are not to be 
taken dogmatically. Ultimately, in every surgical theater there is only one person 
holding all the responsibility: the surgeon. He or she must decide, case by case, which 
advice to accept and which way is the best.

Twenty Frankfurt points to reduce complications:
 1. Check the setup yourself.
 2. Make sure the patient cannot slide cephalad.
 3. Use a manipulator.
 4. Place the manipulator yourself.
 5. Use the same access approach every time. Different options exist.
 6. Use the CO2 pressure-guided approach.
 7. Use 20 mmHg whenever possible intraoperatively.
 8. Position lateral additional trocars high and lateral.
 9.  Position the main working median trocar midway between the symphysis and 

navel.
 10.  Always take down sigma attachments to the left lateral psoas space/pelvic  

sidewall.
 11. Always have the uterus pushed in at maximum.
 12. Check uterine manipulation frequently.
 13. Avoid bleeding always.
 14. Make it look beautiful.
 15. Always take down bladder anteriorly before coagulating uterine vessels.
 16. Desvascularize on both sides before cutting to minimize retrograde bleeding.
 17. Use monopolar energy with extreme caution.
 18. Total hysterectomy—colpotomy: make sure you have dissected the whole cap.
 19. Total hysterectomy—colpotomy: start opening the vagina posteriorly.
 20.  Take advantage of new technologies (harmonic scalpel, three-dimensional lapa-

roscopy).

23.6  Intraoperative complications specific to laparoscopy and 
how to avoid them

a. Entry-related complications
Laparoscopic entry can potentially lead to catastrophic vascular or bowel injury, 
even though the overall incidence is very low. This is true for both benign as 
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well as oncology cases. The incidence of entry-injury is highly dependent on the  
surgeon’s experience and the attention that is being paid to this seemingly routine 
moment of the surgery.
The most recent Cochrane review of the subject did not find different rates of 
 complications with either the open laparoscopy or the direct Verres-needle 
approach [5].
Entry-related complications can involve the bowel. These can be easily repaired 
if properly recognized. If a bowel injury is suspected, every effort must be made 
to detect it. While the bowel injury by itself is not fatal, a protracted peritonitis 
followed by sepsis due to an unrecognized bowel injury can be. 
The most feared complication of entry is a vascular injury. Particularly injuries to 
the large arteries have the potential to be fatal. The blood loss from even a small 
lesion to the aorta or the iliac vessels is such that only minutes remain, before 
the circulation of the patient collapses—often with fatal consequences. Different 
factors increase the likelihood of vascular entry injury: lack of experience, very 
thin patients, failed attempts, small changes from the usual positioning, inadvert-
ent veering off the central midline, and, most importantly, inattention. Often, the 
initial injury does not lead to directly visible hemorrhage but to retroperitoneal 
hematoma. Management of big vessel injuries can be summed up with two strate-
gies: immediate midline laparotomy to apply immediate pressure while calling 
in a vascular surgeon to perform the actual repair. Any delay in diagnosis can be 
fatal. Transverse laparotomy is contraindicated. The sooner a vascular surgeon is 
called, the better. 

b. Bowel injuries
Bowel injuries in laparoscopy are most often due to inadvertent thermic lesions 
to the bowel. These lesions, if not properly diagnosed, can lead to delayed necro-
sis and perforation, leading to the typical clinical course of unrecognized bowel 
lesions: normal course during the first 24 hours after surgery, followed by a slow 
deterioration with CRP (C-reactive protein) increase, ileus, fever, and a general 
deterioration often apparent by day 3. Clinical course can be insidious, leading 
to the general rule of postoperative laparoscopy management: if the patient does 
not improve along the usual timeframe, never hesitate to perform a diagnostic 
repeat laparoscopy. To avoid thermic and, thus, delayed injuries, meticulous 
preparation is mandatory. However, simple preventive measures include remov-
ing all small bowel out of the space of Douglas (Trendelenburg) and using thermic 
instruments only where they are clearly visible at all times, as well as avoiding 
electric instruments for manipulation. 

c. Ureteral injuries
While postoperative hemorrhage usually occurs during the first 24 hours after 
surgery and bowel injuries become apparent on day 3, ureteral injuries can 
become symptomatic almost at any time after surgery. Many uretero-vaginal 
fistulas do not declare themselves until 5–6 weeks postoperatively. How can 
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we prevent such lesions? The number 1 rule is to visualize the ureter, for which 
accessing the pelvic sidewall is the paramount step. Dissecting down the bladder 
during hysterectomies is another way to prevent such lesions. Using uterine 
manipulation and pushing in the uterus to maximally distance the ureters from 
the uterine artery is another important strategy.

d. Positioning injuries
It remains unclear whether positioning injuries are more common in laparoscopic 
surgery, as general opinion will have it. Padding and dry positioning are as impor-
tant for laparoscopy as for any other surgery. There has been speculation whether 
Trendelenburg positioning combined with the use of leg rests could increase the 
number of compartment syndromes. While occasional compartment syndromes 
have been described with laparoscopy, there appears to be no overall increase. 

e. Conversion to laparotomy
Conversion to laparotomy should not be considered a complication as it only 
replaces one possible legitimate approach with another. In fact, not performing 
laparotomy when it should be done can lead to unnecessary complications. Lapa-
rotomy should not be considered either a complication or a failure [6]. 

23.7  Postoperative complications

“The surgery is only over 8 weeks after surgery.” The postoperative course is clearly 
determined by the quality of the intraoperative surgery provided, but not entirely so. 
As every surgeon knows, often the most disastrous complications occur completely 
unexpectedly.

The first 24 hours after surgery know mostly one complication: hemorrhage. Hem-
orrhage must be avoided during surgery—for better visualization and reduction of 
intraoperative complications. Because intraoperative hemostasis is essential, postop-
erative hemorrhage after laparoscopy is rare. Three different sources of postoperative 
hemorrhage are common: (1) bleeding from an insufficiently coagulated ovary after 
ovarian cystectomy, (2) arterial bleeding from the pelvic sidewall after hysterectomy 
or radical hysterectomy (insufficiently coagulated uterine artery, arterial bleeders 
from the vaginal cuff), and (3) bleeding from an unrecognized venous laceration. As 
postoperative bleeding occurs mostly unexpected, there can be only one strategy to 
deal with this complication: extreme vigilance in postoperative surveillance, frequent 
control of hemoglobin, an attentive eye for changes in vital signs, and, as advocated 
by some, abdominal bleeding monitoring through 24-hour drainage. Most impor-
tantly, in cases of doubt, the strategy has to be “reoperation” to clarify the situation. 

Around day 2 to day 4, unrecognized bowel injuries, either sharp or thermic, tend 
to become obvious. During that time, postsurgical recovery should accelerate. In 
the context of an “early” peritonitis and ileus secondary to bowel injury, the clinical 
course is different. Initially, unspecific symptoms dominate: slight nausea, no bowel  
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movements, diminished bowel sounds, and increasing abdominal discomfort. At the 
same time, the patient might develop a low-level fever, tachycardia. Laboratory changes 
are usually obvious at this stage: leukocytosis and increasing C-reactive protein. The 
initial diagnostic step should be a computed tomography scan. Abdominal X-ray is 
often nondiagnostic, as air is always present intraabdominally after surgery [7].

There are no tricks to prevent bowel surgery. In our opinion, restricting the cutting 
or coagulating instrument to the median working trocar creates maximal visibility of 
the most “dangerous” object in the abdomen. The simultaneous use of two electrical 
instruments should be reserved to the experienced surgeon only. Most bowel injury in 
laparoscopy is thermic.

Bladder and/or ureter injures can become symptomatic almost at any time 
after surgery, either through infection and peritonitis or through urinoma forma-
tion, kidney symptoms secondary to distention of the renal pelvis, urinary tract 
infections, and, in case of fistula formation, uncontrollable and continuous loss 
of urine [8]. The most feared complication is uretero-vaginal fistula, in which  
most cases probably are the result of necrosis of some part of the ureter becoming 
involved with the healing area of the vaginal suture line. As such, uretero-vaginal 
fistulas are the postoperative manifestation of an intraoperative but inapparent 
injury. With benign hysterectomy, the incidence of bladder injury is quoted at 1%, 
and ureteral injury, about 0.3% [9]. 

To prevent bladder injuries, there are some strategies to be kept in mind: (1) use 
a uterine manipulator, (2) dissect the bladder down always, (3) if in doubt, fill the 
bladder with saline, and (4) do not hesitate to perform a cystoscopy at the end of  
the procedure, if only to document that all was done to ensure maximal safety for the 
patient. 

Wound infection is extremely rare in laparoscopy as opposed to laparotomy and 
need not be discussed.

A complication that appears to be slightly more frequent after laparoscopic hys-
terectomy than after abdominal hysterectomy is vaginal cuff dehiscence. Even though 
most data come from hysterectomies for benign indications, it is likely that these 
numbers equally apply to laparoscopic hysterectomy for oncology cases. The overall 
incidence of this complication that can cause peritonitis usually requires repeat 
surgery and potentially delays subsequent treatments such as radiation is low (<1%). 
Retrospective data show that continuous suture might reduce the incidence of this 
complication while few other factors have shown to alter its rate [10].

With regard to long-term complications, adhesion formation leading to long-
term problems such as ileus and difficult reoperation is of particular importance for  
oncologic patients with an increased inherent risk for repeat surgery in the case of 
recurrence.

There exists ample evidence that laparoscopy strongly decreases the incidence of 
postoperative adhesion formation, creating a major advantage for laparoscopic onco-
logic surgery [11]. 
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23.8  Managing complications—treating the patient 
and the surgeon

Complications need to be recognized, treated, and endured both by the patient and 
by the physician. Often, their management can be time-consuming and it can be very 
hard not just for the patient but also for the surgeon, who tends to see any  complication 
as a personal failure. The patient needs to be managed medically—by reoperation if 
necessary—but also psychologically. Openness about the situation is usually the best 
approach. Patients are always aware that something went wrong and the only way to 
maintain their trust is an honest approach. A lot of time listening and explaining must 
be spent with the patient and the family, but every hour spent in the immediate postcom-
plication period can save years of litigation and bitterness. At the same time, the com-
plication needs to be “put aside” by the surgeon. The next surgery requires, as always, 
the same basic confidence as the previous one. There are no good insecure surgeons. 
Complication do injury not only to our patients, but also to ourselves as surgeons. 

23.9  How to improve and how to train surgeons

Even though the association is rarely made, talking about complications really means 
talking about training. Well-trained surgeons have fewer complications than poorly 
trained surgeons do [12]. The critical phase is the early part of the much quoted learn-
ing curve. In this context, an article about minimally invasive surgery would not be 
complete without the discussion of robotic vs. conventional laparoscopy. While overall 
complications rates between these two different approaches have been very similar, 
robotic minimally invasive surgery seems to have a faster learning curve [13, 14].

Surgery is a noble craft as much as a science. Advances in both technical and 
medical aspects have made it an incredibly safe part of modern medicine. This is par-
ticularly true for laparoscopy [15, 16]. The most important risk factor for complications 
aside from the patient is the surgeon.

Because of that, training future surgeons well has the potential to reduce compli-
cations more than anything else. Hippocrates must have known something about this 
when he made training almost the centerpiece of his famous oath.

Whatever we know about surgery, we must pass it on, slowly, diligently, patiently, 
and painfully, to future generations to make sure that our children, too, can go to the 
operating theater confident that “everything will be alright.” 

23.10 Conclusion and outlook

In minimally invasive gynecologic practice, most classically open surgical procedures 
can now be performed laparoscopically. Laparoscopic surgery has many advantages, 
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as shown by a large body of literature. Intraoperative complications are similar or less 
when compared to open surgery. Postoperative complications are less frequent. The 
proper approach to complication-free laparoscopy requires a different mindset from 
open surgery. Technology has the potential to create an ever safer surgical environ-
ment. Particularly, improvements of visualization such as three-dimensional imaging 
systems have the potential to further reduce already the low complication rates in 
advanced laparoscopy cases. 

List of typical complications in complex surgery:
 – Hemorrhage (vessel injury)
 – Bowel injury
 – Bladder injury
 – Ureteral injury
 – Neuronal injury

List of specifically laparoscopic injuries:
 – Entry injuries (retroperitoneal hematoma)
 – CO2 intoxication
 – Cardiac problems due to positioning
 – Neuronal problems due to positioning
 – Emphysema due to CO2 insufflation
 – Hematoma due to trocar placement
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Ayesha Mahmud and Justin Clark
24  Hysteroscopy: instrumentation for diagnostic 

and operative hysteroscopy, distension media, 
and office hysteroscopy

24.1 Introduction

Hysteroscopy is the cornerstone of modern-day endoscopy in gynecology. In recent 
years, technological developments have greatly expanded the utility of  hysteroscopy 
procedures in gynecology. It is now possible to perform a comprehensive hystero-
scopic examination of the uterine cavity without the need for cervical dilation or 
routine use of anesthesia [1]. Consequently, diagnostic and operative hysteroscopy 
is now routinely performed worldwide in both office (outpatient) and inpatient  
settings. 

