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The purpose of this book is to present some of the most important topics in 
the minimally invasive gynecology by the greatest authors worldwide.

It was a careful work to make this dream team of the current minimally 
invasive gynecology. Each author was invited based on his or her personal 
experience and international status in the specific theme of the chapter, with-
out relationship with the country, continent, or medical society.

We believe in this formula, based on the contributor’s authority, to build a 
solid scientific manuscript, free of any other interests or purposes.

The result looks amazing: a very interesting book, friendly to read and rich 
in content.

We would like to thank so much our colleagues from Europe, the United 
States, and South America who spend time and energy to allow us to deliver 
to gynecologists around the world this exclusive and unique book in mini-
mally invasive gynecology area.

We hope to contribute with deep scientific content that could be helpful to 
everybody in the minimally invasive gynecology field, from fellows to expe-
rienced gynecologists.

Porto Alegre, Rio Grande do Sul, Brazil Geraldo Gastal Gomes-da-Silveira  
Porto Alegre, Rio Grande do Sul, Brazil Gustavo Py Gomes da Silveira 
Porto Alegre, Rio Grande do Sul, Brazil  Suzana Arenhart Pessini 
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Minimally Invasive Gynecology: 
A Therapeutic (R)evolution!

Geraldo Gastal Gomes-da-Silveira

A treatment with the same effectiveness, fewer  
morbidity, faster recovery times, lower infection 
rates, less bleeding, an earlier return to work and 
social life, better cosmetic results, and lower 
costs: Welcome to minimally invasive 
gynecology!

 Gynecology and Minimally Invasive 
Approaches: The Beginning

Historically, gynecological surgery has used the 
vaginal route as a minimally invasive operation 
approach for hysterectomies, most prolapses and 
urinary incontinence. Gynecologists are familiar 
with minimally invasive concepts because the 
vaginal route represents the natural route to per-
form these procedures.

The first laparoscopic hysterectomy was per-
formed in 1988 by Harry Reich. This historic 
operation broke previous paradigms about gyne-
cology and popularized the new way of thinking 
about gynecological operations. In the last 25 
years, laparoscopic development has been 
responsible for many advances in minimally 
invasive surgery.

In the development of laparoscopic surgery, 
the first few years were difficult because of the 
lack of reliably-powered equipment and adequate 
video technology. Some of the initial problems 
that occurred were regarding operation time, 
bleeding, urinary tract and intestinal lesions, and 
a high conversion rate. The absence of laparo-
scopic surgery standards was a crucial factor in 
the initial challenges in this field. There were 
only a few skillful and innovative surgeons who 
were able to perform these complex procedures 
with good results. As an example of the progres-
sion in this field, the technique used for the lapa-
roscopic hysterectomy was only standardized 
after the introduction of a specific uterine manip-
ulator designed for this surgery. At this time, new 
horizons began to appear for laparoscopic sur-
geons around the world. Besides the surgical 
techniques, it is very important that surgical 
devices continue to be researched and refined 
according to new scientific evidence published. 
As the equipment advances, this will allow more 
procedures to be performed using minimally 
invasive approaches.

 The Minimally Invasive Concept

The minimally invasive concept describes a less 
invasive technique to perform any kind of surgi-
cal procedure. It does not necessarily mean a 
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small procedure, but instead it results in fewer 
morbidity relative to the size of the  surgical 
access point, dissection, and specimen 
extraction.

Confusion can occur between the minimally 
invasive term and conservative gynecological 
surgery or fertility-sparing procedures. For 
example, the surgery techniques used to treat a 
stage 1 ovarian cancer with unilateral salpingo- 
oophorectomy by laparotomy or a laparotomic 
radical trachelectomy are conservative and 
fertility- sparing surgeries, but they are not mini-
mally invasive surgeries.

The benefits linked to minimally invasive pro-
cedures are: less bleeding, lowered post- operative 
pain and infection rates, shorter hospital stay, 
rapid recovery, and return to familiar, social, and 
professional life.

 Development of the Laparoscopic 
Technique: From Skills to Cultural 
Changing

Development of advanced laparoscopic surgery 
followed the universal learning curve, which is 
different to the personal learning curve. At the 
beginning, laparoscopic techniques for most pro-
cedures were not standardized as surgeons were 
in the learning process. The second step in this 
learning curve was to demand better quality 
video equipment, improved power sources, and 
ergonomic instruments. The third step involved 
the more personal process. Surgeons experienced 
in complex laparoscopic surgeries began teach-
ing inexperienced surgeons. And in the final step 
of the learning curve, many procedures began to 
follow the minimally invasive approach as more 
scientific evidence supported the use of mini-
mally invasive surgeries in a number of different 
fields, specifically cancer, reconstruction, and 
infection diseases.

Nowadays, laparoscopic advances in tech-
niques as well as in equipment (video and surgi-
cal devices) have resulted in many surgeries 
becoming safer, with less bleeding and the use of 
nerve-sparing techniques. What the surgeon sees 
by using the modern video apparatus could be of 

a much better quality compared to that seen in 
open surgery. With advanced surgical skills and 
good equipment, unbelievable pelvic nerve and 
vascular dissections are possible today using 
laparoscopy.

Despite the many advantages of minimally 
invasive procedures compared to laparotomic 
access, it has been challenging to disseminate 
these techniques and encourage most surgeons 
around the world to adopt them systematically. 
Reasons for this include the long learning curve 
and lack of adequate instrumental and surgical 
equipment. Many surgeons, after successful 
graduation in minimally invasive gynecology, 
return to their hospital/institution and do not 
progress further in the surgical process. Why is it 
difficult to popularize the minimally invasive 
culture?

In many institutions, the culture of traditional 
surgery remains very strong at all levels—from 
leadership to the surgical team. This culture can 
only be changed when the institutional culture 
changes and this change is dependent on infor-
mation, education, scientific progress, systemic 
thinking, training, team empathy, and leadership 
support. The minimally invasive concept should 
spread to all levels in the institution, as one unit 
with the same goal.

 The Participation of Scientific 
Societies

During the development of minimally invasive 
gynecology, the work of scientific societies (e.g., 
AAGL-American Association of Gynecologic 
Laparoscopists, Advancing Minimally Invasive 
Gynecology Worldwide in the USA and ESGE-
European Society for Gynaecological Endoscopy 
in Europe) was crucial to the scientific and tech-
nical evolution of this concept, as well as to 
attract more surgeons to this area. As opposed to 
the majority of scientific innovations, minimally 
invasive gynecology (specifically laparoscopic 
surgery) did not originate from public universi-
ties and traditional schools of medicine. It origi-
nated from a parallel researching field developed 
by private institutions and societies.
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During this time, public institutions reinvented 
vaginal surgery. It became more powerful and 
more standardized, with new morcellation and 
cancer surgery techniques, as well as urethral 
slings in urinary stress/incontinence procedures. 
In this friendly competition between laparoscopic 
and vaginal surgery, both techniques improved 
and became more useful and safer. This was good 
for surgeons and patients.

 For Hospitals

Another important benefit of the minimally inva-
sive culture is the lowered demand on hospital 
beds. Currently, most hospitals have 100 % occu-
pancy of inpatient beds. This is the main problem 
in admission of new surgical patients. With mini-
mally invasive gynecology, the shorter hospital-

ization period allows for increased capacity of 
the institution. In addition to this, many surgeries 
(e.g., hysterectomy), when performed by mini-
mally invasive techniques, can be performed in 
the outpatient setting.

 Conclusion

With the full use of minimally invasive tech-
niques, changing institutional cultures with all 
staff working together towards one goal, 
everybody wins: surgeons, hospitals, health-
care systems, and, most importantly, the 
patients. Patients will receive the highest level 
of treatment resulting in minimal peri-opera-
tive morbidity and faster recovery. Gynecology 
has been improved with the addition of the 
minimally invasive concept.

There is no doubt—the minimally invasive 
concept is a therapeutic revolution!

1 Minimally Invasive Gynecology: A Therapeutic (R)evolution!
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Laparoscopic Hysterectomy: 
The Big Cutoff in Laparoscopic 
Surgery Development

Harry Reich

 Laparoscopic Hysterectomy: 
Historical Perspective

Laparoscopic hysterectomy, defined as the lapa-
roscopic ligation of the uterine vessels, is a sub-
stitute for abdominal hysterectomy, with more 
attention to ureteral identification and cuff sus-
pension. Laparoscopic hysterectomy (LH) is 
rarely indicated for the treatment of abnormal 
uterine bleeding (AUB) from a normal-sized 
uterus with no other associated pathologies! Most 
of these cases can be done vaginally without the 
use of a laparoscope [1].

 Background

LH did not occur by accident. The necessary 
skills were acquired before this well-known 
event. And they occurred before video cameras 
were available. For a right-handed surgeon stand-
ing on the patient’s left side, left-handed skills 
were required as they were necessary while the 
surgeon’s right hand held the laparoscope.

Laparoscopic hysterectomy evolved from my 
commitment in the late 1970s and early 1980s to 
minimize abdominal incisions in all cases by a 
combination of vaginal and laparoscopic surgery. 

This choice was facilitated by my discovery in 
1976 that bipolar desiccation of the infundibulo-
pelvic ligament effectively controlled bleeding 
from the ovarian blood supply. For the next 
10 years, I used the laparoscope to help start or 
finish vaginal hysterectomies, essentially doing 
what is called an LAVH today. After 1980, I did 
less than 20 laparotomies over the next 25 years.

I started my private practice in 1976, and vaginal 
surgery was my major area of interest. That year, I 
was the consultant for an infertility clinic that had 
over 100 active patients who had never been laparo-
scoped. During residency training, I did a diagnostic 
laparoscopy for infertility and, when indicated, lap-
arotomy surgery usually 2 months later for excision 
of ovarian endometriosis and separation of tubal 
adhesions. Before that year was out, I realized that 
many of these operations could be done at the time 
of diagnostic laparoscopy. The cul-de-sac was con-
sidered “no man’s land” in the late 1970s, and pain 
from there was treated by presacral neurectomy.

In 1983 I began photodocumenting all of my 
operations using an Olympus OM2 camera with 
CLEF light source system, after a visit to Bob 
Hunt during Boston Marathon week. (I bought 
my own equipment.) I used the laparoscope as a 
part of a total vaginal hysterectomy (TVH) before 
1980, whenever uncomfortable with an exclu-
sively vaginal approach. Thus, by 1988, I had 
done many laparoscopic oophorectomies and 
lysis of adhesions procedures with TVH. Today 
these cases would be called LAVH [2–4].

H. Reich, M.D., F.A.C.O.G., F.R.C.O.G.  
Advanced Laparoscopic Surgery, Columbia 
Presbyterian Medical Center, New York, NY, USA
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I consider 1976–1980 to be my learning curve 
years, as I prepared myself to be a successful 
laparoscopic surgeon. By 1985, I was competent 
to do almost all gynecologic operations laparo-
scopically or vaginally, including oncology. That 
summer I spent 2 days in Clermont-Ferrand, 
France, with Professor Bruhat and his team to 
give me confidence to continue on the path that I 
was on, as no one was doing these surgeries in 
the USA. In 1985 I presented laparoscopic treat-
ment of pelvic abscess at ACOG and both laparo-
scopic endometrioma excision and laparoscopic 
electrosurgical oophorectomy at AAGL. I began 
teaching these techniques soon thereafter as they 
were considered original and taught an advanced 
laparoscopic course at AAGL for the next 
20 years. One year earlier, Ron Levine presented 
laparoscopic oophorectomy using endoloop 
sutures after visiting Kurt Semm in Kiel, 
Germany. Ron then put together the first US free-
standing laparoscopic surgery course in April 
1986 in Louisville and invited me as part of the 
faculty, along with Semm, Hulka, and Hasson. 
Kurt Semm told me “you learn to suture, you be 
king” in his broken English. He did not like my 
use of electrosurgery.

Again, please realize that these operations 
were done with the operating surgeon visualizing 
the operative field with his right eye while hold-
ing the laparoscope with the right hand, with 
minimal assistance before 1986. Throughout the 
rest of the 1980s, I operated using my eye and 
with a beam splitter to the video monitor so my 
assistant surgical technician and my students 
could see. In the 1990s I switched to the more 
conventional video observation techniques but 
held the camera in my right hand. I rarely used a 
doctor assistant, so nurses or anesthetists held the 
camera when I sutured. Most of these techniques 
have disappeared with the questionable new 
technology of today.

 First Laparoscopic Hysterectomy

The first laparoscopic hysterectomy recorded in 
the literature was done in January 1988. This was 
called a laparoscopic hysterectomy as the major 

blood supply to the uterus was secured laparo-
scopically. The only difference between this 
operation and total laparoscopic hysterectomy 
(TLH) is that the vaginal cuff was closed vagi-
nally [5–8].

The case involved a 14-week-size symptom-
atic fibroid uterus. A 3 mm and a 5 mm lower 
quadrant trocar were used. I dissected, desic-
cated, and divided the left infundibulopelvic liga-
ment and the right utero-ovarian ligament. I 
exposed the ureter and uterine vessels on each 
side. I decided to ligate the uterine vessels using 
bipolar desiccation instead of completing the 
operation from below vaginally, as was my usual 
custom. The uterine artery and vein on each side 
had been skeletonized. Each ureter had been 
exposed to demonstrate their distance from the 
area of the bipolar desiccation energy. An amme-
ter was used to monitor current flow to determine 
the end point of the bipolar desiccation process. 
In that operation I opened the vagina anteriorly 
and posteriorly before going vaginally to com-
plete the procedure. Operation time was 3 h. All 
instruments used were reusable including the 
trocars.

 Development of Total Laparoscopic 
Hysterectomy (TLH) Concept

Soon thereafter in 1988, the next problem was 
tackled: TLH. It was cumbersome and time- 
consuming for the surgeon to change from oper-
ating laparoscopically to a vaginal position and 
back again. And I did not like a position change 
with the patient asleep. I decided that the laparo-
scopic view was so good that the vagina could be 
opened circumferentially in most cases laparo-
scopically. I used a CO2 laser through the operat-
ing channel of the operating laparoscope or 
cutting current electrosurgery to open the cervi-
covaginal junction posteriorly over sponge for-
ceps and anteriorly over a narrow Deaver and 
then connect the two incisions. The uterosacral 
ligaments work divided. The major problem, of 
course, was loss of pneumoperitoneum. We went 
through 2 years using wet packs, balloon cathe-
ters, and surgical gloves filled with air or fluid to 
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maintain pneumoperitoneum during cuff sutur-
ing. It was always a struggle.

In December 1990 at a meeting in London, 
England, I met Professor Gerhard Buess from 
Germany who was suturing the rectum through a 
large anoscope manufactured by Richard Wolf 
GmbH, Knittlingen, Germany. This instrument 
was what I needed to be able to maintain pneumo-
peritoneum during the culdotomy incision of lapa-
roscopic hysterectomy and to suture repair the 
vaginal cuff afterward. Richard Wolf GmbH, 
Knittlingen, Germany modified it for me. The con-
cept was simple: the instrument had to be made 
longer than an anoscope and be approximately 
4 cm in diameter. (There was too much leakage at 
3.5 cm diameter in most women.) When applied to 
the cervix, the surgeon could see the junction of the 
anterior and the posterior vagina with the cervix. 
The posterior rim is longer than the anterior so that 
the posterior fornix can be entered first. Thereafter 
the anterior fornix is entered, and the lateral vagina 
on each side is pushed upward and outward away 
from the ureters to complete the incision on each 
side without losing pneumoperitoneum. The tube is 
reinserted into the vagina after the uterus is out to 
maintain pneumoperitoneum during cuff closure. I 
believe that the uterosacral ligaments must be 
divided to successfully perform a laparoscopic hys-
terectomy, and I use them for prophylactic cuff sus-
pension during cuff repair at the end of the 
operation. This vaginal delineator device remains 
available in the Wolf catalog today. I believe most 
of the vaginal delineators that are now available on 
the market are modifications of this original idea 
that was developed in the early 1990s [7–9].

Realize that the opening of this tube is large 
enough that it doesn’t hug the cervix, thus avoid-
ing the prolapse problems common with the 
intrafascial hysterectomy-type procedure done 
with the Koh Cup. Intrafascial hysterectomy 
leaves the uterosacral ligaments attached to the 
pericervical ring doing nothing to correct persis-
tent prolapse problems. Most gyns using the Koh 
Cup do an intrafascial hysterectomy often avoid-
ing cutting of the uterosacral ligaments.

I do not do intrafascial hysterectomy.
Please realize that the Richardson abdominal 

hysterectomy technique published in 1929 in 

Surg Obstet Gynecol was written in response to 
the problems created by supracervical hysterec-
tomy. The major changes in technique intro-
duced were extrafascial removal of the entire 
uterus with anchoring of the anterior and pos-
terior vaginal cuff at the corners to the utero-
sacral ligaments.

So why do some practitioners promote supra-
cervical and intrafascial hysterectomy? I don’t 
know! Culdotomy proximal to the uterosacral 
ligament insertion site preserving level 1 support 
will promote future pelvic organ prolapse surgery, 
as will supracervical hysterectomy! Culdotomy 
proximal to the uterosacral ligament insertion site 
preserving level 1 support is more like a supracer-
vical hysterectomy than a TLH.

I have always emphasized that laparoscopic 
hysterectomy is a substitute for abdominal hyster-
ectomy and not for vaginal hysterectomy. Since 
1987, no patient was denied a vaginal or laparo-
scopic approach to hysterectomy except when 
advanced cancer was suspected. Uterine size and 
extent of endometriosis were not considered con-
traindications; rather they were the reasons to do a 
laparoscopic approach. Less than 15% of my hys-
terectomy patients had surgical castration, as I 
believe in ovarian function preservation.

The concept of laparoscopic hysterectomy 
was presented to US Surgical Corporation, 
Norwalk, Connecticut, in January 1988, soon 
after it was done. The company swiftly adopted 
the concept that surgeons would much rather use 
techniques other than electricity to ligate the 
uterine arteries. The development of a laparo-
scopic clip followed by a laparoscopic stapler 
was in the works in 1988 because of this presen-
tation of laparoscopic hysterectomy to this small 
group in Norwalk, Connecticut.

Unfortunately, big business goes into new 
fields for big business. Clinical trials were not 
necessary for the clip applier because of the huge 
demand for it from general surgeons using make-
shift instrumentation. The same was true for the 
EndoGIA, a great device for general surgery but 
with few gynecologic applications. So LAVH 
was born.

LAVH is not LH. It is an expensive vaginal 
hysterectomy. Gynecologists were encouraged to 
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use the EndoGIA device to do the easy upper 
pedicle part of a vaginal hysterectomy. Hospital 
administrators soon calculated that the cost of 
laparoscopic hysterectomy was exorbitant. 
Expensive disposable trocars followed by multi-
ple firings of a stapling device cost more than the 
reimbursement from the managed care or other 
insurers at that time. Unlike cholecystectomy 
where the surgeon could operate using a dispos-
able clip device with one or two firings from a 
single instrument, laparoscopic hysterectomy 
required at least four firings of a surgical stapler. 
The operation cost too much. And remuneration 
from insurance companies for laparoscopic skills 
was poor. This, I believe, destroyed the option of 
having a laparoscopic hysterectomy operation for 
most women in the USA. The rest of the world 
rarely took to staples, and laparoscopic hysterec-
tomy thrived there.

 EndoGIA

The EndoGIA was released in the late 1990s. I 
did the first TLH using the EndoGIA stapler. 
Through much of 1991, I used the EndoGIA for 
laparoscopic hysterectomy, always after ureteral 
dissection. Ureteral dissection was done in some 
cases after application of the GIA, and its broad 
distal tip was too close to the ureter for comfort. 
Ok, so I went from bipolar desiccation to the 
EndoGIA stapler. What was next? The accep-
tance level of laparoscopic hysterectomy had not 
improved. Hospitals did not want to pay for the 
expensive disposable instruments used by gyne-
cology in contrast to their attitude toward general 
surgery operations.

At that time I felt that the best way to progress 
was to go back to a technique that we all knew 
from laparotomy, i.e., suture ligation of the uter-
ine vessels. While I had only a 30-year experi-
ence with bipolar desiccation of large vessels, 
suture has been around for centuries. When one 
looks at the evolution of laparoscopic hysterec-
tomy and laparoscopic surgery in general, one of 
the major obstacles to adoption was the percep-
tion that too much expensive gimmickry was 
used. The simple solution was to use sutures for 

ligation for the major vessels, similar to what was 
done during major laparotomy surgery. I believe 
that suture ligation of the uterine and ovarian ves-
sels is the safest technique near the ureter. 
Adhesions from the living tissue distal to a tie 
still bother me as they may be more prevalent 
than after bipolar desiccation.

 Suture

More about suturing. Kurt Semm in 1986 encour-
aged me to learn how to suture. For that I thank 
him very much. I think that he was right: the abil-
ity to suture defines a laparoscopic surgeon. In 
the early days, 1986–1988, I used a small Keith 
needle and a slipknot like Kurt and Liselotte 
Mettler. The persistence of Courtenay Clarke led 
to me adopting his knot pusher to do extracorpo-
real ties by 1989. Soon thereafter, I developed my 
technique to get large curved needles into the 
peritoneal cavity using a 5 mm trocar, and from 
then on, I felt that I could operate as well or better 
than most laparotomy surgeons [10].

Why ligate the uterine arteries with suture 
instead of bipolar? If suture is used, suture can be 
removed if a ureter problem is suspected after-
ward during routine cystoscopy at surgery. 
Unless the surgeon is absolutely sure that the 
uterine arteries are a reasonable distance away 
from the ureters, suture is the best technique. Of 
course this means that the surgeon has to have 
some suturing skill. I’ve learned over the years 
that most general surgeons think it’s very easy to 
suture from their right side from 3 o’clock to 6 
o’clock or 6 o’clock to 9 o’clock but have diffi-
culty suturing from 9 o’clock to 12 o’clock. This 
makes no sense. If the surgeon grasps the suture 
with his left hand instead of his right hand, it 
should be easy to accomplish suturing from 9 
o’clock to 12 o’clock by rotating the wrist in a 
backhand motion.

So we have three events with laparoscopic 
hysterectomy evolution. First, the discovery that 
bipolar desiccation was possible for large vessel 
hemostasis made the operation possible. Next is 
the industry’s recognition that staples could be 
used. Disposable staples brought them into the 
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ball game. Finally, the safest technique is suture. 
Usually, what you see is what you get with 
suture with no danger of energy spread. In most 
cases where the vessels are isolated and sepa-
rated from the ureter, bipolar desiccation works 
fine. Most gynecologists will not dissect the 
ureter. Thus I believe that when the gynecolo-
gist sees the pulsation of the uterine artery, it’s 
much safer to use the technique of ligation of 
the uterine vessels with suture and at the end of 
operation check the ureters by cystoscopy after 
indigo carmine dye IV push to be sure that dye 
flows out of the ureteral orifices. If it does not, it 
is simple to look back with the laparoscope and 
undo the suture to release a potential ureteral 
injury [11, 12].

A final look at suture is warranted but it will 
never happen. Industry seems to forever work on 
new modifications of bipolar electrosurgery, usu-
ally at the expense of a reduction in surgical 
expertise. Regarding the large uterus, it seems to 
me to make more sense to selectively ligate the 
skeletonized uterine artery and let the veins drain; 
the result will be at least one unit of blood saved.

As we know then and today, TLH and related 
procedures can be done with reusable instru-
mentation. In fact most of the procedures that 
have been developed over the last 20 years in 
laparoscopic surgery can be done using reusable 
instrumentation available in most ORs. This 
knowledge really helps when teaching the tech-
nique around the world, as most countries where 
I introduced TLH (Chile, Spain, Australia, Italy, 
Russia, Ireland) had no disposable instrumenta-
tion. Now the whole world uses disposable 
instrumentation manufactured in the USA, 
Mexico, or China.

Finally, please realize that publication of lapa-
roscopic gynecological operations was very dif-
ficult in the 1980s as few of the pioneers were in 
academic positions. Laparoscopic hysterectomy 
was unpublishable in 1988 and before. This has 
been a major struggle. In fact, many papers of 
substance on laparoscopic surgery in the early 
1990s were in a journal that never got Index 
Medicus acceptance: Gynaecological Endoscopy. 
This travesty in our system prevented over a 
decade of great work from many pioneers in lap-

aroscopic surgery to be rarely quoted. I remem-
ber, with bitterness, my struggles to get bipolar 
oophorectomy and cul-de-sac dissection for deep 
fibrotic endometriosis published in the 1980s, 
despite teaching these techniques to the profes-
sors. My paper on laparoscopic treatment of 
ovarian cancer received harsh reaction in 1988 in 
the USA but not in Europe [13, 14].

 Technique

 Total Laparoscopic Hysterectomy 
Technique (TLH)

My technique for a TLH is described, since other 
types of laparoscopic hysterectomy are simply 
modifications of this more extensive procedure. 
These steps are designed to prevent complica-
tions. Very little has changed in this technique 
since its publication in 1993, except for the incor-
poration of cystoscopy. In the original paper, 
TLH is a substitute for abdominal hysterectomy 
and not for vaginal hysterectomy. In the original 
paper, laparoscopic vaginal vault closure with 
vertical uterosacral ligament suspension was 
described. Uterine vessel ligation was also 
described. Curved needles were used, pulled thru 
the 5 mm incision using my technique.

The patient is counseled extensively regarding 
currently available options appropriate to her 
individual clinical situation. It is clearly not 
acceptable to advocate hysterectomy without 
detailing the risks and benefits of other interme-
diary procedures, such as myomectomy and/or 
excision of endometriosis with uterine preserva-
tion. Whereas conversion to laparotomy when 
the surgeon becomes uncomfortable with the 
laparoscopic approach has never been considered 
a complication, conversion rates should be moni-
tored to safeguard the consumer’s right to have 
this procedure performed by a competent laparo-
scopic surgeon. Surgeons who do more than 25% 
of their hysterectomies with an abdominal inci-
sion should not tout their ability and degree of 
expertise with a laparoscopic approach to their 
patients. Perhaps, conversion to laparotomy 
should be considered a complication!

2 Laparoscopic Hysterectomy: The Big Cutoff in Laparoscopic Surgery Development
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 Preoperative Preparation

The patient is optimized medically for coexistent 
problems. Patients are encouraged to hydrate on 
clear liquids the day before surgery. Fleet enema 
to evacuate the lower bowel is encouraged. Lower 
abdominal, pubic, and perineal hair is not shaved. 
All laparoscopic procedures are done using gen-
eral endotracheal anesthesia with orogastric tube 
suction to minimize bowel distension. The 
patient’s arms are placed at her side, and shoulder 
braces at the acromioclavicular joint are posi-
tioned. Trendelenburg position up to 40° is avail-
able. I use one dose of prophylactic antibiotics 
after induction of anesthesia.

 Incisions

Three laparoscopic puncture sites including the 
umbilicus are used. Pneumoperitoneum to 
25–30 mmHg is obtained before primary umbili-
cal trocar insertion and reduced to 15 mm after-
ward. The lower quadrant trocar sleeves are 
placed under direct laparoscopic vision lateral to 
the rectus abdominis muscles and just beside the 
anterior superior iliac spines in patients with 
large fibroids. The left lower quadrant puncture is 
my major portal for operative manipulation as I 
stand on the patient’s left and hold the camera in 
my right hand. Reduction in wound morbidity 
and scar integrity as well as cosmesis are 
enhanced using 5 mm sites. The use of 12 mm 
incisions when a 5 mm one will suffice is not an 
advance in minimally invasive surgery.

 Vaginal Preparation

Every year, new innovations for uterine and vagi-
nal manipulation appear. The Valtchev uterine 
manipulator (Conkin Surgical Instruments, 
Toronto, Canada) has been around for more than 
25 years and allows anterior, posterior, and lateral 
manipulation of the uterus and permits the sur-
geon to visualize the posterior cervix and vagina. 
Newer devices are currently available developed 
by Pelosi, Wattiez, Hourcabie, Koninckx, Zepeda, 

Koh, McCartney, Donnez, and myself. I still use 
the Valtchev and the Wolf tube.

 Exploration

The upper abdomen is inspected, and the appen-
dix is identified. Endometriosis is excised before 
starting TLH. Bleeding is controlled with micro-
bipolar forceps.

 Retroperitoneal Dissection

The peritoneum is opened early with scissors in 
front of the round ligament to allow CO2 from the 
pneumoperitoneum to distend the retroperito-
neum. The tip of the laparoscope is then used to 
perform “optical dissection” of the retroperito-
neal space by pushing it into the loosely dis-
tended areolar tissue parallel to the uterus to 
identify the uterine vessels, ureter, or both. The 
uterine artery is often ligated at this time, espe-
cially in large-uterus patients.

 Ureteral Dissection (Optional)

The ureter is identified medially, superiorly, or 
laterally (pararectal space). Stents are not used as 
they may cause hematuria and ureteric spasm. 
The laparoscopic surgeon should dissect (skele-
tonize) either the ureter, the uterine vessels, or 
both during a laparoscopic hysterectomy.

 Bladder Mobilization

The round ligaments are divided at their midpor-
tion, and scissors or a spoon electrode is used to 
divide the vesicouterine peritoneal fold starting 
at the left side and continuing across the midline 
to the right round ligament. The upper junction of 
the vesicouterine fold is identified as a white line 
firmly attached to the uterus, with 2–3 cm 
between it and the bladder dome. The initial inci-
sion is made below the white line while lifting 
the bladder. The bladder is mobilized off the 
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uterus and upper vagina using scissors or bluntly 
until the anterior vagina is identified. The tendi-
nous attachments of the bladder in this area may 
be desiccated or dissected.

 Upper Uterine Blood Supply

When oophorectomy is indicated or desired, the 
peritoneum is opened on each side of the infun-
dibulopelvic ligament with scissors and a 2/0 
Vicryl free ligature passed through the window 
created and tied extracorporeally using the 
Clarke-Reich knot pusher. This maneuver helps 
develop suturing skills. The broad ligament is 
divided lateral to the utero-ovarian artery anasto-
mosis using scissors or cutting current electrosur-
gery. I rarely desiccate the infundibulopelvic 
ligament as it results in too much smoke early in 
the operation.

When ovarian preservation is desired, the 
utero-ovarian ligament and fallopian tube are 
compressed and coagulated until desiccated with 
bipolar forceps, at 25–35 W cutting current, and 
then divided. Alternatively, the utero-ovarian 
ligament and fallopian tube pedicles are suture- 
ligated adjacent to the uterus with 2/0 Vicryl, 
using a free ligature passed through a window 
created around the ligament.

If the ovary is to be preserved and the uterus 
large, the utero-ovarian ligament/round ligament/
fallopian tube junction may be divided with a 30 
or 45 mm GIA-type stapler. This may be timesav-
ing for this portion of the procedure, thus justify-
ing its increased cost. Many complications are 
related to the use of staplers [23*]. Whereas it 
decreases operative time, it also increases the risk 
for postoperative hemorrhage and injury to the 
ureter. Ligation or coagulation of the vascular 
pedicles is safer.

 Uterine Vessel Ligation

The uterine vessels may be ligated at their origin, 
at the site where they cross the ureter, where they 
join the uterus, or on the side of the uterus. Most 
surgeons use bipolar desiccation to ligate these 

vessels, but this author prefers suture because it 
can be removed if ureteral compromise is sug-
gested at cystoscopy [11, 12].

In most cases, the uterine vessels are suture 
ligated as they ascend the sides of the uterus. The 
broad ligament is skeletonized to the uterine ves-
sels. Each uterine vessel pedicle is suture-ligated 
with 0 Vicryl on a CTB-1 blunt needle (Ethicon 
JB260) (27″), as a blunt needle reduces surround-
ing venous bleeding. The needles are introduced 
into the peritoneal cavity by pulling them through 
a 5 mm incision. A short, rotary movement of the 
needle holder brings the needle around the uter-
ine vessel pedicle. This motion is backhand if 
done with the left hand from the patient’s left side 
and forward motion if using the right hand from 
the right side. In some cases, the vessels can be 
skeletonized completely and a 2-0 Vicryl free 
suture ligature passed around the artery. Sutures 
are tied extracorporeally using a Clarke-Reich 
knot pusher [10].

In large-uterus cases, selective ligation of the 
uterine artery without its adjacent vein is done to 
give the uterus a chance to return its blood supply 
to the general circulation. It also results in a less 
voluminous uterus for morcellation.

 Division of Cervicovaginal 
Attachments and Circumferential 
Culdotomy

The cardinal ligaments on each side are divided. 
Bipolar forceps coagulate the uterosacral liga-
ments. The vagina is entered posteriorly over the 
uterine manipulator near the cervicovaginal junc-
tion. A 4 cm diameter reusable vaginal delineator 
tube (R. Wolf) is placed in the vagina to prevent 
loss of pneumoperitoneum and to outline the cer-
vicovaginal junction circumferentially as it is 
incised using the CO2 laser with the delineator as 
a backstop or electrosurgery to complete the 
 circumferential culdotomy. The uterus is morcel-
lated, if necessary, and pulled out of the vagina.

I know that the term colpotomy is often used 
in gynecology literature when describing the 
technique of total laparoscopic hysterectomy, but 
it is wrong! Colpotomy is translated as incision to 
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the vagina (colpos = vagina; tomy = incision in 
Greek).

Colpotomy is an incision made vaginally. If 
the incision is made laparoscopically, it is called 
a culdotomy. The other name is totally industry 
driven.

The term “culdotomy” was first used in 1985–
1986 as the procedure done to remove ovaries 
and fibroids. The term “circumferential culdot-
omy” was first introduced in 1989–1990 to 
describe the incision made to separate the vagina 
from the cervix during hysterectomy. I don’t 
recall anyone using the term circumferential col-
potomy, until used by industry to name a cervical 
cup for the hysterectomy incision.

Culdotomy is an incision through the cul-de- 
sac peritoneum, the rectovaginal fascia, and 
finally the vaginal wall. This incision is made 
after the rectum has been reflected off the poste-
rior vagina and cervix and is facilitated by using 
a vaginal delineator to outline the vagina and 
tamponade blood supply.

Colpotomy is a vaginal incision made in the 
vagina and through the vagina and is usually 
accompanied by at least 100 cc of bleeding, differ-
entiating it from the nearly bloodless culdotomy.

 Morcellation (Laparoscopic 
and Vaginal)

Morcellation can be done laparoscopically or 
vaginally. Vaginal morcellation is done with a 
#10 blade on a long knife handle to make a cir-
cumferential incision into the uterus while pull-
ing outward on the cervix and using the cervix as 
a fulcrum. The myometrium is incised circumfer-
entially parallel to the axis of the uterine cavity 
with the scalpel’s tip always inside the myoma-
tous tissue and pointed centrally, away from the 
surrounding vagina.

Morcellation through anterior abdominal wall 
sites is done when vaginal access is limited or 
supracervical hysterectomy requested. Reusable 
electromechanical morcellators are not used. 
Using claw forceps or a tenaculum to grasp the 
fibroid and pull it into contact with the skin inci-
sion, morcellation is done with a #10 blade on a 

long knife handle fibroid using a coring tech-
nique until the myoma can be pulled out through 
the trocar incision. With practice these instru-
ments can often be inserted through a stretched 
5 mm incision without an accompanying trocar.

 Laparoscopic Vaginal Vault Closure 
with Vertical Uterosacral Ligament 
Suspension [15]

The vaginal delineator tube is placed back into 
the vagina for closure of the vaginal cuff, occlud-
ing it to maintain pneumoperitoneum. The utero-
sacral ligaments are identified by bipolar 
desiccation markings or with the aid of a rectal 
probe. The first suture is complicated as it brings 
the uterosacral and cardinal ligaments as well as 
the rectovaginal fascia together. This single 
suture is tied extracorporeally bringing the utero-
sacral ligaments, cardinal ligaments, and poste-
rior vaginal fascia together across the midline. It 
provides excellent support to the vaginal cuff 
apex, elevating it and its endopelvic fascia supe-
riorly and posteriorly toward the hollow of the 
sacrum. The rest of the vagina and overlying 
pubocervicovesicular fascia are closed vertically 
with one or two 0 Vicryl interrupted sutures. I 
have used this same technique since 1990.

Some suggestions for cuff closure to reduce 
dehiscence:

• Vertical closure.
• Hemostasis with microbipolar forceps before 

closure.
• Interrupted well-spaced sutures, for good 

drainage. Avoid continuous barbed suture!
• Apply sutures through the fascia and not the 

vagina.
• Sutures are for support, not hemostasis.
• Cuff closure sutures are for the fascia, not the 

vaginal epithelium.
• Cuff division with electrosurgery and har-

monic is much more destructive than the CO2 
laser.

• Harmonic may be over 200°C. Do not use!
• Use low-voltage cutting current. Avoid coagu-

lation current.

H. Reich
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 Cystoscopy [11, 12]

I introduced cystoscopy to LH in 1990, because I 
could. (Unlike most gynecologists, I had cystos-
copy privileges.). Cystoscopy is done after vagi-
nal closure to check for ureteral patency in most 
cases, after intravenous administration of indigo 
carmine dye. This is necessary when the ureter is 
identified but not dissected and especially neces-
sary when the ureter has not been identified. Blue 
dye should be visualized through both ureteral 
orifices. The bladder wall should also be inspected 
for suture and thermal defects.

 Underwater Examination

At the close of each operation, an underwater 
examination is used to detect bleeding from ves-
sels and viscera tamponaded during the procedure 
by the increased intraperitoneal pressure of the 
CO2 pneumoperitoneum. The CO2 pneumoperito-
neum is displaced with 2–4 L of Ringer’s lactate 
solution, and the peritoneal cavity is vigorously 
irrigated and suctioned until the effluent is clear of 
blood products. Any further bleeding is controlled 
underwater using microbipolar forceps to coagu-
late through the electrolyte solution, and 1–2 L of 
lactated Ringer’s solution is left in the peritoneal 
cavity. I have never electively used a drain either 
vaginally or abdominally. Interrupted vertically 
placed laparoscopically sutures encourage drain-
age, but despite the fluid left in the peritoneal cav-
ity, little vaginal drainage is observed.

 Skin Closure

The vertical intraumbilical incision is closed with a 
single 4-0 Vicryl suture opposing deep fascia and 
skin dermis, with the knot buried beneath the fas-
cia. This prevents the suture from acting like a wick 
transmitting bacteria into the soft tissue or perito-
neal cavity. The lower quadrant 5 mm incisions are 
loosely approximated with a Javid vascular clamp 
(V. Mueller, McGaw Park, IL) and covered with 
Collodion (AMEND, Irvington, NJ) to allow drain-
age of excess Ringer’s lactate solution.

 Conclusion

Laparoscopic hysterectomy was first per-
formed in January 1988. The sine qua non for 
laparoscopic hysterectomy is the laparoscopic 
ligation of the uterine vessels. Although hys-
terectomy is not the most difficult laparo-
scopic procedure, it can be long and tedious 
because four very well- defined vascular pedi-
cles must be ligated. In 1988 no one was 
thinking about doing hysterectomy by lapa-
roscopy. The major centers in the world doing 
laparoscopic surgery were in Clermont-
Ferrand, France; Kiel, Germany; and 
Kingston, Pennsylvania. I acknowledge that 
Kurt Semm, Maurice Bruhat, and Hubert 
Manhes were great influences because they 
also knew no boundaries. However, most of 
my thinking was original.