Office hysteroscopy provides quick access and safe and cost-effective service as 
compared to inpatient hysteroscopy, avoiding the risks of anesthesia and prolonged 
recovery. On balance, the choice of setting for hysteroscopy is mainly influenced 
by the patient’s preference, the complexity of the case, and the inclination of the 
surgeon. Irrespective of the chosen setting, the success of hysteroscopy hinges on the 
expertise of the clinician, the availability of endoscopic and ancillary equipment, and 
the setting for hysteroscopy. This chapter will provide a brief overview of the instru-
ments used for diagnostic and operative hysteroscopy, the role of distension media, 
and office hysteroscopy.

24.2 Instruments for diagnostic and operative hysteroscopy

A typical “hysteroscope” usually consists of the following components, i.e., a light 
source for illumination, an inflow and outflow channel for distension media, an oper-
ating channel with a sheath (for instrumentation in operative hysteroscopy), and the 
use of a lens-telescope system for visual control and imaging. Studies suggest that 
the hysteroscope size considerably impacts the acceptability and success of ambula-
tory hysteroscopy [2]. Randomized controlled trials comparing different hysteroscope 
sizes have shown that hysteroscope sizes with an outer-sheath diameter of 3–3.5 mm 
are associated with far less intraoperative pain when compared with 5-mm hystero-
scopes [3–5]. Other studies have concluded that hysteroscope size did not influence 
the procedural success rate [4, 6]. This suggests that operator skills and training 
impact patient acceptability. At present, a variety of hysteroscopes (operative and 
diagnostic) are available, which include rigid, flexible, and miniature semirigid/rigid 
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hysteroscopes. The choice of hysteroscope should be guided by its  features, intended 
function (operative or diagnostic), and patient acceptability. 

24.2.1 Light source

The technical quality and specifications of the light source impact image quality for 
hysteroscopy. A high-quality cold light source (175 watts or 300 watts) with a Xenon 
lamp is preferable for good quality images (Fig. 24.1). The primary concern with light 
sources is the thermal dissipation of energy, which increases with increasing opera-
tive time. Insulated fiber-optic or fluid light cables measuring between 3.5–5 mm and 
180–30 cm in length are used for light transmission [1].

24.2.2 Imaging systems

A variety of imaging systems are available with add-on or built-in video recording 
and image printing technology. The quality of the imagining system depends on 
the video camera resolution, sensitivity, signal-to-noise ratio, and quality of video 
imaging. Newer high-definition cameras provide superior image quality and resolu-
tion (Fig. 24.2).

24.2.3 Endoscopes

Generally, the use of flexible fiberscopes is limited by their associated costs, lack of 
durability, and suitability for autoclaving [1]. In contrast, rigid telescopes are preferred 

Fig. 24.1: LED cold light source. (Photo courtesy of Karl Storz.)
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and available with different viewing angles, e.g., 0, 12, or 30 degrees, allowing for 
better visualization of the uterine cavity when adjusted correctly to the  endocervical 
canal (Fig. 24.3).

Zero-degree telescopes allow visualization along the natural view orientation 
but require more side-to-side movement associated with procedural pain, whereas, 
12 degrees or 30 degrees is preferred for operative procedures because instruments 
can be seen at higher magnification and a wider field of view is obtained such that the 
operating instrument can be kept in view at all times. The wider field of view afforded 
by 30-degree telescopes are preferred for diagnostic hysteroscopy as they allow better 
visualization of the uterine cavity and the tubal ostia with minimal rotational move-
ment, less cervical irritation, and better patient tolerance and comfort.

Fig. 24.2: High-definition video endoscopy system. (Photo courtesy of Karl Storz.)

Fig. 24.3: A 30-degree rigid hysteroscope.
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24.2.4 Diagnostic hysteroscopes

By design, diagnostic hysteroscopes are ergonomic miniature endoscopes. Most 
ambulatory units use hysteroscopes with an outer diameter of 3 mm for diagnostic 
purposes, e.g., the BETTOCCHI® hysteroscope. The use of smaller-diameter hyst-
eroscopes renders the procedures less invasive and more tolerable for patients. The 
BETTOCCHI® Integrated Office Hysteroscope (B.I.O.H™) or the Alphascope™ are 
examples of more recent modification of conventional hysteroscope design. They 
allow the operator to maintain optimal visualization through suction, irrigation, and 
simultaneous instrumentation through operating sheaths for operative treatments. 
Versapoint™ is another example of a miniature bipolar electrosurgical system that 
allows easy removal of polyps without the need for large-diameter hysteroscopes 
(Fig. 24.4).

24.2.5 Operative hysteroscopes

Operative hysteroscopes by design include a larger-diameter (between 3.2 and 5.3 mm) 
sheath to accommodate operative instruments and the flow of fluid distention media. 

cb

a

Fig. 24.4: (a) BETTOCHI® hysteroscope. (Photo courtesy of Karl Storz.) (b) Alphascope™. (Photo 
courtesy of Johnson & Johnson.) (c) Versapoint™ electrodes. (Photo courtesy of Johnson & Johnson.)
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Operative instruments are mostly semirigid in design and much smaller in  diameter 
(5 Fr or 1.67 mm). These include scissors, probes, monopolar and bipolar electrodes, 
along with a variety of biopsy forceps. Procedures such as adhesiolysis for minor 
adhesions, polypectomy, or directed biopsy can be performed effectively with these 
instruments [7–9] (Fig. 24.5).

More complicated procedures such as removal of a submucosal fibroid or exci-
sion of the endometrium require the use of larger-diameter electrosurgical devices 
such as the resectoscope (Fig. 24.6). 

Resectoscope telescopes have viewing angles of 12 or 30 degrees, with an outer 
sheath diameter of 7.3 or 8.7 mm for continuous-flow irrigation (of distension media) 
[10]. A cutting loop is the primary operative instrument used with monopolar or 

a b

Fig. 24.5: (a) 5-Fr mechanical instruments. (b) 5-Fr bipolar electrodes. (Photos courtesy of Karl Storz.)

Fig. 24.6: 26-Fr bipolar resectoscope. (Photo courtesy of Karl Storz.)
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bipolar electricity circuits. Also, tools such as micro-knives and coagulating elec-
trodes can also be used with the resectoscope. Monopolar resectoscope requires the 
use of nonconductive media due to the associated risk of thermal injury. In compari-
son, bipolar resectoscope is generally safer than monopolar as the thermal loop limits 
the spread of heat to surrounding tissue lowering the risk of thermal injury and can be 
safely used with a conductive media such as normal saline. High-frequency electro-
surgical systems are used with resectoscopes for power supply control. 

More recently, hysteroscopic morcellators, now called hysteroscopic tissue 
removal systems (HTRS), that maintain visualization through simultaneous tissue 
cutting and removal has become increasingly popular [11]. HTRS are electric-
ity driven mechanical devices comprising a 0-degree telescope with a special-
ized operating channel that allows the use of disposable cutting instruments and 
is connected to an external suction system. Examples of these systems include 
 TRUCLEAR™, Myosure™, Integrated Bigatti Shaver (IBS), and the SYMPHION™  
(Fig. 24.7). These HTRS come in a variety of sizes so that some are suitable and 
indicated for office removal of polyps and fibroids, whereas others are designed 
for removal of larger fibroids and chronic retained products of conception under 
regional or general anesthesia. Trials have shown that tissue removal systems have a 
quicker learning curve, are faster to complete, less painful, more tolerable, and allow 
better surgical excision of polyps compared to electrosurgical devices such as the 
 resectoscope [11, 12].

a b

c

Fig. 24.7: (a) Integrated Bigatti Shaver™. (Photo courtesy of Karl Storz.) (b) Truclear™. (Photo courtesy 
of Medtronic.) (c) Myosure™. (Photo courtesy of Hologic.)
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24.3 Distension media

Optimal visualization of the uterine cavity requires the use of distension media that 
can accommodate both diagnostic and operative hysteroscopy. Fluid (i.e., glycine, 
dextran, water, sorbitol, and normal saline) and gaseous distention media (i.e., 
carbon dioxide) have both been described in the literature. Generally, fluid disten-
tion media are preferred in comparison to gaseous ones, i.e., carbon dioxide, which 
require special insufflation equipment and whose use is limited to diagnostic pur-
poses. In contrast, fluid-based media allow for simultaneous removal of blood and 
debris, adjusting for optimal visualization for both diagnostic and operative hyster-
oscopy. Carbon dioxide use is also associated with a small risk of air embolism, and 
for this reason, the use of an electronic hystero-insufflator (to monitor intrauterine 
pressure and gas insufflation) is advisable. Hence, it is not surprising that much of the 
newer operative hysteroscopic systems are built to accommodate for fluid distension 
media with automated fluid management systems (Fig. 24.8).

The preference for “a particular” type of fluid distention media depends on 
the safety profile of the selected fluid, the type of operative system (mechanical or 
electrosurgical technology), and the purpose of the hysteroscopy. As such, isotonic 
normal saline is the preferred fluid distension media for operative hysteroscopy  
as its “normal physiologically compatible” nature allows for less risk of severe 
osmotic imbalance in the event of inadvertent fluid overload (hypovolemic hypona-
tremia) [13]. This advantage makes it a safe choice for mechanical operative 

a b

Fig. 24.8: (a) Hamou Endomat™. (Photo courtesy of Karl Storz.) (b) Aquilex™ fluid control system. 
(Photo courtesy of Hologic.)
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procedures (e.g., polypectomy). Although regarding pain and visualization, normal 
saline is no different from carbon dioxide, the procedural completion time with 
normal saline has been found to be much quicker [14]. Similarly, operative technol-
ogy using different electrical circuits, i.e., monopolar or bipolar instruments, also 
impacts the choice of fluid distension media. Monopolar instruments require the 
use of nonconductive, nonionic, hypo-osmolar solutions (e.g., sorbitol or glycine), 
whereas bipolar instruments require the use of conductive, ionic solutions (e.g., 
normal saline or Ringer’s lactate). Tab. 24.1 provides a summary of the types of  
distension media and their clinical application [15]. Irrespective of which fluid is 
used, the risk of fluid overload with or without electrolyte imbalance remains a major 
concern.

Fluid overload can complicate up to 5% of operative hysteroscopy procedures [15]. 
Fluid overload occurs from intravascular absorption of excess fluid into the body’s 
circulation, with a resultant expansion of the extracellular fluid volume. This can lead 
to serious, life-threatening complications such as pulmonary edema, hypertension, 
neurological impairment, seizures, and cardiac failure [16]. The joint British Society 
For Gynaecological Endoscopy/European Society for Gynaecological Endoscopy 
(BSGE/ESGE) guidance suggests that “A fluid deficit of more than 1000 ml should 
be used as a threshold to define fluid overload when using hypotonic solutions  
in healthy women of reproductive age” [15]. The guidance also recommends using 
a fluid deficit threshold of 2500 ml when using isotonic fluid media for the same 
group of women [15]. Generally, the newer generation bipolar systems are considered  
safe as they do not impact serum osmolality or sodium levels. However, given the 
risks of fluid overload, a precautionary approach is warranted.

Several operative factors contribute to an increased risk of fluid overload, 
 including prolonged procedures requiring large diameter endoscopes with concur-
rent fluid irrigation (increase exposure and absorption of larger fluid volumes); 
 endometrial resection for pathology or treatment (risk of increased fluid absorption 
by exposure of myometrium blood vessels); increased intrauterine pressure; low 
mean arterial pressure; use of hypotonic electrolyte free fluids (e.g., glycine), and a 

Tab. 24.1: Types of distension media and clinical applications.

Type of fluid  
distension media

Osmolality  
(mOsm/l)

Type of electrolyte  
solution

Type of hysteroscopy

Normal saline 285 (iso-osmolar) Electrolyte-containing Diagnostic and operative 
Ringer’s lactate 279 (iso-osmolar) Electrolyte-containing Operative
Glycine 1.5% 200 (hypo-osmolar) Electrolyte-free Operative
Dextrose 5% (in water) 256 (hypo-osmolar) Electrolyte-free Operative
Sorbitol 3% 165 (hypo-osmolar) Electrolyte-free Operative
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larger uterine cavity [17–21], For example, transcervical resection of fibroids (TCRF) 
requires the use of a large-diameter scope (resectoscope) with concurrent irrigation 
for clear visualization and removal of fibroid fragments, which can take much longer 
than a simple polypectomy procedure. Premenopausal women and those with known 
cardiac or renal disease are more at risk of serious complications [15]. Therefore, it 
is advisable to correctly measure the fluid input and output during the procedure to 
recognize and manage any fluid deficits.

The joint BSGE/ESGE guidance advocates the use of a structured fluid man-
agement in liaison with the anesthetist throughout the procedure [15]. The use of 
closed systems, fluid reservoir containing drapes, and automated fluid measurement 
systems can help facilitate this process. Additional measures such as the use of preop-
erative GnRH agonists before TCRF and use of intracervical diluted vasopressin have 
been advocated to lower the risk of prolonged operative hysteroscopy [15]. Moreo-
ver, where possible, the use of local anesthesia with sedation can reduce the risk of 
fluid overload. Therefore, clinicians can significantly lower the risk of fluid overload 
by following current BSGE/ESGE guidance for liquid distention media in operative 
hysteroscopy.

24.4 Office hysteroscopy

Office hysteroscopy is now a permanent fixture in ambulatory gynecology. It also 
remains the gold standard for assessment and treatment of uterine cavity pathology. 
Initially, the scope of office hysteroscopy was limited to diagnosis only. However, 
with advances in medical technology and miniaturization of instruments, a variety  
of minor operative procedures can now be completed in outpatient settings [22–24]. 
This includes endometrial polypectomy, resection of fibroids, localization of intra-
uterine contraceptive devices, minor adhesiolysis and endometrial ablation, etc. 
Moreover, office hysteroscopy is a well-accepted, accessible, cost-effective, and safe 
alternative to inpatient hysteroscopy [25, 26]. Using evidence-based best practice 
guidance can help minimize complications and optimize the patient experience of 
office hysteroscopy [27].

References
 [1] Mencaglia L, Cavalcanti De Albuquerque Neto L, and Arias Alvarez RA. Manual of Hysteroscopy 

Diagnostic, Operative and Office Hysteroscopy. Tuttlingen: Endo-Press; 2013.
 [2] Romani F, Guido M, Morciano A, et al. The use of different size-hysteroscope in office 

hysteroscopy: our experience. Arch Gynecol Obstet 2013;288(6):1355e9.
 [3] Campo R, Molinas CR, Rombauts L, et al. Prospective multicentre randomized controlled trial 

to evaluate factors influencing the success rate of office diagnostic hysteroscopy. Hum Reprod 
2005;20(1):258e63.



References   273

 [4] Giorda G, Scarabelli C, Franceschi S, et al. Feasibility and pain control in outpatient 
hysteroscopy in postmenopausal women: a randomized trial. Acta Obstet Gynecol Scand 
2000;79(7):593e7. 

 [5] De Angelis C, Santoro G, Re ME, et al. Office hysteroscopy and compliance: mini-hysteroscopy 
versus traditional hysteroscopy in a randomized trial. Hum Reprod 2003;18(11):2441e5. 

 [6] Rullo S, Sorrenti G, Marziali M, et al. Office hysteroscopy: comparison of 2.7- and 4-mm 
hysteroscopes for acceptability, feasibility and diagnostic accuracy. J Reprod Med 
2005;50(1):45e8.

 [7] Bettocchi S, Ceci O, Nappi L, et al. Operative office hysteroscopy without anesthesia: 
analysis of 4863 cases performed with mechanical instruments. J Am Assoc Gynecol Laparosc 
2004;11:59–61.

 [8] Nathani F, Clark TJ. Uterine polypectomy in the management of abnormal uterine bleeding: a 
systematic review. J Minim Invasive Gynecol 2006;13:260–8.

 [9] Timmermans A, Veersema S. Ambulatory transcervical resection of polyps with the Duckbill 
polyp snare: a modality for treatment of endometrial polyps. J Minim Invasive Gynecol 
2005;12:37–9.

 [10] Di Spiezio Sardo A, Mazzon I, Bramante S, et al. Hysteroscopic myomectomy: a comprehensive 
review of surgical techniques. Hum Reprod Update 2008;14.2: 101–19. Web.

 [11] van Dongen H, Emanuel MH, Wolterbeek R, Trimbos J, Jansen FW. Hysteroscopic morcellator 
for removal of intrauterine polyps and myomas: a randomized controlled pilot study among 
residents in training. J Minim Invasive Gynecol 2008;15:466–71.

 [12] Smith PP, Malick S, Clark TJ. Bipolar radiofrequency compared with thermal balloon ablation in 
the office: a randomized controlled trial. Obstet Gynecol 2014;124:219–25.

 [13] Berg A, Sandvik L, Langebrekke A, Istre O. A randomized trial comparing monopolar electrodes 
using glycine 1.5% with two different types of bipolar electrodes (TCRis, Versapoint) using 
saline, in hysteroscopic surgery. Fertil Steril 2009;91:1273–8.

 [14] Cooper NAM, Smith P, Khan KS, Clark TJ. A systematic 1798 review of the effect of the distension 
medium on pain during outpatient hysteroscopy. Fertil Steril 2011;95:264–71.

 [15] Umranikar S, Clark TJ, Saridogan E, et al. BSGE/ESGE guideline on management of fluid 
distension media in operative hysteroscopy. Gynecol Surg 2016;13(4):289–303.

 [16] Istre O, Bjoennes J, Naess R, Hornbaek K, Forman A. Postoperative cerebral 
oedema after transcervical endometrial resection and uterine irrigation with 1.5% 
glycine. Lancet 1994;344:1187–9.

 [17] Varol N, Maher P, Vancaillie T, et al. A literature review and update on the prevention and 
management of fluid overload in endometrial resection and hysteroscopic surgery. Gynaecol 
Endosc 2002;11(1):19–26.

 [18] Garry R, Hasham F, Kokri MS, Mooney P. The effect of pressure on fluid absorption during 
endometrial ablation. J Gynecol Surg 1992;8(1):1–10.

 [19] Hasham F, Garry R, Kokri MS, Mooney P. Fluid Absorption during laser ablation of the 
endometrium in the treatment of menorrhagia. Br J Anaesth 1992;68:151–4. 

 [20] Bennett K, Ohrmundt C, Maloni J. Preventing intravasation in women undergoing hysteroscopic 
procedures. AORN J 1996;64(5):792–9. 

 [21] Paschopoulos M, Polyzos NP, Lavasidis LG, Vrekoussis T, Dalkalitsis N, Paraskevaidis E. Safety 
issues of hysteroscopic surgery. Ann N Y Acad Sci 2006;1092:229–34.

 [22] Clark TJ, Gupta JK. Handbook of Outpatient Hysteroscopy: A Complete Guide to Diagnosis and 
Therapy. CRC Press; 2005.

 [23] Clark TJ, Godwin J, Khan KS, Gupta JK. Ambulatory endoscopic treatment of symptomatic benign 
endometrial polyps: feasibility study. Gynaecol Endosc 2002;11:91–7.



274   24 Hysteroscopy

 [24] Kremer C, Duffy S, Moroney M. Patient satisfaction with outpatient hysteroscopy versus day 
case hysteroscopy: randomised controlled trial. BMJ 2000;320:279–82.

 [25] Wortman M, Daggett A, Ball C. Operative hysteroscopy in an office-based surgical setting: 
review of patient safety and satisfaction in 414 cases. JMIG 2013;20:56–63.

 [26] Moawad NS, Santamaria E, Johnson M, Shuster J. Cost effectiveness of office hysteroscopy for 
abnormal uterine bleeding. JSLS 2014;18.

 [27] Best practice in outpatient hysteroscopy. RCOG, Green-top Guideline No. 59, March 2011. 



Mark Hans Emanuel
25 Hysteroscopic surgery for submucosal fibroids

25.1 Diagnosis and preoperative evaluation

To address the absence of consensus about the nomenclature of causes for abnormal 
uterine bleeding, the Fédération Internationale de Gynécologie et d’Obstétrique has 
designed the PALM-COEIN (polyp, adenomyosis, leiomyoma, malignancy and hyper-
plasia, coagulopathy, ovulatory disorders, endometrial disorders, iatrogenic causes, 
and not classified) PALM-COEIN classification system [1]. This classification system 
categorizes the submucosal variant of fibroids according to our publication in 1993 
[2]: intracavitary myomas that are attached to the endometrium by a narrow stalk 
are classified as type 0; types 1 and 2 myomas require that a portion of the lesion is 
intramural, with type 1 being 50% or less and type 2 more than 50%. In most cases, 
fibroids with deeper intramural extension have a larger volume. During their growth, 
it takes longer for a type 2 fibroid to reach the uterine cavity and start being symp-
tomatic than it takes for a type 0 fibroid; the last variant tends to be smaller. Type 3 
myomas are completely extracavitary but abut the endometrium. Type 4 lesions are 
intramural myomas that are entirely within the myometrium, with no extension to 
the endometrial surface. 

During the last two decades, transvaginal ultrasonography of the uterus has 
become a routine procedure in the diagnostic work-up of several gynecological prob-
lems. It has been demonstrated that a normal sonographic finding is very accurate for 
the exclusion of clinically significant intracavitary abnormalities [3]. However, in the 
presence of uterine pathology, diagnostic accuracy and reproducibility decline. To 
improve the image in these cases, sonographic examination using artificial uterine 
cavity distension was first described at our department [4]. Saline infusion sono-
hysterography (SIS) and gel instillation sonohysterography (GIS) are extensively 
described in the literature [5–10]. It is accepted that SIS/GIS improves the diagnostic 
accuracy of transvaginal ultrasonography in case of abnormal or inconclusive find-
ings and that SIS/GIS is an effective early diagnostic step in the evaluation of patients 
with pre- and postmenopausal abnormal uterine bleeding. For an adequate preop-
erative evaluation of a submucous myoma, it has been proven that a concomitant 
three-dimensional contrast ultrasonographical examination has a low inter- and  
intraobserver variability with a good reproducibility of measuring the protrusion of 
the fibroid into the cavity [11]. Apart from properly classifying the intramural exten-
sion of the myoma, especially the evaluation of the thickness of the myometrium 
between the intramural portion of the myoma and the serosa is important to prevent 
perforation during hysteroscopic treatment. There are no generally accepted limits of 
this thickness, although a minimal of 5 mm is often mentioned. The surgeon should 
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always be aware of this thickness and extreme caution should be employed while 
addressing the deepest intramurally located part of the fibroid. 

25.2 Preoperative preparation

Although a thin endometrium improves visualization of the borders of a myoma 
during hysteroscopic procedures, endometrial preparation was never subject of a 
randomized controlled trials (RCTs) related to hysteroscopic myomectomy. The same 
counts for the use of medication that is known to reduce the size of the myoma. One 
would expect that preoperative use could result in more complete removals; however, 
this was never proven for gonadotrophin-releasing hormone analogs (GnRHa). The 
use of GnRHa for 3 to 4 months prior to fibroid surgery reduces both uterine volume 
and fibroid size. They are beneficial in the correction of preoperative iron deficiency 
anemia, if present [12]. The preoperative use of ulipristal acetate, a selective proges-
teron receptor modulator (SPRM), showed similar results [13], amenorrhea and fibroid 
size reduction, but advantages during hysteroscopic surgery were never studied. In a 
meta-analysis of 11 randomized controlled trials involving 780 women with sympto-
matic uterine fibroids, it was demonstrated that mifepristone (another SPRM) could 
also effectively reduce uterine and fibroid volume and alleviate symptoms, including 
hypermenorrhea. Again, no effects on surgical outcome were described [14].

25.3 Hysteroscopic surgery

Only very small fibroids (<1 cm) can be treated with conventional instruments with a 
diameter of 3–7 French. During diagnostic preoperative hysteroscopic procedures, a 
myoma can possibly be incised around its border at the transition to the normal myo-
metrium in order to promote the expulsion of the myoma toward the uterine cavity, 
eventually resulting in less intramural extension [15]. Some authors state that hys-
teroscopic myomectomy with conventional (nonelectrosurgical) use of instruments 
(cold loop resection) is a safe and effective procedure of notable importance for fertil-
ity patients [16].

The first use of a resectoscope for the removal of a submucous myoma was 
described in 1978 by Neuwirth [17]. 