It took 5 years for laparoscopic cholecystec-
tomy to be universally adopted. Laparoscopic 
hysterectomy has been available for the last 
25 years with sporadic acceptance. In our spe-
cialty IVF took off and laparoscopic surgery 
didn’t. Just look at the remuneration. Abdominal 
hysterectomy remains the preferred method of 
treatment based on training and economics, and, 
this poses an ethical dilemma. Are we offering 
the best choices to our patients? We as special-
ists need to answer this question. Why would 
physicians take time to learn a new technique if 
they are going to be poorly reimbursed for time 
spent? The type of laparoscopic hysterectomy is 
usually defined by the extent of laparoscopic 
dissection performed during the procedure. The 
recently published Cochrane review of the sur-
gical approach to hysterectomy uses the descrip-
tion of different techniques detailed by Reich 
and Roberts, which is based on the definitions 
published by Garry et al. [16, 17].

Recent papers by Clayton and the Cochrane 
database reviewed evidence-based hysterec-
tomy studies and concluded that vaginal hys-
terectomy (VH) is preferable to abdominal 
hysterectomy (AH). There is no evidence to 
support the use of LH if VH can be done 
safely. Compared to AH, LH is associated 
with less blood loss, shorter hospital stay, and 
speedier return to normal activities, but it 
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takes longer and costs more, and urinary tract 
injuries are more likely. They emphasize that 
vaginal hysterectomy should be the preferred 
route when applicable. Laparoscopic hyster-
ectomy should be considered as an alternative 
to abdominal hysterectomy [18–20].

Most of us agree that the minimal access 
route offers significant patient benefits over 
open surgery. Previous exclusion criteria 
(malignancy, uterine size greater than 
12 weeks, hysterectomy performed primarily 
for prolapse, hysterectomy performed in con-
junction with the resection of deep infiltrating 
endometriosis including rectal resections) are 
considered to be indications for TLH at many 
centers today. Actually, there have not been 
significant technological advances for 
TLH. Newer-generation cutting and sealing 
devices are just expensive bipolar devices, dis-
posable, and designed to make more money 
for the industry. Advanced uterine manipula-
tion devices are no better than the reusable 
Valtchev mobilizer from Toronto, Canada.

I believe that most hysterectomies can be 
done using a laparoscopic approach. It is cer-
tain that if the problem is bleeding, especially 
from a large fibroid uterus, it can be solved by 
TLH, and the woman will be very pleased. 
Why are there so few laparoscopic hysterecto-
mies done today? Most gynecologists today 
are not trained to do laparoscopic surgery. 
Unfortunately they are not trained to do 
vaginal surgery, either. The truth of the mat-
ter is that the low payments for gynecological 
surgery make it much more cost- effective to 
stay in the office and to avoid surgery if pos-
sible. The major problem for LH from its birth 
to the present remains inappropriate reim-
bursement for the work and extra training 
involved in developing the appropriate 
expertise.

Laparoscopic hysterectomy is clearly ben-
eficial for patients in whom vaginal surgery is 
contraindicated or can’t be done. When indi-
cations for the vaginal approach are equivocal, 
laparoscopy can be used to determine if vagi-
nal hysterectomy is possible. With this phi-
losophy, patients avoid an abdominal incision 

with resultant decrease in length of hospital 
stay and recuperation time. The laparoscopic 
surgeon should be aware of the risks and how 
to minimize them and, when they occur, how 
to repair them laparoscopically.
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Robotics in Gynecology

Arnold P. Advincula 
and Obianuju Sandra Madueke-Laveaux

 Introduction

Minimally invasive surgery (MIS) has revolu-
tionized women’s healthcare. A woman with 
advanced abdominopelvic disease who would 
have been subject to a laparotomy with 6–8 weeks 
of convalescence is able to undergo an outpatient 
surgery and be back on her feet in less than 
2 weeks.

Although unarguably the least invasive 
route of surgery, the vaginal route is not always 
feasible, for example, in cases of deeply infil-
trating endometriosis and complex hysterecto-
mies. It is in these clinical scenarios that 
laparoscopy is the minimally invasive route of 
choice.

Conventional laparoscopy is an excellent 
route of minimally invasive surgery. It was intro-
duced by internists and urologists in the early 
1900s, and by the 1960s and 1970s, gynecolo-
gists took the lead in its advancement. After 
painstakingly overcoming the challenge of 
reforming the deeply engrained surgical thinking 
that “large problems required large incisions,” 
the so-called laparoscopic revolution was a suc-
cess, and by the 1990s, laparoscopy was incorpo-
rated into surgical thinking [1].

Since its introduction into gynecology, laparos-
copy has evolved from its use in a limited range of 
minor surgical procedures (diagnostic laparosco-
pies and tubal ligations) to being used for major 
and complex surgeries [2]. With its increased use 
in complex surgical procedures, the limitations of 
laparoscopic surgery became more evident. Some 
of these limitations include the counterintuitive 
hand movements, two- dimensional visualization, 
and limited range of motion encountered with the 
instruments [3]. With the advent of computer-
enhanced technology and with these limitations in 
mind, robotic- assisted laparoscopic surgery was 
developed.

The first robotic gynecology procedures were 
performed in 1998, and in 2005 the US Food and 
Drug Administration approved the first robotic 
device for gynecologic surgery—the da Vinci 
Surgical System (Intuitive Surgical Inc., 
Sunnyvale, CA) [4, 5]. Robotic laparoscopy fea-
tures improved precision and dexterity with 
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wristed instruments, three-dimensional imaging, 
and improved ergonomics for surgeon comfort. It 
also offers a shorter learning curve when com-
pared to conventional laparoscopy, enabling sur-
geons to overcome the limitations of conventional 
laparoscopy while offering minimally invasive 
options to patients [6, 7]. Some limitations of 
robotic laparoscopy include the absence of haptic 
(tactile) feedback and the cost, the latter of which 
is a point of major controversy and debate [8].

 Basic Robotic Setup

At our institution, the basic setup for all robotic 
procedures is as follows:

 1. Patient positioning
 (a) Patients are placed in modified dorsal 

lithotomy position using Allen Yellofins 
stirrups (Allen Medical Systems, Acton, 
Massachusetts). Extreme joint flexion, 
extension, and abduction are avoided to 
prevent nerve compression injuries.

 (b) A standard motorized operating room 
table with maximum tilt of at least 30° is 
used.

 (c) Anti-skid: the Pink Pad (Pigazzi 
Positioning System) is used to secure the 

patient while in steep Trendelenburg 
(Fig. 3.1).

 2. Port placement
 (a) Port placement may vary based on:

• Number of robotic arms used for the 
surgery

• Generation of da Vinci robot used—Si 
vs. Xi (Figs. 3.2 and 3.3)

 3. Robot docking
 (a) We perform either left- or right-side dock-

ing of the da Vinci Si robot in order to 
allow unobstructed access to the perineum 
(Fig. 3.4).

 4. Uterine manipulator
 (a) Although any of the standard uterine 

manipulators are effective, we use the 
Advincula Arch for non-hysterectomy 
procedures and the Advincula Delineator 
or the Advincula Arch with the Koh-
Efficient system (Cooper Surgical, 
Trumbull, CT) for hysterectomies 
(Fig. 3.5).

 Deeply Infiltrating Endometriosis

Endometriosis is a chronic disease that affects 
women worldwide. The true prevalence is not 
known because the diagnosis is established at 

Fig. 3.1 Modified low 
dorsal lithotomy 
position
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laparoscopy. It is however estimated to have a 
prevalence of 10% among women of reproduc-
tive age [9]. The clinical presentation of endome-
triosis ranges from a complete lack of symptoms 
to severe and debilitating chronic pelvic pain and 
infertility.

Deeply infiltrating endometriosis (DIE) is a 
severe form of endometriosis, which is defined as 
lesions extending greater than 5 mm underneath 
the peritoneum [10]. DIE lesions can occur in 
various locations (rectovaginal septum, rectum, 
sigmoid, bladder, vagina). The predominant 
symptom in patients with DIE is pain, and the 
severity of the pain tends to correlate with the 
depth of infiltrative disease [11, 12].The classic 
presentation of women with deeply infiltrating 
disease includes a history of dysmenorrhea, dys-
chezia, and dyspareunia. In addition to this, some 
women present with subfertility, heavy menstrual 
bleeding, and abdominal bloating [7]. Use of tran-
srectal/transvaginal ultrasound, CT colonography, 

© Columbia University. All Rights Reserved.
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Fig. 3.2 Three-arm robotic port placement (da Vinci Si). 
(A) 5 mm accessory port. (C) 12 mm camera port. (1) 
8 mm robotic port, Monopolar Hot Shears; (2) 8 mm 
robotic port, Gyrus PK Dissector

© Columbia University. All Rights Reserved.
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Fig. 3.3 Four-arm robotic port placement (da Vinci Si). 
(A) 5 mm accessory port. (C) 12 mm camera port. (1) 
8 mm robotic port. (2) 8 mm robotic port. (3) 8 mm 
robotic port. Note the difference in location of the two and 
three arms compared to the three-arm setup

Fig. 3.4 Left-side docking of the da Vinci SI robot
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and MRI can aid with diagnosis. However, the 
gold standard is laparoscopy with histologic con-
firmation [13].

Surgical resection of deeply infiltrating endo-
metriosis (DIE) is performed when conservative 
management with hormonal therapy fails to con-
trol pain and also to improve fertility outcomes 
[14]. Resection of endometriosis can range from 
shaving of superficial lesions to total hysterectomy 
with or without bilateral salpingo- oophorectomy. 
When surrounding organs are involved with dis-
ease, portions of these organs are resected to 
ensure complete excision of endometriotic lesions.

Surgery for DIE poses a unique challenge to 
the gynecologist and is probably one of the most 
suited surgeries for robotic assistance. However, 
the role of robotics in endometriosis surgery is 
controversial, and to date no randomized con-
trolled trials have been performed to evaluate its 
use over conventional laparoscopy. The available 
literature consists of mostly case reports and ret-
rospective studies that suggest a role for robotics 
in advanced-stage endometriosis [14–16]. In 
2014, a retrospective cohort study by Siesto et al. 
evaluated the feasibility of robotic surgery for 
management of DIE. In this series, 19 bowel 
resections, 23 removals of rectovaginal septum 
nodules, and 5 bladder resections were performed. 
Posterior vaginal resections were performed in 12 
cases. No intraoperative complications or conver-
sions to laparotomy occurred, and one anasto-
motic leak was recorded [15]. Pellegrino et al. 
followed suit in 2015, evaluating the feasibility of 
robotic laparoscopy for management of DIE 
involving the rectovaginal septum (RVS). They 
reported complete nodule debulking with clear 

margins using a shaving technique in 25 patients, 
with a median operative time of 174 min (range, 
75–300 min), blood loss of 0 mL, and good long-
term outcomes with a median follow-up time of 
22 months (range, 6–50 months) [16]. Neme et al. 
reported on the feasibility of robotic-assisted lap-
aroscopic colorectal resection for severe endome-
triosis. In their study, ten women with colorectal 
endometriosis underwent robotic surgery and 
were evaluated based on short-term complica-
tions, clinical outcomes, long-term follow-up, 
pain relief, recurrence rate, and fertility outcomes. 
Eight women underwent extensive ureterolysis, 
seven had ovarian cystectomies, nine had either 
unilateral or bilateral uterosacral ligament resec-
tion, and all women underwent torus and segmen-
tal colorectal resections. The mean operative time 
was 157 min and mean hospital stay was 3 days. 
Of the six patients with preoperative infertility, 
four women conceived naturally (67%) and two 
underwent in vitro fertilization (33%) [17].

Increased operating time is a critical factor for 
which robotic laparoscopy receives criticism. A 
retrospective review by Magrina et al. performed 
to determine perioperative outcomes and factors 
impacting operating time, length of hospital stay, 
and complications included 493 patients under-
going surgery for stage III or IV endometriosis 
(robotic laparoscopy; n = 331|conventional lapa-
roscopy; n = 162). They found that blood loss, 
number of procedures per patient, and robotics 
were significantly associated with increased 
operating time. Similarly, a 2014 retrospective 
cohort study by Nezhat et al. compared periop-
erative outcomes in robotic-assisted laparoscopy 
(RAL; n = 32) to conventional laparoscopy (CLS; 

Fig. 3.5 (a) Advincula 
Arch. (b) Koh-Efficient 
system. (c) Advincula 
Delineator
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n = 86) for stage III or IV endometriosis. The 
main outcome measures were extent of surgery, 
estimated blood loss, operating room time, intra-
operative and postoperative complications, and 
length of hospital stay. With the exception of 
higher operating room times in the RAL group 
(250.50 min versus 173.50 min [P < 0.0005]), no 
other significant differences were found between 
the groups [18].

Despite the controversy surrounding the role 
of robotics in endometriosis and the lack of level I 
evidence to support its use, an increasing number 
of fertility specialists advocate the use of robotics 
for reproductive surgery, acknowledging the time 
and effort required to achieve and maintain profi-
ciency in the “anti-ergonomic” environment of 
conventional laparoscopy and recognizing that 
the use of robotic technology “minimizes aptitu-
dinal restrictions to the adoption of advanced 
laparoscopy” [19].

Ultimately, the proverbial jury is still out on 
the role of robotics in endometriosis surgery. 
Randomized controlled trials need to be con-
ducted evaluating this topic. Based on the avail-
able literature, it is reasonable to conclude that 
robotic-assisted laparoscopy is a safe, feasible, 
and effective route for surgical management of 
deeply infiltrating endometriosis.

 Stage IV Endometriosis Case Card

Please refer to the basic robotic setup above. We 
use a four-arm robotic setup for DIE resection 
(Fig. 3.3).

Below is a list of instruments we use specifi-
cally for resection of DIE:

 1. Robotic instruments: Monopolar Hot Shears 
(Arm 1), Gyrus PK Dissector (Arm 2), +/− 
Long Tip Forceps or ProGrasp Forceps (Arm 
3), Mega Needle Driver (Arm 1)

 2. EEA sizers
 3. Fornix presenter: for resection of lesions 

invading the posterior vaginal wall
 4. 2-0 V-Loc™ barbed suture (Medtronic, 

Minneapolis, MN): used if colpotomy is 
required for complete resection

See video of robotic-assisted laparoscopic 
resection of RVE nodule.

 Myomectomy

Uterine fibroids are the most common solid pel-
vic tumor in women and the leading indication 
for hysterectomy in the United States [20]. By 
age 50, 70% of white women and 80% of black 
women have fibroids [21]. Although largely 
asymptomatic, abnormal uterine bleeding (AUB) 
with resultant anemia and bulk symptoms are the 
most common complaints of women with fibroid 
uteri. Uterine fibroids are also associated with 
reproductive dysfunction [22].

The diagnosis of uterine fibroids is made 
based on a combination of physical exam and 
imaging studies: transvaginal ultrasound, saline 
infusion sonography, and MRI. When medical 
management (hormonal therapy) fails in patients 
with AUB and when patients have bulk predomi-
nant symptoms with a desire to preserve fertility, 
the only option for surgical management is a 
myomectomy [23]. In addition some fertility 
patients require myomectomy to optimize the 
uterine cavity and potentially improve fertility 
outcomes.

The route of myomectomy—laparotomy, lap-
aroscopy, robotic, or hysteroscopy—depends on 
the location, size, and number of the uterine 
fibroids and, to a certain extent, the indication for 
the myomectomy. In some cases multiple routes 
need to be employed for optimal results, and 
sometimes these procedures have to be staged.

In the past, laparotomy was the surgical route 
of choice for fibroid removal. This surgery was 
associated with long hospital stays, high rates of 
blood transfusions, postoperative pain, and long 
recovery periods. As minimally invasive surgery 
gained popularity, laparoscopic myomectomy 
(LM) became more commonly performed and 
accepted by many as the “gold standard” approach 
for myomectomy [24]. Many studies comparing 
laparoscopic myomectomy to the abdominal 
approach showed a decrease in blood loss, less 
postoperative pain, shorter hospital stay, and 
quicker recovery with laparoscopy [25–27]. 
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Unfortunately, myomectomy via conventional 
laparoscopy is technically challenging, limiting 
the performance of this surgery to select groups of 
highly specialized laparoscopic surgeons. Some 
of the major challenges with conventional LM 
include enucleation of the fibroid along the cor-
rect plane and a multilayered hysterotomy closure 
[28]. The obvious concern with the latter is the 
potential risk for uterine rupture. Accordingly, 
several cases of uterine rupture in the second and 
third trimesters of pregnancy after laparoscopic 
myomectomy led to recommendations for more 
strict selection criteria that excluded patients with 
fibroids >5 cm, multiple fibroids, and deep intra-
mural fibroids [29].

Robotic-assisted laparoscopic myomectomy 
(RALM) was developed to overcome the diffi-
culties of conventional laparoscopy as well as to 
offer minimally invasive options to a broader 
patient pool. In 2004, Advincula et al. reported 
the first case series of 35 women, introducing the 
use of the da Vinci robot for RALM [30]. Since 
this report, multiple retrospective studies have 
verified the safety, feasibility, and efficacy of 
RALM.

With regard to its comparison to the traditional 
abdominal myomectomy (AM), RALM has been 
found to be associated with less blood loss, shorter 
hospital stay, quicker recovery time, fewer com-
plications, and higher costs [31]. In a case control 
study by Ascher-Walsh et al., RALM was associ-
ated with less drop in hematocrit concentration on 
postoperative day 1, less number of days to regu-
lar diet, decreased length of hospital stay, less 
febrile morbidity, and longer operating times [32]. 
Similarly, Hanafi et al. found shorter hospital stay, 
less blood loss, and increased operative time with 
RALM as compared to AM [33]. Nash et al., in a 
comparative analysis of surgical outcomes and 
costs between RALM and AM, found that RALM 
patients required less IV hydromorphone and had 
shorter hospital stays and equivalent clinical out-
comes compared to AM patients. In addition, a 
correlation between increased specimen size and 
decreased operative efficiency of RALM was 
observed [23]. Retrospective cohort studies by 
Mansour et al. and Sangha et al. echo similar con-
clusions [34, 35].

The review of the literature provides sufficient 
evidence in favor of RALM over AM. However, 
as we begin to review the available data compar-
ing RALM to conventional LM, it is clear that 
although the available evidence strongly suggests 
a role for RALM, more comparative studies need 
to be conducted.

In 2013 Pundir et al. completed a meta- 
analysis and systematic review comparing 
RALM to abdominal and laparoscopic myomec-
tomy. Ten observational studies were reviewed; 
seven compared RALM to AM, four compared 
RALM to LM, and one study compared RLM to 
AM and LM (this was included in both groups). 
In the comparison between RALM and AM, esti-
mated blood loss, blood transfusion, and length 
of hospital stay were significantly lower, risk of 
complication was similar, and operating time and 
costs were significantly higher with RALM. When 
compared to LM, blood transfusion risk and costs 
were higher with RALM, and no significant dif-
ferences were noted in estimated blood loss, 
operating time, length of hospital stay, and com-
plications. The authors therefore concluded that 
based on operative outcome, RALM showed sig-
nificant short-term benefits when compared to 
AM but no benefit when compared to LM [36].

Barakat et al. compared surgical outcomes of 
RALM to AM and conventional LM; RALM was 
associated with decreased blood loss and length 
of hospital stay compared to LM and 
AM. Interestingly in this study, significantly 
heavier fibroids were removed in the robotic 
compared to the laparoscopic group (223 vs. 
96 g); the average weight in the AM group was 
263 g [37]. Bedient et al. in their 81-patient retro-
spective study comparing RALM to LM con-
cluded that short-term surgical outcomes were 
comparable between both groups. Gargiulo et al. 
also found similar operative outcomes between 
RALM and LM patient groups. In this study, the 
RALM group had longer operative times (191 vs. 
115 min) and significantly greater blood loss; 
however, barbed suture was used in the LM 
group, and as acknowledged by the authors, this 
likely had an effect on the observed differences. 
In 2009 Nezhat et al. performed a retrospective 
matched control study comparing RALM to LM. 

A. P. Advincula and O. S. Madueke-Laveaux



23

They concluded that in the hands of skilled lapa-
roscopists, RALM offered no major advantage 
and that further studies were needed to assess the 
“utility of RALM for general gynecologic 
surgeons.”

In 2015, Gargiulo and Nezhat co-authored a 
book chapter, “Robot-assisted Myomectomy: 
Broadening the Laparoscopist’s Armamentarium.” 
In this chapter, they acknowledge that the techni-
cal demand in performing conventional LM 
explains why it is underutilized, in spite of the 
strong evidence to suggest laparoscopy over lapa-
rotomy for myomectomy. This acknowledgment 
prefaced the conclusion that despite the lack of 
level-I evidence to support the role of robotic sur-
gery for myomectomies, adapting this technology 
can raise the threshold for AM [38].

A majority of the studies evaluating RALM do 
not discuss long-term outcomes. The 2013 meta- 
analysis discussed earlier [35] reported an uncer-
tainty about long-term benefits such as recurrence, 
fertility, and obstetric outcomes. In our literature 
review, we came across a handful of retrospec-
tive studies reporting pregnancy outcomes after 
RALM. One such study by Pitter et al. included a 
cohort of 872 women who underwent RALM 
between October 2005 and November 2010 at 3 
centers. Of the 872 women, 107 conceived result-
ing in 127 pregnancies and 92 deliveries through 
2011. The mean age at myomectomy was 
34.8 ± 4.5 year, and the average number of myo-
mas removed was 3.9 ± 3.2 with a mean size of 
7.5 ± 3.0 cm and mean weight of 191.7 ± 145 g. 
Preterm delivery rates were higher with greater 
number of fibroids removed and anterior location 
of the largest incision. Overall the pregnancy out-
comes in this study were comparable to those 
reported in the literature for conventional 
LM. Cela et al. had similar outcomes in a review 
of 48 patients who underwent RALM between 
the years 2007 and 2011. The average patient age 
was 35 years, and seven women (13%) became 
pregnant after RALM with eight pregnancies. Six 
deliveries were via cesarean section, one was 
spontaneous, and the last was ongoing at the time 
of the report. There were no spontaneous abor-
tions or uterine ruptures [39]. Following suit, 
Yeon Kang et al. in 2016 reported their outcomes 

in 100 women who underwent RALM for deep 
intramural fibroids (FIGO 2–5). The average 
number of fibroids was 3.8 ± 3.5 with mean size 
of 7.5 ± 2.1 cm. All patients recovered without 
major complications, and 75% of those pursuing 
pregnancy conceived [40].

Pitter et al. published the first paper on symp-
tom recurrence after RALM in March 2015. In 
this retrospective survey of 426 women undergo-
ing RALM for symptom relief or infertility 
across 3 practice sites, 62.9% reported being 
symptom-free after 3 years, and 80% of symptom- 
free women who had undergone RALM to 
improve fertility outcomes conceived after 
3 years. The mean time to pregnancy was 
7.9 ± 9.4 months. Overall, pregnancy rates 
improved, and symptom recurrence increased 
with time from surgery [41].

After this exhaustive review of the available 
data on RALM, it is fair to conclude that robotic 
surgery is a game changer for minimally invasive 
management of uterine fibroids. However, there 
is no enough evidence to support its superiority 
over conventional laparoscopy. Larger and ide-
ally prospective studies are needed. Furthermore, 
future studies comparing these two modalities 
should be performed by surgeons who are skilled 
in both techniques and beyond their learning 
curves [42].

At our institution a majority of the myomecto-
mies are performed robotically. We are careful in 
our selection of RALM candidates with a goal of 
ensuring a successful procedure and minimizing 
the risk of conversion. The factors we consider 
when selecting candidates for RALM include 
location, size, and number of fibroids, patient’s 
body habitus, and relative size of uterus to length 
of patient’s torso. A preoperative MRI is a critical 
part of the preoperative evaluation. It serves as a 
map of the fibroids and rules out the presence of 
adenomyosis. Although RALM is performed by 
four high-volume providers with slightly differ-
ent patient selection criteria and thresholds for 
robotic candidacy, in general, we do not offer 
robotic surgery to patients with >15 myomas and 
with a single myoma >12–15 cm and when the 
uterus is more than 2 finger breadths above the 
umbilicus.
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 Myomectomy Case Card

Please refer to the basic robotic setup above. We 
use a four-arm robotic setup for RALM (Fig. 3.3).

Below is a list of instruments we use specifi-
cally for RALM:

 1. Robotic instruments: Monopolar Hot Shears 
(Arm 1), Gyrus PK Dissector (Arm 2), 
Endowrist Tenaculum (Arm 3), Mega Needle 
Driver (Arm 1)

 2. Uterine manipulator (Advincula Arch)
 3. ALLY Uterine Positioning System (Cooper 

Surgical, Trumbull, CT)
 4. Cytotec/vasopressin (20 U in 50 cc of saline) 

administered via 7 in. 22 gauge spinal needle
 5. Interceed (Johnson & Johnson, New 

Brunswick, NJ)
 6. 2-0 V-Loc™ barbed suture (Medtronic, 

Minneapolis, MN)

See video of RALM.

 Hysterectomy

Hysterectomy continues to be the most common 
major surgical procedure performed by gynecol-
ogists in the United States. Data from 2000 to 
2004 suggests that greater than 600,000 proce-
dures were performed annually with approxi-
mately two-thirds being performed abdominally 
for benign indications [43]. It is well documented 
that minimally invasive hysterectomy via a vagi-
nal or laparoscopic approach is associated with 
less blood loss, decreased length of hospital stay, 
shorter recovery periods, and overall decreased 
morbidity when compared to abdominal hyster-
ectomy [44–47]. The long-term advantage of 
minimally invasive hysterectomy has also been 
evaluated. Nieboer et al. conducted a randomized 
controlled trial evaluating quality of life after 
laparoscopic and abdominal hysterectomy. Of 
the 59 women randomized, 27 underwent LH and 
32 underwent AH. After 4 years the patients were 
given a quality of life questionnaire with an over-
all response rate of 83%. Patients who had LH 
had higher scores (50.4 point difference) mostly 

with questions addressing physical role function-
ing, social role functioning, and vitality [48].

A recent American College of Obstetricians 
and Gynecologists (ACOG) committee opinion 
released in 2015 reaffirmed a 2009 statement 
endorsing vaginal approach as the preferred route 
for benign hysterectomy due to its lower compli-
cation rates and well-documented advantages 
[49, 50]. LH is recommended as an alternative 
approach when vaginal route is not feasible by 
both ACOG and AAGL [51]. It is clear that the 
primary goal with these recommendations is to 
avoid the morbidity of laparotomy whenever fea-
sible. In the midst of these recommendations, the 
role of robotic surgery has not been clearly delin-
eated. This is because there is a dearth of evi-
dence in the available literature to prove the role 
or advantage of robotic-assisted laparoscopic 
hysterectomy over vaginal or laparoscopic routes. 
Accordingly, ACOG recommends “randomized 
controlled trials or comparably rigorous non-ran-
domized prospective trials be performed to deter-
mine which patients are likely to benefit from 
robot-assisted surgery and to establish the poten-
tial risks” [49].

Since the approval of robotic surgery for 
gynecologic procedures, many observational 
studies and only four randomized controlled tri-
als comparing robotic-assisted laparoscopic 
 hysterectomy (RALH) to conventional laparo-
scopic hysterectomy (LH) have been conducted. 
From 2010 to 2014, six systematic reviews and 
meta- analyses comparing RALH to LH in both 
benign and malignant gynecologic diseases were 
published. These reviews, which included mostly 
observational studies, showed superiority of 
RALH over traditional AH. However, the results 
of the comparison between RALH and conven-
tional LH were generally mixed [57]. The meta- 
analysis by Scandola et al. comparing RALH to 
conventional LH found that RALH was associ-
ated with shorter length of hospital stay, less 
postoperative complications (OR, 0.69; 95% CI 
−0.68 to −0.17), and fewer conversions to lapa-
rotomy (OR, 0.5; 95% CI 0.31–0.79) [52]. These 
results were in contrast to the 2014 Cochrane 
review, which found limited evidence to support 
the safety and efficacy of RALH compared with 
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conventional LH or AH for gynecologic cancers 
[53]. The analysis by Gala et al. revealed superi-
ority of RALH over AH but conflicting data when 
comparing RALH to LH. However, they found 
that the proficiency plateau seemed lower for 
RALH than for LH. In this study, the authors go 
on to conclude that the specific method of mini-
mally invasive surgery should be based on the 
patient presentation, surgeon ability, and equip-
ment availability [54].

In 2016 a systematic review and meta- analysis 
of the previously mentioned RCTs was published 
in the Journal of Minimally Invasive Gynecology. 
The most recent of the four RCTs by Lonnerfors 
et al. primarily compared hospital costs between 
RALH and traditional minimally invasive hyster-
ectomy (vaginal and laparoscopic). The study 
included 122 women with benign disease and 
uterine size ≤16 weeks. The women were ran-
domized into two arms: RALH and MIS hysterec-
tomy. The designated surgeon decided the route 
of MIS hysterectomy with vaginal hysterectomy 
as the first choice. The 122 women were random-
ized equally to each arm resulting in 61 robotic 
cases and 61 MIS cases (25 vaginal, 36 laparo-
scopic). The average cost of vaginal hysterectomy 
was $4579 compared to $7059 for conventional 
LH, and the per protocol subanalysis comparing 
conventional LH to RALH showed similar costs 
($7059 vs. $7016) when the robot was a pre-exist-
ing investment. In addition the secondary out-
come, which evaluated short-term complications, 
demonstrated less blood loss and fewer postoper-
ative complications with RALH. The authors con-
cluded that based on hospital costs, RALH should 
not be performed in lieu of vaginal hysterectomy. 
Although the study was underpowered for com-
paring conventional LH to RALH due to the sur-
prisingly high rate of vaginal hysterectomies, this 
study is probably one of the very few that suggest 
relatively similar hospital costs for conventional 
LH and RALH [55]. Martinez-Maestre et al. in 
their quasi- randomized prospective controlled 
trial comparing total surgical time, conversion to 
laparotomy, blood loss, hospital stay, and compli-
cation between RALH and conventional LH 
found that RALH had shorter operating times 
(154.63 ± 36.57 vs. 185.65 ± 42.98 min; 

P = 0.0001) and less reduction in hemoglobin and 
hematocrit and no differences in complications 
and conversion rates. An important fact in this 
study is that the surgeons were “confronting 
themselves with a relatively new procedure in 
both study arms,” thus leading to the authors’ con-
clusion that robotic assistance can facilitate sur-
gery during the learning curve period [56]. The 
last two RCTs by Paraiso et al. and Sarlos et al. 
compared operative outcomes between RALH 
and conventional LH and demonstrated longer 
operating times with RALH and no other clinical 
or statistically significant differences between the 
two routes [57, 58].

In the meta-analysis which included the sum of 
all women in the RCTs (326 total participants), the 
primary outcome evaluated was perioperative 
complications, and the secondary outcomes were 
length of hospital stay, skin-to-skin operating time, 
conversion to alternative surgical approach, blood 
loss, cost, and patient experience measures (post-
operative pain and quality of life). In summary, 
this analysis found no statistically significant or 
clinically meaningful difference between RALH 
and LH. Three of the seven secondary outcomes 
(cost, pain, and quality of life) were inconsistently 
reported and could not undergo formal pooling for 
analysis. In addition,  “significant heterogeneity” 
of the results from the other four secondary out-
comes made it difficult to make generalizable 
inferences. A limitation of this study, as acknowl-
edged by the authors, is the increased risk of type 
II error (not identifying a difference when one 
truly exists) due to the small number of trials 
reviewed. Nevertheless, the authors conclude that 
based on their analysis, no clear significant 
improvement in outcomes for RALH compared to 
conventional LH exists and recommend that more 
targeted research needs to be performed to high-
light the advantages of robotic surgery in a selected 
patient population [59].

In our practice, minimally invasive approach 
to hysterectomy is the absolute gold standard. 
Our surgeons are skilled in vaginal, laparoscopic, 
and robotic techniques for hysterectomy. 
Although each of our surgeons has a unique prac-
tice style and different comfort levels with each 
route of surgery, in general RALH is reserved for 
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patients with more complex pathology including 
uterine size >18–20 weeks, advanced stage endo-
metriosis, and surgical history concerning for 
severe adhesive disease. As a large tertiary refer-
ral center, a significant proportion of the hyster-
ectomies that we perform fall under the category 
of complex hysterectomy.

 Hysterectomy Case Card

Please refer to the basic robotic setup above. We 
use a three-arm or four-arm robotic setup for 
RALH (Figs. 3.2 and 3.3).

Below is a list of instruments we use specifi-
cally for RALH:

 1. Robotic instruments: Monopolar Hot Shears 
(Arm 1), Gyrus PK Dissector (Arm 2), Mega 
Needle Driver (Arm 1), and +/− ProGrasp 
Forceps (Arm 3)

 2. Uterine manipulator (Advincula Arch/Koh- 
Efficient system or Advincula Delineator) 
(Cooper Surgical, Trumbull, CT)

 3. +/− EEA sizer
 4. 2-0 V-Loc™ barbed suture (Medtronic, 

Minneapolis, MN)

 Sacrocolpopexy

Pelvic organ prolapse (POP) is a common condi-
tion faced by women worldwide. A commonly 
referenced statistic is that a woman has an 11.1% 
lifetime risk of surgery for either incontinence or 
pelvic organ prolapse by the age of 80 years [60, 
61]. In 2009 Wu et al. published a forecasting 
study in which they predicted that by 2050, ~44 
million women would be affected by a form of 
pelvic floor disorder [62]. The mainstay of treat-
ment for POP is surgery, and with its increasing 
prevalence, surgical interventions for POP have 
become more commonly performed by 
gynecologists.

In 1962, Lane introduced the sacrocolpopexy 
(SC) as a technique for surgical management of 
apical prolapse [63]. Today it represents the gold 

standard in prolapse surgery proving superiority 
over a variety of vaginal procedures—sacrospi-
nous ligament fixation, uterosacral ligament sus-
pension, and vaginal mesh kits. The clear 
drawbacks of sacrocolpopexy, which was first 
described and performed via laparotomy (as 
compared to the vaginal POP procedures), 
include longer operating time, longer convales-
cence, and increased cost of the abdominal 
approach [64]. In an effort to overcome these 
drawbacks, a laparoscopic approach to SC was 
described and adopted.

Laparoscopic sacrocolpopexy (LSC) has been 
shown in many studies to be associated with 
shorter hospital stays and less blood loss when 
compared to the abdominal approach (ASC); the 
data on operating time has been conflicting. 
Coolen et al. evaluated surgery-related morbidity 
in 85 patients with post-hysterectomy vaginal 
vault prolapse undergoing LSC versus ASC. The 
results of this study showed significantly less 
blood loss (77 mL±182 versus 192 mL±126; 
P < 0.001) and shorter hospital stay (2.4 versus 
4.2 days) in the LSC group. Although there was 
no statistically significant difference in the com-
plication rates between both groups (p = 0.121), 
the authors reported more severe complications 
in the ASC group [65]. Hsiao et al. reported simi-
lar findings and in addition noted significantly 
longer operating times in the LSC group (219.9 
versus 185.2 min; P = 0.045) [66]. Freeman et al. 
conducted a randomized controlled trial (RCT) 
primarily comparing point C on the POP-Q at 
1 year following LSC versus ASC in women 
referred with symptomatic post-hysterectomy 
vaginal vault prolapse (at least 1 cm above or 
beyond the hymen). They reported a C of 
−6.63 cm in the ASC group and −6.67 cm in the 
LSC group. The subjective outcomes at 1 year 
showed that 90% of the ASC group and 80% of 
the LSC group were “much better.” LSC was also 
found to be associated with decreased blood loss 
and shorter length of hospital stay. The trial ulti-
mately concluded that LSC is clinically equiva-
lent to ASC for management of POP [67, 68]. In 
spite of the clear and well-documented benefits 
of LSC over ASC, its global adoption by urogy-
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necologists has been limited due to its marked 
learning curve [69]. As a result, when the da 
Vinci Surgical System received approval for use 
in gynecologic surgery (2005), a proposal was 
made by some urogynecologists for robotic- 
assisted sacrocolpopexy (RASC).

When compared to ASC, RASC offers the 
advantage of a minimally invasive procedure 
without the challenges of conventional laparos-
copy [70]. Interestingly, Collins et al. reported 
that women undergoing RASC did not recover 
more quickly or have less pain control than those 
undergoing ASC. These findings were admittedly 
surprising considering the abundance of quality 
evidence to support the benefits of minimally 
invasive surgery over abdominal approach [71].

With regard to cost differences, Elliot et al. 
performed a cost minimization analysis between 
RASC and ASC in a retrospective cohort of 
patients undergoing SC from 2006 to 2010. The 
analysis showed a 4.2% decrease in cost with 
RASC as compared to ASC [72]. Hoyte et al. 
reported similar findings with slightly less cost of 
RASC ($6668 versus 7804; P = 0.002) but 
increased operating time (212 versus 166 min) 
when compared to ASC [73].

Since the introduction of RASC, two random-
ized trials have been performed comparing LSC 
to RASC. Paraiso et al. compared operating times 
(primary outcome) and surgical outcomes includ-
ing postoperative pain, complications, costs, and 
postoperative subjective and objective cure rates 
(secondary outcomes). The study outcomes dem-
onstrated less operative time (162 ± 47 min vs. 
221 ± 47 min; P <0.001), decreased costs ($14,342 
vs. $16,278), and less pain with LSC compared to 
RASC [74]. Anger et al. reported similar findings 
of less time (178 ± 49.8 min vs. 202.8 ± 46.1 min), 
decreased costs ($11,573 vs. $19,616), and less 
pain with LSC [75]. In both studies no other sig-
nificant differences were noted.

An interesting caveat to consider with the result 
of these studies is that the minimum number of 
RASC performed by the participating surgeons in 
the study by Anger et al. ranged from 10 to 50 (no 
report on LSC numbers), and in the Paraiso et al. 
trial, 1 surgeon had performed 400–500 LSCs and 

10 RASCs, while the other had performed 100 
LSCs and 10 RASCs. Although a definite conclu-
sion cannot be made about the impact of the stark 
difference in surgical experience with the LSC 
versus RASC on the study outcomes, it is reason-
able to infer that the observed differences in the 
operative outcomes including patient postopera-
tive pain, length of surgery, and complications 
were impacted by the surgeons’ limited experience 
in robotic versus laparoscopic surgery.

To conclude, there is still no consensus on the 
role of robotic technology in performing sacro-
colpopexy. The available literature is inconclu-
sive about its advantages over LSC. In a 2015 
meta-analysis comparing LSC to RASC, the 
authors concluded that despite the widespread 
performance of RASC, its advantages in terms of 
complications and anatomical outcomes remain 
unclear [76]. A more recent 2016 meta-analysis 
also comparing LSC to RASC acknowledged the 
advantages of robotic surgery in terms of its abil-
ity to “boost surgical capacities” but cautioned 
about the high cost of robotic surgery and the 
need to negotiate lower costs [77].

At our institution we perform sacrocolpopex-
ies via the laparoscopic and robotic approach. 
The approach of choice is based on surgeon and 
patient preference.

 Sacrocolpopexy Case Card

Please refer to the basic robotic setup above. We 
use a three-arm or four-arm robotic setup for 
RASC (Figs. 3.2 and 3.3).