Tissue that has been cut must be removed from the uterine cavity by taking 
out the hysteroscope after grasping the loose tissue elements with a forceps or the 
loop-electrode in case of the resectoscope. Although the removal of tissue under 
visual control, instead of using a curette, is the most effective way, it takes a large 
number of steps, which can be tiring in the long run, inconvenient to perform, and 
consequently found hard to learn. For these reasons, operative hysteroscopy has a 
rather long learning curve and the number of gynecologists who perform operative 
hysteroscopy is still low. 
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Hysteroscopic morcellation could resolve some of the above-mentioned diffi-
culties. The first tissue removal system TRUCLEAR™ (Medtronic, Minneapolis, MN, 
USA) was invented by the author. Its action is based on mechanical cutting and  
aspiration [18]. The system uses no electrocoagulation and there is no lateral 
thermal or electrical energy spread. Hemostasis occurs by spontaneous myometrial 
contraction. The removed tissue is discharged through the device, is collected in a  
tissue-trap, and is available for pathological analysis. 

A new development in hysteroscopic morcellation is the recent availability of a 
smaller outer diameter TRUCLEAR™ system with a 2.9-mm cutting blade and a 5.0-mm 
hysteroscope for office or ambulatory use with no or local anesthesia. The very similar 
morcellator system Myosure™ was introduced a few years later by Hologic (Bedford, 
MA, USA). Other companies that recently came with alternative tissue removal systems 
are Storz (Tutlingen, Germany) and Boston Scientific (Marlborough, MA, USA). 

During hysteroscopic surgery of fibroids, the intravasation of distension fluid is 
strongly related to surgery time and to the location of the fibroid. Especially, resec-
tion of fibroids with deeper intramural extension cause more intravasation [19]. Apart 
from a longer surgery time, this can also be explained by the vascular architecture 
of the myometrium; deeper in the myometrium, the number of vessels decrease, but 
their size in diameter increases [20].

Distention and visualization are improving with higher intrauterine pressure and 
flow; however, the lowest pressure and flow in which distention and visualization 
are acceptable are advised. This is to prevent fluid loss as much as possible, and the 
intramural part of the fibroid is expelled to the cavity easier and better. 

Uterine vascularity may be enhanced by myomas or other pathology. A low pres-
sure and a high flow usually create better visualization than high pressure and low 
flow. However, intraoperative bleeding is generally not a significant problem because 
a rapid liquid flow will clean the image and after the procedure, uterine contractions 
will diminish bleeding rapidly. 

25.4 Operative procedures

Hysteroscopic surgery of fibroids is not generally implemented in daily practice; still, 
many cases are referred to centers with more expertise. Besides, surgical trainees and 
gynecologists perform less surgery than in the past because of limited work hours. 
In a study, we examined the case volume of surgeons by looking at the number of 
hysteroscopic myomectomies performed across the years [21]. High-volume surgeons 
(performing approximately 20 hysteroscopic myomectomies annually) resected more 
tissue and a higher amount of tissue per time than low-volume surgeons did (perform-
ing approximately four procedures annually). There was no significant  difference in 
complications. 

Since hysteroscopic removal of fibroids means the removal of a certain volume of 
tissue, it is of utmost importance to know amount of tissue that has to be removed. 
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One should realize that with increasing diameter (2R), the volume (4/3πR3) increases 
much faster (to the third power) (Tab. 25.1). It is obvious that this is of great influence 
on the ultimate surgery time that is necessary for the complete removal a myoma by 
hysteroscopical techniques (Fig. 25.1).

The basic strategy to remove a fibroid hysteroscopically, irrespective of the tech-
nology used, is to start at the periphery and remove tissue further toward the center 
of the fibroid. One should never cut the stalk in case of a type 0 fibroid. In case of a 
type 1–2 fibroid, the intracavitary part is first removed and then the intramural part 
for which the visual overview of the capsular area (the compressed normal myome-
trium surrounding the fibroid) is mandatory for a complete removal and to prevent 
perforation. 

In case of an incomplete removal, mostly caused by a premature cessation of the 
procedure because of excessive intravastion, possibly persistent symptoms dictate 
further management. If abnormal bleeding is sufficiently treated by an incomplete 
myoma removal, a wait-and-see policy is an option. In many cases, the residual 
fibroid tissue is damaged by devascularization and coagulation in a way that sponta-
neous resorption of the fibroid remnant tissue can be expected further, although this 

Tab. 25.1: The relation between the diameter (2R) and the volume (4/3πR3) of a sphere.

Diameter in cm Volume in cm3 (ml)

0.2 0.004
0.4 0.03
0.6 0.11
0.8 0.27
1.0 0.52
1.2 0.90
1.4 1.43
1.6 2.14
1.8 3.04
2.0 4.18
2.2 5.56
2.4 7.22
2.6 9.18
2.8 11.49
3.0 14.14
3.2 17.16
3.4 20.58
3.6 24.43
3.8 28.73
4.0 33.51
4.2 38.79
4.4 44.60
4.6 50.97
4.8 57.91
5.0 65.45
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can take months when observed by repeated ultrasonographical examination [22, 23]. 
Such a policy seems not very adequate in case of subfertility because of the long time 
passing by.

When surgical techniques are performed in a proper state-of-the-art way, there 
is no need for standard measures to prevent adhesions. However, when the endome-
trial lining is damaged unintentionally, it is not evident whatever measure should be 
taken, but it seems logical to perform a second look hysteroscopy after a few weeks. 
Furthermore, it is advised not to resect opposite submucous myomas in one session. 
In such cases, adhesion formation can be easily prevented by removing such multiple 
myomas in two settings (one for the anterior wall and one for the posterior wall).

25.5 Postoperative care

The patient may immediately resume normal activities; she should be driven home 
and refrain from strenuous activities and those requiring mental alertness. She 
should contact the surgeon if she develops fever, foul discharge, heavy bleeding, or 
persistent pain.

Later imaging studies (ultrasound and/or second look hysteroscopy) can be used 
to determine whether the surgery was successful, especially when there was doubt 
about the completeness of the fibroid removal. The appropriate timing for postopera-
tive evaluation should be individualized and is based upon the difficulty of the proce-
dure, the recurrence of symptoms, and the needs of the patient.

There are no RCTs supporting any specific postoperative measures.

25.6 Outcome and recurrence

Although there seems to be international consensus in many guidelines about the 
need for hysteroscopic removal of submucous myomas, in case of heavy menstrual 
bleeding or subfertility, no RCTs have been performed to date. A published “study” 
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that promised to be the first RCT evaluating the effect of hysteroscopic myomec-
tomy appeared to be an example of blatant scientific plagiarism [24]. The article was 
retracted at the request of the editors of Fertility and Sterility as it duplicates a paper 
by other authors reporting about an RCT concerning subfertility and hysteroscopic 
polypectomy [25]. 

In a recent Cochrane review, it is stated that hysteroscopic myomectomy at least 
might increase the odds of clinical pregnancy, but the evidence is at present not 
conclusive [26]. More randomized studies are needed to substantiate the effective-
ness of the hysteroscopic removal of suspected submucous fibroids in women with 
 unexplained subfertility or prior to assisted reproductive techniques.

A recurrence can be defined as the need for further surgery. We analyzed a group 
of 258 women who were treated with transcervical resection of submucous myomas 
without endometrial ablation [27]. In case of incomplete resection, a repeat proce-
dure was offered. Long-term follow-up was obtained. An independent prognostic 
value of uterine size and number of submucous myomas for recurrence was noted. 
The  surgery-free percentage of 165 patients with normal sized uteri and not more  
than two myomas was 94.3% at 2 years and 90.3% at 5 years. Similar results were 
published by others [28, 29].
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26 Hysteroscopic surgery for Mullerian anomalies

26.1 Introduction

Mullerian anomalies result from abnormal formation, fusion, or resorption of the 
Mullerian duct during embryogenesis (between the 9th and 13th gestational weeks). 
These anomalies are present in approximately 3–10% of the unselected population 
and are reported with a wide range of prevalence among subfertile women and in 
women with a history of recurrent miscarriages [1].

The European Society of Human Reproduction and Embryology (ESHRE) and the 
European Society for Gynecological Endoscopy (ESGE) have proposed a comprehen-
sive description and categorization of almost all of the currently known anomalies. 
This classification overcomes the problems of those malformations that could not be 
classified properly with the previous American Fertility Society system. The ESHRE/
ESGE system is designed mainly for clinical orientation and is based on the anatomy 
of the female genital tract. It defines six classes of uterine malformations [2] (Fig. 26.1). 

Nowadays, due to the huge variability of clinical presentation, the identification 
of a Mullerian anomaly is often accidental. For a long time, bidimensional ultrasound 
scan and hysterosalpingography were the first-choice imaging diagnostic techniques 
in this field, but with the introduction of three-dimensional ultrasound (3D-US), the 
study of Mullerian anomalies has been revolutionized. The 3D-US is a highly reliable, 
sensitive, and specific technique in the study of these pathologies, especially for the 
opportunity to study the coronal plane of the uterus [3–8]. Overall, hysteroscopy is an 
indispensable tool used to explore and analyze the morphology of all the potential 
involved structures (vaginal canal, uterine cervix, and cavity). The endoscopic evalu-
ation provides quantitative and qualitative information about the malformations, and 
when integrated with an accurate ultrasound evaluation, it can be considered the 
best way to define an individual treatment strategy of each case [8].

Indeed, it is not possible to discuss the treatment of Mullerian anomalies through 
a unique surgical method because the treatment depends on type, complexity, and 
clinical relevance of the anomaly and sometimes it requires the need of multiple 
approaches. Due to several advantages, when a Mullerian anomaly is amenable to 
surgical correction, operative hysteroscopy is the treatment of choice. Hysteroscopy 
is associated with numerous intraoperative and postoperative benefits: reduced mor-
bidity, absence of a scar on the abdominal wall and uterus, shorter hospital stay, and 
a faster resumption of daily activities, as well as significant cost reductions.  Moreover, 
this technique results in better reproductive outcomes, thanks to the fact that the hys-
teroscopic approach is associated with a lower preconception interval after surgery, 

https://doi.org/10.1515/9783110535204-026
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Fig. 26.1: The European Society for Gynecological Endoscopy/European Society of Human Reproduction 
and Embryology classification of the congenital uterine anomalies.
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does not produce a reduction in the volume of the uterine cavity, and does not impli-
cate the need to resort to an elective caesarean section [9–11].

26.2  Dysmorphic uterus (Class U1 sec. ESHRE/ESGE 
classification)

This definition incorporates all cases of uterus with normal outline but abnormal 
lateral wall shape of the uterine cavity (i.e., T-shaped uterus and tubular-shaped 
U1a–b). The treatment goals in these cases are designed to improve the volume and 
the morphology of the uterine cavity [12, 13] (Fig. 26.2); different methods and instru-
ments have been used, including scissors and a resectoscope with a monopolar hook 
or bipolar energy. Using a hooked loop, the surgeon places meticulously parallel lon-
gitudinal incisions along the main axis of the uterine cavity, in order to decrease the 
centripetal muscular and fibromuscular forces that contribute to stenosis [13, 14]. 

Recently, a new outpatient technique (Hysteroscopic Outpatient Metroplasty 
to Expand Dysmorphic Uteri: the HOME-DU technique) has been proposed by our 
group. This technique combines the surgical principles of traditional resectoscopic 

Fig. 26.2: (a) Preoperative evaluation with three-dimensional (3D) ultrasonography of a U2a uterus 
with broad base prior to hysteroscopic treatment: septum length: 1.42 cm and myometrial fundal 
thickness: 1.34 cm. Based on these measurements, 1.7 cm of the septum need to be resected in order  
to produce a fundal notch measuring 1 cm. (b) The novel graduated intrauterine palpator shows that 
1.7 cm of the septum has been sectioned. (c) Postoperative 3D ultrasonography evaluation shows 
a complete resection of the septum. (d) Preoperative evaluation with 3D ultrasonography of a U1a 
“T-Shaped” uterus. (e) Hysteroscopic correction of a T-Shaped uterus with the HOME-DU technique 
using miniaturized electrodes. (f) Postoperative 3D ultrasonography evaluation shows an expanded 
uterus and restored physiological morphology of the uterine cavity.

a b c
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surgery and the use of latest innovations of minimally invasive operative hysteros-
copy and bipolar technology. HOME-DU is performed under conscious sedation and 
involves making two incisions of 3–4 mm in depth with a 5-Fr bipolar electrode along 
the lateral walls of the uterine cavity in the isthmic region, followed by additional 
incisions placed on the anterior and posterior walls of the fundal region up to the 
isthmus. At the end of the procedure, a polyethylene oxide-sodium carboxymethylcel-
lulose gel is applied into the uterine cavity, through the inflow channel of the hystero-
scope, to prevent intrauterine adhesions [15].