Below is a list of instruments we use specifi-
cally for RASC:

 1. Robotic instruments: Monopolar Hot Shears 
(Arm 1), Gyrus PK Dissector (Arm 2), Mega 
Suture Cut Needle Driver (Arm 1), and ± Long 
Tip Forceps (Arm 3)

 2. Uterine manipulator (Advincula Arch/Koh 
colpotomizer or Advincula Delineator) 
(Cooper Surgical, Trumbull, CT)

 3. Vaginal manipulator
 4. 0 Polysorb suture
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 Conclusion

The paucity of level I evidence in the literature 
addressing robotic surgery underlies the 
inability to clearly identify and delineate the 
role of robotics in benign gynecology. The 
available data, although mostly of low-to-
moderate quality, generally share consensus 
on a few issues:

• Robotic surgery has a role in benign gyne-
cology. However, the specifics of this role 
are unclear.

• Robotic surgery offers an advantage over 
abdominal surgery as a minimally invasive 
route of surgery.

• Robotic surgery offers a safe and feasible 
minimally invasive surgical approach to the 
management of benign disease.

• Robotic surgery is costly and it is unclear if 
the cost is worth its benefits.

• The superiority of robotic surgery over 
laparoscopy has not been proven.

• Robotic surgery should not be performed 
when vaginal surgery is a feasible option.

Our stance is that a minimally invasive 
approach to surgery is the absolute standard of 
care. Vaginal, laparoscopic, and robotic sur-
gery should be offered and performed over 
abdominal surgery at all times. The route of 
minimally invasive surgery undertaken should 
be based on the patient’s preference, the sur-
geon’s surgical expertise, and the option that 
is felt to ensure the most successful outcome.
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Single-Port Surgery

Kevin J. E. Stepp and Dina A. Bastawros

 Introduction

Conventional laparoscopy is the preferred 
approach for many, if not most, major gyneco-
logic procedures that require abdominal access. 
Conventional laparoscopic instrumentation and 
access devices as well as robotic-assisted laparo-
scopic instrumentation are improving rapidly. 
Whether conventional or robotic laparoscopy is 
considered, we prefer to minimize the size and 
number of ports. Many surgical procedures are 
customarily performed via 3–5 ports through 
small incisions in the abdominal wall. Each addi-
tional port carries a small but not negligible risk 
for port site complications [1]. These risks 

include bleeding, infection, injury to nearby 
organs, soft tissue trauma, herniation, and 
decreased cosmesis [2, 3].

Single-port laparoscopy was first described in 
gynecology when Wheeless et al. performed 
tubal ligation [4]. The first major single-port 
 laparoscopy was described by Pelosi et al. with 
laparoscopic- assisted vaginal hysterectomy [5]. 
With new instrumentation and better visualiza-
tion, gynecologists began re-exploring single- 
port laparoscopy again in 2007.

To this day, authors around the world use mul-
tiple terms to describe laparoscopy carried out via 
a single port. However, in 2010, a multispecialty 
international consortium recommended the name 
laparo-endoscopic single-site surgery (LESS) [6]. 
LESS is meant to recognize and include subtle 
differences in technique such as using a single 
port with or without multiple channels or using 
multiple ports through a single skin incision.

A consortium of LESS experts developed a 
standardized and reproducible technique using 
Core Principles to perform LESS surgery in gyne-
cology (Table 4.1) [7]. This chapter will cover the 
basic concepts that are easily understood, repli-
cated, and useful for beginning and advanced LESS 
surgeons. Challenges unique to the LESS surgical 
approach include an in-line view, instrument 
crowding, and lack of triangulation. Understanding 
the principles and techniques described here will 
help the surgeon proceed efficiently, avoid external 
and internal clashing, and prevent frustration.
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 Ports and Gaining Access

One of the benefits of LESS is the incision is con-
cealed at the base of the umbilicus, rendering a 
virtually scarless result. Various access devices 
and techniques have been described for perito-
neal access. Regardless of the method used, the 
skin incision should be created to provide a cos-
metically appealing result. The umbilicus itself is 
a scar that differs from person to person. In many 
patients, a vertical skin incision is preferable. 
However, the omega incision first described by 
pediatric surgeons in 1986 can provide additional 
space for specimen removal while maintaining 

excellent cosmesis [8, 9] (Fig. 4.1). It has been 
postulated by some that an omega umbilical inci-
sion may carry an increased risk of infection. 
However, a retrospective study in gynecology 
compared vertical and circumferential umbilical 
incisions in 120 patients that underwent a LESS 
procedure and did not find a difference in rates of 
infection [10]. Special care should be taken to 
ensure careful reconstruction of the umbilicus for 
the best cosmetic result. If the umbilical stalk is 
detached from the fascia, it should be reattached 
to the fascia where it was previously attached 
[11]. Limiting the size of the incision may exert 
unnecessary tension on the skin edges that could 

Table 4.1 Core principles for LESS

1.  Always retract in such a way that the handle of the instrument moves laterally, away from the camera and 
central area above the umbilicus. This prevents extracorporeal clashing of instruments

2.  Plan the procedure and choose instrumentation and techniques that minimize the need for instrument exchanges. 
Devices that are multifunctional are strongly encouraged

3.  Use a uterine manipulator. For hysterectomy, we suggest one with a colpotomizer or ring to delineate the 
vaginal fornix

4.  If significant difficulty is encountered at any time during the procedure, an additional port can always be 
considered

a b

Fig. 4.1 Incision options. Top, vertical skin incision before (left) and after (right). Bottom, omega incision before (left) 
and after (right)
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lead to pressure necrosis. Although this condition 
usually heals well, this risk should be considered 
while making the skin incision and selecting the 
appropriate port for each patient.

The majority of commercially available LESS 
ports have two attachments that can be used for 
insufflation, outflow, smoke evacuation, or an 
additional insufflation port as necessary (Fig. 4.2). 
There are several patented port systems currently 
cleared by the US Food and Drug Administration 
for LESS, which will be discussed next.

The AirSeal port (SurgiQuest, Inc., Orange, 
Connecticut, USA) creates pneumoperitoneum 
by creating an air seal, which results from flow of 
air around the port at a higher pressure that what 
the pneumoperitoneum creates. One of the big-
gest advantages of this system is that the constant 
air circulation reduces smoke accumulation [12].

The GelPoint system (Applied Medical 
Resources Corp., Rancho Santa Margarita, 
California, USA) is comprised of a wound retrac-
tor that is placed in the incision. Next, a 10 cm 
gel cap is placed over the outer ring of the retrac-
tor. This cap is made of a gel interface that allows 
the surgeon to pass many instruments through 
this interface with the provided cannulas and 
decrease instrument crowding. The biggest dis-
advantage of this system is the potential for a gas 
leak if the gel interface has a large slit [12].

Covidien (Mansfield, Massachusetts, USA) 
developed a system called the SILS Port. It can 
accommodate up to three instruments through a 
single fascial incision up to 2 cm in length. The 
port is made of an elastic polymer. An advantage 
of this system is that each instrument has it’s own 
dedicated channel. Ports with dedicated channels 

a

c d e

b

Fig. 4.2 LESS ports. (a) The X-CONE™ (Storz 
Endoscopy, Tuttlingen, Germany). (b) AnchorPort® SIL 
Kit device (Surgiquest Inc., Orange, CT). (c) SILS™ Port 
(Covidien, Norwalk, CT). (d) GelPoint™ (Applied 

Medical, Rancho Santa Margarita, CA). (e) TriPort Plus™ 
(Advanced Surgical Concepts, Wicklow, Ireland). (f) 
TriPort 15™ (Advanced Surgical Concepts, Wicklow, 
Ireland)
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provide less rubbing or unintended crossing of 
the instruments at the level of the fascia. A disad-
vantage is that the port requires a slightly larger 
incision 2.0–2.5 cm). Ports that utilize a single 
fascial incision maximize space for additional 
instruments.

TriPort by Advanced Surgical Concepts, Ltd., 
(Bray, County Wicklow, Ireland) comes in two 
configurations. Each has a retraction sleeve with 
two or three 5 mm ports and one 12 mm or 
15 mm port. This system is very advantageous 
because it can be used on varying abdominal 
wall lengths, up to 10 cm. If the retraction sleeve 
is damaged, loss of pneumoperitoneum may 
result [12].

Karl Storz GmbH & Co. KG (Tuttlingen, 
Germany) developed the X-CONE and 
ENDOCONE; however, it is not currently approved 
by the US FDA for use in the United States.

Surgeons also successfully use noncommer-
cial ports constructed from retractors, gloves, and 
other materials readily available in any operating 
room [13].

When necessary, conversion to two-port or 
multiport conventional laparoscopy should not be 
considered a complication.

 Set Up and Instrumentation

The majority of gynecologic LESS surgical pro-
cedures can be performed using conventional 
straight instrumentation available in all operating 
rooms. Some surgeons use specialized articulat-
ing and curved instruments specifically designed 
for LESS surgery to help overcome the lack of 
triangulation. However, there is generally a learn-
ing curve associated with these devices.

An articulating camera has some significant 
advantages over conventional laparoscopes in 
LESS surgery and is preferred by most experts. 
However, bariatric length or longer, 30° or 45° 
laparoscopes can also be used in LESS surgery 
with the techniques and principles described 
here. Conventional laparoscopes have a light 

cable perpendicular to the scope, which can exac-
erbate external crowding and clashing, an obsta-
cle already inherit to LESS procedures. In 
contrast, articulating cameras are designed with a 
single cord, which includes the light source in the 
same axis as the scope to help minimize external 
crowding (Fig. 4.3b). If a non-articulating laparo-
scope is used, we recommend using a 90° adaptor 
to minimize interference from the light cord 
(Fig. 4.3a and inset).

During LESS procedures, uterine manipula-
tion is essential. A uterine manipulator can pro-
vide another means to retract the uterus. Common 
manipulators include systems such as the RUMI 
with KOH Colpotomizer (CooperSurgical, 
Trumbull, Connecticut, USA) and the VCare 
uterine manipulator (ConMed Corporation, 

a

b

Fig. 4.3 Laparoscope options. (a) 30° or 45° laparoscope 
for LESS with 90° light cord adaptor (inset). (b) 
Articulating laparoscope (EndoEye™ (Olympus Surgical 
& Industrial America Inc., Center Valley, PA))
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Utica, New York USA). Both of these systems 
come with different sizes of colpotomy cups in 
order to help displace the ureters laterally and 
delineate the cervicovaginal junction [14].

 Candidate Selection

There is no set criterion that defines the ideal 
patient for a LESS procedure. Fader and Escobar 
[15] studied outcomes and found no differences 
in groups stratified based on BMI, comorbidities, 
or previous surgeries. It has been suggested, how-
ever, that patients with a BMI greater than 28 kg/
m2 may pose a surgical challenge due to thicker 
abdominal walls or large amount of intraperito-
neal fat [16]. Additionally, patients who’ve had 
prior surgeries may represent a challenge due to 
pelvic adhesions. Therefore, Chern et al. suggest 
that patients who are not ideal candidates for this 
procedure include those with high BMI, greater 
than two prior laparotomies, malignancy, or who 
do not have a native umbilicus [16]. Although the 
techniques described here work well for complex 
surgical cases, we strongly recommend surgeons 
first become familiar with the technique for sim-
ple procedures with benign indications. As with 
any surgical approach, complicating factors, such 
as endometriosis, large fibroid uteri, malignancy, 
and significant adhesions, represent an additional 
layer of complexity and are not addressed here. 
We recommended those cases be reserved for 
experienced LESS surgeons.

 Key Steps

There are a few key steps and principles for an 
efficient LESS procedure. We present a simpli-
fied and efficient technique that is useful in all 
gynecologic procedures. This technique when 
strictly followed will eliminate extraneous or 
duplicative movements. Together with the Core 
Principles in Table 4.1, this technique will 
 maximize space between instruments and avoid 

extracorporeal and intracorporeal clashing and 
crossing. The instructions that follow assume the 
primary surgeon is on the patient’s left side. This 
process could be reversed if the surgeon is stand-
ing on the opposite side.

 Step 1: Orientation of the Port 
and Camera Placement

The surgeon should choose the port so that the 
advantages and disadvantages of the specific port 
are well suited to the complexity of the case. 
Once securely placed in the peritoneal cavity, the 
port should be oriented as in Fig. 4.4. The chan-
nels or valves should be oriented so that the lapa-
roscope can be placed through the most cephalad 
channel. This allows the camera to be lowered 
externally toward the chest wall while elevating 
the internal end of the laparoscope toward the 
anterior abdominal wall. Then, use the articula-
tion or angle of the scope to position the camera 
low and laterally (Fig. 4.5). Externally, this posi-
tions the assistant’s hand and the external aspect 
of the camera away from the umbilicus to allow 
space for other instruments and permit the pri-
mary surgeon to operate directly above the 
umbilical port without external clashing. The 
greater the angle of the laparoscope (30°, 45°, or 
flexible), the easier it is to get the camera away 
from the operative field and avoid clashing.

Cephalad

Camera

Fig. 4.4 Port orientation and camera placement. The 
laparoscope is placed through the cephalad channel, 
valve, or cannula
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 Step 2: Insert the Assistant 
Instrument

According to the Core Principles, all retraction by 
any assistant grasper should be performed by lat-
eral retraction of the handle away from midline. 
Always retract in such a way that the handle of the 
instrument moves laterally, away from the camera 
and central area above the umbilicus. This means 
that the tissue is actually being retracted across 
the pelvis toward the contralateral side. This max-

imizes room for the laparoscope and other instru-
ments externally preventing extracorporeal 
clashing of instruments. For example, to retract a 
uterus to the right, an assistant grasper instrument 
is inserted through the left port channel and con-
trolled by moving the handle laterally to deviate 
the uterus to the right (Fig. 4.6). If the instrument 
was inadvertently inserted through the right port 
channel and then the uterus is retracted toward the 
right (internally), the instrument handle would 
move toward the central area above the 

Fig. 4.5 Camera placement. The camera should be placed first prior to any additional instruments. Use the articulation 
or angle of the scope to position the camera and light cord low and lateral

a

b

Fig. 4.6 (a and b) Insertion of the assistant grasper. Always retract so that the handle moves laterally, away from the 
midline
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 umbilicus—thus limiting space externally and 
causing clashing. Therefore, it is very important 
to place the assistant instrument through the port 
on the side in the direction of the lateral retraction 
so that the port channel and instrument move lat-
erally, away from midline.

 Step 3: Insert the Operating 
Electrosurgical Instrument

The operating instrument will be inserted through 
the right channel (Fig. 4.7). It will enter the inter-
nal operative field through the center and usually 
be directed straight toward the surgical target. In 
the event that the instrument handles interfere 
with each other or the camera, the handles should 
be positioned opposite of each other (Fig. 4.7).

Early in the learning curve, we believe the 
simplest option is to set up and expose the surgi-
cal target in a systematic way and then insert the 
primary operative instrument (scissors, bipolar 
vessel sealer, etc.). In this way, the assistant 
grasper can be applied and maintain good expo-

sure without movement of the assistant hand. 
Then the surgeon can focus on the dominant/
operative hand. Until the surgeon is experienced 
with LESS, it is easy to get frustrated with retrac-
tion across the table or clashing when both hands 
are moving simultaneously. Therefore simpler 
procedures that can be accomplished in a straight-
forward routine process with little variation are 
most suited for learning a LESS approach. As the 
surgeon becomes more experienced, more com-
plex procedures become easily feasible.

 Specimen Extraction

One potential advantage of the LESS technique is 
for specimen extraction. Specimens can be more 
easily removed through the slightly larger skin 
incision (15–25 mm versus 12–15 mm for stan-
dard open laparoscopy). Extracorporeal morcella-
tion can be accomplished through the larger 
incision. Some ports include a wound protector. 
These ports have a removable portion of the port 
that reveals a wound protector that facilitates easy 

Fig. 4.7 External instrument position. External view showing setup and instrument positions without clashing. Note 
handles of the bipolar device and assistant grasper are facing opposite directions
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extraction of specimens and allows easy replace-
ment of the port, such as TriPort (Advanced 
Surgical Concepts, Wicklow, Ireland) and 
GelPoint (Applied Medical, Rancho Santa 
Margarita, California, USA). Because the camera 
and instruments enter through a single-port site, 
completely contained intracorporeal  morcellation 
can be performed by inserting a large surgical bag 
through the port and then creating a pseudo-pneu-
moperitoneum directly within the bag. Purpose-
built commercially available morcellation bags 
are under development. The camera, mechanical 
morcellator, and an assistant grasper can be 
inserted through the port and into the bag to per-
form the morcellation within a contained system. 
Any small pieces would remain in the bag. This 
would minimize or eliminate the risk of potential 
spread of benign or malignant tissue (Fig. 4.8).

 Suturing

Laparoscopic suturing requires the most skill. 
Therefore, we recommend traditional suturing be 
considered only by those experienced with LESS. If 
laparoscopic suturing is necessary, we strongly sug-
gest utilizing suturing assist devices such as the 
Endostitch (Covidien, Norwalk, Connecticut, 
USA), barbed suture, or Laparo-Ty (Ethicon Endo 
Surgery, INC. Cincinnati, Ohio, USA). In the case 
of a total hysterectomy, the authors suggest closing 
the vaginal cuff from a vaginal approach until the 
surgeon is experienced with LESS.

 Challenges and Risks Specific 
to LESS

With the advent of LESS technique, instruments 
and ports have been developed to streamline the 
technique. However, many technical challenges 
still remain. When working within a small inci-
sion no larger than 3 cm, instrument crowding 
will always be an issue. Because of this, range of 
motion is restricted. To overcome this challenge, 
the surgeon may cross instruments; however, this 
may lead to counterintuitive motions.

LESS also leads to loss of triangulation due to 
the instruments and the camera all working 
within a small incision. This is a very important 
factor in order to safely perform laparoscopy. 
The basic surgical technique of traction- 
countertraction is best achieved with triangula-
tion [17]. The best strategy to maintain the 
triangulation is to keep all instruments except the 
primary operating one away from the “target” 
zone. This zone is defined as the midline area that 
extends into the axial direction and in the highest 
plane above the abdominal wall [14]. This may 
be overcome by using instruments that already 
have a curve, therefore reducing the need for the 
surgeon to cross arms. Karl Storz and Olympus 
have manufactured curved instrumentation for 
LESS [12].

Another challenge with LESS is the learning 
curve. As with any new technique, new skill sets 
must be obtained. With LESS, a very high skill 
level is warranted, therefore potentially prolong-
ing the learning curve and making it a difficult 
one. It is very important that surgeons adopting 
LESS be highly skilled and adept at conventional 
laparoscopy.

As with any laparoscopic technique, it is 
imperative that surgeons have thorough knowl-
edge of electrosurgery to avoid electrosurgical 
complications. Surgeons should be aware of 
the different types of electrosurgical complica-
tions. There may be a theoretical increased 
risk of capacitive coupling when performing 
LESS. Working with instruments in close quarters 
may predispose them to insulation damage. 
Therefore, we recommend meticulous inspection 
of the instruments. Disposable electrosurgical 

Fig. 4.8 Contained morcellation in a bag. Internal view 
of the uterus and morcellator contained within a 
pseudo-pneumoperitoneum

K. J. E. Stepp and D. A. Bastawros



39

instruments may have decreased risk of insulation 
damage and thus lower risk of direct coupling. We 
believe good technique should mitigate these 
risks.

 Summary of Available Evidence

The feasibility of LESS in most laparoscopic 
procedures is demonstrated in multiple case 
reports and series in the medical literature. 
Several studies have addressed the potential 
advantages and disadvantages of LESS com-
pared to conventional laparoscopy.

One of the first studies was performed by 
White et al. [18] in urologic patients. They looked 
at a series of eight patients in 2007–2008 who 
had undergone single-port retroperitoneal sur-
gery and compared retrospectively to patients 
who had undergone retroperitoneal surgery with 
traditional laparoscopy. Based on their findings, 
they found no significant difference between the 
two groups, except that the LESS cohort had sig-
nificantly decreased pain.

Most studies currently available comparing 
LESS hysterectomy to conventional laparoscopy 
have median uterine weights less than 300 g. 
However, Song et al. [19–21] demonstrated that 
LESS hysterectomy is also a safe and feasible 
option when removing a uterus weighing 500 g 
or more. Increasing uterine weight was associ-
ated with longer operative times and blood loss 
but was not associated with an increased need to 
convert to traditional laparoscopy [19–21]. With 
few exceptions, currently available studies dem-
onstrate comparable operative times between 
LESS and standard laparoscopic technique. 
Escobar et al. [2, 3] examined the learning curve 
for LESS and found similar results when com-
pared to published conventional laparoscopic 
learning curves.

There are few randomized trials. A recent 
meta-analysis of six randomized controlled trials 
by Song et al. [19–21] found no significant differ-
ence between any of their primary outcome mea-
sures including perioperative complications, 
conversation rates, postoperative pain, and cos-
mesis. Their conclusions were consistent with 

other studies with the exception of their assess-
ment of cosmetic preferences. LESS may repre-
sent a superior alternative to traditional 
laparoscopy with respect to cosmetic results. At 
least three randomized controlled trials to date 
have shown superior patient satisfaction with 
LESS cosmetic results [19–23].

Another meta-analysis by Yang et al. [24] 
reviewed six randomized control trials and 12 
retrospective studies, with a combined total of 
3725 patients. This systematic review demon-
strated that single-incision laparoscopy, com-
pared to conventional laparoscopy, had higher 
procedure failure rates (3.59%), longer opera-
tive times, but shorter hospital course and faster 
return to bowel function. Additionally, this 
review showed no statistically significant differ-
ences in perioperative complications, postoper-
ative pain, blood loss, or uterine weights. The 
higher failure rate of single-incision laparos-
copy was due to the necessity of additional 
ports.

In 2015, Angioni et al. published a prospec-
tive case-control study exploring the periopera-
tive outcomes between patients who underwent 
single- incision laparoscopic supracervical hys-
terectomy and conventional laparoscopic supra-
cervical hysterectomy. The outcomes of this 
study demonstrated that patients in the single- 
incision group had longer operative times, 
shorter hospital course, decreased pain, and 
higher cosmetic satisfaction than the conven-
tional laparoscopy group. These findings agree 
with the findings by Chen et al. [25] discussed 
earlier in this chapter. Additionally, a retrospec-
tive study by Yim et al. [26] studied the surgical 
outcomes and postoperative pain in patients 
undergoing hysterectomy either via single-port 
incision or conventional four-port laparoscopy. 
This study demonstrated a statistically signifi-
cant difference in many parameters, including 
less intraoperative blood loss, shorter hospital 
stays, and faster recovery. Song et al. [19–21] 
performed a randomized controlled trial where 
they compared cosmetic satisfaction from 
LESS versus traditional laparoscopy and found 
that the LESS group had higher satisfaction 
rates.
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 Robotic LESS

LESS is also being introduced to the da Vinci 
(Intuitive Surgical, Sunnyvale, California, USA) 
robotic surgical sphere. Traditional robotic sur-
gery has greatly improved postoperative pain 
while decreasing hospital stay and necessary 
analgesia when compared to open laparotomy. 
Escobar et al. [27] published a case report detail-
ing an initial technique for robotic-assisted 
LESS. Since that time, a specialized robotic 
single- site platform with specific instrumentation 
has been introduced. Additional robotic LESS 
platforms are also being investigated.

Robotic-assisted LESS provides the advan-
tage of enabling more rotational degrees of free-
dom, thereby reducing instrument crowding. It 
also enables triangulation, which is important to 
decrease the technical challenges associated with 
LESS. Additionally, this approach is also more 
ergonomically friendly [27].

 Conclusion

LESS is a rapidly maturing minimally invasive 
modality that offers patients many benefits, 
including better cosmesis. As industries con-
tinue to develop newer technologies and instru-
mentation, the learning curve associated with 
this technique should decrease. It will be 
important for future residents, fellows, and 
practicing physicians to maintain a high level 
of dexterity in conventional laparoscopy prior 
to embarking on this modality. LESS still 
comes with technical challenges; however, as 
technology continues to advance, these should 
decrease. Studies have shown that LESS has 
favorable outcomes with patients and, therefore 
with continued study efforts, should be attain-
able for the majority of gynecologic surgeons.
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 Introduction

Deep endometriosis (DE) represents a chronic 
inflammatory disease, affecting pelvic viscera 
and peritoneal and retroperitoneal structures and 
completely distorting their normal aspect and 
reciprocal relationships by a mechanism of pro-
gressive infiltration and retraction. One of the 
main objectives of its surgical treatment, together 
with reducing pelvic pain and improving fertility, 
is the restoration of normal pelvic anatomy. For 
this reason, surgeons must have a deep knowl-
edge of pelvic anatomy, in order to reassess a 
grossly distorted surgical field. Thus, pelvic ana-
tomical landmarks represent essential points of 
reference to start procedures such as mobilization 
of the pelvic viscera, wide peritoneal resections, 
or the identification of further anatomical struc-
tures to be preserved, such as parasympathetic 
and orthosympathetic pelvic neural fibers in 
nerve-sparing procedures.

This chapter has the objective to illustrate all 
the pelvic parietal or visceral retro- or peritoneal 
landmarks useful to perform a radical, safe and 
anatomical surgical eradication of DE.

 Pelvis: Limits and Parietal 
Landmarks

The pelvis is a cone-shaped cavity, continuing 
cranially with the abdominal cavity and closed 
caudally by the pelvic floor, represented by the 
levator ani muscle [1, 2]. The latter represents the 
caudad limit of pelvic spaces, to which dissection 
has to be performed during the development of 
retroperitoneal structures, in order to obtain the 
best identification and mobilization of surgical 
landmarks such as the ureter, pelvic nerves, and 
parametria. The levator ani muscle is constituted 
by three parts (Fig. 5.1):

 1. The pubo-coccygeus muscle
 2. The ilio-coccygeus muscle
 3. The ischio-coccygeus muscle

Laterally to these muscles, the pelvic cavity is 
closed by the obturator muscle (divided by the 
so-called “white line” by the ilio-coccygeus mus-
cle) and dorso-laterally by the piriformis muscle. 
All these muscles are covered cranially by a thick 
and strictly adherent fibrotic structure, called 
parietal pelvic fascia which really represents the 
surgical landmark till which the dissection of ret-
roperitoneal spaces has to be conducted [1, 2].

The pelvic cavity has also bone limits, which 
represent useful anatomical landmarks for dis-
section maneuvers in course of eradication of 
severe DE.
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Dorsally, the sacral promontorium is the start-
ing point for the opening steps of the retroperito-
neum in order to face DE affecting the pelvic 
posterior compartment (“torus uterinus”, Douglas’ 
pouch, posterior broad ligaments, utero-sacral 
and  recto-vaginal ligaments, lateral rectal liga-
ments, also called rectal stalks, recto-vaginal sep-
tum, pelvic ureter, ortho- and parasympathetic 
components of pelvic innervation) (Fig. 5.2).

The junction of L5–S1 vertebrae constitutes 
an anterior arch which defines the limits between 
abdominal and pelvic cavities. Caudally to the 
sacral promontorium, the sacral bone (formed by 
the fusion of S1–S2–S3–S4–S5 vertebrae) forms 

a concavity closed downward by the coccyx. The 
sacral bone is covered by the regional part of the 
parietal pelvic fascia, called pre-sacral fascia; 
this structure is a crucial anatomical landmark 
which has to be respected during the posterior 
dissection of the recto-sigmoid for the prepara-
tion of the surgical field in case of eradication of 
DE with bowel infiltration. In fact, the dissection 
has to be conducted along the surface of this fas-
cia, between this and the visceral rectal fascia 
(the fascia propria recti), paying attention not to 
interrupt it, for the risk of creating vascular 
lesions to the middle sacral vein or artery and to 
the numerous artero-venous pre-sacral anastomo-
ses which are covered by the presacral fascia.

The same pre-sacral fascia extends laterally to 
cover the sacral plexus and the sacral roots S1, 
S2, S3, S4, and S5, which lie on the ventral sur-
face of the piriformis muscle. In this area, the 
major concern of surgical dissection is the preser-
vation of the parietal fascia in order not to dam-
age the parasympathetic system of the sacral 
roots; however, in cases of DE infiltrating or 
compressing the visceral fascia of the sacral 
roots, the parietal fascia has to be removed in 
order to totally eradicate the disease [3].

In some wide extensive infiltration pattern, the 
visceral fascia might be itself infiltrated with the 
need of resection, and some evidence exists that 
fascial infiltration reflects disease severity in 
patients with colorectal endometriosis. Its removal 
affects intra-operative morbidity and may lead to 
a higher rate of voiding dysfunction [4].

The ventral border of the pelvis is closed by 
the two ischiopubic branches (Fig. 5.3), con-
nected medially at the level of the pubis by the 
pubic ligament. These bone landmarks are to be 
identified especially in the treatment of DE infil-
trating the anterior compartment or in cases 
where a complete mobilization of the bladder is 
required (e.g., to obtain a tension free suture in 
case of extended cystectomy for large bladder 
nodules or in case of ureteral reimplantation).

In these cases, the bladder is mobilized start-
ing by the anterior abdominal wall, identifying 
medially the urachus and laterally the profile of 
the obliterated artery. The umbilical (or obliter-
ated) artery is the first anterior parietal branch of 

Fig. 5.1 Cranio-caudad view, after total pelvic exentera-
tion, of the levator ani muscle with its three components: 
pubo-coccygeus muscle (pubo-CM), ilio-coccygeus mus-
cle (ilio-CM), ischio-coccygeus muscle (ischio-CM)

Fig. 5.2 Laparoscopic view of the sacral promontorium 
and of the transperitoneal profiles of the right ureter, iliac 
vessels, right hypogastric nerve in its relationships with 
the utero-sacral ligament and mesorectum
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division of the hypogastric artery (i.e., internal 
iliac artery); it crosses the retroperitoneum below 
the broad ligament, and after originating the uter-
ine artery and the superior vesical artery, it 
reaches the anterior abdominal wall, in the con-
test of the para-vesical space, at the level of the 
ischiopubic branch, thus directing itself to the 
umbilicus. This artery (also considered as a liga-
ment) represents a useful anatomical landmark 
for the opening of the para-vesical space: this 
space may be divided in medial or lateral with 
respect to the umbilical artery, thus having the 
medial or lateral para-vesical space, respectively. 
The procedure of mobilization of the bladder 
thus starts from the incision of the abdominal 
peritoneum medial to the umbilical artery toward 
the urachus (at the midline), which may be sec-
tioned cranially to the vesical dome (thus avoid-
ing damage to the bladder) permitting to caudally 
develop the retro-pubic space (so-called Retzius’ 
space) until the Santorini’s venous retropubic and 
paraurethral plexus. This venous system repre-
sents the median caudad anatomical landmark for 
the mobilization of the bladder and is not to be 
damaged for the possibility of severe bleedings. 
In some cases, instead, the bladder needs further 
lateral mobilization, and this may be obtained by 
the opening and dissection of the lateral para-
vesical space lateral to the obliterated artery.

Finally, the round ligament is another land-
mark of the retro-inguinal area of the anterior 

abdominal wall, which may serve as reference 
for dissection but may also be retracted and infil-
trated by DE. This ligament originates from the 
uterine horn and reaches the abdominal orifice of 
the inguinal ligament where it enters. This struc-
ture is vascularized by the so-called Sampson’s 
artery, one of the three terminal branches of the 
uterine artery (together with the branch for the 
uterine fundus and the one for the salpinx). It can 
be sectioned in order to better mobilize the uterus 
in cases of anterior adenomyosis extensively 
infiltrating the vesico-uterine fold; moreover it 
may be sectioned and removed in cases of its 
nodular infiltration.

 Peritoneal Surfaces: Vesico-uterine 
Fold, Broad Ligament, Douglas’ 
Pouch, Utero-sacral Ligaments

The peritoneum is a serous membrane, covering 
the internal abdominal wall and all the pelvic vis-
cera (except for the ovary) and ligaments by 
which are connected and among which it forms 
pouches and folds [1, 2].

Schematically, the peritoneum forms three 
anatomical landmarks which have great impor-
tance in the treatment of DE.

 1. Vesico-uterine fold: it is the peritoneal fold 
covering the Halban’s pre-cervical fascia, 
reflecting on the anterior face of the cervix 
and the vesical couple (Fig. 5.4). It is often 
infiltrated by the adenomyosis growth expand-
ing ventro-caudally by the anterior isthmic 

Fig. 5.3 Laparoscopic view of the retropubic (Retzius’) 
space, looking in detail at the ischiopubic branches and at 
Santorini’s retropubic venous plexus

Fig. 5.4 Laparoscopic view of the vesico-uterine fold, 
the anterior leaf of the broad ligament, and the transperi-
toneal profile of the umbilical (obliterated) artery
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wall of the uterus, infiltrating the vesico- 
cervical and vesico-vaginal septum.

 2. Rectouterine fold (Douglas’ pouch): it is the 
posterior reflection of the peritoneum, lying in 
a caudo-cranial level at least 1.5–2 cm caudad 
to the corresponding level of reflection of the 
vesico-uterine fold. It covers the retro-cervical 
area (the so-called torus uterinus, point of con-
vergence of both utero-sacral ligaments on the 
posterior face of the cervix), blending over the 
anterior face of the rectum at least 8 cm from 
the anal margin (Fig. 5.5). Laterally, the recto-
uterine pouch confines with the utero-sacral 
ligaments, caudally with the recto-vaginal 
septum.

 3. Broad ligament: it is the peritoneal sheet cov-
ering the lateral uterine wing, tended by the 
round ligament, the salpinx, and the utero- 
ovarian ligament. It can be divided into two 
compartments: the anterior leaf, ventral to 
the round ligament and continuing with the 
peritoneum covering the vesico-uterine fold 
and the bladder dome, and the posterior leaf, 
covering the salpinx until the ampulla and 
the utero-ovarian ligament and confining 
 medially with the profile of the utero-sacral 
ligaments [5].

 Pelvic Spaces (Retzius’, Bogros’, 
Lateral and Medial Paravesical, 
Vesico-uterine, Lateral and Medial 
Para-rectal, Recto-vaginal, 
Retro-rectal)

 Retropubic (Retzius’ Space)

The retropubic space (Fig. 5.3) is a median pel-
vic space extending between the posterior face 
of the pubic bone and the ischio-pubic branches 
and the vesical dome [6]. It is very useful for the 
surgical approaches for bladder endometriosis 
especially in case of full-thickness infiltration of 
the bladder with the need to resect a wide area 
of the bladder wall. In these cases, in order to 
obtain a tension-free suture, a good mobiliza-
tion of the bladder is needed. Thus, starting by 
the section of the urachus along the midline of 
the anterior abdominal wall (Fig. 5.6), above the 
cranial limit of the vesical dome, it is possible to 
achieve a partial mobilization of the dome, 
which may be improved if the dissection, ini-
tially conducted on a median plane, is extended 
laterally by the dissection of the medial para-
vesical spaces. In cases of lateral infiltration of 
the bladder, also the lateral para-vesical spaces 

Fig. 5.5 Laparoscopic image of the recto-uterine 
(Douglas’) fold, utero-sacral ligaments, posterior leaf of 
the broad ligament, and hypogastric nerves

Fig. 5.6 Laparoscopic image of the urachus, sectioned 
during the initial step of development of the retropubic 
space, in its relationship with the bladder dome and the 
ischio-pubic branches
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need to be developed. The caudad limit of this 
spaces is bilaterally represented medially and 
caudally by the Santorini’s venous plexus and 
laterally by the pelvic floor of the medial para-
vesical spaces. The lateral limit of the Retzius’ 
space is given by the umbilical pre-vesical fas-
cia (also called Charpy’s fascia), ventral part of 
the genito-sacral fascia, which continues medi-
ally with the vesico-cervical fascia [7].

 Bogros’ Space

The retro-inguinal space (or Bogros’ space) is 
the extraperitoneal bilateral space situated later-
ally to the lateral para-vesical spaces (PVS), 
deep to the inguinal ligament (Fig. 5.7). It is 
ventrally limited by the fascia transversalis, dor-
sally by the parietal peritoneum, and laterally by 
the iliac fascia [6].

 Lateral Para-vesical Space

Para-vesical space (PVS) development gives bilat-
erally initial access to the anterolateral compart-
ment of the pelvis for the lateral approach to the 

bladder in course of eradication of DE or recon-
structive procedures such as ureteral/bladder 
resection and/or ureteroneocystostomy (Fig. 5.8).

It can be divided into a medial PVS and a lat-
eral PVS with respect to the obliterated umbilical 
artery and the umbilical pre-vesical fascia, which, 
respectively, represent its lateral and medial lim-
its [8–10].

The anatomical limits of the PVS in each side 
are as follows:

Laterally: parietal pelvic fascia (PPF), external 
iliac vein/artery, and retro-inguinal Bogros’ 
space

Medially: the obliterated umbilical artery and the 
umbilical pre-vesical fascia

Ventrally: Bogros’ retro-inguinal space and 
ischio-pubic branches

Dorsally: Mackenrodt’s cardinal ligament (lat-
eral parametrium) with uterine artery and 
vein

Cranially: round ligament and peritoneum of the 
anterior leaf of the broad ligament

Caudally: pelvic floor, i.e., ilio-coccygeus muscle 
covered by the PPF and its attachment to the 
obturator muscle arcus tendineus fasciae pel-
vis and arcus tendineus levator ani (ATFP and 
ATLA)

Fig. 5.7 Laparoscopic view of Bogros’ spaces, Retzius’ 
space, and the ischio-pubic branches after complete mobi-
lization of the bladder

Fig. 5.8 Laparoscopic view of the lateral para-vesical 
space during lateral mobilization of the bladder for vesical 
endometriosis
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 Opening and Development of Lateral 
Para-vesical Space
After coagulation and transection of the round 
ligament at the level of pelvic wall (and lateral 
and ventral traction of the lateral part of its cut 
portion), the anterior and posterior peritoneal lay-
ers of the broad ligament are bluntly opened with 
a craniocaudad and dorso-ventral dissection, and 
the ureter is identified. After subsequent dissec-
tion, more ventrally, the obliterated umbilical 
artery is identified, following its course up to the 
anterior abdominal wall. The lateral para-vesical 
space is then developed by a gentle medial trac-
tion of umbilical artery together with the lateral 
umbilical ligament fascial sheet, bluntly 
 developing the cellular tissue between umbilical 
artery and external iliac vessels.

This space is developed up to the level of the 
pelvic floor until the parietal endopelvic fascia 
covering the levator ani muscles, thus consenting 
the identification of the internal obturator and 
coccygeal muscle [11–13].

 Lateral Para-rectal Space

The lateral para-rectal space (PRS), also known 
as Latzko’s space, is the retroperitoneal avascular 
area usually dissected between the mesoureter 
and the pelvic wall by opening up the space 
between the internal iliac artery (lateral) and the 
ureter (medial).

Its anatomical limits are as follows:

Medial: visceral endopelvic rectal fascia (fascia 
propria recti), lateral ligaments of the rectum 
(rectal wings, rectal pillars), and the ureter

Lateral: parietal pelvic fascia (PPF), inferior 
hypogastric plexus with pelvic splanchnic 
nerves, internal iliac artery, and piriformis 
muscle

Dorsal: pre-sacral fascia and sacral bone
Ventral: Mackenrodt’s cardinal ligament and 

paracervix (cranial and caudad ligaments of 
lateral parametrium)

Caudad: pelvic floor, i.e., ischio-coccygeal mus-
cle, branches of the pubo-rectal and pubo- 
coccygeal muscle

Cranial: round ligament and peritoneum of the 
posterior leaf of the broad ligament [3]

The mesoureter is the connective tissue bundle 
that emerges between medial (Okabayashi’s) and 
lateral (Latzko’s) para-rectal spaces, and it is also 
named as ureteral leaf or ureteral blatt. At this 
level, two visceral pelvic fasciae are fused, and 
between them the ureter, the hypogastric nerve, 
and the ureteral branches of the hypogastric ves-
sels are contained. This leaf envelops the ureter 
up to its bladder entry, for about 4 cm, and con-
tains vascular and nervous elements as well as 
smooth muscular sub-peritoneal cells.

The opening of the Latzko’s space is a pecu-
liar key-step during a lateral and posterior 
parametrectomy of DE, giving full access to the 
internal iliac (hypogastric) vessels branches, 
especially the uterine artery, but also the visceral 
pelvic innervation such as the pelvic splanchnic 
nerves and the pelvic plexus [3, 11–13] (Figs. 5.9 
and 5.10).

 Opening and Development of Lateral 
Latzko’s Para-rectal Space
After the identification of the course of the ureter 
at the level of the pelvic brim, the peritoneum is 
coagulated, incised, and opened. Then, starting 
from the level of iliac vessels bifurcation, the 

Fig. 5.9 Laparoscopic view of left lateral parametrium, 
looking in detail at the superficial uterine artery (SUA) 
and vein (SUV), the deep uterine vein (DUV), and the pel-
vic splanchnic nerves (PSN), after the development of the 
para-rectal space (PRS) and para-vesical space. Laterally, 
the obturator nerve and vein are exposed, in the obturator 
fossa
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right lateral Latzko’s para-rectal space is devel-
oped. This space is opened by blunt dissection (in 
a craniocaudad and dorsoventral direction) of the 
areolar tissue between the mesoureter and pelvic 
wall by developing the space between the inter-
nal iliac artery (lateral) and the ureter (pulled 
medially together with the mesoureter), up to the 
level of the parietal endopelvic fascia covering 
the pelvic floor. This step allows the identifica-
tion of the dorsal portions of coccygeal and piri-
formis muscles and the internal iliac lymph 
nodes.

The identification of the so-called hypogas-
tric fascia consisted by pre-sacral parietal pelvic 
fascia covering the muscles and pierced by the 
parasympathetic pelvic splanchnic nerves origi-
nating at this level from sacral roots S2–S4 and 
directed to join their fibers with inferior hypo-
gastric plexus (or pelvic plexus) crossing the 
paracervix.

This fascial sheet is then pierced and bluntly 
developed with medio-lateral dissection, and the 
pelvic splanchnic nerves are completely identi-
fied and exposed, in order to preserve their fibers 
during the lateral and posterior nerve-sparing 
parametrectomy.

In these procedures the blunt opening of pel-
vic spaces is considered the key-step, allowing 
the identification of surgical landmarks and a bet-
ter exposure of parametrial ligaments.

At the end of surgical steps, together with the 
opening of the medial Okabayashi’s para-vesical 

and pararectal spaces, four retroperitoneal avas-
cular spaces are opened in each hemi-pelvis con-
senting the exposition and separation of lymph 
nodal tissues from the visceral and parametrial 
compartment. Parametrial tissues appear divided 
from each side in the three following portions:

 – Anterior parametrium: consisted by cranial 
and caudad layers of vesico-uterine ligaments

 – Lateral parametrium: represented by the car-
dinal ligament, also called Mackenrodt’s liga-
ment (cranial), and the paracervix together 
with the paracolpia (caudad)

 – Posterior parametrium: consisted by utero-
sacral ligament (cranial) and recto-vaginal and 
lateral rectal ligaments (caudad) [3, 11–13]

 Medial Para-vesical Space

The medial PVS, as previously exposed, repre-
sents the part of the PVS medial to the obliterated 
artery, confining medially with the bladder and 
the cervico-vesical fascia, laterally with the 
umbilical artery and the umbilical pre-vesical 
fascia, and caudally and ventrally with the levator 
ani muscle. It is useful as it gives access to the 
lateral board of the bladder, when there is no 
need to perform an excessive mobilization of the 
vesical couple. Moreover, it gives easy access to 
the anterior parametrium, in case of ureteral 
resection for infiltration by DE (Fig. 5.11).

Fig. 5.10 Laparoscopic view of the left posterior para-
metrium with the hypogastric nerve, the pelvic splanchnic 
nerves, and the utero-sacral ligament

Fig. 5.11 Laparoscopic image of the medial para-vesical 
space, medial to the obliterated artery, which is developed 
for the medial approach to the bladder in case of vesical 
endometriosis
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 Medial Para-rectal Space

The medial (Okabayashi’s) PRS is half of the para-
rectal space confined laterally by the ureter and the 
mesoureter and medially by the rectum [14]. 
Ventrally it continues with the lateral parametrium 
and dorsally with the sacrum and the retro-rectal 
space. The utility of the dissection of this space is 
due to the medial isolation of the ureter, giving 
access to the posterior parametrium. In particular, 
lateralizing the ureter and the mesoureter with the 
hypogastric nerve in its contest, the opening of this 
space permits to isolate and skeletonize the utero-
sacral and recto-vaginal ligaments, thus removing 
the endometriotic infiltration with a nerve-sparing 
technique. The knowledge of the medial para-rec-
tal space is also important in case of extensive iso-
lation of the ureter (or in case of ureterolysis) 
when there is the need to perform a lateral paramet-
rectomy or propedeutical to the ureteral mobiliza-
tion and section in course of major ureteral surgery 
with ureteral resection and ureteroneocystostomy 
(with or without the Psoas Hitch procedure) [3, 
10–13] (Fig. 5.12).

 Retro-rectal Space

The laterocaudad dissection of the para-rectal 
space toward the sacral bone’s concavity gives 
access to the retro-rectal space, opening the so- 
called holy plane of Heald on the midline. 
Dissection is bluntly performed in a cranio-caudad 

and medio-lateral direction up to the level of the 
recto-sacral fascia (also called the Waldeyer’s fas-
cia). This fascia is then resected in the course of 
eradication of DE with rectal resection. During 
this surgical step, the thin and loose pre-sacral vis-
ceral pelvic fascia between the pre-rectal and para-
rectal space is bluntly mobilized and pulled 
laterally. This lateral part, surrounded by the supe-
rior hypogastric plexus, at the level of the sacral 
bone at the promontorium courses bilaterally by 
the hypogastric nerves and the anterior branches of 
the lumbo-sacral sympathetic trunk’s chain. 
During this step, sacral roots S2–S4 and pelvic 
splanchnic nerves are identified bilaterally [15].

The dissection of the retro-rectal plane is devel-
oped in an avascular way, bluntly separating the 
peri-rectal fascia from the presacral fascia down to 
the coccyx. The pre-sacral parietal fascia covers 
medially the middle sacral vein (which directly 
drains into the vena cava), the middle sacral artery 
(originating from the aorta), and numerous pre-
sacral artero-venous anastomoses; for this reason, 
caution has to be given not to incise this fascia in 
order not to create lesions on these vessels and 
produce important bleedings (Fig. 5.13).

 Recto-vaginal Septum (RVS)

The RVS extends from the base of the recto-vag-
inal pouch of Douglas to the uro-genital dia-
phragm at the top of the perineal body. It is 
represented by the connective tissue interposed 

Fig. 5.12 Laparoscopic view of the medial para-rectal 
(Okabayashi’s) space, evidencing the left hypogastric 
nerve (LHN), the pelvic splanchnic nerves, and, caudally, 
the recto-vaginal space, developed for the dissection of 
the rectosigmoid in case of DE infiltrating the bowel

Fig. 5.13 Laparoscopic view of the retro-rectal space 
after complete dissection and resection of the rectosig-
moid for DE. In detail, the left (LHN) and right (RHN) 
hypogastric nerves, arising from the superior hypogastric 
plexus
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by the posterior vaginal wall and the anterior rec-
tal wall, and its latero-caudad limit is represented 
by the levator ani muscle [16].

Koninckx et al. in 1993 classified DE infiltrat-
ing the RVS in three types:

 (a) DE formed by a conic infiltrative lesion with 
the deepest portion progressively thinner and 
thinner

 (b) Retraction of an area of the bowel above the 
lesion which is located in the RVS

 (c) A sphere-shaped lesion located in the context 
of the RVS

What is of major concern about surgery for DE 
is the development of RVS in order to remove pure 
nodules of this anatomical area or to free the infil-
trated rectal wall from the retro-cervical area/
utero-sacral ligaments, in case of severe involve-
ment of the posterior compartment. In literature 
there are two different (but comparable in efficacy) 
approaches for the opening of the RVS (Fig. 5.14).

The classical approach is “lesion oriented” 
and consists in the opening of this space along a 
cranio-caudad axis, cutting along the borders of 
the disease, the final step being the development 
of the same RVS.

A different approach, according with the nerve-
sparing procedures, is the retroperitoneal one, 
which provides the development of the RVS in a 
latero-medial, cranio-caudad and dorso-ventral 
direction. By this way, para-rectal spaces are dis-

sected at first, to the level of the pelvic floor; then, 
dissection of the lateral boarders of the RVS is 
approached caudally with respect to the lesion, 
which is the last to be resected. Thus, the concept is 
to work in the retroperitoneum, surrounding the dis-
ease from the back (pre-sacral planes), and to cut 
the disease when all important retroperitoneal struc-
tures, such as the ureter and the hypogastric nerves, 
have been yet identified and lateralized. This kind of 
procedure is routinely used in our institution and 
has proved to be safe and efficient [9, 11].

 Vascularization: Uterine Artery

Uterine arteries come from the hypogastric trunk 
in variable manners. In 60% of cases, the uterine 
trunk comes directly from the anterior branch of 
the internal iliac artery and the obliterated umbil-
ical artery from a separated trunk. In 40% of 
cases, the uterine artery represents a branch of 
the umbilical artery itself. More rarely it derives 
from the obturator artery. It directs medially and 
caudally descending at the level of the ischiatic 
spine and then leading toward the uterus trans-
versally and then ascending siding the lateral 
uterine wall in a typical spiral manner [1, 2, 5].

The uterine artery crosses the ureter at about 
1.5 cm from the uterine wall. Collateral branches 
are vesico-vaginal (up to five arising laterally to 
the ureteric cross); ureteric (inconstant), cervico- 
vaginal artery (arising as unique medially to the 
ureteric cross and dividing on an anterior and a 
posterior branch); and visceral branches for the 
cervix and uterine corpus.

Several anastomotic systems might cross-by 
in a complex fashion external iliac vessels, inter-
nal iliac vessels, aortic circle (i.e., the mesenteric 
arteries and lumbar vessels), so that if one of the 
two uterine arteries are sacrificed during surgical 
procedures, uterine vascular feeding might com-
pletely recover.

A more caudad dissection of the hypogastric 
trunk in the Latzko’s para-rectal spaces allows 
identification of the middle rectal artery (MRA) 
and the course of the deep uterine vein (DUV), 
which represents a constant anatomo-surgical 
landmark used to identify the plane dividing the 

Fig. 5.14 Laparoscopic view of the recto-vaginal sep-
tum, developed till the level of the levator ani muscle, 
after vaginal resection for DE. Transperitoneal view of the 
ureters, in their relationships with the left and right hypo-
gastric nerves (LHN and RHN, respectively)
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parametrial pars vasculosa (ventrally and crani-
ally) from the pars nervosa (dorsally and 
caudally).

 Ureter

The portion of the ureter that lies above the pelvic 
area is rarely affected by endometriosis. However, 
the portion of the ureter that lies below the pelvic 
area and the urinary bladder can be affected by 
endometriosis in approximately 1% of patients.

There are two types of ureteral endometriosis 
usually described: an extrinsic type characterized 
by endometriotic lesion in the adventitial tissue and 
an intrinsic type marked by a proliferation of endo-
metriosis in the muscular layer. The extrinsic form 
can be treated by ureterolysis, whereas the intrinsic 
requires resection of the involved segment with pri-
mary uretero-ureterostomy or ureteral reimplanta-
tion with or without a Psoas-hitch and/or a Boari 
flap procedure [17–19].

Ureteral lesion during laparoscopic surgery 
can be considered a rare event, estimated around 
0.2–2%, but this is probably underestimated [20].

Nevertheless, endometriosis, altering the anat-
omy, increases the risk of ureteral trauma (38% 
of these lesions occur during surgery for endome-
triosis) [21, 22].

Thus, it is essential that every surgeon 
approaching endometriosis must be familiar with 
the special anatomy of the ureter.

The abdominal segment of the ureter extends 
from the renal pelvis to the pelvic brim. The right 
ureter begins behind the descending part of the 
duodenum. Just below their origin, the ureters are 
crossed by the ovarian vessels (the so-called 
bridge over the water). Behind the ureter the 
genito-femoral nerve (or its genital and femoral 
branches) runs on top of the psoas. On the left 
side, the sigmoid arteries and veins, embedded in 
the sigmoid mesocolon, run in front of the ureter 
toward the sigmoid colon. The inferior mesenteric 
artery and its terminal branch, the superior rectal 
artery, follow a curved course close to the left ure-
ter. Proceeding from medial to lateral, the follow-

ing sequence of structures is found: superior rectal 
vessels, left ureter, and left ovarian vessels. Just 
above the entry to the pelvis, the ureter is still cov-
ered by peritoneum by virtue of the ureteric fold. 
Next to the ureteric fold, the gonadal vessels form 
an adjacent fold (in female, infundibulopelvic or 
suspensory ligament of ovary).

The pelvic segment of the ureter is about 
15 cm long and accounts for roughly half of its 
total length. At the level of its beginning at the 
pelvic inlet, it crosses the common iliac vessels 
near their bifurcation (on the left side commonly 
anterior to the common iliac artery and on the 
right side commonly anterior to the external 
iliac artery). Within the pelvis the ureter can be 
divided into two portions. The descending part 
runs caudally still covered by peritoneum. It is 
dorsally accompanied by the internal iliac artery 
and its visceral branches as well as marked 
venous plexuses. Projected on to the lateral wall 
of the pelvis, the descending part of the ureter 
crosses the obturator artery, vein, and nerve. In 
the female, the descending part of the pelvic 
segment of the ureter courses posterior to the 
ovary. Following that, the bent part passes the 
middle rectal artery in the lateral ligament of the 
rectum (paraproctium), swings in a convex 
curve, and crosses the uterine vessels in a sagit-
tal direction near, i.e., 1.5–2 cm (occasionally 
even 1–4 cm) away from the margin of the cer-
vix of the uterus. At this level, the ureter reaches 
the base of broad ligament of the uterus (para-
colpium) described by Mackenrodt as the liga-
mentum transversalis colli [23]. The inferior 
hypogastric plexus (or pelvic plexus) is bilater-
ally positioned more caudad than the ureter, 
with the middle rectal vessels piercing almost at 
its center. Finally, the terminal ureter runs for-
ward, accompanied by the neuro-vascular bun-
dle of the bladder. Just before entering the 
bladder, it passes the anterior vaginal fornix. As 
a rule, the left ureter has a more close relation-
ship with the anterior wall of the vagina than the 
right ureter (this is the site where ureteral inju-
ries most commonly occur during gynecological 
procedures).
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 Parametrium: Anterior, Lateral, 
Posterior

 Anterior Parametrium

The anterior parametrium (Figs. 5.15 and 5.16), 
also called the bladder pillar, is defined after sur-
gical opening and development of the vesico-
uterine septum (vesico-cervical and 
vesico-vaginal spaces) and the medial and lateral 
para-vesical spaces. The bladder pillar is split 
into cranial and medial portions and into lateral 

and caudad portions by the ureter, which, respec-
tively, corresponds to the vesico-uterine ligament 
and the lateral ligament of the bladder (or the cra-
nial and caudad portions of vesico-uterine liga-
ments) [10, 11, 24].

 Lateral Parametrium

What is commonly called the lateral parametrium 
or paracervix [10, 14, 25] is defined after the sur-
gical opening and development of the medial and 
lateral para-vesical and para-rectal spaces 
(Fig. 5.9). It is split into cranial and medial por-
tions and into lateral and caudad portions by the 
course of the ureter, which, respectively, corre-
spond to the cardinal ligament (or Mackenrodt’s 
ligament) and the paracervix. The cardinal liga-
ment consists of tissue surrounding the uterine 
artery between the uterine corpus and the pelvic 
sidewall cranial to the ureter, corresponding to the 
superficial uterine pedicle (uterine artery and 
superficial uterine vein) and the related connective 
and lymphatic tissue. The paracervix consists of a 
cranial (anterior, superficial) vascular, connective, 
and lymphatic aspect and a caudad (posterior, 
deep) neural component [10, 14]. The deep uterine 
vein (DUV) is a constant landmark between the 
two components. Moreover, the structure named 
by surgeons as the para-colpos or paracolpium is 
included with the paracervix in the international 
anatomic nomenclature [3, 14].

 Posterior Parametrium

The posterior parametrium, also called the rectal 
pillar, is defined after surgical opening of the 
recto-vaginal septum and the para-rectal spaces 
(Fig. 5.10). The rectal pillar corresponds to the 
utero-sacral ligament plus the recto-uterine and 
recto-vaginal ligament (RVL).

Heald et al. [25] in 1982 described the sharp 
dissection of total mesorectal excision (TME) for 
rectal cancer under direct view, emphasizing the 
anatomic isolation of spaces and septa, but the 

Fig. 5.15 Laparoscopic view of the left anterior parame-
trium in the course of nerve-sparing radical hysterectomy 
(Class C1, Querleu-Morrow). SVA superior vesical artery, 
VUL vesico-uterine ligament

Fig. 5.16 Laparoscopic view of the left anterior parame-
trium in the course of nerve-sparing radical hysterectomy 
(Class C1, Querleu-Morrow): detail of the bladder 
branches (BB) and uterine branches (UB) of the pelvic 
plexus

5 Anatomical Landmarks in Deep Endometriosis Surgery



56

anatomy of the lateral ligaments of the rectum 
(LLR) was not mentioned.

In the last decades, nerve-sparing techniques 
in radical pelvic surgery have been widely intro-
duced and developed in gynecologic, urologic, 
and colo-rectal procedures and in radical surgery 
for DE [24]. The utero-sacral and rectovaginal 
ligaments (RVLs) are anatomic structures 
 containing extensions of the visceral autonomic 
innervation for the uterus, vagina, bladder, and 
rectum, whose concentration is significantly 
greater near the origin of these ligaments at the 
pelvic side wall. Therefore, the more deep endo-
metriosis infiltrates or extends to these ligaments, 
the more surgical radicality and the more neuro-
logic morbidity are expected. The latter is due to 
surgical neuroablation of the aforementioned vis-
ceral autonomic ortho- and parasympathetic 
fibers contained in the pelvic posterior ligaments 
[3, 11–13, 16, 26].

According to wide anatomic studies based on 
hundreds of dissections in male and female 
cadaveric hemi-pelvis as well as clinical and sur-
gical observations based on hundreds of laparo-
scopic and abdominal rectal and parametrial 
resections per year performed at our Institution, 
the posterior parametrium comprises the joining 
of three important anatomic structures 
(ligaments):

Cranial structure: the utero-sacral ligaments 
extending in the cranial portion of the retro-
peritoneum from the cervico-isthmic dorsal 
portion of the uterus to the ventral portion of 
the sacral bone.

Caudad structure: the RVLs extending in the 
caudad portion of retroperitoneum from the 
ventro-caudal portion of the rectum to the dor-
sal and caudad portions of the vagina up to the 
pelvic floor.

Latero-caudad structure: the lateral rectal liga-
ments (LLR), also termed rectal stalks, rectal 
pillars or rectal wings. These consist of band-
like structures extending from the lateral pel-
vic wall to the mesorectum, better identified 
when the mesorectum is pulled medially. They 
run from the lateral border of the rectum 
(when the mesorectum wraps into the visceral 

rectal fascia, also termed the fascia propria 
recti) to the latero-caudad pelvic wall (from 
the lateral border of the S2–S4 segments of 
the sacral bone to the parietal pelvic fascia 
covering the obturator and piriformis mus-
cles). Parasympathetic innervation of the pel-
vic viscera, the recto-sigmoid, and the anal 
canal is given at this level by the PSN from the 
anterior rami of sacral roots S2–S4. The LLRs 
are constant anatomic structures and pathways 
of lympho-vascular vessels and autonomic 
nerve fibers toward the rectum. They represent 
the neural soul of the posterior parametrium, 
comprising a bilayer of visceral pelvic fascia 
covering the middle rectal vessels, the rectal 
branches of PP, and the soft areolar connective 
tissue running laterally and caudally to either 
side of the lower rectum [3]. They extend 
between the rectal visceral pelvic fascia (fas-
cia propria recti) and the parietal pelvic fascia 
covering the levator ani muscle (caudally) and 
Waldeyer’s recto-sacral fascia (dorsally) and 
terminating into the base of the distal rectum 
(laterally) [13].

 Innervation (Hypogastric Nerves, 
Superior Hypogastric Plexus, Pelvic 
Splanchnic Nerves, Pelvic Plexus, 
Sacral Roots, Lumbo-sacral Trunk, 
Sciatic Nerve, Pudendal Nerve)

Radical surgery for endometriosis can induce uri-
nary dysfunctions in 2.4–17.5% of patients owing 
to lesion of the autonomic nerves. The surgeon’s 
knowledge of the anatomy of these nerves is the 
main factor for preserving posto-perative urinary, 
rectal, and sexual functions. The following nerves 
are the intra-pelvic part of the autonomic nervous 
system: the hypogastric nerves, which derive 
from the superior hypogastric plexus and carry 
the sympathetic signals to the internal urethral 
and anal sphincters as well as to the pelvic vis-
ceral proprioception, and the pelvic splanchnic 
nerves, which arise from S2 to S4 and carry noci-
ceptive and parasympathetic signals to the blad-
der, rectum, and the sigmoid and left colons [3]. 
The hypogastric and pelvic splanchnic nerves 
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merge into the para-rectal spaces to form the 
inferior hypogastric plexus. Most of the nerve- 
sparing techniques involve the dissection and 
exposure of the pelvic splanchnic nerves and the 
inferior hypogastric plexus. However, knowl-
edge of the topographic anatomy and awareness 
of the landmarks for avoiding intra-operative 
nerve injuries seem to be the most important 
 factors in avoiding posto-perative bladder and 
bowel dysfunctions.

The neural fibers passing through the pelvic 
spaces and the parametrial ligaments are the 
superior hypogastric plexus (SHP), the right and 
left hypogastric nerves (HN), the right and left 
pelvic splanchnic nerves (PSN), and the right and 
left pelvic plexuses (PP), also called the inferior 
hypogastric plexa.

 Superior Hypogastric Plexus (SHP)

The pelvic orthosympathetic innervation of the 
pelvic viscera receives their most important com-
ponent by the SHP and the hypogastric nerves 
(HNs). The SHP lies caudally to the aortic bifur-
cation, originating by the two principal lumbar 
nerves which merge from the sympathetic para-
vertebral chain at the level of L2–L3. It also 
receives postgangliar fibers from the inferior mes-
enteric plexus, of which it represents the caudad 
prolongation [8, 9]. The SHP is involved in the 
visceral endopelvic fascia, and its fibers are 
directed latero-caudally toward the common iliac 
veins and arteries to the level of the sacral prom-
ontorium, where it divides in the two HNs.

 Hypogastric Nerves (HNs)

The HNs originate from the caudad pole of the 
SHP, at the level of the inferior limit of the sacral 
promontorium; they cross the pelvis in the context 
of the para-rectal space, laterally to the mesorec-
tum and parallel to the hypogastric artery, 1 cm 
below the course of the ureter (Fig. 5.17). They lie 
in the context of the so-called mesoureter, which is 
the ventral prosecution of the pre-sacral fascia. 
They direct themselves parallel but finally laterally 

to the utero-sacral ligament, in the context of the 
recto-vaginal ligament, and in the final part, they 
cross laterally the ureter. At the level of the 
Douglas’ pouch, at least at 2 cm below this level, 
they join their fibers with the parasympathetic 
component of the pelvic splanchnic nerves, form-
ing the pelvic plexus [3]. The HNs are usually iso-
lated and dissected at the level of the promontorium, 
during the dissection of the so-called Heald’s holy 
plane, propedeutical to the preparation of the 
mesorectum in cases of bowel resection for 
DE. They are detached from the fascia propria 
recti and by Waldeyer’s fascia and lateralized and 
caudalized before opening the recto-vaginal sep-
tum. In this way the nerve- sparing technique is 
completed, resecting only the afferent visceral 
neural component directed to the bowel segment 
to be resected [11].

 Pelvic Plexus

At 1–2 cm lower than the pouch of Douglas, 
three to five branches of parasympathetic PSN 
(contained in the LLR) pierce the endopelvic fas-
cial sheet covering the ventral part of piriformis 
muscle to join with the ending branches of each 
orthosympathetic HN almost 1 cm ventrally and 
form the mixed PP [3]. The PP is a bilateral neu-
ral network about 15–20 mm long and 10–20 mm 

Fig. 5.17 Laparoscopic view of the visceral orthosympa-
thetic innervation of the pelvis, including the superior 
hypogastric plexus (SHP), the left and right hypogastric 
nerves (LHN and RHN, respectively), after dissection of 
the retro-rectal space, propedeutic to recto-sigmoid seg-
mental resection for DIE. It is also shown the profile of the 
inferior mesenteric artery
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thick situated in the pre-sacral visceral pelvic fas-
cia between the ureter (cranial) and the pelvic 
floor (caudad). It extends bilaterally between the 
antero-lateral surface of the rectum (just ventral 
to its LLR) and the postero-lateral vaginal fornix. 
Each PP is crossed by the middle rectal vessels.

From the PP arise several efferent branches of 
fibers directed to the pelvic target viscera [27]. 
These efferent branches could be divided (at the 
level of the LLRs) into three groups:

 1. A branch of fibers directed medially toward 
the rectum together with the middle rectal ves-
sels (rectal nerves or branches or middle rectal 
plexus) running mainly through the mesorec-
tum, the LLRs, and the RVLs (posterior para-
metrium) termed the “medial efferent bundle”

 2. A branch of fibers (cranial efferent bundle) 
mainly directed cranially toward the uterus 
(cervico-uterine nerves or branches) running 
through the cardinal ligament (cranial portion 
of the lateral parametrium)

 3. A group formed by three or four main fibers 
(anterior efferent bundle) mainly directed 
anteriorly toward the bladder and the vagina 
(bladder and vaginal nerves or branches), 
which run caudally through the paracervix 
(caudad portion of lateral parametrium) up to 
the so-called anterior parametrium (cranial 
and caudad vesicouterine ligaments) (3, 27).

During surgical radical procedures requiring 
lateral or anterior parametrectomy (i.e., surgery 
for DE infiltrating the bladder), visualization of 
the PP at its origin in the posterior parametrium 
and identification of its three branches allow 
preservation of the visceral afferent and efferent 
fibers directed to the uterus, vagina, bladder, and, 
running dorsally, rectum.
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 Introduction

Wertheim’s, Okabayashi’s, and Meig’s work, 
already in the early 1900s, progressively 
increased the radicality of hysterectomy for 
early-stage cervical cancer, mainly by increasing 
the extent of parametrial excision, correspond-
ingly increasing survival rates [1]. Increased 
 survival, however, charged its price by adding 
functional morbidity to cancer survivors— 
prevalence of urinary retention, constipation, and 
sexual dysfunction rose almost proportionally to 
survival rates [2, 3].

During the 1990s, radical laparoscopic resec-
tion of deeply infiltrating endometriosis (DIE) 
started to build on a similar history, improving 
symptomatic relief, especially in cases with 
severe debilitating symptoms [4, 5], and was pro-
gressively adopted by the majority of specialized 
endometriosis surgical teams. Not differently 
from cervical cancer treatment, the complete 
removal of DIE may damage the pelvic auto-
nomic nerves, negatively affecting bladder, rec-
tal, and sexual function (vaginal lubrication and 
swelling), even in single-sided injuries [6–9].

Those dysfunctions derive from the damage 
inflicted to the pelvic sympathetic and parasym-
pathetic neural pathways—superior hypogastric 
plexus, hypogastric nerves, pelvic splanchnic 
nerves, and the inferior hypogastric (pelvic) 
plexus. Japanese gynecologists were the first to 
describe a technique for nerve-sparing cervical 
cancer surgery, already in the 1960s [10]. 
However, these techniques were kept unavail-
able to the Western world, since all were pub-
lished in Japanese. It was only in the twenty-first 
century that this concept was introduced in 
Europe, when Possover et al. [11] and other 
groups [12–14] started developing nerve-sparing 
radical gynecologic procedures. Already under 
laparoscopic view, they named it LANN (laparo-
scopic neuronavigation) technique, because it is 
based on the use of intraoperative neurostimula-
tion for identification and dissection of intrapel-
vic nerves [15, 16].
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Since then, several nerve-sparing procedures 
have been successfully adopted and shown to be 
effective in preserving neurologic pelvic func-
tions with similar disease-free intervals and clini-
cal outcomes [17–22].

Ceccaroni et al. [19], in a study comparing 
classical radical and nerve-sparing radical resec-
tion of DIE (Negrar method), reported a signifi-
cantly higher rate of severe neurologic pelvic 
dysfunction in the first group (86.2% versus 
1.6%), although no differences were found 
between the two groups in terms of colorectal 
dysfunction rates and bowel-rectal quality of life.

Other authors have also demonstrated the 
reproducibility of intraoperative nerve dissection 
and exposure [23, 24]. The goal of all the cited 
nerve-sparing approaches is to better identify the 
visceral nerve bundles at the level of the pararec-
tal fossae and the parametria.

An alternative to exposing the autonomic 
nerves is to use landmarks to avoid operating at 
their surroundings and inadvertently transecting 
those nerves. This is the case of the mesorectum- 
sparing sigmoidectomy [21], which uses anatom-
ical landmarks to avoid areas of high nerve 
density.

Nowadays, there has been a general attitude 
toward less radical and nerve-sparing treatments, 
with the objective of preserving function, reduc-
ing morbidity, and maintaining cure rates while 
improving the quality of life.

Laparoscopic identification of the hypogastric 
nerve and inferior hypogastric plexus is a feasible 
procedure for trained laparoscopic surgeons who 
have a good knowledge not only of the retroperi-
toneal anatomy but also of the pelvic neuroanat-
omy. Moreover, the simple awareness of pelvic 
neuroanatomy and the high nerve density areas is 
a key factor in reducing perioperative morbidity. 
Therefore, the objective of this chapter is to 
review the anatomy of the autonomic nerves of 
the pelvis and describe the steps of the LANN 
technique to expose and preserve the autonomic 
nerves, as well as the anatomical landmarks to 
preserve those nerves without the need of previ-
ously exposing them.

 Neurophysiology of the Pelvic Floor

 Neurophysiology of the Lower 
Urinary Tract (LUT)

The voluntary control of the LUT demands par-
ticipation of different structures in the brain, 
brain stem, and spinal cord. The frontal cortex 
permits conscious control over micturition by 
allowing voluntary contraction of the striated 
rhabdosphincter and the levator ani muscle. 
Correspondingly, the pontine micturition center 
allows for the voluntary stimulation of the detru-
sor activity and coordinates the relaxation of the 
smooth and striated urethral sphincters during 
voiding [25].

Since the objective of this chapter is on nerve- 
sparing surgery, almost all the attention will be 
given to the nerve bundles crossing the pelvis: 
the superior hypogastric (presacral) plexus, the 
hypogastric nerves, the pelvic splanchnic nerves, 
the inferior hypogastric (pelvic) plexus, and the 
pudendal nerves.

The peripheral nervous system innervates the 
bladder and the urethra with autonomic efferent 
sympathetic fibers via the hypogastric nerves, 
originated from the thoracic-lumbar sympathetic 
division of the spinal cord (T10–L3), and the para-
sympathetic fibers via the pelvic splanchnic nerves 
(S2–S4) [25, 26]. The somatic efferent motoric 
innervation to the urethra striated rhabdosphincter 
and the pubovaginal (puboprostatic) branch of the 
pubococcygeus muscle runs in the pudendal 
nerves, while direct sacral fibers from S3 to S4—
the levator ani nerves—innervate the posterior 
portions of the levator ani muscle [27, 28].

The somatic and sympathetic divisions pro-
mote storage, while de parasympathetic divisions 
promote voiding. During most of the time, base-
line sympathetic stimuli are constantly fired 
through the hypogastric nerves, maintaining the 
internal urethral sphincter tonus and detrusor 
relaxation. The beta-adrenergic receptors on the 
detrusor muscle respond to norepinephrine caus-
ing relaxation and allowing the bladder to fill 
without an increase in pressure or change in tone. 

N. L. B. M. Lemos et al.



63

At the same time alpha1-adrenergic receptors in 
the urethral smooth muscles respond to norepi-
nephrine stimulating contraction [25, 29, 30].

When the bladder fills above a certain thresh-
old, stretch receptors in the bladder wall generate 
nerve impulses transmitted along the hypogastric 
nerves to the thoracolumbar spinal cord. These 
afferent impulses reach the pontine micturition 
center (PMC) eliciting the pontine micturition 
reflex, which activates the parasympathetic nuclei 
of the conus medullaris that respond by firing 
impulses along the pelvic splanchnic nerves to 
the bladder and urethra with subsequent release 
of neurotransmitter acetylcholine, which stimu-
late M3 receptors at the detrusor, causing con-
traction and, at the urethra, causing relaxation. 
The PMC also sends impulses to the pudendal 
nerves, causing the urethral rhabdosphincter to 
relax. Concomitantly, other PMC impulses sup-
press sympathetic activity to the bladder and ure-
thra [25, 29, 30].

 Bowel Evacuation and Anorectal 
Neurophysiology

Fecal continence and evacuation are complex 
mechanisms that involve the pelvic floor muscles 
as well as the somatic and autonomic nervous 
systems (sympathetic and parasympathetic).

The efferent innervation, responsible for the 
motor activity of pelvic muscles and viscera, 
consists in a group of three nerves of somatic and 
autonomic nervous systems.

The sympathetic innervation of the descend-
ing colon, sigmoid, and rectum is provided by the 
lumbar splanchnic nerves (L1–L3), which syn-
apse at the inferior mesenteric ganglion and run 
along the arterial irrigation to the intestine walls. 
The sympathetic fibers to lower parts of the rec-
tum, anal canal, and internal anal sphincter are 
also originated from the same lumbar splanchnic 
nerves; however, these nerves come from the 
mesenteric ganglion to the superior hypogastric 
plexus and form the hypogastric nerves, that are 
going to integrate the inferior hypogastric plexus, 

accompanying the pubococcygeus fascia and 
reaching the anus (space between sphincters) and 
integrating the myenteric plexus (of Auerbach). 
The areas above the splanchnic flexure of the 
colon are innervated by the vagus nerve [31–33]. 
Noradrenaline release by the sympathetic fibers 
activates the alpha1-adrenergic receptors, pro-
moting internal anal sphincter contraction [34].

The parasympathetic signals originate from 
the pelvic splanchnic nerves (S2–S4). These 
nerves cross short distances in the pararectal fos-
sae and form the inferior hypogastric plexuses 
that will innervate the upper two thirds of the rec-
tum [15, 26]. The liberation of acetylcholine by 
these fibers stimulates the myenteric plexus.

The somatic nervous system is composed of 
the pudendal nerves (S2–S4), which pass through 
the Alcock’s canal toward the perineum, where 
they divide in three branches: the inferior rectal 
nerves (motor innervation to external anal 
sphincter), the perineal nerves (innervation to 
transverse perineal, bulbocavernosus, bulbos-
pongiosus, ischiocavernosus, urethral rhabdo-
sphincter, anterior part of the pubococcygeus, 
and pubovaginal muscles), and the dorsal nerves 
of the clitoris (or penis) [25, 27]. Moreover, the 
levator ani nerve (S3–S4) innervates iliococcy-
geus and ischiococcygeus muscles (motor and 
sensitively) [28].

The rectal and vesical proprioception are con-
trolled by myelinic fibers (A gamma) that ascend 
to pontine and hypothalamic centers by hypogas-
tric nerves. In addition, those are responsible for 
nociception of the descending colon, sigmoid 
colon, and rectum, while the pelvic splanchnic 
nerves are responsible for their proprioception 
[35]. Fibers of the pelvic floor muscles also send 
signals through pudendal and levator ani nerves.

The role played by the extrinsic innervation in 
the bowel evacuation’s mechanism is less impor-
tant than it is in the bladder, since motility control 
is exerted by the myenteric plexus, whereas the 
sympathetic and parasympathetic systems only 
provide modulating or stimulating signals to this 
plexus [35]. Yet, the role of the pelvic floor mus-
cles is fundamental to the anorectal function. 

6 Nerve-Sparing Routes in Radical Pelvic Surgery



64

Simultaneous contractions of anterior and poste-
rior parts of the pelvic floor promote increase of 
the anorectal angle and direct the rectal content 
upward, decreasing the afferent impulses and the 
defecation desire.

When there are signals to initiate defecation, 
the central nervous system reduces the stimuli to 
the pudendal nerve, relaxing the anterior part of 
the pelvic floor, contracting the posterior part of 
the levator ani muscles, decreasing the anorectal 
angle, and facilitating defecation [36].

 Laparoscopic Anatomy 
of the Intrapelvic Nerves

 Nerves of the Presacral 
and Pararectal Spaces

The superior hypogastric plexus is formed by 
fibers from para-aortic sympathetic trunk and 
gives rise to the left and right hypogastric nerves. 
The hypogastric nerves run over the presacral 
fascia in an anterior and distal direction. After 
crossing about two thirds of the distance between 
the sacrum and the uterine cervix or the prostate, 
its fibers spread to join the pelvic splanchnic 
nerves (described below) to form the inferior 
hypogastric plexus (Fig. 6.1).

The lateral limit of the presacral space is the 
hypogastric fascia, which is the formed by the 

medialmost fibers of the uterosacral ligaments. 
The sacral nerve roots can be found just laterally 
to this fascia. They leave the sacral foramina and 
run anteriorly and distally, lying over the pyrifor-
mis muscle and crossing the internal iliac vessels 
laterally to them, to merge and form the nerves of 
the sacral plexus. Before crossing the internal 
iliac vessels, they give out the thin parasympa-
thetic branches called pelvic splanchnic nerves, 
which promote detrusor contraction and provide 
extrinsic parasympathetic innervation to the 
colon descendens, sigmoid, and rectum. They 
also carry nociceptive afferent signals from the 
pelvic viscera. The pelvic splanchnic nerves join 
the hypogastric nerves to form the inferior hypo-
gastric plexus in the pararectal fossae (Fig. 6.2).

 Neuroanatomy of the Cardinal 
Ligaments/Lateral Paracervix

The cardinal ligaments are also known as lateral 
cervical ligaments. More recently, lateral paracer-
vix is preferred as the anatomical term in the 
international anatomical nomenclature [37]. They 
are responsible for making a connection between 
the cervix and the pelvic sidewall, involving the 
uterine vessels and being crossed by the ureter.