26.3 Septate uterus (Class U2 sec. ESHRE/ESGE classification)

Septate uterus is defined as a uterus with normal outline and an internal indentation 
at the fundal midline exceeding 50% of the uterine wall thickness. 

This indentation is characterized as septum and it could divide partly (U2a) or 
completely (U2b) the uterine cavity, including in some cases cervix and/or vagina [16].

Hysteroscopic metroplasty has replaced transabdominal metroplasty by enabling 
a transvaginal approach for the correction of septate uterus and by providing several 
advantages such as simple and short surgery with a shorter hospitalization time, a 
decreased need for analgesia, a shorter interval before conception (3–6 months), 
a lower risk of uterine rupture during pregnancy, and the possibility of planning a 
vaginal delivery. A combination of these factors makes hysteroscopic metroplasty the 
gold standard [17].

The traditional 26-Fr resectoscopic treatment of the uterine septum involves the 
use of straight cutting loops or a Collins electrode, starting to remove the septum 
from the medial portion and continuing with well-directed smooth movements of the 
cutting loop, oriented in an antegrade direction [18]. 

In case of a complete uterine septum with cervical septum, the traditional 
approach calls for excluding the cervical canal from any resection, in order to reduce 
the risk of secondary cervical incompetence, thus initiating resection from the isthmic 
portion of the septum [19]. According to this approach, the cervix of the larger uterine 
hemicavity is gradually dilated in order to introduce a resectoscope with a classi-
cal straight loop, while in the contralateral hemicavity, a curved (Hegar) dilator is 
inserted, serving as a guide to properly align the first blind incision, which is placed 
above the internal uterine ostium using an angular cutting loop. In the next step, the 
septum is incised and fenestrated until revealing the Hegar in the opposite hemicav-
ity, followed by gradual resection toward the fundus using the classical technique. 
Occasionally, it may be useful to alternate approaching the septum from one wall, 
followed by the other wall in the contralateral hemicavity.

Some authors suggest resecting both the intrauterine and the cervical septum in 
a single procedure. This approach starts with resectoscopic removal of the cervical 
septum, which is then followed by removal of the uterine septum using the classic 
technique. Currently, there are no data in the literature demonstrating any increase 
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in cervical incompetence in women treated by metroplasty of the uterine and cervical 
septum [18].

A more recent technique involves using the hysteroscopic approach with minia-
ture instruments (which can be performed both under general anesthesia and in an 
ambulatory setting), based on the same rules applied in the resectoscopic approach, 
starting the resection of the septum from its apex (usually with a bipolar electrode) 
proceeding from one side of the septum to the other, in an alternating fashion; in final 
stages of office metroplasty, it is possible to use the miniature scissors, allowing a 
neat finish of resection [20]. An accurate presurgical evaluation with 3D-Transvaginal 
sonography, together with the use of a graduate intrauterine palpator, facilitates the 
complete removal of uterine septum, in one surgical step. The graduated intrauterine 
palpator can improve the accuracy of hysteroscopic metroplasty introducing objec-
tive intraoperative criteria: the metroplasty will be stopped when the intrauterine 
palpator shows that the resected septum corresponds to the presurgical ultrasono-
graphic measurement in order to obtain a fundal notch of 1.0 cm, instead of stopping 
the metroplasty when the tubal ostia are clearly visible on the same line and/or hem-
orrhage from small myometrial vessels of the fundus is observed (Figure  26.2) [21, 
22]. At the end of the procedure, to prevent intrauterine adhesions, an intrauterine 
antiadhesive gel is applied into the uterine cavity. 

26.4 Robert’s uterus (U2bC3V0 sec. ESHRE/ESGE classification)

Robert’s uterus is a unique malformation that can be described as a septate uterus with 
a noncommunicating hemicavity, consisting of a blind uterine horn usually with uni-
lateral hematometra, a contralateral unicornuate uterine cavity, and a normally shaped 
external uterine fundus. According to the novel classification system of female genital 
tract anomalies developed by ESHRE/ESGE, Robert’s uterus is classified as complete 
septate uterus with unilateral cervical aplasia (U2bC3V0 anomaly). Traditionally, sur-
gical management of this malformation was performed via an abdominal approach 
because it seemed the best option to preserve the integrity of the normal hemicavity 
and to perform a complete endometrectomy to prevent the recurrence of hematometra. 
The effect of this surgical treatment was very precise, but it caused certain trauma to 
the uterine wall. Recent studies have shown that hysteroscopy combined with laparos-
copy might be a better minimally invasive method for the treatment of Robert’s uterus. 
Therefore, Shi et al. noted that ultrasound can be used not only to accurately measure 
the width and length of the uterine septum but also to properly guide the direction 
of hysteroscopic electrotomy and indicate the size of septum resection. Traditionally, 
hysteroscopic metroplasty was performed with 4-mm 30-degree optics, a monopolar 
resectoscope, and a Collins needle electrode under general anesthesia [23–26].

Recently, a new minimally invasive hysteroscopic technique, guided by ultra-
sound, has been proposed by our group. During surgery, starting with 5-Fr bipolar 
electrodes and then continuing with cold scissors, parallel incisions are performed 
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in order to create a communication between the blind uterine hemicavity and the 
other one to achieve the best anatomical shape of the uterine cavity [23]. As soon as 
the opening is created, if present, hematometra is evacuated. Subsequently, with 5-Fr 
bipolar electrodes, the upper portion of the septum is cut, and then, with a 16-Fr mini-
resectoscope, the fibrotic tissue of the uterine septum on the anterior and posterior 
walls is resected. When a normal uterine cavity is obtained, the procedure is stopped. 
This method significantly reduces the surgical trauma and facilitates a shorter opera-
tion time, less bleeding, and rapid postoperative recovery and preservation of the 
integrity of the uterus, compared with the traditional surgical method [27].

26.5 Hemiuterus (Class U4 sec. ESHRE/ESGE classification)

Hemiuterus is defined as the unilateral uterine development; the contralateral part 
could be either incompletely formed or absent [16]. 

Laparotomy is the traditional surgical approach, with a complete removal of the 
rudimentary horn, if present. However, according to some authors, the hysteroscopic 
treatment has shown better reproductive prognosis. Using a hysteroscopic approach, 
the medial wall of the main hemicavity can be incised with a 5-Fr bipolar hook elec-
trode under ultrasound or laparoscopic guidance, thus bringing the main cavity into 
communication with the accessory horn. Drainage from the accessory hemicavity can 
be facilitated by leaving in situ a Foley for a few days after the operation [28–30]. 

Generally, the presence of a rudimentary uterine horn that does not communicate 
with cervical canal causes symptoms characterized by obstruction such as hemato-
metra, menstrual irregularities, and dysmenorrhea, which represent the main indica-
tions for surgical correction of this uterine anomaly. However, regardless of whether 
or not we decide to operate the rudimentary horn for the presence of symptoms, we 
have also to take in account that if pregnancy occurs in the unicornuate uterus, this 
event is associated with an increased risk of obstetric complications (miscarriage, cer-
vical incompetence, and preterm delivery). For this reason, the transcervical uterine 
incision, a novel surgical technique, has been proposed. This procedure consists of 
a series of incision on the opposite uterine wall of unicornuate horn side designed to 
widen the narrow uterine cavity [31].

26.6  Vaginal anomalies (Class V1–V2 sec. ESHRE/ESGE 
classification)

For the treatment of most vaginal abnormalities, hysteroscopy represents the best 
surgical approach in terms of efficacy and safety [32–35]. The hysteroscopic surgical 
treatment of the longitudinal vaginal partial or complete septum involves two options 
of approach: resectoscopic surgery and hysteroscopy with miniature instruments. The 
resectoscopic treatment involves resection of the septum in an antegrade direction 
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using a straight loop or Collins electrode, similarly to that described for the treat-
ment of the uterine septum. This method appears advantageous compared to the tra-
ditional technique (with scissors, after application of Kelly or Kocher forceps) because 
the magnified video image and the distended vagina allows an enhanced level of 
safety, avoiding iatrogenic injury to the rectum and bladder [18, 32]. In addition, 
the electrical energy applied by use of a resectoscope induces a complete occlusion  
of small vessels of the septum, providing adequate hemostasis. The main limitation 
of the resectoscopic approach is the need to perform in the operating room and use of 
general anesthesia [32–34]. 

With the most recent miniature instruments, this limitation is overcome because 
the procedure can be performed in an ambulatory setting without the use of anesthe-
sia, including virgin patients [35].
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27  Avoiding complications in hysteroscopic surgery

27.1 Introduction

The use of hysteroscopy has increased from a diagnostic tool to an operative proce-
dure over the last few decades due to advances in technology, surgical skill, and ultra-
sound diagnostic capabilities. Hysteroscopy is a time and cost-efficient outpatient or 
ambulatory procedure sparing patients from major abdominal surgery in the areas of 
benign and reproductive gynecology. Despite its commonality, hysteroscopic surgery 
has recognized complications, which can be serious and life-threatening.

Risk is related to many aspects of surgical decision making, including patient 
selection, procedure selection, practitioner skill, and instrument usage. This chapter 
will focus on the procedure-related risks. These risks are broadly divided into early 
and delayed complications. Early complications covered include embolization (rare), 
fluid overload (up to 5%) [1–4], hemorrhage (0.6%), infection (0.01–1.62%), and perfo-
ration (0.12–3.00%) [3]. Delayed complications include intrauterine adhesions (IUAs) 
and infertility [4].

27.2 Complications

27.2.1 Air/gas embolization

Operative hysteroscopy can expose large venous vessels to pressurized fluid or gas 
distension media. Embolization occurs when air or gas enters the venous circula-
tion during operative hysteroscopy. Air can enter during the insertion of the hys-
teroscope, if the inflow tubing is not primed with fluid or due to the presence of 
air bubbles in the distension medium [5]. Gas embolism occurs due to gases such 
as carbon dioxide, carbon monoxide, and evaporative gases, which are produced 
secondary to hysteroscopic electrosurgery [6]. This rare complication can be life-
threatening [7]. In the conscious patient, this presents with dyspnea or chest pain, 
and in the anaesthetized patient, a reduction in oxygen saturations followed by cir-
culatory collapse [8]. Management of this acute life-threatening condition requires 
prompt recognition and moving the patient into the left lateral position with five 
degrees downward head tilt. This favors movement of air within the right ventricle 
toward the apex of the ventricle. Aspiration of the emboli has been described with 
insertion of a central venous catheter from the jugular vein into the right ventricle 
or performing cardiocentesis [9].

https://doi.org/10.1515/9783110535204-027



27.2 Complications   291

27.2.2 Fluid overload

Fluid distension media are required to adequately visualize the uterine cavity to 
facilitate operative hysteroscopy. Fluid absorption can occur via direct intravasation 
of fluid when vessels are exposed during resection of myoma or endometrium or via 
peritoneal absorption from retrograde spillage of distension media during hysteros-
copy. Excessive fluid absorption results in intravascular hypervolemia. In addition, if 
hypotonic distension media such as glycine 1.5% or sorbitol 3% are used, dilutional 
hyponatremia could develop. Symptoms such as headaches, nausea, vomiting, and 
fatigue are experienced when plasma sodium levels fall below 125 nmol/l. More 
severe hemodilution and hyponatremia with sodium levels below 120 mmol/l cause 
a change in the osmotic pressure and water being drawn into the brain cells, result-
ing in cerebral edema and neurological problems, coma, seizures, and even death. 
When isotonic distention media such as normal saline or lactated ringer are used, 
electrolyte disturbances are less likely to occur. However, hypervolemia can still lead 
to pulmonary edema and congestive cardiac failure. Due to a reduced risk of hypona-
tremia, isotonic distension media are considered safer compared to  hypotonic media.

The incidence of this complication varies, and intra-operative risk factors 
include high distension media pressure, low mean arterial pressure, deep myo-
metrial surgical penetration, prolonged surgery, large sized myoma, vascular 
myomas, and large uterine cavity. These risks are compounded with the following 
pre-operative factors: hypotonic electrolyte free distension media, premenopausal 
status, and preexisting cardiovascular or renal disease. 

The management of suspected fluid overload includes insertion of a urinary cath-
eter, strict fluid balance monitoring, assessment or serum electrolytes, fluid restric-
tion, and consideration of diuretic usage. The management of symptomatic hyper-
volemic hyponatremia requires high-dependency care and 3% hypertonic sodium 
chloride to restore sodium levels in conjunction with the previously described con-
servative measures.

Preventing fluid overload can be achieved by pre- and intraoperative steps. Pre-
operative usage of gonadotrophin-releasing hormone agonists (GnRHa) can reduce 
the size of the myoma and the time required to resect it. Intraoperatively it is rec-
ommended to adhere closely to cutoff levels of fluid deficit during surgery. These 
are set at 1000 ml deficit with hypotonic solution and 2500 ml deficit with isotonic 
solution [2]. Additional intraoperative measures include intracervical injection of 
diluted vasopressin to temporarily induce vasoconstriction, maintaining the intrau-
terine pressure as low as possible to allow adequate visualization while below mean 
arterial pressure.
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27.2.3 Hemorrhage

Intraoperative bleeding is common and can result from iatrogenic trauma to vessels 
within the endometrium, myometrium, myoma, and pelvis. The risk of hemorrhage 
during operative hysteroscopy is between 0.16% and 0.61%. Troublesome bleeding is 
usually associated with resection of endometrium and fibroids compared to resection 
of polyp or simple adhesiolysis. Uterine perforation with injury to uterine or pelvic 
vessels can cause severe bleeding, potentially accounting for the highest rates of 
hemorrhage associated with adhesiolysis rather than myoma resection in some pub-
lished series [10]. 

The swift recognition and management of hemorrhage are essential. Hemor-
rhage associated with an intrauterine cause without perforation can be managed 
with administration of antifibrinolytic agents (tranexamic acid), intracervical vaso-
constrictors (synthetic vasopressin), uterotonic agents (misoprostol), intrauterine 
balloon tamponade (30 ml Foley catheter balloon), and bimanual uterine compres-
sion. In rare situations where bleeding does not resolve with conservative or medical 
measures, further interventions such uterine artery embolization or hysterectomy 
may be necessary. Hemorrhage associated with uterine perforation requires laparo-
scopic or laparotomic investigation and treatment. A Uterine perforation can usually 
be sutured at laparoscopy to control bleeding.

The prevention of hemorrhage can be achieved by minimizing the risk of perfora-
tion (see perforation) and the preoperative use of GnRHa and intraoperative use of 
intracervical synthetic vasopressin. The 3-month preoperative usage of GnRHa agents 
reduces the myoma volume and the time required for resection [11, 12].

27.2.4 Infection

Infection is an uncommon complication following operative hysteroscopy. The risk 
of infection is between 0.01% and 1.42% [13, 14]. The most frequent sources of infec-
tion include endometritis (0.9%) and urinary tract infection (0.6%) [14]. Women with 
hydrosalpinges are at increased risk of tubo-ovarian abscess following hysteroscopy 
and should be given prophylactic antibiotics. 

The routine use of prophylactic antibiotics is not recommended in the absence of 
hydrosalpinges to reduce the risk of infection following operative hysteroscopy [15].

27.2.5 Perforation

Uterine perforation is a serious and common risk of hysteroscopy affecting up to 1.6% 
of procedures [16]. This leads to a loss in uterine cavity distension pressure and sub-
optimal views. 
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Uterine perforation and intraabdominal passage of the perforating instrument 
can lead to immediate and delayed complications. Immediate complications include 
injury of the bladder, bowel, ureter, and major blood vessels. The risk of visceral 
injury varies depending on the nature of the perforating instrument, with increased 
risk associated with sharp or electrosurgical devices. 

A large German survey of over 21,000 operative hysteroscopies observed 25 
(0.12%) perforations, of which 5 (20%) had coexisting injury to the bladder or bowel. 
The majority (68%) of these perforations occurred during the procedure and were not 
related to entry [13].

Risk factors for uterine perforation include increasing parity, recent pregnancy, 
small postmenopausal uterus, tight postmenopausal cervix, IUA, pyometra, endome-
tritis, position/attitude of the uterus (retroversion, acute anteversion, or retroflexion), 
and uterine anomalies [17]. 

Management of uterine perforation with a blunt instrument or cold device of 5 
mm or less, without ensuing hemorrhage, can be conservative with overnight admis-
sion and observation. Uterine perforation with an instrument greater than 5 mm, 
that is sharp, or electrosurgical requires immediate investigation with laparoscopy to 
exclude or manage injury. Delayed risks of uterine perforation include a greater risk 
of uterine rupture during pregnancy [18]. 

The prevention of uterine perforation has limited evidence that directly supports 
the usage of one technique. The use of misoprostol 400 mcg preoperatively has been 
shown to reduce the need for dilatation, cervical trauma, and operative time, which 
are proxy measures for risk of perforation [19].

27.2.6 Intrauterine adhesions

IUAs are a serious complication of hysteroscopic surgery. They are associated with 
amenorrhea, infertility, and recurrent pregnancy loss. There are limited data assess-
ing the risk of IUA due to difficulties diagnosing and classifying adhesions. The risk of 
IUA formation following operative hysteroscopy appears lowest with procedures con-
fined to the endometrium, such as polyp removal, and greatest following procedures 
extending to the myometrium and resection of multiple submucosal myoma [20]. The 
risk of iatrogenic IUA-associated infertility needs to be balanced against the reduced 
success of spontaneous or assisted conception in women with infertility-associated 
submucosal myoma prior to surgery. The risk and benefits of myoma surgery need 
careful consideration and counseling among a population of women with infertility 
and submucosal myoma. 

The usage of intrauterine devices or estrogen therapy following hysteroscopic 
metroplasty or myomectomy in the prevention of IUA has inconsistent and conflict-
ing results. There has not been reported harm or deterioration in adhesions associ-
ated with these postoperative strategies compared to control groups, and therefore, 
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they are frequently used in clinical practice [21–24]. Data from randomized trials 
suggest that the use of gel antiadhesion agents reduces risk of adhesion formation 
after intrauterine surgery, although the long-term benefit on fertility still remains 
unknown [4].

27.3 Conclusion

Hysteroscopy is moving away from being a diagnostic tool toward a common opera-
tive procedure. This has been facilitated by increasingly accessible and accurate non-
invasive diagnostic tests such as ultrasound and magnetic resonance imaging. This 
increase in operative hysteroscopy will lead to a proportional rise in the number of 
complications seen, but concomitant advances in technology and equipment may 
reduce complications. It is essential that clinicians performing hysteroscopy are 
aware of how to recognize, manage, and prevent complications where possible. 
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28  Endometrial ablation techniques for heavy 

menstrual bleeding

28.1  Introduction

Endometrial ablation (EA) is an established treatment for heavy menstrual bleeding 
(HMB). The number of hysterectomies for this indication has significantly fallen since 
EA and the levonorgestrel-releasing intrauterine device (LNG-IUS) became readily 
available. However, despite undergoing apparently successful treatment, some 
women still require additional intervention for their HMB, including hysterectomy. 
Indications for the procedure given our current knowledge are presented. Also dis-
cussed are the short- and long-term complications associated with EA. Many current 
ablation devices offer treatment of such short duration that therapy in an outpatient 
setting is a realistic option; the implications of this are considered.

28.2  Historical perspective

Hysteroscopic transcervical EA and transcervical resection of the endometrium for 
the management of HMB were introduced into clinical gynecological practice in 1985. 
The principle of the techniques is the destruction of the endometrium and its basal 
layer by electrical or laser energy delivered under direct vision, with a consequent 
reduction or even cessation of menstrual blood loss. Simplification of EA arose with 
the development of second-generation devices providing simultaneous treatment of 
all of the endometrium. Since 2003, more EA procedures than hysterectomies have 
been performed in England for the surgical treatment of HMB, and from 2005, more 
than half of these were with second-generation devices [1].

A meta-analysis showed that second-generation devices are at least as effective 
when compared with first-generation techniques, as similar rates of patient dissatis-
faction were seen following either treatment (12% vs. 11%; odds ratio [OR], 1.2; 95% 
confidence interval [CI], 0.9–1.6, p = 0.2) [2].

28.3  Indications for second-generation EA

Treatment of HMB with second-generation devices is firmly established [3] and is  
recommended as first-line surgical treatment when medical therapy, including the 
use of the LNG-IUS, has been unsuccessful, the woman’s family is complete, and the 
uterine cavity is of normal size and shape [4]. The procedures are quick to perform, 
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associated with fewer complications than either hysterectomy or first-generation 
ablation, and have a short recovery time [2]. A role for first-generation resection and 
ablation continues but is generally confined to the treatment of abnormal shaped cav-
ities or as an adjunct to HMB therapy following resection of an intrauterine fibroid.

With a normal uterine cavity and absence of fibroids of a significant size and 
rejection or failure of the LNG-IUS, the choice is often between EA and hysterectomy. 
When discussing the options with a patient, it is important to consider the probable 
specific advantages and disadvantages for them, in particular the likelihood of requir-
ing further treatment for HMB. The increased risks associated with hysterectomy 
should also be explained, including an increased chance of additional surgery for 
other conditions, such as pelvic floor repair [5].

The age of the woman at the time of presentation will have an impact upon the 
long-term effectiveness of EA and is discussed below [6, 7]. Consequently, patients 
younger than 35 years should be made aware that for they have an increased risk of 
additional treatment for HMB at some stage following EA.

Patients for whom amenorrhea is an important goal must be advised that a reduc-
tion in menstrual loss is expected following EA rather than a total absence of vaginal 
bleeding. If this is not acceptable, then hysterectomy may be preferable. 

It is expected that cramp-like pelvic pain associated with the passage of men-
strual blood and clots will improve with reduction in bleeding. However, pain due to 
endometriosis or pre-existing adenomyosis, as indicated by a history of dyspareunia 
or postcoital ache, is unlikely to improve and may even become worse. Adenomyosis 
was recognized as an important cause of first-generation ablation failure [8]. Severe 
dyspareunia, whatever the cause, is therefore a reason for advising against EA; hys-
terectomy or persisting with the LNG-IUS are likely to be more effective treatments. 

28.4  Risk factors for treatment failure

The likelihood of satisfactory treatment with EA must be discussed with patients. 
One definition of successful treatment of HMB is the lack of need for further therapy, 
whether medical or surgical. The most significant risk factor for further treatment is 
age at the time of the initial therapy [6, 7]. In a review of over 3600 women who had 
undergone EA in North Carolina, 21% subsequently underwent hysterectomy, with a 
further 3.9% having another uterine conserving procedure [6]. Women who were aged 
45 years or younger were 2.1 times more likely to have a hysterectomy than women 
over 45 years of age (95% CI, 1.8–2.4); those who were 40 years or younger were over 
40% at risk of subsequently having a hysterectomy and the risk of hysterectomy con-
tinued throughout the 8 years of follow-up. In this study, the type of EA and the pres-
ence or absence of fibroids were not significant risk factors.

A study of both first- and second-generation EA procedures performed between 
2000 and 2011 in England looked at the time until further treatment and whether 
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repeat EA or hysterectomy [7]. Using a national administrative database, it was  
established that among the cohort of nearly 115,000 women, at least 16.7% of women 
had further treatment within 5 years, with 13.5% undergoing a hysterectomy. The risk 
of further treatment was again greater for women who were younger at the time of 
initial treatment; when comparing women under 35 years of age, this was 26.9%, but 
for women 45 years or more, only 10.4%, with a hazard ratio (HR) of 2.83 (95% CI, 
2.67–2.99). It was noted that reintervention rates were higher than reported in many 
single-device studies or RCTs between devices.

A cause of treatment failure, besides persistence or reemergence of HMB, is per-
sistent pelvic pain. The latter may be due to adenomyosis, endometriosis, hematome-
tra, or posttubal sterilization syndrome [8]. Endometrium may not be fully treated, 
with the area around the cornua particularly vulnerable (Fig. 28.1). Blood released 

a  b

c  d

Fig. 28.1: (a) Ultrasound scan image showing transverse section of two areas of hematometra at 
uterine fundus. (b) Blood from hematometra released under Ultrasound scan control. (c) Viable 
endometrium around exposed left cornua. (d) Endometrium following repeat ablation.
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during subsequent menstruation is trapped due to uterine adhesions and retrograde 
flow down the fallopian tubes is blocked.

An investigation of dissatisfaction rates of women following hysterectomy, 
EA with either first- and second-generation techniques, and LNG-IUS when used 
for treatment of HMB concluded that hysterectomy was associated with least dis-
satisfaction [2]. However, the dissatisfaction rates for all treatments were low and 
absolute differences were small. Predictors of reduced dissatisfaction for second-
generation devices were identified as shorter uterine cavity length (≤8 cm vs >8 cm; 
OR, 0.6; CI, 0.4–0.9; p = 0.02), with a trend for absence of fibroids and endometrial 
polyps.