The ureter divides the lateral paracervix not 
only in lateral and medial but also in superficial 
(supraureteral lateral parametrium) and deep 
paracervix (infraureteral lateral parametrium), 

Fig. 6.1 Right hypogastric nerve (HGN) originating 
from the superior hypogastric plexus (SHP) and running 
anteriorly and distally over the presacral fascia (PSF) to 
spread out in thinner branches that will form the inferior 
hypogastric plexus (IHP)

Fig. 6.2 Left pelvic splanchnic nerves (PSN) are thin 
fibers which arise from nerve roots S2–S4 to join the 
hypogastric nerves and form the inferior hypogastric 
plexus (IHP) (SB sacral bone)
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which is a more important division regarding the 
pelvic innervation. The superficial paracervix 
contains the uterine vessels and lymphatic tissue, 
while the deep paracervix contains the vaginal 
branches of hypogastric nerve and part of the infe-
rior hypogastric plexus, which is mainly located 
posteriorly to the deep uterine vein [1] (Fig. 6.3).

The distal part of the deep paracervix has few 
lymphatic structures and contains mainly con-
nective tissue and nerves as opposed to anterior 
parametria. The vesical plexus is located in both 
layers of the vesicouterine ligament and has a 
very close relationship with the distal ureter [1, 
38]. Those are the reasons why type C1 radical 
hysterectomy [39], which includes resection of 
the lateral paracervix up to the deep uterine vein, 
is also called nerve-sparing radical hysterectomy, 
once the neural component is preserved (Fig. 6.4) 
except for the branches to the uterus and upper 
vagina (Fig. 6.5).

 Nerve-Sparing Routes in Radical 
Endometriosis Surgery

 Nerve-Sparing in Endometriosis 
Surgery by Direct Visualization 
of Nerve Bundles by Using 
the Laparoscopic Neuronavigation 
(LANN) Technique

The LANN technique is based on the concept of 
preservation by dissection and exposure of the 
nerve bundles before approaching the endometri-
otic foci [15, 16, 40]. This concept is similar to 
the one used to preserve the ureters, by starting 
the dissection of the nerves on healthy tissue, 
before they dive into the endometriotic area, to 
facilitate their identification in anatomically dis-
torted regions [41].

 Preservation of the Pelvic Splanchnic 
Nerves and the Inferior  
Hypogastric Plexus
The pelvic splanchnic nerves are thin bundles 
that can be easily mistaken for retroperitoneal 
connective trabeculae. Therefore, they can only 
be identified at their dorsal origin out of the sacral 
nerve roots close to the sacral foramina and 
exposed, allowing for neuropreservation through 
direct visualization. According to the LANN 
technique, identification of the different sacral 
roots is performed using a bipolar laparoscopic 

Fig. 6.3 Lateral paracervix, after removal of the uterine 
artery, showing the proximity of the deep uterine vein 
with the inferior hypogastric plexus (IHP) and hypogas-
tric nerve (HGN)

Fig. 6.4 The picture shows the right inferior hypogas-
tric plexus (asterisk) located under the distal ureter (U) 
at Yabuki’s fourth space dissection to perform the radical 
hysterectomy to early stage cervical cancer. Lymphatics 
are stained with indocyanine green. PVF paravesical fat

Fig. 6.5 The neural component of the paracervix caudal 
to the deep uterine vein (DUV—cauterized and transected) 
is shown after removal of the paracervix in type C1 radical 
hysterectomy. The ureter (U) is lateralized, and the vesical 
fibers (*) can be seen running to the bladder between the 
instruments. The vaginal cuff (V) has already been opened, 
revealing the cuff valve of the uterine manipulator
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forceps for electrostimulation and observing the 
motoric response [40, 41].

The sacral nerve roots are dissected by mak-
ing an incision of the pararectal peritoneum 
medially to the ureter and opening the presacral 
fascia. The presacral space is developed by 
blunt dissection downward, using the sacral and 
coccygeal bones as posterior and distal refer-
ences, respectively. The dissection is expanded 
laterally, toward the hypogastric fascia, which 
is transected revealing the piriformis muscle 
underneath. The sacral nerve roots run anteri-
orly and distally over the muscle fascia and can 
be precisely identified by means of the motoric 
response generated by intraoperative neuro-
stimulation with a bipolar forceps delivering 
electrical impulses with a square-wave pulse 
duration of 10 ms, a pulse frequency of 2 Hz, 
and electric potential of 1.5 mA, generated by a 
surgical neurostimulator. Stimulation of S2 
produces an outward rotation of the leg, plantar 
flexion of the foot, and a clamp- like squeeze of 
the anal sphincter from anterior and posterior, 
while S3 stimulation is visually shown as deep-
ening and flattening of the buttock groove, a 
marked flexion of the large toe, and a less 
important flexion of the smaller toes. Following 
these roots ventrally will allow for the identifi-
cation and exposure of the pelvic splanchnic 
nerves, as well as their pathways into the para-
rectal space to form the inferior hypogastric 

plexus. Dorsally, the rectal splanchnic nerves 
are visualized in a horizontal direction, cross-
ing the sacral hypogastric fascia and finally 
anastomosing to the homolateral inferior plexus 
in laterodorsal position to the level of the rec-
tum. The vesical splanchnic nerves originate 
from the middle portion of sacral roots, adopt-
ing a vertical direction and remaining lateral of 
the sacral hypogastric fascia, anastomosing 
with the homolateral inferior hypogastric 
plexus at the level of the vagina. The stimula-
tion of the vesical splanchnic nerves increases 
intravesical pressure ([15]; Fig. 6.6).

The parametria can be safely resected after the 
exposure of splanchnic pelvic nerves from their 
origin to their anastomosis in the homolateral 
inferior hypogastric plexus, preserving the para-
sympathetic nerves at level of neural part of the 
cardinal ligament or more ventrally at level of the 
rectovaginal ligament or at the level of bladder 
pillar [15].

Magnification, pneumoperitoneum facilitated 
dissection with minimum bleeding and directed 
lighting and visualization of the deeper spaces of 
pelvis, are important factors in favor of the lapa-
roscopic surgery in the retroperitoneum. The 
improved access and visualization allowed for 
the development of the LANN technique which 
is substantially contributing to improve the 
knowledge of pelvic neuroanatomy. Also the 
technique proved to be reproducible in short 

Fig. 6.6 Pelvic splanchnic nerves branching out of S3 
on the left side. Colored map on the right side shows the 
more horizontal bundles (light brown) to the rectum and 

the more vertical ones (yellow) to the inferior hypogastric 
plexus and bladder
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operative time with notable reduction in postop-
erative functional morbidity after surgical treat-
ment of endometriosis [15, 40, 41].

All these strategies work very well in patients 
with endometriosis in the proximities, but not when 
it is directly affecting the pelvic splanchnic nerves. 
Unfortunately, it is not possible to free the pelvic 
splanchnic nerves from endometriosis without 
tearing them. In these cases, bilateral exposure of 
the pelvic splanchnic nerves must be performed, and 
the surgeon must try to estimate the amount of nerve 
damage that will be inflicted upon endometriotic 
resection. In case of bilateral disease, some endome-
triosis will likely have to be left behind, unless this 
has been previously discussed and the patient has 
preoperatively opted to have self-catheterization 
instead of an incomplete resection [41].

 Pelvic Wall and Somatic Nerves 
Endometriosis and Nerve Preservation
The complete exposure of sacral plexus and the 
identification of the somatic nerves require the 
development of the lumbosacral and obturator 
spaces, starting at the level of the iliolumbar 
fossa, situated laterally to the external iliac ves-
sels and goes further in a latero-caudal direction, 
allowing for the identification of lumbosacral 
trunk and the proximal portion of the obturator 
nerve. When approaching the lateral pelvic wall, 
elective dissection and medial mobilization of the 
internal iliac vessels and its branches are required 
for a good anatomic exposure of the distal part of 
the sacral plexus—the sciatic nerve and its distal 
branches, the pudendal nerve, and the nerves to 
the levator ani muscles. This technique allows for 
a safe resection of the extensive endometriosis 
that infiltrates the sciatic foramen and the sur-
roundings of the sciatic nerve and its branches. 
Moreover, pudendal nerves and vessels can be 
identified at the level of Alcock’s canal, and the 
transection of the sacrospinous ligament and the 
pudendal vessels might be necessary for further 
dissection [42–44].

Recognition of the neuroanatomy of the pelvis 
leads to isolation and removal of all the disease 
with adequate surgical radicality, freeing the 
somatic nerves with the possibility of complete 
resolution of symptoms [18].

In addition to the knowledge of surgical neuro-
anatomy, the main factor for effective treatment 
and neuropreservation in somatic endometriosis 
of the pelvic sidewalls is preoperative recognition 
of symptoms and topographic diagnosis, based on 
neurologic examination and MRI [44]. The main 
symptoms suggestive of endometriotic infiltration 
of the sciatic plexus are:

 – Gluteal/perineal/lower limb pain or allodynia 
(pain on the dermatomes of the nerves of the 
lumbosacral plexus)

 – Vaginal/rectal foreign body sensation
 – Refractory urinary urgency associated with 

single-sided pain on the dermatomes of the 
nerves of the lumbosacral plexus

 – Refractory dyschezia or proctalgia
 – Vesical/rectal tenesmus, without signs of 

endometriotic infiltration of the bladder or 
rectum

Whenever one or more of these symptoms are 
present, careful preoperative assessment of the 
lumbosacral plexus must be performed, and the 
patient must only be taken to surgery after the 
exact site of entrapment (topographic diagnosis) 
has been performed [44].

 Nerve Preservation Though the Use 
of Landmarks: The “Non-Touch” 
Technique

The above described technique is technically 
demanding which requires high-definition imag-
ing, intraoperative neurostimulation, and 
 surgeon’s training in laparoscopic nerve dissec-
tion. When those resources are not available due 
to lack of equipment or training, the use of surgi-
cal landmarks is recommended to avoid dissec-
tion in the areas of high nerve density and, 
therefore, higher risk of nerve injury. These are 
what we call “non-touch” techniques, since they 
involve reducing radicality to avoid inadvertent 
nerve injury.

Figure 6.7 shows the peritoneal view of the pos-
terior cul-de-sac of a patient whose left sacral nerve 
roots, pelvic splanchnic nerves, and  inferior hypo-
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gastric plexus have been dissected. Observe the 
dissection area (dashed perimeter) in the pararectal 
fossa, deeper to the presacral fascia. Figure 6.8 
shows the dissection of the left hypogastric nerve 
and inferior hypogastric plexus, to give a better 
understanding of the retroperitoneal anatomy.

Through these images, it is easy to come to 
conclusion that deeper dissections at the pararec-
tal fossae without prior exposition of the inferior 
hypogastric plexus should be avoided, especially 
in case of bilateral disease [41].

Moreover, when dissecting the rectovaginal 
space, any dissection lateral to the rectum can 
damage the pelvic splanchnic nerves. The sur-
geon, therefore, must attempt to perform all dis-
sections using the anterior rectal wall as a limit.

 Bowel Resection and Nerve 
Preservation

Bowel endometriotic nodules can be removed 
using various techniques, including mucosal 
skinning, nodulectomy, full-thickness disc resec-
tion, and segmental resection [45].

The first intervention proposed for the treat-
ment of intestinal endometriosis was anterior 
wall nodulectomy, which was described by 
Nezhat et al. in 1994 [4], prior to the develop-
ment of laparoscopic staplers. However, many 
authors have proposed that this approach may 
leave residual disease tissue behind and increase 
the recurrence rate [46], especially when the 
lesion infiltrates deeper than the inner muscularis 
[47]. In addition, as segmental resections have 
become increasingly feasible because of the tech-
nological development of mechanical sutures, 
this more radical procedure has become the most 
commonly performed technique for this indica-
tion [48].

However, up to 45% of patients refer unchanged, 
worsened of de novo bowel dysfunction after seg-
mental bowel resection for endometriosis [49]. 
This may be due to tight stenosis of the colorectal 
anastomosis, rectal denervation, colorectal intus-
susception through the anastomosis, and postop-
erative transit constipation [50]. In that sense, 
anterior rectal wall nodulectomy seems to be a 
more reasonable, benign  disease- oriented proce-
dure, since endometriosis is believed to infiltrate 
the bowel from the serosal to the mucosal layer. Its 
theoretical advantages include reduced devascu-
larization and denervation of the descending and 
sigmoid colon, since much less dissection is 
needed in the pararectal fossae, which can damage 
the autonomic nerves of the inferior hypogastric 
plexus either by directly sectioning them or by lat-
eral thermal widespread [50]. This model can 
explain why Fanfani et al. [7] observed a 14% ver-
sus 0 urinary retention rate in women undergoing 
segmental and discoid resection, respectively. 
Bowel function scores are also better in patients 
undergoing the more conservative approach. 
Therefore, nodulectomy should be preferred 
over segmental resection whenever possible 
[45,  51, 52].

Fig. 6.7 Transperitoneal view of the area of the left 
hypogastric plexus (dashed perimeter)

Fig. 6.8 Left hypogastric nerve and plexus, after perito-
nectomy of the ipsilateral pararectal and ovarian fossae 
(IP infundibulopelvic)
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 Nerve-Sparing in Radical Pelvic 
Oncologic Procedures

 Preservation of the Nerves 
of the Lumbosacral Plexus

Although not as important as during parametrec-
tomy, nerve-sparing concepts must also be 
applied to pelvic lymphadenectomy. However, 
due to the easier visualization of nerve bundles 
during pelvic lymphadenectomy, nerve-sparing 
knowledge is not discussed in most of articles 
and shall, therefore, be reviewed here.

The first step of pelvic lymphadenectomy is 
the identification of the pelvic lymphadenectomy 
landmarks over peritoneal surfaces, starting by 
the external iliac artery and psoas muscle and, 
when visible, the genitofemoral nerve. After that, 
a wide peritoneal incision is created, starting at 
the umbilical artery, through the round ligament, 
and up to the parieto-colic gutter. The genitofem-
oral nerve must be identified superficially and 
laterally to external iliac vessels and dissected 
(Fig. 6.9).

Following those first steps, a blunt dissection 
of avascular plane lateral to the external iliac ves-
sels and lymph nodes is performed, allowing the 
surgeon to develop the obturator fossa distally 
and the iliolumbar fossa cranially. Commonly 

described as the deep limit of level I pelvic 
lymphadenectomy, the obturator nerve can be 
easily noted and dissected at the distal part of the 
obturator fossa. After carefully ligating small 
vessels from the pelvic wall, the obturator nerve 
can be gently mobilized from the lymphatic tis-
sue up to its proximal part at iliolumbar fossa 
(Fig. 6.10).

In the less frequent situation of obturator 
metastasis resection, it is safer to start the proce-
dure by identifying the lumbosacral trunk and 
sciatic nerve before the resection to avoid inad-
vertent injuries (Fig. 6.11).

Medial dissection starts after the obturator nerve 
has been mobilized laterally from the fat lymphatic 
tissue. The gas infiltration of connective tissue 
helps in visualizing the space dissection. The lat-
eral paravesical space is opened by gentle blunt 
dissection under the medial peritoneal leaf until the 
umbilical artery can be identified and medialized. 

Fig. 6.9 Dissection of the right obturator fossa (OF) 
starts by a peritoneal incision at the level of the obliterated 
umbilical artery (not shown) and transection of the round 
ligament (RL) up to the parieto-colic gutter, followed by 
the development of avascular space between psoas muscle 
(PM) and external iliac vessels (EIV). The genitofemoral 
nerve (*) marks the lateral limit of this space

Fig. 6.10 The final aspect of left pelvic lymphadenec-
tomy: Psoas muscle (PM), genitofemoral nerve (GFN), 
external iliac artery (EIA) and vein (EIV), and the obtura-
tor nerve (ON)

Fig. 6.11 Lumbosacral trunk (LST) dissection during 
obturator metastasis (OM) resection
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Going deeper in this space, the obturator nerve and 
external iliac vessels can be observed on the lateral 
aspect of the dissection. By continuing the dissec-
tion another 1 or 2 cm, the levator ani muscle is 
reached, completing the lateral paravesical space 
dissection (Fig. 6.12).

Excessive traction to the obturator nerve 
should be avoided, in order to prevent nerve dis-
tention and/or tearing (Fig. 6.13).

 Preservation of the Sympathetic 
Fibers of the Para-Aortic Trunk 
and the Superior Hypogastric Plexus

The common iliac area dissection, known as level 
II pelvic lymphadenectomy [39], is advocated in 

endometrial, ovarian, and high-risk cervical car-
cinomas. The risk to nerve damage in this step 
would be to the superior hypogastric plexus 
(SHP) and hypogastric nerves (HN), which are 
commonly mistaken for lymphatic tissue. To 
avoid inadvertent transection of SHP, the surgeon 
must pull up the sigmoid colon and begin the cra-
niocaudal dissection, following the preaortic 
nerve fibers to the SHP and HN bilaterally pull-
ing them laterally (Figs. 6.14, 6.15, and 6.16).

 Preservation of the Hypogastric 
Nerve Branches, Pelvic Splanchnic 
Nerves, and the Inferior  
Hypogastric Plexus

The local control in oncologic procedures is 
granted by the removal of the soft tissue sur-
rounding the tumor. Mostly seen in radical trach-
electomy and hysterectomy, this radicality could 
promote serious damage to bladder and anorectal 
function, with extremely negative impact to qual-
ity of life [1].

As in endometriosis, dissection and exposure 
of the nerve bundles are important before resec-
tion of the paracervix. Differently from endome-
triosis, in oncologic procedures, healthy tissue 
allows for a much easier dissection of the spaces 
and visualization of the nerves, as well as a more 
effective and less challenging use of non-touch 
techniques. On the other hand, extensive nerve 

Fig. 6.12 Complete dissection of right paravesical space 
showing the right ureter (U), umbilical artery (UA), 
umbilical vein (UV), obturator artery (OA), inferior vesi-
cal vein (IVV), internal iliac vein (IIV), inferior gluteal 
artery (*), and the obturator nerve (ON)

Fig. 6.13 Mechanical damage (a) and repair (b) of left obturator nerve (ON) during laparoscopic pelvic 
lymphadenectomy
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resections may be necessary to control the tumor, 
and leaving disease behind is not an option.

As previously mentioned, both the hypogas-
tric and the pelvic splanchnic nerves are thin 
bundles that can be easily mistaken for paracervi-
cal connective tissue. For this reason, nerve- 
sparing techniques in oncologic pelvic procedures 
are based on anatomical landmarks. Knowledge 
of four key spaces—medial paravesical, lateral 
pararectal (Latzko), medial pararectal 
(Okabayashi), and Yabuki’s fourth space—is 
 critical, as well as two structures: the ureters and 
the deep uterine veins (Figs. 6.3, 6.4, and 6.5).

After pelvic lymphadenectomy and with the 
lateral spaces opened, the medial paravesical 
space is developed by partially mobilizing the 
bladder up to 2 or 3 cm caudally to the cervix. 
The medial paravesical space is dissected then 
also using divergent forces, pushing the umbilical 
artery laterally and the vesical vessels medially 
while the medial space is dissected. In this fash-
ion the surgeon could note the anterior parame-
tria dissected (Fig. 6.17).

The pararectal space is dissected using medial 
traction of the IP ligament at the level of its cross-
ing over the iliac artery. One or two centimeters 
posteriorly to this plane, the ureter is identified. 
Careful dissection of the pararectal space is per-
formed by pushing the ureter medially, while 
divergent movements of the forceps dissect the 
avascular plane between it and the internal iliac 
artery. Dissection is carried down distally to the 
emergence of the uterine artery and 1–2 cm pos-
teriorly to the ureter—hypogastric nerve branches 

Fig. 6.14 Craniocaudal dissection of the sympathetic 
fibers is performed under anterior traction of the mesocolon 
(MC) and development of the avascular space underneath 
the peritoneum, revealing the sympathetic bundles (SB)

Fig. 6.15 Final aspect of nerve-sparing level II laparo-
scopic pelvic lymphadenectomy showing the superior 
hypogastric plexus (SHP), the hypogastric nerves (*), the 
sacral promontory (SP), the left external (EIA) and inter-
nal (IIA) iliac arteries, and the right common iliac vein 
(RCIV)

Fig. 6.16 Final dissection of sacral promontory (SP) 
area with the superior hypogastric plexus (SHP) under 
lateral traction, showing the aortic bifurcation into the 
left common iliac artery (LCIA) and right common iliac 
artery (RCIA) and the confluence of the left common iliac 
vein (LCIV) and right common iliac vein (RCIV)

Fig. 6.17 The paravesical space is divided in medial 
(PVM) and lateral (PVL) by the inferior vesical artery 
(IVA). HN hypogastric nerve
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can be observed on the medial aspect of the 
 dissection and the deep uterine vein crossing the 
field anteriorly (Fig. 6.18). The hypogastric nerve 
can be dissected at this point, helping to prevent 
inadvertent injury later during the procedure. The 
hypogastric nerve divides the pararectal space 
laterally (Latzko’s space) and medially 
(Okabayashi’s space) (Fig. 6.17). Identification 
of the hypogastric nerve branches is mandatory, 
and dissection of the medial and lateral pararectal 
spaces cannot be neglected.

After vesicouterine and pararectal space dis-
section, the uterine vessels control must be per-
formed priorly to the paracervical resection. 
During type B radical hysterectomy, the uterine 
artery can be coagulated and cut at the level of its 
crossing over the ureter. It can also be cut at its 
origin and then rolled over the ureter. The second 
option is preferred because it also removes pos-
sible lymph nodes in this area. The ureter can be 
used as reference for the paracervical part of the 
inferior hypogastric plexus [1]. Resection of the 
paracervix medially to the ureter and its branches 
to the uterus, cervix, and upper vagina will pre-
serve the innervation to the bladder.

In type C radical hysterectomy, transection of 
the paracervix occurs at this junction with the 
internal iliac vascular system, so the uterine artery 
is coagulated and cut at its origin on the internal 
iliac artery. In the posterior aspect of the resec-
tion, the hypogastric nerve, previously dissected, 
is identified in the pararectal space and systemati-
cally preserved. The deep uterine vein is tran-
sected, but the neural component of the paracervix 
caudal to the vein is preserved. Dissection of the 

neural component posterior to the vein should be 
avoided (non-touch technique).

The uterine artery is brought over the ureter, 
along the paracervical tissue surrounding it, and 
the deep uterine vein is brought under the ureter. 
The posterior part of the paracervix is also 
resected, and the ureter is mobilized completely. 
The deep uterine vein is the caudal limit of the 
lateral paracervical resection, located approxi-
mately 1–2 cm below the uterine artery and vein. 
Deeper to this vein, the branches of the deep 
hypogastric nerve plexus run to the bladder, and 
their section will result in urinary retention 
(Fig. 6.19).

The caudal-lateral part of paracervix (parame-
trium) includes the main part of the inferior hypo-
gastric plexus. Because of this, the cranio- medial 
part of paracervix can be dissected although some 
of the fibers will be scarified. The distal part of the 
inferior hypogastric plexus lies deeper in the lat-
eral wall of the vagina and in the caudal-dorsal 
part of the vesicouterine ligament. The medial 
paravaginal space (Yabuki’s 4th space) is dissected 
on the lateral aspect of the  vesicouterine space, 
revealing the ureter insertion into bladder, which is 
used as a reference to the nerves and contributes to 
preserving as much as possible from the plexus 
[54] (Fig. 6.20). By Restricting the colpectomy in 
the upper part of the vagina (no more than 2 cm), 
the surgeon can ensure that the majority of the 
fibers from the inferior hypogastric plexus, which 
run along the lateral wall of the vagina and of the 
bladder, will remain uncut, preserving the innerva-
tion of the urinary bladder (Fig. 6.21) [14, 53].

Fig. 6.18 Distal aspect of the lateral paravesical 
(Latzko’s) space

Fig. 6.19 Uterine vessels (UV) on the right side were 
coagulated, cut, and pulled medially, revealing the ante-
rior (dashed arrow) and posterior (solid arrow) paracervix
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 Conclusion

The preservation of autonomic nerves is 
essential to a successful approach of DIE and 
gynecologic cancers. For this reason, nerve-
sparing techniques have been developed in 
different specialty areas and consist mainly of 
identifying and respecting, as far as possible, 
the nerves and neural plexuses. As described 
by Possover et al. [40], the main principle of 
this technique consists of identification of the 
pelvic splanchnic and hypogastric nerves and 
the inferior hypogastric plexuses before 
approaching any lesion of the rectovaginal 
space and parametria. If nerve exposition is 

not feasible, landmarks should be used to 
guide the surgeon into avoiding high nerve 
density areas. In cases of rectal endometriosis, 
anterior wall nodulectomy is preferable over 
segmental resection.
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 Introduction

Endometriosis surgery is much more than simple 
surgical technique. The best outcomes for patients 
depend on a combination of multiple factors, not 
only in the preoperative evaluation but also in the 
intraoperative and postoperative management. In 
all these three phases of the patient’s manage-
ment, a multidisciplinary approach is important 
in order to obtain the best results in patient care.

Preoperatively, adequate work-up is very 
important [1–3]. The surgeon must have extreme 
knowledge of the disease [4] and treatment’s 
options. Patient’s symptoms and wishes are the 
key point during the preoperative evaluation of 
such women because endometriosis must be 
asymptomatic in some cases and highly symp-
tomatic in others. Infertility and pain are not 
always managed in the same manner. Some 
patients will need surgery and medication for the 
management of endometriosis-related pain 
symptoms but will need assisted reproduction 

techniques for the treatment of infertility. The 
surgeon must be able to individualize each patient 
in order to define who is the patient that deserves 
surgery and who is the one that needs a different 
treatment [5]. Whenever surgery is indicated, the 
best approach is by laparoscopy, and the concept 
of multidisciplinary team must be applied in 
order to have the best surgical results depending 
on the specific organs affected by the disease. 
Surgical strategy must be planned in the preop-
erative setting based on the patients’ symptoms 
and imaging exams [3, 6, 7] and broadly dis-
cussed with the patient [8].

Intraoperatively, experience and expertise of 
the surgeon are very important to adequately 
identify the endometriosis lesions and to decide 
about the best surgical technique to be applied in 
each specific case. One of the major challenges 
of such procedures may lie in the visual diagnosis 
of endometriosis [9]. It has already been demon-
strated that up to two thirds of women have some 
visual disease that many gynecologists have not 
been trained to recognize during surgery, and this 
may be the only manifestation of the disease 
[10]. Some endometriosis implants may appear 
atypically or nonpigmented [11, 12]. Deep infil-
trating endometriosis implants located in the sub-
peritoneal space may be non-visible in the surface 
of the peritoneum during laparoscopy [13] and 
may go completely unrecognized or be particu-
larly difficult to visualize or to access during sur-
gery. Although an experienced surgeon can detect 
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nodules during laparoscopic palpation of the pos-
terior compartment of the pelvis [14], the implant 
can be hidden by peritoneal adhesions of the 
pouch of Douglas [15].

In addition, during this phase of the patient’s 
management, surgical philosophy of each surgeon 
will probably be one of the most significant factors 
that will interfere on which surgical technique will 
be applied. Especially for the management of deep 
infiltrating endometriosis affecting the bowel, con-
servative and radical approaches may be applied, 
and some groups tend to be more conservative, 
and others tend to be more radical [16–19]. Bulky 
endometriosis lesions may be technically difficult 
and demanding. Therefore, this surgery requires 
an experienced surgeon, a good laparoscopic 
equipment, and an adequate surgical team.

Probably, knowledge of anatomy and dissec-
tion techniques plays one of the most important 
roles in the intraoperative phase of patient’s care 
regarding completeness of surgery and risk of 
intraoperative complications. The surgeon must 
learn how to “read” the screen (what the authors 
here call “patient language”) and obtain all the 
informations that the patient is giving him to treat 
correctly and completely the disease, in order to 
be radical toward disease and conservative toward 
function. This capacity of progressively identify-
ing the disease and its limits is going to guide the 
dissection throughout the surgical procedure and 
must be learned and developed by the surgeons.

Patient’s wishes concerning fertility desire will 
differentiate the postoperative management of 
each patient. Postoperative medical treatment 
plays an important role in the secondary preven-
tion of the disease and the management of pain [5].

In this chapter, the authors are going to dis-
cuss some issues about the “patient language” 
during surgery, important information that is fre-
quently missed by surgeons but that must be well 
known in order to help in the decision-making 
process intraoperatively.

 Surgical Treatment

Surgical treatment for endometriosis should be as 
complete as possible. In this way, the patient will 
obtain the better outcomes in terms of relief of 

pain symptoms as well as improvement of 
 fertility [5].

The technical principles of surgery for endo-
metriosis are always the same, and theoretically 
they seem very simple [8]:

 1. Restoration of the normal anatomy.
 2. Dissection should be started in healthy tissue 

in order to identify anatomical landmarks, 
avascular spaces, and important structures in 
the pelvic cavity (ureters, nerves, vessels, etc.) 
that must be preserved.

 3. Complete excision of the disease.
 4. Avoid unnecessary dissection—the surgeon 

should not displace and dissect structures far 
from the disease if they are not infiltrated!

Nevertheless, it is not so easy to apply these 
principles during surgery. Surgeon’s expertise 
and experience are essential issues that will be 
directly related to the quality of the surgical pro-
cedure. The identification of the exact limits 
between normal tissue, fibrosis, and endometrio-
sis tissue is not really evident during surgery. The 
surgeon’s own feeling, intuition, and experience 
are important factors that will directly impact on 
the intraoperative decision-making, but also the 
knowledge of the “patient language” is helpful. It 
refers to the intraoperative surgical semiology, 
including visual aspect of the tissue during dis-
section and tissue modification during the surgi-
cal procedure, which guides the watchful surgeon 
while he is performing the surgery.

 Patient Language

 Follow the Bubbles

One of the basic principles of laparoscopic surgery 
is that the CO2 gas, in contact with the retroperito-
neal space, infiltrates the loose areolar tissue and 
spreads easily, leading to the formation of some 
“bubbles” within the retroperitoneum (so-called 
champagne effect by the French surgeons). This 
“dissecting effect” of the pneumoperitoneum 
within the retroperitoneum may be seen when the 
surgeon cut the peritoneum. The CO2 gas infil-
trates beneath the peritoneum held under traction 
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by the assistant surgeon, detaching it from the 
loose areolar tissue. During dissection, the sur-
geon progressively develops the pelvic spaces, and 
the gas travels along the cleavage planes. This 
effect may be seen thanks to the creation of bub-
bles caused by the CO2 gas separating the connec-
tive tissue which originally fills these virtual 
spaces [8]. In practice, these bubbles indicate the 
direction to follow in order to open these spaces. 
The surgeon may apply gentle divergent forces 
using two instruments which is going to enhance 
even more this “champagne effect.” Actually, these 
bubbles are of real help to the surgeon because 
they allow dissection to be more intuitive (Fig. 7.1).

Some important points in order to obtain the 
best “champagne effect” are:

 1. The surgeon must not wash the pelvic cavity 
during the surgical procedure after opening the 
retroperitoneal space. The liquid infiltrates the 
loose areolar tissue and impairs the entrance of 
the CO2 gas within this plane (Fig. 7.2).

 2. Divergent traction using the operator’s two 
instruments must be used (Fig. 7.3).

a b

c d

Fig. 7.1 (a) Deep infiltrating endometriosis affecting the 
anterior cul-de-sac. (b) The surgeon opens the peritoneum 
using bipolar forceps and scissors, and the CO2 gas imme-
diately spreads within the retroperitoneal space creating 

a visual aspect of “bubbles” (arrow). (c and d) If the sur-
geon pays attention, he may see “bubbles” far away from 
the area of dissection (arrows)

a

b

Fig. 7.2 Dissection of the right ovarian fossa a little bit 
medial to the ureter. If the surgeon washes the pelvic 
cavity, the liquid infiltrates the retroperitoneal space  
(a), and the “bubbles” do not travel within the loose 
areolar tissue (b)
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 3. Meticulous hemostasis should be performed 
in order to achieve a good anatomic vision 
during the retroperitoneal dissection. That is 
why the authors always operate using a bipo-
lar forceps in the left hand (Fig. 7.1).

 4. The use of harmonic scalpel may also enhance 
this effect and facilitate the surgical procedure. 
The very fast-forward and backward motion of 
the tip of the instrument in contact with the tis-
sue produces changes in tissue pressures, lead-
ing to cell fragmentation and expansion of the 
tissue planes (cavitation effect) [20]. The cavi-
tation effect adds to the “champagne effect” 
leading to the formation of even more bubbles 
within the retroperitoneal space (Fig. 7.4).

 Arrows

The chronic inflammatory process coming from 
the disease leads to a fibrotic reaction within and 

around the endometriosis lesion, which retracts 
the healthy tissue (Fig. 7.5a). Whenever the sur-
geon starts the dissection around the disease, in a 
healthy area, he may look at the screen and real-
ize that some “arrows” connecting the normal tis-
sue and the diseased tissue appear, and these 

a b

c d

Fig. 7.3 Dissection of the left ovarian fossa at the ante-
rior aspect of the ureter. Divergent forces are applied by 
the two instruments held by the surgeon (a–c). The CO2 

gas enters the retroperitoneal space (arrows), and the sur-
geon may continue the dissection (d)

Fig. 7.4 Opening the peritoneum of the anterior cul-de- 
sac at the right side. The use of harmonic scalpel may add 
the cavitation effect to the “champagne effect” enhanc-
ing the formation of “bubbles” within the retroperitoneal 
space
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“arrows” are exactly the place where the surgeon 
must coagulate and cut the tissue in order to sepa-
rate the healthy tissue from the disease (Figs. 7.5 
and 7.6).

These arrows may be identified not only during 
the ovarian cystectomy for an ovarian endometri-
oma [21] but also during the surgical excision of 
deep infiltrating nodules at the anterior and the 
posterior compartment of the pelvis [8].

During laparoscopic cystectomy for an ovar-
ian endometrioma, the ovary must be mobilized 

from its attachments at the uterosacral ligament 
or the posterior leaf of the broad ligament at the 
ovarian fossa. This breaks the most sensitive por-
tion of the endometrioma, and a “chocolate fluid” 
is going to come out of the cyst. The opening at 
the ovarian endometrioma must be enlarged, and 
the cleavage plane between the ovarian paren-
chyma and the ovarian endometrioma is going to 
be identified. Divergent forces must be gently 
applied in order to separate the cyst from the 
ovary. The surface of the endometrioma in 

a b

c d

Fig. 7.5 (a) Endometriosis lesions promoting retraction 
of the uterosacral ligaments (circles). (b–d) During the 
laparoscopic excision of the endometriosis implants, the 

surgeon may observe that there are some fibrous bands 
(what the authors call “arrows”) connecting the normal 
tissue to the endometriosis nodule (lines)

a b

Fig. 7.6 The assistant surgeon is grabbing the endome-
triosis nodule (circle), and the surgeon may identify some 
“arrows” (lines) connecting the normal tissue with the 

endometriosis lesion. The top of the “arrows” represents 
the exact place where the surgeon must coagulate and cut
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 contact with the ovarian tissue is whitish, and the 
tissue connecting both endometrioma and ovary 
is reddish. The surgeon should realize that these 
reddish fibers appear as “arrows,” drawing a tri-
angle with the apex located at the outer surface of 
the cyst and the base on the inner surface of the 
ovarian parenchyma [21]. The tip of the arrow is 
the exact place where surgeon should coagulate 
and cut, preserving the normal ovarian tissue and 
removing only the ovarian endometrioma 
(Fig. 7.7).

It has already been demonstrated in the litera-
ture that the level of expertise of the surgeon is 
inversely correlated with the amount of ovarian 
tissue inadvertently removed along with the 
endometrioma wall [22]. One of the reasons of 
such results is, probably, the lack of experience in 
the identification of the “patient language” dur-
ing laparoscopic ovarian cystectomy. Therefore, 
at the end, the experience of the laparoscopist 
may affect the ovarian reserve after laparoscopic 
treatment of ovarian endometriomas.

The same principle may be used during the 
laparoscopic excision of deep infiltrating endo-

metriosis. The deep endometriosis nodule is 
formed by a hard fibrotic tissue surrounded by 
some degree of inflammation. The surgical 
approach for such lesions includes the identifica-
tion of the boundaries of the endometriosis nod-
ule in order to start the dissection in healthy 
tissue, around the disease. The identification of 
the surgical landmarks and the important struc-
tures that are close to the disease must be carried 
out. When dissection comes close to the nodule, 
the surgeon may observe that the fibrotic lesion 
is connected to the normal tissue by the “arrows,” 
which represent the exact place to be coagulated 
and cut. After cutting these fibrotic attachments, 
it is possible to realize that the nodule “moves” 
progressively if the assistant surgeon is able to 
hold the nodule under traction (Fig. 7.8). The 
surgeon may be smart enough to realize that 
sometimes the new “arrows” appear a little bit 
distant from the previous cut and must continue 
the dissection where the patient is indicating 
(Fig. 7.9).

At the anterior compartment of the pelvis, the 
endometriosis nodule may be attached to the 

a b

c d

Fig. 7.7 (a) Identification of the cleavage plane between 
the endometrioma and the ovarian parenchyma. (b) The 
outer surface of the ovarian endometrioma is whitish. 
(c and d) The reddish bands appear as “arrows” (lines) 

connecting the ovarian parenchyma to the surface of the 
endometrioma. The “arrow” must be coagulated and cut 
exactly on the surface of the ovarian endometrioma in 
order to avoid ovarian parenchyma loss
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peritoneum of the anterior cul-de-sac, the vesico-
uterine septum, the round ligaments, the bladder, 
and the serosa/myometrium of the anterior uter-
ine wall. Whenever the detrusor muscle is infil-
trated, partial bladder resection must be 
performed. The surgeon must pay attention to the 
infiltration at the serosa/myometrium, which 
must also be excised in order to achieve a com-
plete resection of the disease (Fig. 7.9).

At the posterior compartment of the pelvis, 
the disease may affect the uterosacral ligaments, 
the posterior leaf of the broad ligaments, the ret-

rocervical area, the posterior vaginal fornix, the 
peritoneum of the posterior cul-de-sac, the recto-
vaginal septum, the bowel, and the ureters. 
During the dissection of the deep infiltrating nod-
ule, if the surgeon does not know whether he 
should cut or not, the patient will show him. The 
assistant surgeon should grasp the nodule and 
retract it to expose the cleavage plane. Dissection 
is carried out using scissors (Fig. 7.10) as well as 
divergent forces (Fig. 7.3). The “arrows” con-
necting normal tissue with the disease mean cut 
here, please! Right after cutting the top of the 

a b c

Fig. 7.8 The assistant surgeon grabs the endometriosis 
lesion, and the surgeon cuts the “arrows” (lines) at the top 
of them (a). After two or three cuts at the fibrotic attach-

ments, (b and c) the nodule is progressively displaced, and 
normal tissue remains in place

a b

c d

Fig. 7.9 Laparoscopic excision of a deep infiltrating 
nodule affecting the anterior cul-de-sac, the vesicouterine 
septum, and the serosa/myometrium of the anterior uter-
ine wall using bipolar scissors. It is possible to identify 

some “arrows” connecting the endometriosis nodule with 
the normal tissue (lines) (a–d) and a black spot (circle) 
within the nodule that is being excised (a)
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“arrow,” the surgeon may realize that the nodule 
moves away and normal tissue is found (Figs. 7.8 
and 7.11).

 Black Spots

The presence of black spots within the tissue at 
the area of resection means that the excision of 

the disease is not complete. The identification of 
black spots means that there is presence of micro-
cysts of endometriosis within the tissue, which 
finally indicates that the area of resection should 
be extended (Figs. 7.8a, and 7.12). This informa-
tion given by the patient is of extreme value espe-
cially at the retrocervical area (Figs. 7.12, 7.13, 
and 7.14), the anterior wall of the uterus, the 
bladder (Fig. 7.15), the vagina, and the bowel. 
Whenever the surgeon leaves the black spots 
behind, he is also leaving disease in place. This is 
the only possible way the patient has to tell the 
surgeon that something is going wrong with the 
completeness of the resection; however, this 
“patient language” is not always understood by 
the surgeon.

Particularly when the deep infiltrating endo-
metriosis lesion penetrates the posterior vaginal 
fornix, it is possible to identify not only black 
spots at the vaginal mucosa but also polyp-like 
lesions filled in with chocolate fluid (Figs. 7.12d 
and 7.13). The presence of such findings means 

Fig. 7.10 Dissection using scissors and coagulation of 
the “arrow” using bipolar forceps

a b

c d

Fig. 7.11 Surgical treatment of deep infiltrating endome-
triosis at the posterior compartment of the pelvis affect-
ing the uterosacral ligaments, retrocervical area, posterior 
cul-de-sac, and anterior rectal wall. (a and b) The surgeon 
may observe the “arrows” (lines) connecting the normal 
tissue to the endometriosis nodule over the left ureter. (c) 

The nodule is separated from the posterior aspect of the 
cervix. It is possible to identify the normal fatty tissue at 
the right pararectal fossa. The white bands (arrows) rep-
resent fibrotic tissue around the disease. (d) Identification 
of the lateral limit of the nodule on the rectal wall. The 
normal fatty tissue has a yellowish appearance
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a b

c d

Fig. 7.12 (a) The endometriosis nodule (arrows) is oblit-
erating the posterior cul-de-sac and infiltrating the retro-
cervical area, the posterior vaginal fornix, and the anterior 
rectal wall. (b) During the separation of the endometriosis 
nodule from the retrocervical area/posterior vaginal for-
nix, it is possible to see a black fluid coming from the 
resection area (circle), which means that there is still 

disease in place. (c) The limits of the resection must be 
enlarged in order to achieve a complete resection of the 
disease (arrows and lines). (d) Detachment of the poste-
rior vaginal fornix from the posterior aspect of the cervix. 
Endometriosis lesions infiltrating the vaginal mucosa can 
be seen (circle) and must be excised along with the poste-
rior vaginal fornix

a b

c

Fig. 7.13 (a) Vaginal examination demonstrating a black 
spot at the posterior vaginal fornix (arrow). (b) Vaginal 
examination showing polyp-like lesions at the posterior 
vaginal fornix. (c) Surgical specimen of total laparoscopic 
hysterectomy and complete resection of deep infiltrat-

ing endometriosis. It is possible to verify the presence of 
black lesions infiltrating the vaginal mucosa at the poste-
rior vaginal fornix, which was resected en bloc with the 
cervix
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that the posterior vaginal fornix must be resected 
in order to completely remove the disease 
(Figs. 7.12d and 7.14) [23]!

 Importance of Fatty Tissue

Whenever the surgeon identifies fatty tissue 
(Fig. 7.11d) or normal muscle tissue, it means 

that the surgical resection is complete. Unhealthy 
or fibrous tissue is suspected during surgery when 
there are a whitish appearance (Fig. 7.11c) and a 
reduced tendency to bleed within the limits of the 
resection. This notion of interpretation is impor-
tant especially close to the bowel and the bladder. 
Always, the fat belongs to the bowel (mesosig-
moid and mesorectum) and the bladder (extra-
peritoneal fat at the paravesical pelvic space). 
Also, the identification of fatty tissue during the 
resection of an endometriosis nodule at the poste-
rior cul-de-sac after opening the pararectal pelvic 
space means that the margins of the resection are 
free of disease (Fig. 7.16).

So, if the surgeon does not know if he can cut, he 
may ask the patient. Retraction of the nodule will 
expose the cleavage plane, and dissection is carried 
out using scissors. The visualization of fatty tissue 
means that the extent of the excision is enough.

 Discussion

Surgical treatment is the most effective way of 
treating endometriosis in terms of long-term 
reduction in pain and improvement in fertility. 
However, surgical procedure can be technically 
demanding because of the presence of dense 
adhesions and distorted anatomy. Also, in a good 
number of patients, surgical intervention in non- 
gynecologic organs may be necessary, including 
the bowel, the ureter, and the bladder.

a

b

Fig. 7.14 Reverse technique for the treatment of recto-
vaginal deep infiltrating endometriosis [16]. The posterior 
vaginal fornix is excised, and then the intestinal procedure 
is going to be performed

a b

Fig. 7.15 Laparoscopic partial cystectomy for blad-
der endometriosis. (a) Black spots may be seen (arrows) 
within the endometriosis nodule. (b) The margins of the 

excision should be extended in order to remove the entire 
endometriosis lesion (circle)
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The importance of the preoperative work-up 
in patients with deep infiltrating endometriosis 
has already been demonstrated in the literature 
[1–3, 6]. During surgery, complete excision of 
the disease is the goal of the intervention. Always, 
the surgeon must reevaluate the disease intraop-
eratively in order to confirm the preoperative 
findings on imaging exams. Dissection, identifi-
cation of the healthy structures, and complete 
excision of the disease may be facilitated by the 
knowledge of the “patient language.” The most 
experienced the surgeon is, the best interpretation 
he can get during surgery. For the beginners, it is 
important to pay attention to all these details dur-
ing surgery and to exercise them in order to 
become them instinctive.

Painful recurrences observed after surgical 
treatment of endometriosis are most often due to 
an incomplete treatment during the first interven-
tion rather than a true recurrence. It has been 
already demonstrated in the literature that there is 
a learning curve for conservative laparoscopic 
surgery for rectovaginal endometriosis. There 
seems to be a reduction in the rate of laparocon-
version, operating time, estimated intraoperative 

blood loss, cases with incomplete surgery, and 
recurrence rate with increasing surgeon’s experi-
ence [24]. The notion of complete and incom-
plete surgery depends on the surgeon’s 
impression, and even in supposedly complete 
surgery, there might be some disease that remain 
behind that cannot be seen during the procedure 
[24]. That is why all surgeons should try to pay 
attention to the “patient’s language” during sur-
gery in order to try not to leave disease behind.

 Conclusion

Endometriosis is a complex disease, and the 
treatment of each patient must be individual-
ized. Surgery has an important role in the 
management of these patients, but also expect-
ant management, clinical treatment, and 
assisted reproduction technique may be used 
to obtain the patient’s needs.

The final decisions of whether or not to 
operate, when to operate, and what approach 
to use are still a matter of complicated interac-
tion of experience, gut feelings, education, 
training, exposure, and the continuous strive 
to provide the best care possible for the 

a b

c d

Fig. 7.16 (a) Deep infiltrating endometriosis affecting 
the posterior compartment of the pelvis (uterosacral liga-
ments, retrocervical area, posterior cul-de-sac, and ante-
rior rectal wall). (b) Identification of the normal tissue 

(arrow) at the left pararectal fossa. (c and d) Identification 
of the healthy rectovaginal septum (arrow) and the fatty 
tissue at the right pararectal fossa
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patient. Whenever surgery is indicated, the 
concept of complete removal of the disease 
must be kept in mind. During surgery, the sur-
geon may be helped by the patient if he under-
stands the “patient language.”
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Endometriosis: From Diagnosis 
to Surgical Management

Mateus Moreira Santos Rosin 
and Mauricio Simões Abrão

 Introduction

Endometriosis is defined as endometrial glands 
or stroma that lies outside the uterus. Lesions are 
most often located in the pelvis affecting the peri-
toneum and ovaries and may affect the gastroin-
testinal and urinary tract [1, 2]. The estimated 
prevalence of endometriosis is 5–15% of all 
women of childbearing age. The prevalence is 
higher in some subgroups, such as infertile 
women—20% to 48% [3–5].

It is a benign, inflammatory, and estrogen- 
dependent condition that occurs most in women 
of reproductive age. Symptoms can vary from 
minimal to highly debilitating. Pelvic pain and 
infertility are the most common symptoms. In 
some cases, the symptoms can significantly affect 
the quality of life, especially in the case of severe 
conditions when the anatomy of the pelvis is 
completely distorted. Lesions are most often 
located in the pelvis affecting the peritoneum and 
ovaries and may affect the gastrointestinal and 
urinary tract [6, 7].

The disease can be divided according to loca-
tion; there are three classical different presenta-
tions: peritoneal endometriosis, ovarian 
endometriosis cysts (endometriomas), and deeply 
infiltrative endometriosis, defined arbitrarily as 

endometriosis infiltrating the peritoneum by 
more than 5 mm. Some patients may also present 
a combination of them, even with all forms 
together [8, 9].

Endometriosis is currently staged according to 
the American Society for Reproductive Medicine 
(ASRM) system—the most widely accepted, 
proposed in 1996, rating the extent of endome-
triosis on a scale of I (minimal) to IV (severe).

Several different criteria for the classification 
of endometriosis have been developed. 
Unfortunately, all classifications are subjective 
and correlate poorly with symptoms and fertility 
outcomes [10, 11].

The establishment of a widely accepted and 
clinically significant classification system 
remains elusive. Adamson and Pasta [12] have 
developed the endometriosis fertility index, 
which has been validated as a means of predict-
ing non-IVF pregnancy rates in patients who 
have undergone surgical evaluation of endome-
triosis. More recently, a new staging system 
based on ultrasonographic findings of deep, infil-
trating disease has been suggested as well. And 
the American Association of Gynecologic 
Laparoscopists (AAGL) is in the process of 
developing a new classification system for endo-
metriosis [12–14].

Treatment of endometriosis may be surgical 
or clinical, including drugs such as gestogens, 
oral contraceptives, GnRH analogs, and analge-
sics. However, many surgeons claim that it is 
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preferable to undergo minimally invasive surgi-
cal intervention instead of years of associated 
side effects of clinical therapy. In addition, con-
servative surgery is the ideal option for women 
seeking to become pregnant since almost all 
medications used to treat endometriosis interfere 
with ovulation. In most of the cases, the treat-
ment requires a multidisciplinary team, able to 
provide the most radical approach needed and 
also to avoid any medicolegal implications 
[15–17].

 Diagnosis

The diagnosis of endometriosis is still a dilemma 
in view of the nonspecific symptoms caused by 
the most diverse forms of the disease. A thorough 
history and careful physical examination are 
imperative to the diagnostic suspicion.

The main clinical manifestations of endome-
triosis include dysmenorrhea, which may be pri-
mary or secondary, dyspareunia, dyskinesia, 
uterine hemorrhagic disorders, infertility, and 
chronic acyclic pelvic pain. Women with endo-
metriosis may also present gastrointestinal, uro-
logical, autonomic, and nonspecific symptoms 
similar to chronic fatigue. More than 60% of 
women with endometriosis also have clinically 
relevant depressive mood disorders, depression, 
or anxiety disorders [18].

Pelvic examination may suggest the diagnosis 
of deep infiltrative endometriosis by the presence 
of painful nodules and fibrosis in the cul-de-sac, 
but it is not very accurate in determining the 
extent of the disease. Through clinical examina-
tion, only 50% of deep endometriosis nodules 
larger than 3 cm in diameter were diagnosed. 
With clinical gynecologist experience and aware-
ness, clinical diagnosis has been improved. 
However, the most important finding is that the 
vast majority of lesions of deep endometriosis 
will not be diagnosed by clinical examination but 
by complementary examinations [19–21].

Accurate mapping of endometriosis lesions is 
critical for optimal therapeutic planning and 

patient counseling. We need for a reliable nonsur-
gical method to diagnose this highly prevalent 
disease and to determine the extent and location 
of lesions in the pelvic cavity during the preop-
erative evaluation in order to better plan the sur-
gical approach. Clinical suspicion may be 
confirmed by transvaginal ultrasound or by mag-
netic resonance imaging, which are useful and 
most commonly used tools to estimate the extent 
of lesions [22, 23].

 Transvaginal Sonography

Transvaginal ultrasonography is the first-choice 
imaging technique for the diagnosis of pelvic 
endometriosis and, in particular, deep infiltrative 
endometriosis. The preoperative systematic 
ultrasonography evaluation by an expert sonog-
rapher can give an accurate assessment of the 
presence and location of deep infiltrative endo-
metriosis [24].

Endometriosis deep nodules involving the ret-
rocervical region, uterosacral ligaments, vagina, 
and rectosigmoid should be accurately detected 
during preoperative assessment; they are identi-
fied by ultrasonography as a heterogeneous, 
hypoechogenic, and sometimes spiculated mass. 
Usually the normal uterosacral ligaments are not 
visible on the ultrasound (when affected by endo-
metriosis, they present a hypoechoic thickening 
with regular or irregular margins seen within the 
peritoneal fat that surrounds them). The lesion 
may be isolated or may be part of a larger lump 
that extends into the vagina or other surrounding 
structures [25, 26].

Bowel deep infiltrative endometriosis usually 
appears on transvaginal ultrasound as a thicken-
ing of the hypoechoic muscularis propria or as 
hypoechoic nodules, with or without hyperechoic 
foci with blurred margins. The transvaginal ultra-
sound with intestinal preparation is able to define 
not only the size but also the number of lesions, 
the depth of invasion in the intestinal wall, and 
the distance from the anal border. The distance 
from the anal verge to the intestinal lesion can be 
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determined by the transvaginal ultrasound using 
the peritoneal reflection as the main reference 
point, which is located about 7–8 cm from the 
anal verge [27–30].

Transvaginal ultrasonography with or without 
the use of previous bowel preparation is an accu-
rate examination for the presurgical and noninva-
sive detection of rectosigmoid endometriosis. It 
has shown a superior sensitivity (75–98%) for 
detecting deep infiltrative endometriosis com-
pared with magnetic resonance imaging, tran-
srectal ultrasonography, computed tomography, 
and clinical examination [19, 20, 31].

Rectal deep infiltrative endometriosis lesions 
may be associated with a second intestinal lesion 
in 54.6% of cases [27].

Transvaginal ultrasound is also the method of 
choice for assessing an adnexal mass, and in the 
presence of endometriomas, the method shows 
images most commonly associated with unilocu-
lar cysts with a homogeneous “ground-glass” 
appearance. The diagnosis of endometrioma is 
easily performed using a transvaginal ultrasound, 
which has a sensitivity of 90% and a specificity 
of 97% [32, 33].

The presence of the combination of endome-
trioma and pain should alert to the possibility of 
moderate to advanced stage disease and does not 
respond well to drug therapy [34, 35].

Kissing ovaries sign suggests that there are 
severe pelvic adhesions. Bowel and fallopian 
tube endometrioses are significantly more fre-
quent in women with ovarian kissing compared 
to those without: 18.5% vs 2.5% and 92.6% vs 
33%, respectively [36–38].

Each endometrioma and deep infiltrative 
endometriosis lesion should be measured system-
atically in three orthogonal planes, to obtain the 
length (midsagittal measurement), thickness 
(anteroposterior measurement), and transverse 
diameter. The obliteration of pouch of Douglas 
can be graded as partial or complete depending 
on whether one side, left or right, or both sides 
[39, 40].

Prediction of severe forms of deep infiltrative 
endometriosis as well as pouch of Douglas oblitera-

tion using transvaginal ultrasound is helpful in plan-
ning a multidisciplinary surgical approach [28].

 Magnetic Resonance Imaging

The preoperative mapping of the extent of deep 
infiltrative endometriosis is very important, first, 
to decide whether surgical intervention is indi-
cated and second to plan the complete surgical 
excision, since the success of the treatment 
depends on the radical surgical removal [41].

Magnetic resonance imaging is now com-
monly used for the diagnosis of endometriosis; it 
has a great advantage over other diagnostic meth-
ods because it allows a complete survey of both 
the anterior and posterior compartments of the 
pelvic at the same time as well as provides infor-
mation on areas inaccessible to laparoscopy and 
transvaginal ultrasonography. That is why exten-
sive pelvic adhesions and ureteral involvement 
are both important indications for magnetic reso-
nance imaging examination [42–45].

When the ultrasound characteristics of the 
ovarian masses are indeterminate, magnetic reso-
nance imaging is the imaging examination of 
choice to rule out malignancy. Endometriomas 
usually present as hyperintense signals on fat- 
suppressed T1-weighted imaging with a sensitiv-
ity of 90%, specificity of 98%, and accuracy of 
96% [46, 47].

Magnetic resonance imaging may be useful 
in the diagnosis of multifocal endometriosis, as 
well as in the definition of the anatomical loca-
tion of endometriotic lesions. The use of 
contrast- enhanced mass or hyperintense foci in 
T1-weighted or fat-suppressed T1-weighted 
magnetic resonance imaging strongly suspects 
the presence of hemorrhagic foci or hyperin-
tense cavities secondary to endometriosis. A 
hypointense nodule can be seen in the 
T2-weighted images with the sign of the mass of 
tissue close to that of the pelvic muscles. The 
sensitivity and specificity of magnetic  resonance 
imaging to detect pelvic endometriosis are about 
90% [25, 48].
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Magnetic resonance imaging and transvaginal 
ultrasound have similar results in the identifica-
tion of colorectal endometriosis. They suggest 
that these methods may have complementary 
roles in the identification of colorectal endome-
triosis depending on the affected site [49].

Magnetic resonance imaging is also useful to 
predict muscular infiltration of the bowel with a 
sensitivity of 100% and specificity of 75%. 
Introduction of ultrasound gel inside the rectum 
improves the anatomical definition of the pelvis, 
increasing the possibility of detecting small 
intestinal lesions; however, it is difficult to define 
which layer of the intestinal wall is affected by 
the disease. The measurement of the distance of 
the intestinal lesion from the anal border is more 
accurate in magnetic resonance of the pelvis, due 
to the better anatomical resolution in the sagittal 
T2 sequence. It is recommended to respect the 
rectal and sigmoid curvatures when measuring 
this distance [30, 50].

 Surgical Management

 Ovarian

Ovarian endometrioma is a cystic tumor caused 
by the presence of ectopic endometrial tissue 
within the ovary. It has thick, brown, tar-like fluid 
content that can be referred as a “chocolate cyst.” 
In practice, there is a great disparity between the 
radiological diagnosis and the endoscopic find-
ings of patients undergoing laparoscopic surgery 
for endometriomas, usually presents strongly 
attached to surrounding structures such as the 
peritoneum, uterus, fallopian tubes, and intestine. 
This is one of the most common manifestations 
of endometriosis. Among patients with endome-
triosis, 17–44% have ovarian endometriomas 
[51, 52].

One-third to one-half of patients with endo-
metriomas will have bilateral cysts. There are 
three theories of how the endometriomas are 
formed. The first was described by Hughesdon in 
1957 in which he suggested that there is an 
invagination of the ovarian cortex after accumu-

lation of menstrual debris from bleeding of endo-
metrial implants which results in a pseudocyst. In 
1994 Brosens et al. demonstrated through ovari-
oscopy that in most cases, endometriomas are 
formed by invagination of the cortex and that 
active implants are located at the site of invagina-
tion [53–55].

The second theory is that endometriomas 
result from metaplasia of coelomic epithelium 
covering the ovary. Finally, Nezhat et al. have 
postulated that large endometriomas may develop 
as a result of secondary involvement of func-
tional ovarian cysts by endometrial implants 
located on the ovarian surface [56–58].

In early diagnostic laparoscopy, the excision 
of an endometrioma is ideal for two reasons: first, 
endometriomas larger than 1 cm in size are 
unlikely to be spontaneously resolved, and, sec-
ond, excision allows anatomopathological exam-
ination of the tissue and confirmation of 
diagnosis. The risk of malignant transformation 
of an endometrioma is 2.5%, most commonly 
resulting in endometrioid carcinoma or clear-cell 
adenocarcinoma [59–61].

Endometriomas are understood to be pseudo-
cysts. The cleavage plane between an endome-
trium and an ovarian cortex is not always clear. 
Several techniques have been proposed for the 
conservative laparoscopic treatment of endome-
triotic cysts. Laparoscopic cystectomy remains a 
first-line choice for the conservative treatment of 
endometriotic cysts [62].

The classic surgical treatment of endometri-
otic ovarian cysts is a technique of laparoscopic 
removal, using traction and contraction to remove 
the endometrioma capsule. Laparoscopic exci-
sion of an endometrioma is associated with a 
decrease in the symptoms as dysmenorrhea, dys-
pareunia, and non-menstrual pelvic pain [63].

A meta-analysis showed that stripping tech-
nique is a better method than drainage or ablative 
surgery in terms of recurrence of pain symptoms, 
increasing spontaneous pregnancy rates and 
decreasing recurrence and reoperation rates 
([62–64]).

Some evidence has indicated that cyst drain-
age and vaporization or thermal coagulation may 
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be less harmful to ovarian reserve. Donnez et al. 
[65] proposed a technique consisting of excising 
a large part of the endometrioma wall using the 
stripping technique and then using CO2 laser on 
the remaining endometrioma wall when 
approaching the hilus [65].

Both the presence of endometriomas and sur-
gical excision of endometriomas appear to be 
damaging to ovarian function and ovarian 
reserve. In patients who are symptomatic and 
who have good ovarian reserve, unilateral endo-
metriomas, and ovarian lesions with ultrasound 
characteristics related to malignancy or who do 
not wish to continue in vitro fertilization, surgery 
may be indicated. But these women need to be 
properly advised about the potential for ovarian 
reserve decline [66].

It is still unclear whether asymptomatic ovar-
ian endometriomas require surgical treatment, 
and surgery in this area may damage adjacent 
normal ovarian tissue. The issue is relevant to no 
more than a few women, as only about 5–10% of 
all cases of endometriosis are considered asymp-
tomatic [18] (Fig. 8.1). 

 Rectovaginal

Endometriosis is considered infiltrative when the 
lesions reach a depth of 5 mm in the peritoneum 
and may be located in the Douglas’s pouch, vesi-
couterine space, and other regions of the pelvis. It 
should be remembered that one form of retrouter-
ine infiltration of the disease may be retrocervical 

when an affected area is situated between the 
lower third of the vagina and the rectum [67, 68].

Rectovaginal endometriosis is easily identi-
fied in the posterior vaginal fornix during palpa-
tion of the rectovaginal septum. The digital 
vaginal examination achieved sensitivity rates of 
68 and 72% for retrocervical and rectosigmoid 
endometriosis, respectively. The involvement of 
the adjacent intestine and the sacrouterine liga-
ments may lead to partial or complete oblitera-
tion of the Douglas’s pouch. This condition is 
associated with infertility, often severe pelvic 
pain, dyspareunia, loss of libido, and bowel 
symptoms frequently. This is due to the location 
of the invasive foci and the compromised inner-
vation of adjacent structures [31, 69].

Dyspareunia, especially related to deep dis-
ease, is a characteristic of retrocervical endome-
triosis and is justified by endometriotic implants 
in the uterosacral ligaments, as well as the immo-
bility of the pelvic organs that are trapped by 
infiltrative disease and dense adhesions. Currently 
the surgical treatment is widely used for symp-
tomatic rectovaginal endometriosis [15–17, 70].

Several surgical techniques were developed 
for this purpose, all aimed at maximizing citorre-
duction of the disease when possible. In general, 
during surgery, the rectum, sigmoid, and ureters 
should be identified and isolated in order to per-
form the complete removal of retrocervical endo-
metriosis lesions. The involvement of the bowel 
sometimes requires intestinal resections, just as 
parametrial infiltration may require ureterolysis 
due to ureteral involvement. So, the surgeon must 
be fit and ready to face these scenarios [71–74].

The serious complications of this type of sur-
gery are specifically associated with inadvertent 
bowel perforation or fistulas. The most frequently 
reported postoperative symptom is urinary reten-
tion, probably due to parasympathetic plexus 
injury, resulting in temporary denervation of the 
bladder. The risk of urinary retention is increased 
when associated with segment resection of the 
bowel but can occur even when this is not neces-
sary [75].

Nerve-sparing techniques are being applied 
with substantial reductions in time to return 

Fig. 8.1 Ovarian endometriosis. “Kissing ovaries” with 
the obliteration of the pouch of Douglas
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 spontaneous urination, decrease residual urine 
volume, and lower rate of self-catheterization at 
hospital discharge [76–78].

The patient must be fully informed about the 
nature of the procedure before it is performed 
[73, 74].

 Bladder

Patients with endometriosis present urinary tract 
involvement in 0.03–5% of the time. Considering 
the urinary system, the bladder is the most com-
monly affected organ 80–84%, followed by ure-
ter 15%, kidney 4%, and urethra 2% [79, 80].

The hypothesis of deep infiltrative endometri-
osis involving the bladder should be considered 
in patients with cyclic irritative urinary symp-
toms, which manifest as painful and noneffective 
vesical contractions, as well as microcirculatory 
disturbances in the urothelium, with micro- or 
resulting macrohematuria. Urine cultures are 
generally negative in these patients [81].

Invasive diagnostic techniques include cystos-
copy and laparoscopy, but the cystoscopy still rep-
resents one of the most cost-effective tests. The 
cystoscopic findings may be normal due to the 
intraperitoneal origin of the lesion; small lesions 
affecting only the bladder peritoneum cannot be 
seen by cystoscopy. Failure to identify hematuria 
at cystoscopy does not rule out the possibility of 
bladder endometriosis. During the examination, 
cystoscopy may demonstrate an intraluminal 
mass of the posterior wall of the bladder or dome; 
they may be isolated or multifocal.

The calculation of the distance between the 
ureteric orifices and the inferior border of the 
endometriotic nodule is crucial to define the sur-
gical approach. In patients not previously oper-
ated on, the distance between the caudal border 
of the endometriotic lesion and the interurethral 
ridge is rarely less than 2 cm. Lesions may be 
biopsied and ureter stents can be inserted cysto-
scopically if necessary. When the distance 
between the caudal border of the endometriotic 
lesion and the interurethral ridge is less than 
2 cm, ureteral catheterization is recommended 
[82, 84, 85].

The primary treatment modality for symp-
tomatic endometriosis of the bladder is surgery. 
In the presence of deep infiltration of the detru-
sor muscle, partial cystectomy is required. It 
consists of dissection of the vesicouterine space 
to mobilize the nodule and isolate the diseased 
bladder for subsequent excision of the entire 
lump along with some healthy tissue. Bladder 
suture is usually performed through a single 
layer, and at the end of the procedure, cystos-
copy is mandatory to check the integrity of the 
urethra and good co- optation of the bladder 
wall. In most of the cases, it is a simple proce-
dure with excellent results; some series show 
pain relief in 95–100% of patients. Transurethral 
urinary drainage is recommended for 6 days 
after surgery. Ureteral involvement can lead to 
serious complications when diagnosis is 
delayed, such as stenosis with hydroureter and 
hydronephrosis and finally loss of renal function 
[84, 86].

Endometriosis of the ureter can be either 
intrinsic or extrinsic. The extrinsic type is more 
common, and the goal of surgery is freeing (ure-
terolysis) and decompression of the ureter; intrin-
sic ureteric endometriosis is rare and infiltrates 
multiple layers of the ureter. It is present in less 
than 0.3% of all women with endometriosis; an 
additional objective is partial resection of the 
ureter with end-to-end anastomosis or direct ure-
teric neoimplantation, with the psoas hitch tech-
nique [83].

A large number of patients with deep infiltra-
tion of endometriosis who experience ureteral 
involvement are asymptomatic. In 14% of the 
rectovaginal endometriotic nodules larger than 
3 cm, ureteral involvement was observed. 
Therefore, preoperative urinary tract investiga-
tion is highly recommended in women with ret-
rocervical injury [87–89, 90].

The most serious complication of this opera-
tion is the neurogenic bladder caused by bladder 
denervation, caused by endometriosis itself or by 
surgical resection of the lesion, which may 
require permanent catheterization or implanta-
tion of a bladder neurostimulator, usually in 
young patients with a significant reduction in 
quality of life [18] (Fig. 8.2).
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 Bowel

Intestinal involvement may vary widely in 
patients with endometriosis and can be estimated 
at 3.8–37%. Intestinal endometriosis can be 
found in many areas between small bowel and 
anal canal, but the main locations of intestinal 
endometriosis are the rectum and rectosigmoid 
junction; in 90% of the cases, lesions of intestinal 
endometriosis are present in the rectum and sig-
moid [91–93].

The rectum and the rectosigmoid junction are 
involved in 65.7% of the cases, followed by the 
sigmoid colon 17.4%, cecum and ileocecal junc-
tion 4.1%, appendix 6.4%, small intestine, 7%, 
and omentum 1.7% [94].

Symptoms such as tenesmus, dyschezia, diar-
rhea, and constipation are alterations of the intes-
tinal habit due to colorectal involvement; 
hematochezia may occur, but it is a rare event. As 
a differential diagnosis, one should keep in mind 
irritable bowel syndrome, solitary rectal ulcer 
syndrome, and a rectal tumor [95].

The medical management of deep infiltrative 
endometriosis with colorectal extension is not 
curative; it is based only on the suppression of 
symptoms with nonsteroidal anti-inflammatory 
drugs, oral contraceptives, gestogens, anti- 
agonists, or GnRH agonists and is frequently 
associated with significant side effects [15–17, 
96, 97].

In addition, it is unclear whether the medical 
management approach prevents disease progres-
sion, especially in more severe cases of endome-

triosis with colorectal extension. However, 
discontinuation of these medications usually 
results in recurrence [98].

There is a general consensus that symptomatic 
endometriosis, especially colorectal endometrio-
sis, is best treated by a single laparoscopic opera-
tion in order to restore pelvic anatomy and 
improve pain, quality of life, and fertility. 
Complete removal of all visible lesions is consid-
ered appropriate treatment in order to reduce 
recurrence [99, 100].

The surgical treatment of colorectal endome-
triosis depends basically on the depth of invasion 
of the intestinal wall, the size of the lesion, and the 
number of lesions in the affected intestinal tract, 
leading to different surgical approaches [101].

Important features that must be considered to 
define the best strategy for surgical treatment of 
intestinal endometriosis are its multifocality, 
which is defined as the presence of endometriotic 
lesions in an area of 2 cm around the main lesion, 
and its multicentric involvement, which is 
defined as the presence of endometriotic lesions 
beyond 2 cm of the main lesion. Multifocality 
and multicentric involvement were observed in 
62% and 38% of the surgical specimens, respec-
tively [102].

Other relevant parameters include the distance 
between the intestinal lesion and the anal verge, 
the number of previous surgeries, and the extent 
of the associated pelvic lesions.

Two surgical techniques are employed in the 
treatment of intestinal endometriosis: one is 
colorectal resection, involving the removal of the 
rectal segment affected by the disease, and the 
other is excision of the endometriotic nodule, 
whether superficial, deep invasion or complete 
involvement of the intestinal wall [103].

Superficial rectal lesions can be excised from 
the bowel using the “shaving” technique, this 
approach may be performed without opening the 
rectum, and the integrity of the wall should be 
carefully assessed and checked with an air leak 
test [65].

For a small single nodule, full-thickness disc 
excision of the anterior rectal wall can be per-
formed safely; nodule excision should be the pre-
ferred option over colorectal resection whenever 

Fig 8.2 Bladder endometriosis. The arrow shows the 
black lesion with the involvement of peritoniun and blad-
der muscular layers
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possible to prevent unfavorable functional bowel 
outcomes supposed to be significantly more 
 frequent in women managed by colorectal resec-
tion [104].

The indications for intestinal segmental resec-
tion are invasion of more than 50% of the circum-
ference of the intestinal loop, multiple nodules, or 
nodules larger than 3 cm in extension [105].

It was observed that intestinal lesions that 
infiltrate more deeply than the inner muscle layer 
usually compromise more than 40% of the recto-
sigmoid circumference, so these lesions usually 
require segmental bowel resection [106].

Preservation of the superior rectal artery is 
preferably performed as well as preservation of 
the lower hypogastric nerves and lower hypogas-
tric plexus, especially when the lesions are 
located up to 8 cm from the anal border, which 
has been shown to improve sexual and urological 
functioning. The excised intestinal segment with 
sparing of the meso is removed through a 3 cm 
abdominal incision; alternatively the vaginal or 
rectal routes are options that should be consid-
ered in the operative time. After the preparation 
of the colorectal segment, the end-to-end anasto-
mosis is performed with reconstruction of the 
intestinal transit using a circular stapler [76, 77, 
107, 108].

Endometriosis recurrence rate, after bowel 
resection, has been reported in 4.7–25% of cases 
after a follow-up period of more than 2 years [109].

Many authors believe that incomplete exci-
sion of endometriosis isa major cause for clinical 
recurrence [110, 111].

The most frequent postoperative complica-
tions are rectovaginal and anastomotic fistulas; 
surgeries with resection and vaginal opening for 
removal of endometriotic lesions or the vaginal 
approach for performing anastomosis represent 
significant risk factors for developing these com-
plications. Meuleman et al. [109] reported, con-
sidering the anastomosis group of patients who 
underwent intestinal resection, 55 (2.7%) pre-
sented rectovaginal fistula, 30 (1.5%) anastomotic 
effusions, and 7 (0.34%) pelvic abscesses [109].

The anastomotic fistula seems to occur mainly 
when the ultralow anastomosis is performed, less 

than 10 cm away from the anal border, reaching 
high rates of up to 20% in these cases [112, 113].

When the intestinal tract is involved, a multi-
disciplinary approach is mandatory. Laparoscopic 
colorectal resection for endometriosis, while 
requiring adequate training, is a relatively safe 
procedure when there is collaboration between 
gynecologists and surgeons [114] (Fig. 8.3).

 Conclusions

Endometriosis is a chronic, hormone-depen-
dent disease of the uterus, with a highly vari-
able clinical course. Thus, the treatment 
should be designed according to the patient’s 
individual needs. This does not mean that it 
should be chosen arbitrarily [15–17].

Indications for deep endometriosis surgery 
are pain and/or infertility, and it is unclear 
whether a nodule without bowel occlusion 
that does not cause pain should be operated. 
Today, the indications should never be occa-
sional findings by imaging techniques, in the 
absence of clinical symptoms [21].

The physician should discuss with the 
patient whether the primary reason for treat-
ment is acute or chronic endometriosis-related 
pain or an as yet unfulfilled desire to bear chil-
dren [115].

Precise preoperative assessment of disease 
extent is necessary to select an appropriate 

Fig. 8.3 Bowel endometriosis. The arrow points to the 
endometriosis nodule at the colorectal junction
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treatment adapted to the individual case, as 
described previously [24, 31, 116].

Considering the complexity and morbidity 
of these procedures, colorectal endometriosis 
is therefore best managed by a multidisci-
plinary approach, requiring at least a laparo-
scopically experienced gynecologist, a 
colorectal surgeon, and a urologist [117].

Laparoscopy is the gold standard for the 
surgical treatment of endometriosis. Strong 
evidence is currently available on the surgical 
methods that are used for the management of 
deep infiltrative endometriosis, ovarian endo-
metriosis, and bowel endometriosis [18].
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 Introduction

• Endometriosis is a complex gynecological dis-
ease, which presents a challenge for researchers 
and surgeons alike. Ectopic deposits of endome-
trial tissue typically found in the pelvis contrib-
ute to disease progression. Associated symptoms 
of pain and infertility are often attributed to 
adhesion formation and anatomical distortion 
frequently responsible for the clinical conse-
quences of the disease [1]. Endometrial tissue 
within the uterine cavity is responsible for pre-
paring the embryo implantation and nourishing 
the developing fetus. In the absence of a preg-
nancy, the corpus luteum degenerates, and hor-
mone levels drop, the effect of which results in 
shedding of the endometrial lining. This con-
tinuous cycle exposes women to constant fluc-
tuations in hormones levels, which in turn 
regulates the endometrium.

• Endometriosis most commonly affects the 
ovaries, posterior cul-de-sac, and uterosacral 
ligaments [2]. Less frequently affected sites 

including the diaphragm, lungs, and even 
endometriotic implants involving the brain 
have been described [3].

 Theories

• Although endometriosis is commonly encoun-
tered, its pathogenesis remains poorly under-
stood. Since Sampson’s report was first 
published, numerous theories have been pro-
posed; however, none can fully explain the 
pathogenesis of this disease. Among these 
theories, three main concepts are most widely 
accepted.

• In 1927 Sampson’s hypothesis attributed 
pathogenesis of endometriosis to retrograde 
menstruation [4]. His theory postulated that 
endometriosis occurs due to retrograde flow of 
endometrial debris into the peritoneal cavity 
during menstruation. He established his theory 
by observing 20 women presenting with ovarian 
cysts and implants containing endometrial tis-
sue within the peritoneal cavity. Another theory 
proposed the existence of Müllerianosis, defined 
as residual cell of embryonic origin, composed 
of Müllerian rests with capacity to develop 
into endometriotic lesions. Müllerianosis was 
explained as a different disease mimicking 
endometriosis [5]. Other authors have also spec-
ulated about endometriosis arising from coelo-
mic metaplasia [6].
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• Although Sampson’s hypothesis remains the 
most accepted theory, researchers later dis-
covered that 90–95% of women were found to 
have retrograde menstruation. This raised 
questions about the theory itself, implying that 
other factors similarly involved were playing a 
greater role. Studies have demonstrated a vari-
ety of changes mediated by interleukins result-
ing in a pro-inflammatory environment with 
neoangiogenesis, endometrial tissue growth, 
and invasion and inactivation of T and natural 
killer (NK) cells [6, 7]. As a result, the immune 
system is unable to eliminate these modified 
endometriosis cells, thus resulting in tissue 
proliferation spreading throughout the abdom-
inal cavity. The combination of Sampson’s 
theory together with immunogenic features 
could indicate why most women have retro-
grade menstruation but only some develop 
endometriosis.

• Deep endometriosis is defined as implants 
infiltrating the peritoneum at a depth of greater 
than 5 mm. Three types of deep endometriosis 
have been suggested during the last decades: 
type 1 conical suggesting infiltration, type 2 
deep and covered by adhesions, and type 3 
consisting of spherical implants with the larg-
est diameter of disease lying under the perito-
neum [8]. Typically type 1 lesions are present 
and surgically less complicated to remove. 
Type 2 and 3 lesions are normally unique to 
the rectum and bladder, but rare cases of two 
to three nodules may occur. These implants 
are typically encountered in the pelvis but 
have been reported in the liver and lungs with 
even brain dissemination. Besides dissemina-
tion throughout the pelvic peritoneum, 
implants are often found affecting the ovaries, 
tubes, and uterosacral ligaments. More aggres-
sive cases of endometriosis can affect the 
digestive, urinary, and neural systems leading 
to more complex and extensive surgeries often 
effecting organ function.