28.5  Comparison of second-generation devices

There are a number of different techniques for producing global endometrial destruc-
tion. A study compared second-generation devices for which sufficient high-quality 
information was available using the technique of network meta-analysis and com-
bined direct and indirect estimates for treatment effect [9]. The main outcome meas-
ures were amenorrhea, heavy bleeding, and patient dissatisfaction. Results from 
direct evidence and network meta-analysis showed increased rates of amenorrhea 
at 12 months following bipolar radio frequency and microwave (Microsulis) abla-
tion compared with thermal balloon therapies (OR, 2.51; 95% CI, 1.53–4.12, p < 0.001,  
and 1.66, 1.01–2.71, p = 0.05, respectively). However, there were no other significant 
differences between these devices, and these were the ones most commonly used at 
the time.

Of note, in their conclusion, the authors comment that rates of dissatisfaction and 
heavy bleeding are consistently low for the second-generation devices and are there-
fore an “excellent conservative alternative” to hysterectomy for women with HMB.

28.6  Complications of EA

Adverse events due to EA include those associated with the actual procedure and 
ones that arise at a later date. The need for additional treatment, whether within 12 
months or several years, may be considered a complication and has been explored 
above. It is very important that the manufacturer’s instructions are followed when 
undertaking the device and that the person performing the procedure has received 
appropriate training [10].

There are some absolute contraindications applicable to all devices and include 
active pelvic infection, the presence of premalignant or malignant endometrial 
disease, previous midline uterine surgery, or classical Caesarean section. Caution 
also needs to be exercised with a smaller- or larger-than-average uterus (<4 cm cavity 
length or >12 cm); previous abdominal surgery or severe infection, as bowel may be 
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adherent to the uterine fundus and at risk of thermal damage; and previous caesarean 
section where the myometrial thickness is less than 8 mm. Most second-generation 
devices are not suitable for use following a previous EA; laparoscopic control is advis-
able when this circumstance occurs.

The United States Food and Drug Administration Manufacturer and User Facil-
ity Device Experience (MAUDE) database provides information about complications 
that have arisen with use of determined as the denominators are unknown or uncon-
firmed. However, the database highlights the types of incidents that can happen, the 
circumstances in which they occurred, and if there are trends.

Gurtcheff and Sharp (2003) analyzed reports following use of global EA devices 
and found complications occurred with all the devices in common use at the time (see 
Tab. 28.1) [11].

Serious complications included uterine perforation, the need for laparotomy, 
thermal bowel injury, sepsis, intensive care admission, adnexal or uterine necrosis, 
hemorrhage, and the death of a patient. Less serious problems were endometritis, 
hematometra, and other thermal injury. Some patients suffered several complica-
tions; one had hemorrhage with uterine perforation that was managed by laparotomy 
and emergency hysterectomy. The authors highlighted their concern that they failed 
to find any reports of uterine perforation or bowel injury associated with a global EA 
device published in the medical literature between 1990 and 2003, the period of their 
investigation.

Tab. 28.1: Complications following global endometrial ablation reported to the MAUDE database [11].

Type of  
complication

NovaSure  
(n = 4 patients)

HydroThermablator 
(n = 3 patient)

ThermaChoice 
(n = 50 
patients)

Her option  
(n = 5 patients)

Total

Major 7 4 24 3 40
Death 0 0 1 0 1
Bowel burn 2 1 5 0 8
Other burns 0 2 7 0 9
Sepsis 1 0 1 1 3
Leading to 
laparotomy

3 1 8 0 12

ICU admission 1 0 1 1 3
Adnexal/uterine 
necrosis

0 0 1 1 2

Hemorrhage 0 0 2 0 2
Minor 4 1 38 2 45
Endometritis 2 0 4 0 6
Uterine perforation 2 1 25 2 30
Hematometra 0 0 9 0 9

MAUDE = Manufacturer and User Facility Device Experience.
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A subsequent paper that reviewed the MAUDE database between 2003 and 2006 
observed similar types of incidents but a fall in the number reported even though the 
number of procedures had risen [12]. They considered that this may reflect greater 
operator experience with the devices, better training of operators, and increased 
safety measures by the manufacturers. However, serious perioperative complications 
still occurred and a significant proportion were due to operator error and not follow-
ing operating instructions.

28.7  Pregnancy following EA

A criterion for undertaking EA is completed family, as the aim is to destroy the endo-
metrium. However, endometrial destruction may be incomplete or not permanent, 
and if contraception is inadequate, pregnancies may occur [13–15]. The risk of preg-
nancy appears to be higher in women who have cyclical bleeding following ablation 
[13]. Termination of the pregnancy can be complicated, and some authors recom-
mend surgical procedures are conducted under ultrasound control [14] or preferably 
a medical procedure is offered [15].

The pregnancies have a high risk of problems, with ectopic pregnancies in 3–13% 
[14, 15], and those that continue are at increased risk of intrauterine growth retarda-
tion and fetal anomalies such as limb defects and prematurity. For the mother, the 
risks of serious complications are higher with possible placenta increta and caesar-
ean hysterectomy; uterine rupture and maternal death have also been reported [15].

The requirement for adequate contraception until menopause following EA must 
be stressed.

28.8  Endometrial cancer following EA

Concern has been expressed about the development of endometrial cancer in women 
who have undergone EA, particularly that the diagnosis may be delayed or even 
missed. One study offers some reassurance. The time to diagnosis in women who 
developed endometrial cancer following EA (n = 3) was compared with that of those 
who presented with the disease after medical management of HMB (n = 601); there 
was no evidence of delay [16]. Also, the incidence of cancer following EA was not 
significantly different (HR, 0.45; 95% CI, 0.05–1.40; p = 0.17).

28.9  Analgesia for second-generation EA

There are several possible venues for the provision of EA services. General anesthe-
sia in a day case setting is common, and sometimes, conscious sedation is made 
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available in an outpatient clinic, but both require the presence of an anesthetist. 
The narrow insertion size and the short duration of active treatment of many of the 
second-generation EA devices support local anesthetic outpatient services, and the 
acceptability of this to patients has been demonstrated [17–19].

Preprocedural oral analgesia, including nonsteroidal anti-inflammatory drugs, 
when tolerated, local anesthetic infiltration of the cervix or a paracervical block, and 
sometimes the addition of patient-controlled nitrous oxide (Entonox) are routinely 
provided [17–20]. However, it is recognized that fundal pain may still be experienced 
because the upper half of the uterine cavity is not reached by anesthetic delivered to 
the cervix [20, 21]. As a consequence, the use of fundal analgesia was explored for use 
during outpatient EA [22]. In a randomized, double-blind, placebo-controlled trial, 
cornual analgesia was shown to significantly reduce procedural pain scores for both a 
balloon and radiofrequency ablation (1.44; 95% CI, –2.65 to –0.21) [21]. They acknowl-
edge that including bupivacaine may be unnecessary.

More evidence is required to optimize the outpatient experience; some studies 
show improvement in posttreatment pain rather than during the procedure [18]. 
Munro and Brooks comment that there is evidence for the effectiveness of paracervi-
cal anesthesia during treatment, but not for other techniques [20]. They conclude that 
it remains necessary to determine the ideal techniques for intracervical and paracer-
vical anesthesia, including depth of insertion, the optimal agents, and time to attain 
the maximal anesthetic effect.
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EA 296, 297
ectopic 17

ectopic pregnancy 84, 130, 134
Ectopic pregnancy 24
ejaculatory dysfunction 250
Electrical stimulation of pelvic nerves 250
electrodessication 129
electrosurgery 38, 42, 45
– Active electrode monitoring (AEM) 44
– active implants 47
– advanced bipolar devices 42
– AEM 44, 45, 48
– bipolar device 41, 42, 47
– Bipolar hysteroscopic devices 47
– electrical terms 38
– injuries 42

– capacitative coupling 44
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– Direct coupling 44
– insulation failure 44
– lateral thermal spread 42
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– residual heat 43

– injury 42
– Monopolar hysteroscopic devices 47
– monopolar instruments 40, 41
– Surgical smoke 47
– tissue effect 38, 40, 41, 42
EMMR 196
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Endometrial ablation (EA) 296
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– amenorrhea 297, 299
– conscious sedation 301
– contraception 301
– endometrial cancer 301
– first-generation ablation 297
– hysterectomy 296, 297, 298, 299,  

300, 301
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– outpatient 302
– paracervical block 302
– second-generation devices 296
– second-generation EA 297
– uterine perforation 300
Endometrial cancer 207
endometrial regeneration 90
endometriomas 22, 88, 117, 120, 121
endometriosis 17, 18, 25, 84, 87, 134, 141
endometriosis center 18, 24
endometriotic cysts 119
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endopelvic fascia 3, 164, 170, 171
enhanced recovery 25
Enhanced recovery pathway 31
enterocele 164
entry 72, 75
Entry-related complication 257
entry techniques 50
enucleation 110
epithelial ovarian cancer 233
erectile dysfunction 250
ESHRE/ESGE 282
estimated blood loss (EBL) 70
estrogen replacement therapy 207
estrogen-secreting tumor 207
ExCITE technique 113
Exit doors 5
external iliac lymphatic node 226
extracorporeal C-incision tissue extraction 113
extrafascial hysterectomy 201
extraperitoneal insufflation 54

Fagotti criteria 237
failed entry 52
failed laparoscopy 70
fallopian tube 134, 139
fecal incontinence 251
Femoral 71
Fertility sparing surgery 201
fibrinolysis 82
fibroids 22
fimbrioplasty 136, 137
flexible fiberscopes 265
Flow of dissection 6
fluid overload 271
Frank’s method 156
frozen pelvis 74
frozen section 235
FSFI (Female Sexual Function Index) 156
functional cysts 127
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– FRV, functional residual volume 71
functional residual volume 72, 78
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gas emboli 78
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genitofemoral nerve 3
GnRH 19

gonadotropin-releasing hormone agonists 108
grey-scale 21

Halban’s 164
Hasson 53, 73, 75
Hasson technique 50, 53
heavy menstrual bleeding (HMB) 296
hematocolpos 160
hematometra 90, 156, 160
Hemiuterus 287
Hemodynamic emergencies 34
hemopertioneum 24
hemorrhage 259
Hemostasis 111
hereditary nonpolyposis colorectal cancer 
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herniation 73
heterotopic pregnancy 134
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HMB 296, 297, 298
HOME-DU technique 284
homeostasis 104
HPV vaccination 195
HTRS 269
human chorionic gonadotrophin 24
hybercarbia 28
hydrodissection 135
hydrosalpinges 135
Hydrosalpinx 139
hymen 154
hypercapnia 32, 78
Hypercarbia 29
Hyperventilation 33
hypogastric nerves 8
hypoxemia 32, 74, 78
hysterectomy 96, 97, 108, 128, 131, 175, 210, 233
hysteroscope 264, 265, 267
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– BETTOCCHI® Integrated Office Hysteroscope 

(B.I.O.H™) 267
hysteroscopic morcellation 277
hysteroscopic morcellators 269
hysteroscopic myomectomy 276, 277, 280
– gonadotrophin-releasing hormone analogs 276
– mifepristone 276
– ulipristal acetate 276
hysteroscopic tissue removal systems (HTRS) 269
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Hysteroscopic tubal cannulation 141
hysteroscopy 264, 265, 282
– ambulatory 264
– Carbon dioxide 270
– diagnostic 264
– distension media 264, 268, 270, 271
– distention media 270, 272
– fluid management systems 270
– fluid measurement systems 272
– fluid overload 271
– inpatient 264
– inpatient hysteroscopy 264, 272
– office 264
– Office hysteroscopy 264, 272
– operative 264
– operative hysteroscopy 264, 270
– Operative instruments 268
– outpatient 264
hysteroscopy complications 290
– Gas embolism 290
– hyponatremia 291

ICG 198, 200
Identify the ureters 180
ileus 259
iliococcygeal 170
iliococcygeus muscle 180
iliohypogastric nerve 3
ilioinguinal nerve 3
in-bag manual morcellation 112
increased intracranial and intraocular  
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inferior hypogastric plexus 179
infertility 85, 93 108, 134, 135
inflammatory bowel disease 85
infracolic omentectomy 235
inframesenteric paraaortic nodes 200
inframesenteric paraaortic region 197
infrarenal paraaortic node dissection 201
infundibulopelvic (IP) ligament 103, 129
injuries 258
inpatient hysteroscopy 272
insensitivity syndrome 156
in situ carcinoma 132
instrumentation 97
insufflation 28, 97
Integrated Bigatti Shaver (IBS) 269
interstitial 24
interval debulking 242

intraabdominal pressure 28, 72, 78
intraluminal adhesions 136
intramural myoma 109
intraoperative complications 255
Intrauterine adhesions 90
intrauterine palpator 286
in vitro fertilization (IVF) 139
IOTA 22
isthmocele 143

ketamine 33

LACC 201
LACC trial 195
landmarks 75
laparoscopic 163
laparoscopic-assisted neovagina modified  

from Vecchietti 159
laparoscopic detorsion 130
Laparoscopic entry techniques 75
laparoscopic hysterectomy 105
laparoscopic myomectomy 22
laparoscopic simple hysterectomy 96
laparoscopic surgery in cervical cancer 201
laparotomy 18, 25, 259
Large Uterus 77
Lateralize the ureters 180
lateral spaces 4
learning curve 106
left upper quadrant 55
left upper quadrant approach
– LUQ, Palmer’s Point 73
leiomyosarcoma 22
length of hospital stays 70
levator ani muscle 170
Level I support 171
Level II support 173
Level III support 173
levonorgestrel-releasing intrauterine device 