• For some time, authors have tried to estab-
lish a universal classification of endometrio-
sis matching distribution of the disease with 
infertility and degrees of pain. Unfortunately 
to date, none of these propositions are com-

prehensive. The most recognized classifica-
tion is based on a publication of the American 
Society for Reproductive Medicine, where 
endometriosis distribution is divided into 
four stages according to complexity: mini-
mal (I), mild (II), moderate (III), and severe 
(IV) [9].

 Epidemiology

• Endometriosis is estimated to effect around 
6–10% of women of reproductive age [1]. 
Most women report symptoms of varying 
degrees of pain; however, 5% of patients 
remain asymptomatic. Among patients with 
infertility, 50% are found to have some 
degree of endometriosis [10]. In the last 
few decades, an increase in the prevalence 
of severe endometriosis has been observed. 
It remains a subject of debate; however, this 
increase in prevalence may be attributed to 
improved diagnosis and greater awareness 
among both medical practitioners and 
members of the public [1]. Bowel endome-
triosis has been reported to affect 8–12% of 
all patients, and in 90% of cases, the rectum 
and sigmoid colon are typically involved 
[5, 11].

• Endometriosis can have a negative impact on 
women’s health and quality of life often affect-
ing personal relationships as well as leading to 
absenteeism at work [2]. Contributing health-
care costs are also considerable; direct and 
indirect costs can vary greatly depending on 
the country and public health system. Direct 
costs were estimated to range from U$ 1109 
up to U$ 12,118 and indirect costs from U$ 
3314 up to U$ 15,737 [12, 13].

 Symptoms

• Five percent of endometriosis patients remain 
asymptomatic. The remaining present with a 
variety of typical and atypical symptoms. 
Typical symptoms consist of dyspareunia, 
dyschesia, dysuria, dysmenorrhea, chronic 
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pelvic pain, and constipation, which can be 
used to map the disease allowing surgery to 
be tailored accordingly. These symptoms can 
be severe and can significantly impact on 
women’s social life, work, personal relation-
ships, and psychological well-being [14]. 
Dyspareunia is a common symptom affecting 
32–70% of women with endometriosis. It is 
typically found in conjunction with rectovagi-
nal and uterosacral nodules and can lead to 
significant pain during intercourse. These 
patients can present with reduced libido, lack 
of lubrication, and tension on the perineal 
muscles, all of which can contribute to pain 
and a negative experience of sexual inter-
course. Dysmenorrhea can be a characteristic 
for the presence of adenomyosis and can be 
related to endometriomas. Dysuria is rare but 
may suggest a nodule involving the urinary 
tract, more commonly the bladder. Nodules 
affecting the ureters are largely asymptomatic 
and can lead to silent kidney loss in advanced 
cases. Dyschesia while not pathognomonic 
for intestinal tract involvement can be sugges-
tive of the presence of disease located near 
the bowel [15]. Constipation is not typically 
associated with endometriosis but it can often 
coexist. Urinary and bowel dysfunction can 
be difficult to diagnose preoperatively. In 
some cases, urodynamics can be useful in 
diagnosing underlying bladder dysfunction 
and can be useful in preoperative counseling 
of patients while also providing documented 
evidence in the event of medicolegal dispute 
[16, 17].

• Chronic painful symptoms encountered in 
endometriosis can have a compensatory effect 
on pelvic floor muscle contractions. With 
time, continuous muscle spasms may them-
selves contribute to the origin of pain. Careful 
evaluation of the pelvis may result in the iden-
tification of specific trigger points. An evalua-
tion of patients with chronic pelvic pain 
revealed the presence of trigger points in 
58.3% compared to 4.2% in healthy women 
[18]. Patients with ongoing symptoms of pel-
vic pain following surgery may benefit from 
physiotherapy treatment.

 Infertility

• Infertility is a matter of preoccupation for all 
women wishing to conceive [19]. Every year 
more and more women in developed countries 
choose to postpone their pregnancies for both 
social- and work-related reasons. Both age- 
related infertility and other causes can further 
impact on fertility and can lead to difficulties 
conceiving. To date, many causes of infertility 
have been identified; however, approximately 
25% of women continue to suffer from unex-
plained infertility.

• The link between endometriosis and infer-
tility remains controversial, and the exact 
etiology is poorly understood. It is the most 
common disease found in infertile patients, 
with endometriosis reported in up to 50% of 
women with infertility. In addition, women 
with endometriosis have a twofold greater 
risk of infertility compared to those without 
[20]. The causal effect of the disease pro-
cess on infertility is yet to be identified. 
Stage IV disease is typically associated with 
distorted anatomy and dense adhesions, 
which can affect natural conception. 
Reduced embryo and oocyte quality, in 
addition to peritoneal inflammation, may 
also impact on fertility. It is still unclear 
whether severity of disease has a progres-
sive association on infertility.

• Endometriosis cysts or so-called endometrio-
mas have been the source of much discussion 
among surgeons and fertility specialists alike. 
Fertility specialists are often adamant to 
emphasize the potential negative impact of 
endometrioma surgery on ovarian reserves, 
due to the inadvertent removal of healthy tis-
sue during ovarian stripping. For these rea-
sons fertility experts often recommend a more 
conservative approach to the management of 
endometriomas, specifically in unilateral dis-
ease with endometriomas less than 3–4 cm in 
size. Some studies have found lower preg-
nancy rates and live birth rates, in addition to 
higher gonadotrophin requirements and need 
for longer ovarian stimulation in patients with 
a previous history of cystectomy, despite a 
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similar number of retrieved oocytes compared 
to the noncystectomy group [21]. Equally, 
deleterious effects on ovarian function may 
be a result of poor technique and lack of sur-
gical experience. A meticulous surgical 
approach with the sparing use of diathermy 
and careful identification of surgical planes in 
the hands of an experienced surgeon can opti-
mize ovarian preservation [22–24]. This dem-
onstrates the controversy surrounding 
infertility in the presence of endometriomas 
[25, 26]. In addition, it cannot be ignored that 
in the presence of large endometriomas, spe-
cifically bilateral, disease is frequently asso-
ciated with more extensive pelvic implants. 
Equally the nonselective use of ART in the 
presence of large endometriomas may serve 
as a trigger causing spread of mild endome-
triosis into more severe disseminated disease, 
resulting in a more difficult surgical approach 
[22–24, 27].

 Diagnosis

• Accurate diagnosis of endometriosis requires 
both experience and knowledge of the dis-
ease. Patients often consult three to four 
gynecologists prior to a definitive diagnosis 
being made. Delay in diagnosis is a common 
problem worldwide. Developed countries like 
Germany, Austria, the United Kingdom, and 
Italy report an overall delay of 7–10 years. 
Ireland and Belgium report a delay of 
4–5 years. In Brazil, diagnosis is delayed by 
12.1 years (ranging from 8 to 17.2 years) 
[28].

• Diagnosis can be divided into clinical and 
imaging. Symptoms can serve as a useful 
guide to the clinician, with pain intensity 
differing from one patient to the next. 
Dysmenorrhea and dyspareunia are often 
encountered in the majority of patients. 
Dysuria, dyschesia, and chronic pelvic 
pain can also be present and, however, can 
vary in severity. Symptoms of constipation 
may not necessarily be related to 
endometriosis.

• Clinical examination is obligatory and can 
guide the surgeon as to the complexity of the 
disease while also prompting specific investi-
gation necessary for a complete preoperative 
workup. Abdominal palpation can be useful in 
patients presenting with big endometriomas or 
even abdominal wall spread. Vaginal exami-
nation with a speculum can identify dark cysts 
of rectovaginal nodules protruding through 
the posterior cul-de-sac.

• Patient describing pain at the vaginal introitus, 
in the absence of a palpable nodule, may rep-
resent a sign of vaginismus. Deeper evalua-
tion of all fornices can allow for the assessment 
of bladder nodules anteriorly, uterosacral nod-
ules present at 5 and 7 o’clock, and rectovagi-
nal nodules palpated more centrally. In this 
case, an acute angle between the nodule and 
the bowel is less suggestive of bowel inva-
sion, while an obtuse angle represents the 
opposite. Due to pain experienced during vag-
inal examination itself, sometimes little infor-
mation can be retrieved. Examination under 
anesthesia prior to surgery may provide more 
clinical information regarding the extent of 
disease allowing the surgeon to tailor their 
approach.

• Ultrasound mapping should always be per-
formed as the first-line imaging tool. The 
method is operator dependent, and results are 
based on the experience of the individual 
 specialist performing the scan [29]. 
Ultrasonography should include a complete 
evaluation of the pelvis including assessment 
of the renal pelvis, course of the ureters, and 
verification of whether there is any dilatation 
of the ureters. Lastly, a detailed analysis of the 
anterior and posterior cul-de-sac, specifically 
bowel wall layers, is recommended. This has 
proved to be a powerful tool in the hands of 
skilled physicians showing similar results to 
MRI exams. Mobilization of the probe can 
also assess for the presence of adhesions.

• Magnetic resonance imaging (MRI) has been 
reported to have 96.3% of sensibility and 
100% of specificity but may vary depending 
on each evaluated site [29, 30]. The majority 
of devices use 1.5 Tesla providing good qual-
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ity images. Recent use of 3.0 Tesla MRIs cre-
ates the possibility of better quality images 
and, consequently, more accurate diagnosis. 
Optimal timing for MRI evaluations remains 
unclear. Some authors advocate that during 
menstrual period, the uterus may demonstrate 
pseudo thickening, which can lead to misdiag-
nosis of adenomyosis [31, 32]. Others suggest 
that pelvic fluid present either in the periovu-
latory or menstruation phase can also affect 
image interpretation. However, most authors 
recommend a partially empty bladder, in addi-
tion to specific bowel preparation with the use 
of rectal and vaginal gel which provides more 
information with regard to limits of the pelvic 
structures [32]. 

• Irrespective of the benefits of both MRI and 
ultrasonography, both methods have their 
drawbacks. Compared to ultrasound, MRI 
can provide accurate diagnosis of more wide-
spread foci of endometriosis. However, for 
the assessment of smaller nodules and 
implants, ultrasound may be more precise. 
Regardless of the technique or method used, 
surgeons should be able to retrieve informa-
tion such as [8]:

• Size of the lesion (longitudinal and transverse 
measurements)

• Depth of an infiltration of the intestinal wall
• Percentage of the intestinal circumference 

affected by the disease
• Distance between the intestinal DIE lesion 

and anal verge
• Presence of multifocal/multicentric intestinal 

DIE lesion
• Bladder and bowel dysfunction following sur-

gery is often a preoccupation. Urodynamics 
and anal manometry are useful tests and 
might demonstrate subtle changes often 
not recognized by patients. These changes 
may be suggestive of endometriosis 
affecting the inferior hypogastric plexus 
and its branches warning both the surgeon 
and the patient about the depth of disease 
and risk of potential functional impair-
ment [33].

 Treatment

• Depending on clinical examination, symp-
tomatology, desire to conceive, and 
patient’s wishes, endometriosis can be 
treated medically or surgically. Surgery 
should not always be considered first line, 
and women should be counseled appropri-
ately regarding different treatment options. 
Patients can be divided into three main 
groups. The first group includes patients 
with few symptoms and no desire to con-
ceive in whom medical treatment would be 
recommended. The second group includes 
patients with none or few symptoms but 
strong desire to conceive. These patients 
should promptly be referred to fertility spe-
cialists for further management. The third 
group consists of patients with severe pain 
with or without desire to conceive, with a 
clinical evaluation suggestive of extensive 
disease. This cohort is more optimally 
treated by surgery first. It should be empha-
sized that removal of disease prior to ovar-
ian stimulation may play a positive role on 
pregnancy rates in women undergoing fer-
tility treatment [34].

• The final group of patients are not often 
encountered and typically have minimal 
symptoms; however, coexisting organ failure 
such as kidney failure or bowel obstruction is 
present. These patients require surgery to pre-
serve organ function and avoid severe 
sequelae.

 Surgical Treatment

• The main objective of surgical treatment is to 
remove implants of endometriosis situated 
within the abdominal cavity. There continues 
to be much debate as to whether to ablate or 
excise disease present; this should be consid-
ered in the context of severity of disease, 
patient symptoms and wishes, as well as 
expertise of the surgeon. There are both gen-
eral and specific approaches to the surgical 
management of endometriosis, which have 
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been reported by our group [35]. Patients 
should be limited to a minimal number of sur-
geries considering that repeat procedures are 
associated with greater risk of adhesion for-
mation and fibrosis making additional surgery 
more challenging [36].

 Peritoneal Endometriosis
• Peritoneal endometriosis is one of the trend-

ing topics nowadays. Superficial lesions were 
once been described as nonprogressive, typi-
cally undergoing self-limiting apoptosis. In 
theory, removing these spots should provoke 
scar formation as a result of the surgical inter-
vention, causing permanent fibrosis. However, 
there is still no evidence as to which kind of 
lesion undergoes apoptosis or not [37]. Pain is 
usually related to deeper lesions as a result of 
intense inflammation, increased neural termi-
nations, adhesions, or retraction [38]. 
Superficial lesions can also cause pain caused 
by imbalance in nerve fibers [39]. Some 
authors have demonstrated that even these 
small lesions may be responsible for signifi-
cant painful symptoms. For this reason, 
emphasis is placed on the initial surgical inter-
vention being conducted by an experienced 
surgical team with the specific skills to remove 
all disease while minimizing adhesion forma-
tion [36] (Fig. 9.1).

 Ovarian Endometriosis
• Ovarian endometriosis is present in 22% of 

infertile women [35]. It can be accountable for 
symptoms of infertility, and thus, follicle eval-
uation and anti-Müllerian hormone should be 
included in preoperative investigations. 
Asymptomatic cysts less than 3–4 cm in size, 
found during routine examination, can be fol-
lowed up with regular ultrasound. Management 
of larger endometriosis cysts incidentally 
found on ultrasound, on MRI, or during lapa-
roscopy represents an endless discussion 
whether they should be completely removed 
or not due to the supposed damage to the ovar-
ian reserve. Infertility experts defend cyst 
drainage with vaporization of the cyst wall, 
advocating minimal additional damage to sur-
rounding normal ovarian tissue. Some sur-
geons defend the use of plasma jet or CO2 
laser ablation of the cyst capsule in order to 
minimize damage to normal ovarian tissue. 
Laparoscopic treatment consists of cyst drain-
age and vaporization with bipolar when less 
than 3–4 cm in size. For bigger cysts, inver-
sion of the ovary facilitates stripping of the 
capsule. Precise technique with identification 
and dissection of the cleavage plane causes 
limited bleeding to the capsule, thereby limit-
ing damage. There are pros and cons associ-
ated with both surgical approaches. Ablative 

1 2

Fig. 9.1 Superficial endometriotic lesions
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techniques can lead to recurrent disease 
requiring additional surgery. In the long term, 
this could cause more damage to the ovarian 
reserve [40]. Equally, precise and careful 
stripping of the cyst wall is technically more 
challenging and can negatively impact on 
ovarian reserve but is associated with a lower 
rate of recurrence when performed by experi-
enced surgeons (Fig. 9.2).

 Posterior Cul-De-Sac
• The majority of cases of deep endometriosis 

involving the posterior cul-de-sac typically 
consists of ovaries attached to the ovarian 
fossa and uterosacral ligaments. Depending 
on the extent and severity of disease, it can 
extend to involve the vaginal wall, the ureters, 
the rectovaginal septum, and bowel. Surgeons 
expected to treat complex endometriosis must 
be aware that, even with good preoperative 
workup, the true extent of disease may be 
unexpected, making surgery more challeng-
ing. Surgical management of deep endometri-
osis can be both demanding and difficult and 
requires expertise in dissection, electrosur-
gery, transversal competences, and manage-
ment of complications during and after 
surgery. Endometriotic nodules can often 
mimic icebergs, appearing on the surface as 
superficial disease, while deep nodules infil-
trating surrounding tissue lie concealed. 
 Strategy consists of identifying and normaliz-
ing anatomy and isolating the nodule from 
surrounding structures. For example, for sim-
ple uterosacral nodule dissection, one should 

be aware of the superficial hypogastric nerves, 
uterine vessels, ureters, and also bowel wall, 
even if not directly infiltrating these organs 
[35]. Ureters are often medialized due to the 
presence of adhesions. Dissection might reach 
the posterior aspect of the paracervix which 
can result in damage to uterine vessels, high-
lighting the need for precise coagulation. In 
the same manner, the underlying nerve plexus 
may be trapped within the disease requiring 
the surgeon to carefully consider whether to 
excise the disease and risk damage to the 
innervation or leave it in place in order to pre-
serve bladder and bowel function [41].

• The frozen pelvis as a result of adhesion for-
mation results in severe distortion of the 
anatomy. They can be caused by multiple 
adhesions due to repetitive surgeries, pelvic 
inflammatory disease, or stage IV endome-
triosis. A standardized strategic approach to 
a frozen pelvis starts with identification and 
understanding of the anatomical distortion 
with recognition of key anatomical land-
marks, followed by adequate exposure of the 
surgical field. Dissection should start on the 
left pelvic side wall with identification of the 
IP ligaments and the left ureter followed by 
dissection of the left pararectal fossa down 
to the uterosacral ligaments avoiding injury 
to the inferior hypogastric nerve. The ova-
ries are freed, and endometriomas if present 
are decompressed and suspended to the ante-
rior abdominal wall if necessary. The same 
technique is repeated on the right side trying 
to isolate the bowel attachment and nodule. 

1. Inverted technique 2. Cyst stripping 

Fig. 9.2 Endometrioma stripping technique
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These gestures diminish the amount of 
uncertainty when detaching the bowel nod-
ule from the cervix/vagina. Further evalua-
tion of the bowel should be performed to 
decide which specific surgical approach 
should be adopted.

 Vaginal Endometriosis
• Nodules on the posterior cul-de-sac are often 

related to dyspareunia (Chapron). Vaginal 
nodules lie in close relationship with the torus 
uterus, paracervix, ureters, and bowel and 
should be excised with extreme caution. Deep 
nodules may represent full-thickness disease 
of the vaginal wall and can be palpated on 
digital examination of the posterior compart-
ment of the vagina. Frequently, during dissec-
tion, the surgeon much addresses large nodules 
attaching the vagina to the rectosigmoid. 
Associated digital vaginal examination and 
cranial traction of the sigmoid by the assistant 
help to guide the surgeon and identify the ana-
tomical limits of these different organs. 
Superficial excision of these nodules can be 
achieved in some cases avoiding vaginal wall 
opening. If the depth of nodule infiltration 
compels the surgeon to open the vagina, this 
defect should be closed with monofilament 
sutures to avoid granulomas and further dys-
pareunia. Adenomyomas of the uterine torus 
with extension to the vagina demand extreme 
expertise due to their close proximity to the 
cervical canal and associated risk of stenosis 
(Fig. 9.3).

 Bowel Endometriosis
• Bowel endometriosis is only considered when 

it infiltrates the muscular layer [42]. Although 
simple attachments and serosal involvement 
are not incorporated into this classification, 
careful dissection of the surrounding struc-
tures and specific evaluation of the bowel are 
essential so as not to leave residual disease 
behind. Nodules are typically solitary account-
ing for 60–70% of the cases. Multifocal bowel 
endometriosis is defined as nodules greater 
than 2 cm in diameter, with multiple foci of 
nodules exist located greater than 2 cm from 
one another [43]. Treatment should be indi-
vidualized and balanced according to the 
patient’s desire, symptomatology, size of the 
nodule, lumen stenosis, and risk of possible 
complications.

• Initially bowel surgery performed by colorec-
tal surgeons resulted in long segments of 
bowel resections due to adopting a radical 
oncology type approach to surgery. As prac-
tice evolved, in conjunction with greater expe-
rience and understanding by gynecologists, 
the way of managing the disease made more 
economical approaches possible. Bowel shav-
ing, as the name suggests, describes specific 
excision of disease from the bowel wall where 
a variety of instruments can be used (cold 
scissors, monopolar energy, plasma jet, laser, 
etc.). Mucosal skinning is a variation of this 
technique when ablation of the disease only 
spares the mucosa. Depending on the result 
and damage of the muscular, reinforcement 
with sutures may be necessary. Discoid resec-
tions consist of full-thickness resection of the 
anterior bowel wall. It is indicated when the 
disease compromises the entire bowel wall 
until the mucosa; however, its size is limited 
to a maximum of 3 cm in diameter. It is a fast 
and simple procedure, with low rate of com-
plications. Rectal bleeding following discoid 
resection has been reported in the literature 
and may be the result of lateral mesosigmoid 
vessels becoming trapped into the edges of the 
resection margins.

• Whether a radical approach should be adopted 
ensuring complete excision of all endometrio-

Fig. 9.3 Open vagina demonstrating nodule affecting the 
complete deepness of the vagina
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sis cells and evidence of disease with clear 
resection margins has been the matter of much 
debate. It is important to emphasize that this is 
not a malignant disease with some research 
suggesting death of the surrounding cells 
when the main bulk of disease is resected [44]. 
It is important to consider that more economi-
cal resections result in fewer functional com-
plications [37]. Extensive dissections can 
cause damage to the inferior hypogastric 
plexus and neural terminations leading to per-
manent damage and functional problems.

Shaving
• Lesions affecting the superficial layers of the 

sigmoid rectum can be treated using “shav-
ing” technique. After isolating the specific 
lesion, the bowel wall is incised, and the dis-
ease is peeled off separating it from the bowel. 
Once excision is complete, the remaining 
defect is assessed, and depending on the depth 
and size of the shaved rectal wall, reinforce-
ment of the wall with an overlaying suture or 
even an anterior discoid stapling may be indi-
cated. A careful reevaluation of the remaining 
suture or stapling line is mandatory. In the 
presence of extensive “shaving,” if the remain-
ing bowel wall appears fragile and friable after 
suturing or substantial residual disease left 
behind, the surgeon should consider a seg-
mental resection [45] (Fig. 9.4).

Discoid Resection
• Discoid resection is considered a simple, reli-

able, low-morbidity, and reproducible method. 
The technique is based on an anterior discoid 

resection of the bowel wall. The circular sta-
pler connected to the anvil is introduced 
through the anus up to the level of the disease. 
The system is opened, and with a sutured 
attached to the lesion, the surgeon pushes the 
nodule inside the system. With an anterior ori-
entation, the second assistant closes the anvil 
shooting the system with the nodule inside. 
Careful retraction of the stapler is needed not 
to cause tension on the stapling line. 
Limitations mainly include diameter, volume, 
and location of the disease, in addition to high 
lesions that are impossible to reach with the 
circular stapler. Nodules greater than 3–3.5 cm 
are considered too large for this type of 
approach [46].

• For bulky nodules an interesting option is to 
combine the shaving technique with a discoid 
resection. Excising the greater part of the nod-
ule makes the bowel wall thinner, enabling it 
to fit inside the anvil (Fig. 9.5).

Segmental Resection
• Advanced bowel endometriosis usually pres-

ents with large, extensive, and multifocal dis-
ease. Individual excision of these nodules 
might leave the bowel wall fragile, extremely 
angulated, or even stenotic. Nevertheless, seg-
mental bowel resections in deep endometriosis 
should maintain an economical approach to 
treatment [35]. The majority of nodules affect-
ing the bowel wall can be found attached to the 
posterior aspect of the uterus. After develop-
ment of both pararectal fossae and detachment 
of the bowel from the torus, the surgeon should 
identify the cranial and caudal limits of the dis-

Fig. 9.4 Shaving of the rectal wall demonstrating Fig. 9.5 Anterior rectal wall disc excision
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ease bowel segment [47]. The mesosigmoid 
should be divided close to the bowel wall inter-
nal to the fascia propria of the rectum, thus 
sparing innervation and vascularization of the 
bowel. The caudal limit of the bowel segment is 
divided by means of a linear staple, with exteri-
orization of the proximal part through a supra-
pubic incision.  Extracorporeally, the diseased 
bowel segment is divided above the nodule; the 
anvil is introduced through this proximal seg-
ment and secured with a purse string suture. 
After resection of the diseased segment, the 
bowel is reintroduced into the abdominal cav-
ity; a circular stapler is introduced in the rectum 
and both proximal and terminal extremities of 
the rectum reconnected. When firing the sta-
pler, the surgeon should maintain the orienta-
tion of the bowel, making sure no surrounding 
structures are trapped between the anvil and the 
circular stapler (Fig. 9.6).

Natural Orifice Specimen Extractions (NOSE)
• Natural orifice specimen extractions in endo-

metriosis are feasible but logistically complex. 

Vaginal and anal extractions have been tested 
with excellent results and low morbidity. These 
techniques require longer length of the bowel to 
be mobilized and exteriorized through the anus, 
requiring more mesosigmoid to be divided, 
increasing the risk of compromising innerva-
tion and vascularization of the bowel [48].

• The fact that two suture lines lie in close prox-
imity to one another can raise the risk of fis-
tula formation. Vaginal NOSE should be only 
considered if the anvil can be introduced prox-
imal to the lesion transanally. The bowel is 
divided caudal to the lesion and extracted 
through the vagina. The anvil, attached to a 
long suture, is introduced through a small 
incision and retrogradely displaced high in the 
sigmoid colon. Then the proximal segment of 
the bowel is divided cranial to the nodule with 
a laparoscopic stapler. The suture attached to 
the anvil is caught in the staple line. The speci-
men is extracted through the vagina and the 
anvil connected to the circular stapler recon-
stituting the anatomy of the bowel [49] 
(Fig. 9.7).

Fig. 9.6 Segmental 
bowel resection for 
rectal endometriosis 
nodule

Fig. 9.7 Vaginal NOSE
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• Anal extraction is logistically more complex 
and demands a close collaboration among sur-
geons. A loop is placed below from the nodule 
and the rectosigmoid transected. After exteri-
orization, the anvil is introduced through the 
transected extremity attached to a long thread 
and pushed cranially. The rectum is once 
again divided cranially to the area of disease 
and reintroduced in the cavity. Once inside, 
the tip of the anvil is exteriorized through the 
rectosigmoid wall by fishing out the suture. 
The tip is removed and the anvil attached to 
the circular stapler. Once the reanastomosis is 
complete, the integrity of the anastomosis is 
tested by means of a gas and methylene blue 
safety. If positive, a reinforcement of the wall 
can be performed with sutures.

• Extensive manipulation of an open bowel wall 
has triggered discussions surrounding the 
morbidity related to bacterial contamination. 
Studies have shown that despite higher con-
tamination, clinical outcomes were similar to 
those submitted to standard approach [50].

 Urinary Endometriosis
• Endometriosis affects the urinary tract in 

1–5% of all patients. The bladder and ureter 
are, by far, the most commonly affected struc-
tures, while disease involving the kidney and 
urethra are rare. The ratio between both blad-
der and ureter involvements is approximately 
8:1 making the bladder the most affected 
organ of the urinary tract [51].

• Bladder endometriosis can be divided into 
superficial and deep nodules. Superficial nod-

ules are often identified at surgery, and women 
typically remain asymptomatic. Deep nod-
ules, however, typically invade the detrusor 
muscle greater than 5 mm in depth. The 
majority of nodules are distributed centrally, 
 situated mainly at the bladder dome. Disease 
involving the trigone is less commonly 
encountered and is perhaps suggestive of dis-
ease dissemination from adenomyosis arising 
from the myometrium. Symptoms are more 
frequently encountered in deep infiltrating 
nodules and may include monthly dysuria, 
polyuria, tenesmus, and hematuria. Symptoms 
may temporarily be relieved with hormonal 
treatment; however, if discontinued, they often 
recur.

• Laparoscopic partial cystectomy is considered 
to be the gold standard of treatment. Complete 
removal of the disease often alleviates symp-
toms with little risk of relapse. Endometriosis 
involving the trigone is a complex disease due 
to the proximity of the ureter and risk of damage 
to bladder innervation. A structured surgical 
technique should be adopted. Analogs can be 
considered to decrease the size of the nodule, 
thereby increasing the distance of disease from 
the ureter. If nodules include the ureteral ostium, 
reimplantation may be required. Bladder clo-
sure can be performed using interrupted or con-
tinuous sutures in one or two layers. In our 
practice, we typically use monofilament. 
Postoperatively, the bladder should be rested by 
means of an indwelling urethral catheter for at 
least 10 days, allowing the bladder to heal and 
inflammation to resolve (Fig. 9.8).

1. During inspection 2. During bladder suture

Fig. 9.8 Bladder endometriosis nodule

9 Surgical Treatment of Deep Endometriosis



116

• While bladder nodules more often occur in 
isolation, ureteral disease is frequently asso-
ciated with endometriosis involving the pos-
terior cul-de-sac. Disease involving the left 
ureter is more frequent encountered, but 
bilateral disease is reported in 5–23% of 
cases. Extrinsic endometriosis surrounds the 
ureter and represents 70–80% of ureteral 
involvement. Intrinsic disease infiltrates the 
muscular or mucosa wall and accounts for 
20–30% of cases. Specific symptoms are 
vague, occur in 70% of cases, and can include 
renal colic and pyelonephritis [51]. Silent 
renal loss is the most concerning complica-
tion in urinary endometriosis and may occur 
in up to 30% of cases. Preoperative workup 
may includes ultrasound, uroCT, and uroMRI 
that can be  performed if deemed necessary. 
Ureteric stenting may be indicated prior to 
surgery depending on the clinical history. 
Severity of the disease will dictate surgical 
management of ureteric endometriosis. 
Ureterolysis in isolation can be performed 
when there is no intrinsic disease and the ure-
ter is easily dissected. Intrinsic and/or exten-
sive involvement may require resection of the 
diseased segment and subsequent end-to-end 
reanastomosis. If following removal of dis-
ease there is insufficient remaining length of 
the ureter, a primary end-to-end anastomosis 
is impossible, and a psoas hitch may be 
needed [53]. Do not speak about Boari flap 
because it is poorly indicated in this benign 
disease (Fig. 9.9).

 Postoperative Care

• Surgery for complex cases of endometriosis 
requires a team of experts with extensive 
knowledge of anatomy, understanding of 
transversal competencies, and meticulous 
attention to postoperative care. Daily, incre-
mental improvements in the overall patient’s 
clinical state should be observed, and any 
deterioration in the clinical picture should 
raise suspicion of a complication, and an early 
second look laparoscopy should be consid-
ered. Simple endometriosis cases can be dis-
charged on the same day. More complex cases 
with bowel or urinary tract involvement may 
require hospitalization for 2–7 days. 
Antibiotics can be administered as a single 
dose when the vagina is opened or continued 
for 7 days if the bowel wall is breached [1]. At 
present, there are no specific blood tests to 
identify complications and guide an early sec-
ond-look laparoscopy. C-reactive protein is a 
serum marker of inflammatory activity and 
tends to drop daily after surgery. Use of sili-
con drain depends on individual practice and 
experience of each surgical group. There is 
insufficient evidence to advocate the use of 
routine pelvic drainage; however, some clini-
cians may find it helpful in deciding on a sec-
ond look and as an early detector of 
anastomotic leaks.

• The inferior hypogastric plexus is responsible 
for bowel, bladder, vagina, and uterus inner-
vation [54]. Big endometriotic nodules, espe-

1. Ureterolysis of the ureter 2. End to end anastomosis 

Fig. 9.9 Ureter endometriosis
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cially those which invade the deep lateral 
aspects of pararectal fossae, might be dam-
aged from endometriosis or from dissection 
[38]. Damage can reach every single part of 
the plexus but the most affected organ is the 
bladder [41]. If mostly sympathetic fibers are 
affected, patients may suffer from urgency 
and incontinence. If the parasympathetic 
fibers are involved, the bladder fails to con-
tract appropriately resulting in incomplete 
voiding difficulties. These symptoms are typi-
cally transient and often resolve after weeks or 
months. Symptoms lasting for greater than 
1.5 years have a greater risk of remaining per-
manent [55].

 Complications

Surgical excision of deep endometriosis is both 
demanding and requires a high degree of expertise 
due to the involvement of surrounding structures 
such as the vagina, ureters, and bowel. While com-
plete excision has been shown to control symp-
toms and reduce the rate of recurrence, radicality 
of surgery must be balanced against the risk of 
complications. Complication rates in endometrio-
sis surgeries tend to be higher than in other gyne-
cological procedures and should be performed by 
a competent, experienced surgeon in a specialist 
center in order to achieve acceptable complication 
rates. The complexity of endometriosis surgery 
and risk of associated complications can be attrib-
uted to the disease itself. Structures tend to be 
densely adherent to one another, making it difficult 
to distinguish and dissect organs from surrounding 
structures such as vessels and nerves. Overall 
complications rates associated with endometriosis 
surgery are reported to be around 10.2% but can 
increase depending on severity of disease and spe-
cific organ involvement [56].

The rate of complications associated with 
excision of bladder nodules is often low. The 
majority of nodules are located at the dome of the 
bladder, far away from the trigone. In 22 cases 
reported by Kovoor et al., major complications 
were mainly related to concomitant bowel proce-
dures. No intraoperative injuries were reported. 

Postoperative complications included two hema-
tomas requiring transfusion and re-intervention 
and two vesicovaginal fistulas, one treated by 
laparoscopy and the other conservatively by 
means of an indwelling catheter for 15 days [52].

Ureteric injuries are often associated with rec-
tovaginal nodules due to the presence of fibrosis 
and retraction resulting in medialization of the 
ureter with dense disease often surrounding the 
ureter. In 198 cases of ureteral endometriosis, 
Alves et al. reported 28 cases of hydronephrosis, 
where 15 ureterolyses, 12 reanastomoses, and 1 
reimplantation were performed. Of these, three 
patients (10.7%) required further surgical man-
agement for treatment of ureterovaginal fistula, 
persistent pain, and ureteral dilatation [53].

Complications related to specific bowel 
involvement are more common and are associ-
ated with significant morbidity. Pandis reported 
8.5% of complications when shaving; discoid 
and segmental resections were performed. Four 
patients were readmitted, two with pelvic hema-
toma, of whom only one required further surgical 
intervention. Of the other two, one presented 
with constipation and the other with rectal hem-
orrhage [56]. Ruffo et al. in 2012 reviewed 750 
cases of mid-low rectum resection. Reoperation 
was necessary in 5.5% (40 patients). Anastomotic 
leakage was found in 3% (21 patients). Sixteen 
patients (2%) developed rectovaginal fistula, 
only two treated conservatively [57]. Another 
review from Kondo in 2010 reported 12 (2.1%) 
intraoperative complications including 2 ureteral 
lesions and 2 small bowel lesions [58]. 
 Seventy- nine women (13.9%) presented with 
postoperative complications including eight 
cases of rectovaginal fistula, six ureteral fistula, 
two ureteral stenosis, and one ureterovaginal fis-
tula. Donnez et al. in a series of 500 rectal shav-
ings reported rectal perforation in 7 patients 
(1.4%) and 4 cases (0.8%) of urinary retention 
[59]. When evaluating functional outcomes in 41 
patients, Roman et al. reported a higher rate or 
bowel dysfunction in patients who underwent 
segmental bowel resection when compared to 
economical nodule excision. Three patients from 
the segmental resection group reported severe 
constipation [17, 41].
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 Conclusion

Endometriosis is a complex, challenging, enig-
matic disease. The true pathophysiology of 
this unique disease is yet to be elucidated. 
What should remain at the forefront of discus-
sion when contemplating surgical manage-
ment is to individualize treatment according to 
patient symptoms and disease localization. 
Endometriosis appears to be on the increase 
part of which may be attributed to greater 
awareness of the disease process within the 
public domain. Nevertheless, delay in diagno-
sis remains a reality due to lack of knowledge 
related to often subtle, nonspecific symptoms 
often overlooked by general practitioners. 
Ultrasound mapping and MRI are powerful 
tools in diagnosis but are dependent on inter-
pretation by experienced operators and radiol-
ogists. Medical treatment is useful at initial 
stages of disease but should also be considered 
as an adjuvant in the presence of deep lesions 
or long-term infertility. Laparoscopic treat-
ment of endometriosis is still considered the 
gold standard with enormous benefits, and its 
use should be encouraged and disseminated.
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Endometrioma and Ovarian 
Reserve: A Surgical Approach

María-Angeles Martínez-Zamora, Gemma Casals, 
Sara Peralta, and Francisco Carmona

 Introduction

Ovarian endometriomas (OEs) are cysts found in 
the ovaries with ectopic endometrial tissue lin-
ing. They occur in 17–40% of patients with endo-
metriosis [1]. The origin of OE is unknown; 
however, they may originate from progressive 
invagination of the ovarian cortex after accumu-
lation of menstrual debris from the shedding of 
superficial active implants [2]. OEs are usually 
associated with the symptoms of dysmenorrhea, 
chronic pelvic pain, dyspareunia, and infertility. 
Nevertheless, the effect of OE on women’s fertil-
ity is still debated and controversial. Possible 
mechanisms of infertility among women with 
OEs and endometriosis include anatomical dis-
tortion, the toxic influence of peritoneal fluid, 
decreased oocyte and/or embryo quality, defec-
tive endometrial receptivity, or diminished ovar-
ian reserve.

The ovarian reserve reflects the number and 
quality of follicles left in the ovary at any given 
time and predicts the response (number of 

oocytes retrieved) to controlled ovarian stimula-
tion (COS) in in vitro fertilization (IVF) cycles. 
At present, the serum anti-Müllerian hormone 
(AMH) and the antral follicle count (AFC) have 
shown the best accuracy in predicting ovarian 
response and are considered the best “ovarian 
reserve markers.”

The most common procedure for the treat-
ment of OE involves opening and draining the 
cyst before performing a cystectomy (stripping 
technique) or electrocoagulation or laser ablation 
of the cystic wall (ablative technique) [3]. The 
safety of both techniques has been questioned in 
terms of potential risk of significant damage to 
the ovarian reserve [3–6].

The aim of this chapter is to describe the asso-
ciation between OEs, surgery, and diminished 
ovarian reserve, with a particular focus on spon-
taneous ovulation rates, markers of ovarian 
reserve, and response to ovarian stimulation. 
Based on current evidence, although there are 
plausible biological effects on the ovarian cortex 
surrounding OE and an impairment of the normal 
ovarian physiology, the clinical impact of OE per 
se is not significantly altered. There is a negligi-
ble detrimental effect on ovarian reserve with 
spontaneous ovulation not being impaired. 
Surgical removal of OE may worsen ovarian 
function by removing healthy ovarian cortex or 
compromising blood flow to the ovary. It is evi-
dent that surgical excision of OE acutely impairs 
ovarian function as measured by ovarian reserve 
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markers. Additionally, a reduced response of the 
ovaries to gonadotrophins has been described in 
different studies after surgical removal of 
OE. Whether the decrease of ovarian function 
represents progressive or long-term impairment 
remains the subject of ongoing research.

 Effect of Unoperated Ovarian 
Endometrioma on Ovarian Reserve

The possible detrimental effect of OEs per se on 
ovarian reserve is still controversial. Several 
studies have addressed the impact of OE before 
any kind of surgery on ovarian function and 
reserve, and available evidence is conflicting. 
Although several investigations show a theoreti-
cal negative effect of OE on ovarian physiology 
and follicular reserve and therefore there is bio-
logical plausibility of this detrimental impact, its 
clinical relevance has not been demonstrated.