(LNG-IUS) 296
ligamentous mesometrium 196
ligaments’ insertion locations 179
ligament stiffness 180
Lines of action of pelvic support structures 180
LNG-IUS 296, 297, 299
lower urinary tract symptom 247
low insufflation pressure 52
low pressure pneumoperitoneum 78
lung compliance 32
LVSI 201
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lymphatic drainage 198
lymphedema 200
lymph node staging 219
lymphocele 200
lymphovascular space involvement 209
Lynch syndrome 208

malignancy 21
mature cystic teratomas 128
Mayer-Rokitansky-Küster-Hauser (MRKH)  

syndrome 156
McIndoe method 156, 157
McIndoe technique 159
MDT 24
median spaces 5
menarche 154
mesenteral retraction 239
mesh erosion 186, 187, 190
Mesh exposure 178, 186
mesh removal 187
mesosalpinx 135
Mesothelial cells 83
mesothelial regeneration 82
mesothelial repair 81
mesothelial to mesenchymal transition (MMT) 83
methylene blue 111
Methylene blue dye 137
metroplasty 160, 285
microsurgery 136
middle sacral artery 175
midline laparotomy 57
midurethral sling 163, 164
midurethral tape 164
miliary carcinomatosis 239
mini-laparotomy 24
minimally invasive surgery (MIS) 70
MIS 105
miscarriage 154, 160
MMT 83
mobility 17
monofilament sutures 62
monopolar scissors 100, 101, 104
morcellation 22, 77, 97, 111, 112
Moschowitz 164
MRI 19
Mucinous cystadenomas 128
Mullerian anomalies 282
Müllerian anomalies 154
Müllerian compartment 196
Müllerian ducts 154

myocardial dysfunction 28
myoma pseudocapsule 110
myomectomy 108, 112
myometrial invasion 209
MyosureTM 269, 277

needle driver 64
needle handling 61
neosalpingostomy 136, 137
neovagina 156, 158, 160
nerve injury 71
nerve-sparing 196
nerve-sparing hysterectomy 223
neurogenic bladder disease 251
neurogenic pain syndrome 253
Neuromodulation 250
neuropathic pain 248
neuropelveology 247, 248, 253
niche 143
neuroprothesis 248
non-invasive 18
nontunneling technique 175

OAB 251
obese 18
obese patients 57
Obesity 70
– obese patient 70
obstructive sleep apnea 32
Obturator 71
obturator nerve 226
obturator neurovascular bundle 166
office hysteroscopy 272
Okabayashi space 76, 225
omental injury 54
omentectomy 210, 226, 233
ontogenetic compartment 196
oophorectomy 129, 131
open entry 50
opioid 33
optical trocar 52
ovarian cystectomy 259
ovarian hyperstimulation syndrome 130
ovarian stimulation 139
ovariectomy 131
Overactive bladder 249

PA 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 92
PALM-COEIN 275
Palmer’s point 55, 73, 75
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papillary projections 21
para-aortic lymph node 225
Para-aortic lymph node dissection 211
paraaortic lymph node staging 200
Paraaortic lymph node staging in advanced 

cervical cancer 200
paraaortic nodes 197
paraaortic systematic lymphadenectomy 195
pararectal space 6, 75
paravaginal endopelvic fascia 167
paravesical space 6, 75
parietal and visceral pelvic fasciae 3
parietal peritoneum 1
patient positioning 29
peak airway pressure 32
pectineal ligament 165
pelvic and paraaortic lymphadenectomy 198
pelvic floor reconstruction 163
pelvic inflammatory disease (PID) 84, 136
pelvic lymphadenectomy 195, 196
pelvic lymph node metastases 199
Pelvic Mass 77
pelvic organ dysfunction 248
pelvic organ prolapse 70, 170
pelvic pain 108
pelvic splachnic nerves (“7nervi erigenti”) 8
pelvic systematic lymphadenectomy 195
pelvic ureter 3
percutaneous dorsal genital nerve  

stimulation 251
perineal body 171
peripheral nerve block 33
Peritoneal adhesions (PAs) 81
– stem cell 83
peritoneal carcinomatosis 238
peritoneal cytology 210
peritoneal healing 82
peritonitis 87, 259
Peroneal 71
Phimosis 138
phosphodiesterase 5 (PDE5) inhibitors 250
Physiology 71
PID 136
Piver hysterectomy 223
plasma kinetic 100, 103
Placing sutures in the sacral promontory 176
pneumatic compression 33
pneumomediastinum 34
pneumoperitoneum 28, 52, 72, 78, 98
pneumothorax 34, 78

polycystic ovary syndrome 207
Polyglactin 910 106
polypropylene mesh 186, 187
polypropylene slings 186
port placement 109
Port-site metastasis 243
positioning 96
Positioning injuries 259
positive saline drop test 52
positron emission tomography 209
Postoperative challenges 74
postoperative complication 218, 255
postoperative morbidity 96
power morcellator 112
pregnancy 58
premenarcheal 130
Preoperative management 74
Preparing the sacral promontory 175
presacral space 14, 77
pressure-related complication 71
Preterm delivery 160
Prevesical exit 9
prevesical reflection 2
primary amenorrhea 154
primary debulking 241
primary lymph compartment 198
primary lymph node compartment 197
Prior surgeries
– Prior surgery 74
progesterone 24
promontorium 175
Proximal tubal obstruction 141
proximal tubal occlusion (PTO) 139
pseudocapsule 109
pseudocysts 22
PTO 139, 140, 141
pubocervical fascia 165
puborectalis muscles 170
pubourethral ligament 165, 167
pubovisceral (pubococcygeus) 170
pudendal neuralgia 248
pulmonary emboli 74
pulmonary hypertension 28

quality of life 247

radical hysterectomy 195, 196, 222, 256, 259
radical trachelectomy 195, 201
radiochemotherapy 195
rectal endosonography 209
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rectocele 164, 173
rectopubic space 76
rectoscopy 209
recto-uterine pouch (of Douglas) 2
rectovaginal exit 12
rectovaginal space 77
rectovaginal septum 18
recto-vesical septum 159
relevant anatomy 75
resectoscope 268, 269
– bipolar 269
– Monopolar 269
respiratory acidosis 33
retroperitoneal
– retroperitoneum 75
retroperitoneal pelvic anatomy 1
retroperitoneal spaces 76
retroperitoneum 225
retropubic 164
retropubic space 164
retro-rectal peritoneal reflection 2
Retrorectal space 13
Retzius space 252
reversal of sterilization 138
rigid telescopes 265
Risk of Malignancy Index 21
Robert’s uterus 286
robotically assisted Si 97
robotically assisted Si model 96
robotically assisted Xi 96
robotic-assisted 164
robotic hysterectomy 105
robotic radical hysterectomy 195
robotic sacrocolpopexy 170
robotic surgery 72, 195
Roeder and the von Leffern knot 64
Roeder knot 66
round ligament 100, 101
Rumi 104

sacral nerve entrapment 182
Sacral nerve stimulation 251
salpingectomy 134, 135, 139, 140, 141
salpingitis isthmica nodosa 138
salpingotomy 134, 135
Santorini 165
sarcomas 22
Sciatic 71
secondary debulking 240, 242
secondary lymph node compartment 197

second-look hysteroscopy 92
Selection criteria 24
selective receptor modulators 108
self-dilatation therapy 156
semilithotomy position 234
sensomotor dysfunction 249
sentinel lymph node 237
sentinel lymph node (SLN) dissection 212
sentinel node biopsy 200
sentinel node dissection 195, 199
Sentinel node dissection in cervical cancer 199
sentinel node excision 200
sentinel nodes 200
sepsis 87
septa or spaces 4
septate uterus 160, 285
septoplasty 91
Serous cystadenoma 128
sexual dysfunction 249, 252
side docking 99
sigmoid neovagina 158
simple hysterectomy 201
simulation-based curricula 78
simulation exercises 78
Single-incision laparoscopic surgery 54
Single-incision laparoscopy 54
single-site laparoscopic surgery 106
single-site procedures 99
single-site surgery 106
Sliding knot 67
small bowel obstruction 85
spillage 128, 129
spontaneous resolution 127
steep Trendelenburg 29
Steep Trendelenburg position 71
stent 19
stitching 68
stress 177
stress incontinence 182
stretching of the vaginal dimple 158
subcutaneous emphysema 34, 78
sudden death 71
superior hypogastric plexus 179
superior vesical arteries 3
supraumbilical approach 73
surgical bags 24
surgical decompression 248
surgical incisions 24
surgical needles 63
surgical restaging 236



Index   311

Surgical staging 233
surgical technique 75
Suture material 61
suture sizes 62
suture technique 61
suturing 61
suturing techniques 61
SYMPHIONTM 269
systematic lymphadenectomy 200

Targeted compartmental lymphadenectomy 200
TeLinde modification 223
The modified laparoscopic Davydov 

technique 157
thermal injury 75
thermic 258
thin patients 57
thromboprophylaxis 31
Tilt Test 72
tissue removal systems 277
TMMR 198
total mesometrial resection (TMMR) 196
trachelectomy 201
traction device 159
training 18
tranexamic acid 108, 110
transabdominal 17
transcervical resection of the endometrium 296
Transrectal 17
Trendelenburg 71, 72, 78, 105
Trendelenburg position 50, 72, 96, 222
Trendelenburg positioning 256, 259
Trocar placement 97
trophoblastic disease 135
TRUCLEARTM 269, 277
T-shaped uterus 284
tubal ectopic pregnancy 134
tubal ligation 134
tubal reanastomosis 134, 136, 138
tubal sterilization 138
tubal surgery 141
Tubectomy 131
Tubo-ovarian adhesions 136
tubular-shaped 284
tumor implantation 243
tumors 17, 20
tunneling technique 175
tunneling vs nontunneling 175
Twenty Frankfurt points 257
tying the knot 68

Ultrasound 17
ultrasound-guided energy 68
ultrasound-guided radiofrequency ablation 108
umbilical folds 2
unicornuate uterus 154, 160
ureter 19
Ureteral injuries 258
ureteral kinking 180, 182
uretero-vaginal fistula 255, 258 260
urethral hypermobility 173
urethral mobility 163
urethral obstruction 85
urethropexy 163
urethrovesical junction 166, 167
urge incontinence 252
urinary incontinence 70, 163, 173, 177
Urinary incontinence 249
urinary tract 19
urogenital hiatus 164
urogenital sinus 154
USL 180
uterine artery embolization 108
uterine artery 3
uterine fibroids 114
uterine manipulator 77, 96, 97, 104, 109
uterine myomas 108
uterine synechiae 91
uterine vessels 100, 103, 104
utero-ovarian ligaments 103
Uterosacral / cardinal ligament complex 171
uterosacral ligaments (USLs) 3, 171, 178
uterosacral ligament suspension 181
uterosacral vault suspension 182
uterus bicornis 160
Uterus Didelphis 160
Uterus unicornis 160

vaginal agenesis 156
Vaginal anomalies 287
vaginal aplasia 154
vaginal brachytherapy 212
vaginal cuff dehiscence 260
vaginal dimple 159
vaginal dummy 159
Vaginal hypoplasia 156
vaginal hysterectomy 105, 211
vaginal lubrication 157
vaginal prolapse 156
vaginal radical hysterectomy 196
Vaginal tunneling 156
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vascular 196
vascular and ligamentous mesometria 200
vascular and ligamentous mesometrium 196
vascular injury 50, 54
vasopressin 135
Vecchietti-based method 158
venous thromboembolism 30
venous thrombosis 33
Veres needle 50, 51, 57
Veres needle technique 51, 54
Veress 73, 75
Veress technique 73

Versapoint™ 267
vesicouterine ligament 225
vesico-uterine pouch 2
vesicouterine reflection 225
vesico-uterine space 8
vesicovaginal space 76
visceralv 4
visceral injury 50
visceral peritoneum 1
Von Leffern Knot 65

wound dehiscence 216