An OE contains proteolytic enzymes, free 
iron, reactive oxygen species, and inflamma-
tory molecules in concentrations much higher 
than those present in other types of cysts [7]. 
These fluid components could produce modifi-
cations in the endometriotic cells as well as in 
the surrounding tissue, where the normal ovar-
ian cortex is replaced by fibrosis. These 
changes are associated with smooth muscle 
metaplasia, intraovarian vascular injury, and 
follicular loss. Indeed, the comparative analy-
sis of normal cortex biopsies from ovaries 
affected by OEs and contralateral normal 
gonads showed a lower follicular density in tis-
sue surrounding OE [8].

Furthermore, ovaries with OEs exhibited an 
activation of early follicular development and 
increased follicular atresia compared to normal 
contralateral gonads: upregulation of follicular 
recruitment associated with demise of early fol-
licles could lead to focal depletion of primordial 
follicles, and these changes have been observed 
in OE between 1 and 4 cm, that is, in early stages 
of development [9]. These findings could be 
associated with inflammation and fibrosis, 
reduced vascularization, and increased oxidative 
stress, which are characteristic changes in OE.

Therefore, the available molecular, histologi-
cal, and morphological evidence supports a del-
eterious effect of OE on the adjacent ovarian 
cortical tissue, independent of the mechanical 
stretching and of its size.

According to the above evidence, the mere 
presence of OE may theoretically impair ovarian 
reserve. However, clinical research on the subject 
has failed to demonstrate a negative impact.

Some authors have studied spontaneous ovu-
lation rates in women with unoperated unilateral 
OE. Two studies reported a 1:2 ratio of ovulation 
between the affected and contralateral ovary, thus 
suggesting a possible detrimental effect [10, 11]. 
However, in a recent study involving a higher 
number of patients, the incidence of ovulation 
from the affected and intact gonad was found to 
be similar [12].

Other investigations have focused on the study 
of the markers of ovarian reserve. Five studies 
published the results of preoperative serum AMH 
in women with OEs, and four of them did not 
observe any difference with controls [13–16]. 
Only one of them reported lower serum AMH in 
patients with OE [17].

On the other hand, ovarian responsiveness to 
hyperstimulation for IVF has been extensively 
studied. However, all studies and meta-analyses 
of this issue are exposed to confounders (inclu-
sion of patients with and without previous surger-
ies and no distinction of unilateral and bilateral 
cases) and the difficulty in selecting an appropri-
ate control group [18]. Several studies of IVF 
outcome in women with unilateral unoperated 
OEs compared the responsiveness in the affected 
ovary and the contralateral normal gonad, avoid-
ing several confounders since a single patient 
provides both a case and a control. None of the 
available studies reported significant differences 
in ovarian responsiveness. A possible limitation 
of these investigations is the inclusion of patients 
with relatively small OEs, and a potential nega-
tive effect of the size of the cyst was found by 
some authors but could not be established by oth-
ers [18]. On the other hand, women with unilat-
eral unoperated OEs could represent a very 
selected population, the disease may be less 
severe both in pathologic findings and symptom-
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atology, and the normal ovary may compensate 
for the affected one. Indeed, according to the 
results of a recent investigation, responsiveness 
to ovarian hyperstimulation is reduced in women 
with bilateral unoperated OEs compared with 
age-matched control women [19].

In summary, the presence of OE per se has the 
potential to negatively affect ovarian reserve, but 
the available research have failed to demonstrate 
an associated negative clinical impact. More 
investigations are needed to clarify this contro-
versial issue.

 Surgical Resection of Ovarian 
Endometrioma and Ovarian 
Reserve

 Surgical Techniques

Given the evolving data about the potentially det-
rimental effect of surgical excision of OEs on 
ovarian reserve, it is possible that surgical tech-
nique is a critical component of preserving ovar-
ian function. Of several surgical techniques for 
OE destruction, the three most common are the 
following [3]:

 1. Ovarian cystectomy or stripping: this tech-
nique begins with adhesiolysis. Once the 
ovary is mobilized, the cortex is grasped with 
forceps introduced through a second trocar 
and is incised using scissors, laser, or a unipo-
lar needle hook. The incision must be made on 
the antimesenteric surface, as far as possible 
from the ovarian hilus. The incision is 
extended with scissors, and hydrodissection 
can be used to separate the cyst wall from the 
ovarian stroma. If the cyst is opened and spill-
age occurs, which occurs very often, perito-
neal irrigation must be performed to remove 
the chocolate-colored fluid. The cyst is 
decompressed by suction drainage and 
washed, and its wall is exposed and inspected 
to confirm the diagnosis of an OE. After iden-
tifying the correct plane of cleavage between 
the cyst wall and the ovarian tissue by apply-
ing opposite bimanual traction with two 5-mm 

grasping forceps, providing strong but non-
traumatic traction, the inner lining of the cyst 
is stripped from the normal ovarian tissue. 
The bed of the cyst needs to be carefully 
inspected to detect possible bleeding zones 
that may require coagulation with bipolar for-
ceps. OE is removed through a 10-mm trocar. 
If the volume exceeds the dimensions of the 
trocar, an endobag can be used. The ovary 
does not usually require suturing.

 2. Ablative surgery: after adhesiolysis of the 
ovary, a 3- to 4-mm portion of the top of the 
cyst is excised, the chocolate-colored material 
is aspirated, and the cyst is completely opened 
and washed out with irrigation fluid. After 
being washed, the interior wall of the cyst is 
carefully examined to confirm the diagnosis 
of an OE and the absence of any intracystic 
lesions suspected of being malignant (ovarian 
cystoscopy). A biopsy of the cyst wall should 
be taken for routine histologic examination to 
confirm the diagnosis. The cyst wall is then 
destroyed using either bipolar coagulation or 
laser vaporization. With the CO2 laser, at a 
power setting of 40 W and using continuous 
mode application, the interior wall of the cyst 
is vaporized to destroy the mucosal lining of 
the cyst. Vaporization continues until no fur-
ther pigment can be seen.

 3. Three-step procedure: A three-step procedure 
may be used for large OEs (more than 5–6 cm 
in size). During diagnostic laparoscopy, OE is 
emptied, completely opened, and washed out 
with irrigation fluid. A biopsy sample is also 
obtained at this time. For the next 12 weeks, 
GnRH agonist therapy is provided to decrease 
the cyst size. After drainage followed by the 
12-week course of GnRH agonist, a decrease 
of 50% in cyst diameter is generally observed. 
Drainage alone (if not associated with a GnRH 
agonist) is ineffective. Three months after 
first-look laparoscopy, the second-look lapa-
roscopy is performed. OE is opened, and the 
interior wall of the cyst is vaporized, as previ-
ously described. After 12 weeks of GnRH 
agonist therapy, the thickness of the endome-
trial cyst will be dramatically reduced, and 
epithelial lining will be atrophic and white. 
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Vaporization with the CO2 laser allows very 
quick and easy vaporization of the internal 
wall, with minimal thermal damage to the 
normal ovarian cortex.

Not all the surgical techniques for removal of 
OEs may show the same impact on the outcome, 
although any type of surgery may be harmful to 
an already compromised ovarian function [20]. 
The damage happens through the removal of 
healthy ovarian tissue and vascular injury. When 
surgery is performed, healthy ovarian tissue 
accompanies the resected OE wall with no appar-
ent relation to the type of surgical procedure per-
formed. Compared to the stripping technique, 
only opening and vaporizing the inner surface of 
the OE may prevent the removal of ovarian cor-
tex [4]. Nevertheless, there are undoubtedly more 
studies in favor of the stripping technique com-
pared to the number of studies using ablation. It 
has been shown that electrocoagulation is related 
to ovarian vascular injury [21]. In addition, some 
studies indicate that ablative techniques using 
CO2 laser vaporization or plasma energy may be 
less harmful to a healthy ovarian tissue compared 
to cystectomy alone [22–24].

 Serum Markers

Most studies evaluate ovarian reserve assessed by 
serum AMH concentrations after the stripping 
technique, which is the most commonly preferred 
approach for removal of an OE. Two systematic 
reviews clearly demonstrated that OE excision by 
the stripping technique leads to a decline in ovar-
ian reserve as assessed by serum AMH concentra-
tions. The systematic review by Raffi et al. [25] 
included eight studies and reported a statistically 
significant decrease of 1.13 ng/ml [95% confi-
dence interval (95% CI)—1.88 to −0.37 ng/ml] in 
serum AMH levels following surgical excision. It 
should be stressed that the follow-up was limited 
to 3 months in six of the eight studies. The sys-
tematic review by Somigliana [26] included three 
additional studies to those in the systematic 
review by Raffi et al. [25]. They included 11 stud-
ies and only 2 reported unchanged AMH levels. 

Although the results of the two systematic reviews 
consistently demonstrated a significant decline in 
AMH levels following OE excision, they also 
identified two important gaps in knowledge, 
whether the decline in AMH levels was perma-
nent and which factors determined the rate of loss. 
Several recent studies have analyzed the decline 
of postoperative AMH levels at 6–9 months after 
surgery [27–29]. All these studies showed that the 
initial decline of AMH level was significantly 
decreased after this longer follow-up. These 
results collectively suggest that OE excision with 
the stripping technique is associated with a sig-
nificant and persistent decline in serum AMH lev-
els in the long term.

A recent systematic review and meta-analysis 
compared the effect of hemostatic measures on 
ovarian reserve as measured by serum AMH lev-
els [30]. The use of bipolar cauterization was 
demonstrated to produce a greater decline in 
AMH levels compared to alternative hemostatic 
methods (such as suture or the use of hemostatic 
sealants). A more recent study that compared the 
rate of decline in AMH with suturing or bipolar 
cauterization after OE excision reported signifi-
cantly less harm on ovarian reserve with suturing 
[31]. Nevertheless, the quality of currently avail-
able evidence supporting alternative hemostatic 
methods is modest at best. Therefore, it cannot be 
strongly recommended abandoning bipolar cau-
terization in favor of suturing at the moment, 
although surgeons should strive to limit the use 
of bipolar cauterization during laparoscopic 
endometrioma excision in order to preserve ovar-
ian reserve [6].

Recently, a randomized controlled trial com-
pared the impact of cystectomy and the three- 
step laser ablation technique on ovarian reserve 
markers, mainly AMH [24]. Administration of 
GnRH analogs between the two operations 
reduced OE size by up to 50%, as well as mitotic 
glandular activity, stromal vascularization, and 
the presence of functional cysts like corpus 
luteum, and enhanced apoptosis of endometriotic 
cells [23]. These authors demonstrated that func-
tional ovarian tissue was less compromised after 
the three-step procedure than after cystectomy 
for OE.
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 Sonographic Markers

Compared with serum markers, the study of AFC 
as a marker of ovarian reserve has the advan-
tage of correlating with the reserve of a single 
ovary and may control for the laterality of the 
disease [32].

Several studies have investigated the impact of 
OE surgery on AFC with conflicting results. 
Indeed, the meta-analysis of Raffi et al. [25] 
included the evaluation of AFC as secondary out-
come, and the authors concluded that there was 
no statistical significant change in AFC postop-
eratively. However, the authors mentioned that 
the results might be attributed to a beta-error due 
to the small number of patients included in the 
analysis. They also pointed out that AFC may be 
difficult to assess in the presence of OE and has 
also been shown to be less reproducible than 
AMH.

More recently, a systematic review and meta-
analysis including a major number of studies has 
been published [32]. It specifically focused on 
the impact of OE surgery on AFC after surgical 
excision of OE compared with the data obtained 
before surgery. Additional analyses were per-
formed to evaluate the difference in mean AFC 
between the ovary with the endometrioma and 
the unaffected contralateral gonad, both before 
and after excisional techniques. The mean AFC 
for the affected ovary was significantly lower 
than the contralateral gonad after the surgery. 
This was also true for the preoperative compari-
son, but statistical significance was not reached. 
Heterogeneity for all these comparisons was 
high.

According to the conclusions of this meta- 
analysis, surgery for OE does not significantly 
affect ovarian reserve as evaluated by 
AFC. However, it may be difficult to explain the 
different results of two reliable markers of ovar-
ian reserve such as AFC and AMH in the evalu-
ation of ovarian reserve after surgery of 
OE. Therefore, further research is needed to bet-
ter understand the apparently contradictory 
behavior of these two markers after OE 
surgery.

 Histologic Markers

The inadvertent removal of ovarian cortex while 
stripping the wall of the OE from the unaffected 
ovarian parenchyma is thought to be one mechanism 
by which OE resection may result in diminished 
ovarian reserve [5]. A few authors have attempted to 
characterize and quantify this effect using histologic 
studies clearly showing that oocytes are removed in 
the great majority of cases, so there may be a risk of 
premature ovarian failure, especially in cases of 
repeated surgery [3]. In a prospective study of 42 
women undergoing laparoscopic cystectomy for 
treatment of benign ovarian cysts, histologic analy-
sis revealed that excision of cysts with well-defined 
capsules such as dermoids and cystoadenomas 
resulted in inadvertent removal of healthy ovarian 
tissue in only 6% of patients as compared with 54% 
after excision of endometriomas [33].

 Response to Gonadotropin 
Stimulation

OE may be present in up to 20–40% of women with 
endometriosis scheduled for IVF [34]. OE surgery 
prior to IVF should have a prophylactic effect on the 
possible risks associated to IVF with intact OE. The 
evidence on the risks of conservative management 
of OEs prior IVF are shown in Table 10.1 [18].

The impact of surgical intervention of OE on 
IVF/ICSI outcomes was analyzed in a recent meta-
analysis [35] whose results are summarized man-
agement of OEs prior IVF are shown in Table 10.2.

Despite there is no doubt that surgery on OE has 
a detrimental impact on ovarian reserve, it is not 
possible to extrapolate such data to the IVF/ICSI 
outcomes from the current available published 
studies. In women who had surgical treatment in 
one ovary, a lower number of oocytes were retrieved 
compared with the contralateral normal ovary 
without OE of the same patient. But the physiologi-
cal functional compensation of one ovary in the 
presence of a compromised contralateral ovary, 
coupled with the use of stronger gonadotrophin 
ovarian stimulation, as shown by the higher dose of 
FSH required in women who had surgery prior to 
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their IVF/ICSI, may well account for the observa-
tion that surgery did not have any apparent impact 
on the live birth rate (LBR). However, such com-
pensatory mechanisms may not be present in those 
with an already lower ovarian reserve, where an 
even lower than usual cumulative LBR may be the 
result of the additive impact of lower oocyte yield 
in these patients and the presumptive effect on 
reducing the number of embryos potentially avail-
able for frozen embryo transfers. Hence, the pres-
ence of an OE would be a justifiable indication for 
the assessment of ovarian reserve prior to surgery 
even in younger patients. It is hence important to 
consider individualizing the care of women with 
OE prior to IVF/ICSI, adopting a more conserva-
tive approach in those who are asymptomatic and 
older or have established low ovarian reserve.

 Special Considerations

 Bilateral Endometriomas
In women operated on for bilateral OEs, there is 
a low but definite risk of postsurgical premature 
ovarian insufficiency [36], and menopause occurs 
earlier [37].

A systematic review of serum AMH concen-
trations after OE excision documented a statis-
tically significant two- to threefold postoperative 
reduction in AMH concentration in women 
who underwent surgery to treat bilateral OEs 
[38]. A greater decrease in serum AMH con-
centration is noted in women who underwent 
surgery to treat bilateral OEs as compared with 
unilateral OE [25].

IVF outcomes in women with unoperated 
bilateral OEs show a lower response to hyper-
stimulation, but the quality of the oocytes 
retrieved and the chances of pregnancy are not 
affected [19]. Nevertheless, in patients with pre-
vious bilateral cystectomy, the chances of preg-
nancy are also affected (rates of clinical 
pregnancy and live births are lower) [38].

The management of women with bilateral 
OEs should be as conservative as possible in 
women with gestational desire, especially in 
older or with established low ovarian reserve. If 
the surgery is finally indicated, patients should be 
informed about the worsening effects in ovarian 
reserve/IVF results and may be offered a fertility 
preservation technique prior to surgery [39].

Table 10.1 Evidence on the risks of conservative management of ovarian endometriomas prior IVF (Modified from 
[18])

Risks
Theoretical 
relevance

Demonstrated clinical 
relevance

Effect of prophylactic 
surgery

Ovarian responsiveness Medium Not demonstrated Detrimental
Oocyte competence Medium Not demonstrated Ineffective
Technical difficulties Low Not demonstrated Doubtful
Endometrioma rupture Low Not demonstrated Effective
Injury to adjacent organs Medium Not demonstrated Doubtful
Infection of the endometrioma Medium Low Effective
Follicular fluid contamination with the 
endometrioma content

Low Doubtful Effective

Progression of endometriosis Medium Not demonstrated Effective
Pregnancy complication Medium Doubtful Doubtful
Occult malignancy missed High Not demonstrated Effective
Cancer development after IVF High Low Effective

Table 10.2 Impact of surgical intervention of endome-
trioma on IVF/ICSI outcomes

Treated 
endometrioma 
versus intact 
endometrioma

Treated 
endometrioma 
versus peritoneal 
endometriosis

Live birth rate No differences No differences
Clinical 
pregnancy rate

No differences No differences

Miscarriage rate No differences No differences
Cancelation rate No differences No differences
Mean number of 
oocytes 
retrieved

No differences Lower

Total FSH dose Higher No differences
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 Recurrence of OE after Surgery
Another consideration is the potential for OE 
recurrence after surgical excision. Investigators 
have postulated that an ovary in which the pri-
mordial follicular pool is depleted after surgical 
OE excision has less potential for development of 
recurrent disease, based on the premise that OE 
originates from ovulatory events. Paradoxically, 
OE recurrence may therefore be viewed as a 
favorable marker of increased potential for ovar-
ian responsiveness. This hypothesis was investi-
gated by Somigliana et al. [38] in a retrospective 
study with several limitations but showing a sig-
nificantly higher number of follicles identified in 
the ovaries with recurrent OEs compared to those 
without recurrent OEs.

 Conclusion

In conclusion, the existing studies support an 
adverse effect of OEs on ovulation rates, 
markers of ovarian reserve, and response to 
ovarian stimulation. Surgical removal of OEs 
may worsen ovarian function by removing 
healthy ovarian cortex or compromising blood 
flow to the ovary. It is evident that surgical 
excision of OEs acutely impairs ovarian func-
tion as measured by serum ovarian reserve 
markers. Whether this represents long-term 
impairment is unclear. It is recommended to 
warn patients regarding the decline in ovarian 
reserve following surgery and to cautiously 
limit cauterization to the possible extent.
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Vaginal Hysterectomy, 
Salpingectomy, and Adnexectomy

Iwona Gabriel and Rosanne Kho

Vaginal hysterectomy (VH) is the preferred route 
of hysterectomy for benign gynecological indica-
tions. The most recent Cochrane review (2015) 
[1] involving 47 studies and 5102 women con-
cluded superiority of the vaginal route over 
abdominal, laparoscopic, and robotic-assisted 
hysterectomy. The vaginal approach provided 
faster return to normal activities, greater patient 
satisfaction and quality of life, fewer intraopera-
tive visceral injuries, and less major long-term 
complications (such as fistula, pain, urinary and 
bowel, pelvic floor, and sexual dysfunction). 
Review of evidence revealed that VH should be 
performed in preference to abdominal hysterec-
tomy (AH). When VH is not feasible, it is prefer-
able to perform laparoscopic hysterectomy (LH) 
over AH. Considering changing demographics 
with a rising obese patient population, the 
American College of Obstetricians and 
Gynecologists (ACOG) in 2015 [2] recom-
mended that vaginal hysterectomy be performed 
over other approaches for the obese patient in 
particular. The vaginal route with its single and 

concealed incision is associated with less serious 
adverse events such as wound infection and 
thromboembolism [3]. In the face of available 
evidence and recommendations, it is important 
that the surgeon conducts a thorough discussion 
with the patient to allow full participation in the 
decision-making.

In the recent years, there has been a decline in 
the number of hysterectomies performed vagi-
nally in the United States. An update on inpatient 
hysterectomy routes in the United States from 
2012 showed that only 16.9% of hysterectomies 
were performed vaginally, which is half of the 
laparoscopic rate (31.8%) [2]. The number of 
hysterectomies performed due to genital prolapse 
in the same given period was only 20%. Another 
study revealed that <5% of gynecologic surgeons 
perform >10 vaginal surgeries in a year and a 
greater proportion (>80%) of surgeons perform 
<5 vaginal surgeries annually [4]. With the 
declining volume of vaginal surgeries performed, 
the training and skills of residents and practicing 
surgeons are adversely impacted. It was noted 
that even though 42% of residents reported vagi-
nal route as their preferred route for hysterec-
tomy [5], only 20% of first year fellows in Female 
Pelvic Medicine and Reconstructive Surgery fel-
lowship training (FPMRS) are capable of per-
forming vaginal hysterectomy alone [6].

The procedural challenges in VH include lim-
ited exposure and visualization, onerous entry 
into the anterior and posterior cul-de-sacs, difficulty 
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in achieving hemostasis, manual morcellation of 
the large uterus, and, lastly, removal of the tubes 
and/or ovaries. We present here different tech-
niques to address these challenges. The reader is 
invited to view the link—https://www.aagl.org/
vaghystwebinar/—where all of the techniques 
mentioned below are illustrated.

 Maximizing Exposure 
and Visualization

Self-retaining vaginal retractor system. To 
maximize exposure during vaginal surgery and 
avoid the need for two assistants at the bedside, 
we recommend the use of a self-retaining vaginal 
retractor system (such as the Magrina-Bookwalter 
vaginal retractor system, Symmetry Surgical, 
Tennessee). With the patient in high lithotomy 
position, the post is attached to the rail of the 
operating table, and the ring is placed flush 
against the patient’s buttocks. Attachment of the 
blades to the ring enables consistent and reliable 
retraction of the anterior, lateral, and posterior 
vaginal walls. The posterior blade is attached 
first, followed by two lateral blades. The lateral 
blades are placed carefully and parallel to the 
vaginal walls to avoid undue pressure and sulcal 
lacerations. To begin, the small anterior blade is 
held manually, behind the ring, by the assistant 
until the anterior cul-de-sac is entered.

Table-mounted camera system. The use of a 
table-mounted camera system such as with the 
Vitom 90° camera (Karl Storz) allows for projec-
tion of the surgery onto an external monitor. The 
camera system not only provides greater illumi-
nation of the small operative field, it also pro-
vides magnification of the structures for the 
bedside assistant to better assist in the case. As in 
laparoscopic and robotic-assisted surgeries, 
allowing the entire operating room team to fol-
low the surgery which ultimately facilitates the 
flow and provides greater safety and efficiency.

Narrowed introitus. In case of narrowed 
introitus (such as in nulliparous or menopausal 
patients), a superficial 4 cm long and 2–3 mm 
deep incision is made on the vaginal mucosa of 
the distal aspect of the posterior wall. This small 

incision creates a wider vaginal opening to allow 
for safe placement of the posterior self-retaining 
blade and improved exposure.

Elliptical incision around the cervix. For the 
initial incision, we recommend an elliptical inci-
sion around the cervix as opposed to a round cir-
cumferential incision in order to achieve a larger 
culdotomy for lateral access to the vascular pedi-
cles and greater room for morcellation of the 
large uterus.

Prior to this elliptical incision, 20 mL of 0.5% 
bupivacaine with 1:200,000 of epinephrine is 
injected into the uterosacral ligaments bilaterally. 
Dilute vasopressin is then injected circumferen-
tially under the vaginal epithelium to minimize 
bleeding. Attention is directed to identify the 
cervico-vesical and cervico-rectal junctions. A 
long knife handle with a #10 blade is used to 
make the elliptical incision at the cervicovaginal 
junction, and the anterior vaginal epithelium is 
sharply dissected off the cervix with heavy Mayo 
scissors until the vesicouterine space is reached. 
With gentle blunt dissection using the index fin-
ger, the bladder pillars are pushed superiorly and 
laterally. No further attempt is made to enter the 
anterior cul-de-sac especially when there is mini-
mal uterine descensus. Attention is now directed 
to entering into the posterior cul-de-sac.

Entry into the posterior cul-de-sac. Entry 
into the posterior cul-de-sac is often easier than 
entry into the anterior cul-de-sac. Exposure is 
achieved with the assistant retracting the poste-
rior vaginal wall down and pulling up on the cer-
vix to obtain the correct angle for entry. Sharp 
incision is made with heavy Mayo scissors. 
Scissors should be placed parallel to the plane of 
the cervix to avoid inadvertent rectal injury. A 
long self-retaining posterior blade is reposi-
tioned, inserted into the abdominal cavity, and 
reattached to the self-retaining ring. With the 
uterosacral ligaments now clearly visualized, 
these can be clamped, cut, and suture ligated 
using the traditional technique or sealed and 
divided with the vessel-sealing device.

Achieving hemostasis. Securing hemostasis 
can be achieved with the traditional clamp, cut, 
and tie technique when done methodically. A 
bipolar vessel-sealing device (VSD) to secure the 
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pedicles can also be used. There have been 
 studies showing possibly shorter operative time, 
less bleeding, and postoperative pain associated 
with the use of VSD [7, 8]. It is important to 
understand the principles with the use of energy 
with VSD in vaginal surgery. Advanced vessel-
sealing devices deliver bipolar energy that is able 
to seal vessels up to 7 mm. Because of lateral 
thermal spread of up to 2 mm, it is important to 
stay as close to the cervix and lower uterine seg-
ment during sealing of the cardinal ligaments in 
order to avoid injury to the ureter. Also, because 
the clamp gets hot, it is important not to lean on 
the vaginal walls, bowel, bladder, or metal retrac-
tors during sealing. We utilize a suction tip to 
quickly dissipate the heat and also retract nearby 
structures during sealing to prevent lateral ther-
mal injury.

Anterior dissection and entry. After the 
uterosacral ligaments are divided, the cardinal 
ligaments can also be sealed and divided serially 
to allow further uterine descensus. Keeping the 
clamps lateral and inferior to the 3 and 9 o’clock 
positions is crucial to avoid bladder injury. With 
better uterine descensus, entry into the anterior 
cul-de-sac may now be attempted. The posterior 
blade is removed to allow maximum dorsal trac-
tion of the cervix. The anterior vaginal wall is 
picked up with forceps, and the bladder is dis-
sected sharply from the anterior cervix using fine 
Metzenbaum scissors. Staying parallel to the 
plane of the cervix allows for entry into the avas-
cular vesicouterine space. The vesicouterine peri-
toneum should be clearly visualized. Mastering 
this step is critical to safely enter the anterior cul- 
de- sac. Cutting into the cervix will feel hard 
against the tips of the scissors, while cutting into 
the softer striated detrusor muscle will manifest 
with excessive bleeding. The vesicouterine fold 
is identified as a crescent-shaped peritoneal fold 
that can be lifted and divided for entry. Palpation 
of this peritoneal fold can aid and confirm smooth 
texture of the thin peritoneum. Fine-toothed for-
ceps and Metzenbaum scissors are preferred for 
precise incision.

In cases where scarring between the bladder 
and uterus is encountered (such as in patients 
with previous cesarean section), sharp dissection 

and entry is best achieved lateral to the midline, 
away from the central dense adhesions. This step 
should only be performed when there is adequate 
exposure of the tissue planes. Further sealing and 
transecting of the cardinal ligaments from the lat-
eral side is a technique that may allow better 
visualization of the operative field and safer entry 
into the anterior cul-de-sac.

Upon entering the anterior cul-de-sac, the 
smooth serosa of the uterine corpus can be pal-
pated prior to proceeding with the rest of the 
hysterectomy.

Upon entry into the anterior cul-de-sac, the 
cardinal ligaments are serially sealed and divided 
by advancing toward the uterine vessels, which 
should be secured under direct visualization. 
Careful skeletonization and sealing of the uterine 
vessels should be performed to ensure 
hemostasis.

Manual morcellation of the large uterus. In 
uteri involved with fibroids and/or adenomyosis, 
manual morcellation is often required in order to 
decompress the uterus and safely secure the 
utero-ovarian ligaments. To morcellate, we 
divide the cervix in half and remove segments of 
the uterus using a core and wedge technique with 
the use of a long curved knife (Marina Medical, 
Florida) with a ten blade and double-toothed 
Schroeder tenaculum. We emphasize the need for 
thorough preoperative evaluation that includes 
imaging, Pap test, and endometrial biopsy to rule 
out malignant involvement prior to any manual 
morcellation.

After morcellation, the utero-ovarian liga-
ments can now be isolated. The surgeon places a 
finger around the cornua of the uterus for traction 
in order to isolate the ligament which now may 
be clamped using the Heaney clamp. The utero- 
ovarian ligament is then cut with the Mayo scis-
sors. Once clamped, the utero-ovarian pedicle is 
suture ligated, passing a suture through the mid-
dle, and tied and carried around the pedicle as in 
a modified Heaney suturing technique.

Salpingectomy and/or Adnexectomy. In 
2013, the Society of Gynecologic Oncology (and 
other international societies) recommended that 
risk-reducing salpingectomy be offered to all 
patients at average risk for ovarian cancer at the 
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time of hysterectomy [9]. This is in light of evi-
dence suggesting that many ovarian cancers may 
actually arise from the distal fallopian tubes. We 
advocate the round ligament technique to facili-
tate access to the distal fallopian tube for its com-
plete removal during VH [10].

At the beginning of salpingectomy, the tube and 
ovary are identified. The ovary is grasped with a 
long Allis clamp, while the fimbriated end of the 
fallopian tube is brought down to the operative field 
with a long Russian forceps. The round ligament is 
identified from the utero-ovarian complex (con-
taining the round ligament, utero- ovarian pedicle, 
and the proximal fallopian tube) and divided using 
the monopolar cautery pencil (Bovie). To remove 
the fallopian tube, a window is then created in the 
mesosalpinx immediately inferior to the proximal 
tube. A clamp is placed, distal to the ovary, to iso-
late the utero-ovarian pedicle. The mesosalpinx is 
subsequently divided using the vessel-sealing 
device, and the entire fallopian tube is removed.

To remove both the tube and ovary, the long 
Allis clamp is placed on the ovary and proximal 
tube. The round ligament is identified and divided 
as described above. The curved ovarian clamp 
(Marina Medical, Florida) is placed on the ovar-
ian ligament that is proximal to the ovary. This 
technique allows both the tube and ovarian tissue 
to be removed in their entirety. It is important not 
to place the clamp too close to the ovary in order 
to prevent leaving behind any ovarian tissue. A 
prepared polyglactin ligating loop with a delivery 
system (such as Surgitie, Covidien Surgical) 
suture can be used to secure the pedicle particu-
larly if it is high in the pelvic brim.

Completion of hysterectomy. At the end of 
the procedure, a peritoneal suture (2–0 polyglactin 
suture) is placed to secure the peritoneum to the 
vaginal cuff in a running locked fashion between 
the uterosacral pedicle and the cardinal pedicle 
bilaterally. This is performed to ensure complete 
hemostasis. We perform prophylactic apical sus-
pension by attaching the vaginal apex to the utero-
sacral ligaments bilaterally to prevent future 
prolapse [11]. First, a stitch (1–0 polyglactin 
suture on a CT-1 needle) is placed in the middle of 
the posterior vaginal cuff. The rectum is then 
retracted to the patient’s right side in order to iden-

tify the left uterosacral ligament. The posterior 
vaginal fornix at 4 o’clock is grasped with toothed 
forceps to delineate the uterosacral ligament. An 
intermediate length Deaver retractor is then placed 
into the pelvic cavity at the 3 o’clock position to 
protect the ureter which would be found coursing 
in the 2–3 o’clock position. With upward traction 
of the vagina at the level of the uterosacral liga-
ment, the proximal uterosacral ligament is clearly 
visualized. Adequate purchase of the uterosacral 
ligament is obtained with the suture placed 1–2 cm 
below the level of the ischial spine. The contralat-
eral uterosacral ligament is similarly delineated 
and purchased. This midline McCall’s suture is 
then brought out through the posterior vaginal wall 
lateral to the entry stitch and tagged.

The vaginal cuff is closed in an interrupted fash-
ion with 2–0 polyglactin suture, and the uterosacral 
ligament suspension suture is tied. These sutures 
are tagged with a clamp until ureteral patency and 
absence of bladder injuries are confirmed with cys-
toscopy. Use of universal intraoperative cystoscopy 
at the time of hysterectomy is recommended in 
order to recognize most bladder and ureteral inju-
ries prior to the end of the surgery [12].

 Conclusion

Vaginal hysterectomy should be incorporated 
in the surgical armamentarium of minimally 
invasive surgeons given its many advantages 
[13]. This chapter describes the step-by-step 
approach to vaginal hysterectomy and manual 
morcellation, bilateral salpingectomy, adnex-
ectomy, and support of the vaginal apex. 
Knowledge and familiarity of the anatomy, 
surgical principles, new tools, and techniques 
are helpful in overcoming many of the chal-
lenges in vaginal hysterectomy.
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Minimally Invasive Myomectomy

Kirsten J. Sasaki and Charles E. Miller

 Introduction

Uterine fibroids are the most common benign 
uterine tumor, occurring in up to 80% of women. 
Common symptoms include heavy vaginal bleed-
ing, pelvic pain, pelvic pressure, and infertility. 
There are multiple medical and surgical options 
available, but in a patient who desires to preserve 
and improve fertility, a myomectomy is often the 
only surgical option. A myomectomy can be 
approached hysteroscopically, in cases of submu-
cosal fibroids, or via laparotomy, laparoscopy, or 
with robotic assistance when large submucosal, 
intramural, subserosal, and pedunculated myo-
mas require removal. The evidence behind lapa-
roscopic and robotic-assisted myomectomies 
will be detailed in this chapter.

 Advantages

The first laparoscopic myomectomy was reported 
in 1979 [1]. Compared to abdominal myomecto-
mies, laparoscopic myomectomies have demon-
strated multiple benefits including shorter 
hospitalization [2, 3], less blood loss [3], fewer 

postoperative fevers [3], and less postoperative 
pain [4]. A Cochrane review of nine randomized 
controlled studies demonstrated decreased post-
operative pain, shorter hospital stay, and fewer 
postoperative fevers in laparoscopic versus open 
myomectomies [5]. Furthermore, no difference 
was found in fibroid recurrence for laparoscopic 
compared to abdominal myomectomy [3, 6].

One randomized controlled trial by Palomba 
et al. evaluated total complication rates of laparo-
scopic versus minilaparotomic myomectomies. 
They found no difference between the laparos-
copy and minilaparotomy cohorts for operative 
time (108 vs. 95 min, p = 0.227) and postopera-
tive ileus (1 day vs. 1 day, p = 0.061) but did find 
a significant difference with decreased estimated 
blood loss (130 mL vs. 160 mL, p = 0.001), 
decreased postoperative analgesic use (3 vs. 6, 
p < 0.001), and shorter hospitalization (2 days vs. 
3 days, p < 0.001) in the laparoscopic cohort [7].

 Surgical Approach

 Laparoscopic Technique

 Timing
The timing of a laparoscopic myomectomy dur-
ing the patient’s menstrual cycle may depend on 
whether additional procedures, such as hysteros-
copy, are being performed. The best time to per-
form a hysteroscopy is during the proliferative 
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phase when the endometrium is thin and there is 
minimal chance that the patient is pregnant. 
Therefore, if there is a hysteroscopic component 
of the planned procedure, it is best to perform the 
surgery early in the menstrual cycle, post- menses. 
Moreover, if the endometrial cavity is entered at 
the time of a laparoscopic or robotic-assisted 
myomectomy, it may be more difficult to close 
the cavity if the endometrium is thick and poten-
tially lead to greater blood loss. If a laparoscopic 
myomectomy alone is planned and the endome-
trium is not entered, there does not seem to be an 
appreciable difference in hemostasis or blood 
loss based on the timing of the procedure. Kang 
et al. performed a retrospective comparative 
study of 220 patients who underwent a laparo-
scopic myomectomy during the menstrual, fol-
licular, or luteal phase. They found that blood 
loss and hemoglobin change did not differ 
between those procedures performed in the men-
strual, luteal, or follicular phase (p = 0.231, 
p = 0.526, respectively) [8]. Of note, although the 
estimated blood loss averaged 100–135 mL in 
each group, the transfusion rate ranged from 
5.4% (menstruation group) to 11.8% (luteal 
phase group) (p = 0.24). The lack of difference in 
blood loss is consistent with the findings of a sys-
tematic review evaluating hemostatic factors dur-
ing the menstrual cycle, which concluded that 
most studies report no cyclic variation in von 
Willebrand factor; factors VIII, XI, and XIII; and 
fibrinogen [9].

 Port Placement
Proper port placement is essential to a successful 
laparoscopic myomectomy, especially in cases of 
large myomas. There are various methods for port 
placement, largely dependent upon suturing style 
[10], but three to four ports are generally placed 
cephalad, with instrument ports placed lateral to 
the uterus/fibroid mass. The camera port is gener-
ally placed at the umbilicus (5–12 mm) with at 
least one trocar on each side of the abdomen, lat-
eral to the inferior epigastric vessels (Fig. 12.1). 
We always place a 12 mm port at the umbilicus if 
morcellation is necessary (refer to section on tis-
sue removal). It is important that all ports are 
cephalad to the fibroids, to assist with traction/

countertraction that is necessary to enucleate the 
fibroid and to facilitate suturing, often the most 
difficult part of the procedure. Thus, if large 
pathology is encountered, the ports should be 
placed cephalad, often with a port at Palmer’s 
point for the camera with the lateral ports placed 
superior to the umbilicus and again with a 12 mm 
port at the umbilicus (Fig. 12.2).

 Minimizing Blood Loss
Except in the case of a pedunculated fibroid, a 
laparoscopic or robotic myomectomy requires 
incising into the uterine myometrium in order to 
enucleate the fibroids from the surrounding cap-
sule. This process can result in generous blood 
loss, as it takes time to remove the fibroid and 
close the hysterotomy. In order to decrease blood 
loss, several techniques have been developed, 
including medications and vascular occlusion 
techniques with clamps or sutures, both perma-
nent and temporary.

5mm
12mm

5mm

Fig. 12.1 Port configuration for three-port laparoscopic 
myomectomy
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Medications can be used vaginally, intrave-
nously, or intramyometrially before and during 
surgery to decrease operative blood loss. A recent 
Cochrane review found decreased blood loss 
associated with the following techniques for 
myomectomy: intramyometrial vasopressin or 
bupivacaine plus epinephrine, vaginal misopros-
tol or dinoprostone, and intravenous ascorbic 
acid or tranexamic acid [11]. Vasopressin is pro-
hibited in some European countries, including 
France and Italy, due to potentially catastrophic 
complications including transient tachycardia, 
hypertension, arrhythmias, bronchospasm, and in 
some severe cases pulmonary edema, acute coro-
nary spasm, and myocardial ischemia [12, 13]. 
Care must be taken to prevent intravenous injec-
tion, by withdrawing before injection to ensure 
that a blood vessel has not inadvertently been 
entered. Song et al. performed a randomized 
study on 60 patients undergoing a laparoscopic 
myomectomy. The two groups had either dilute 

vasopressin or epinephrine injected into the uter-
ine serosa or overlying myometrium. The study 
demonstrated no difference in operative blood 
loss and only transient, nonserious changes in 
blood pressure and heart rate in the epinephrine 
arm [14, 15].

In addition to medications to decrease opera-
tive blood loss, clamps and ties have also been 
used. Ostrzenski first described a technique of 
placing a suture around the uterine isthmus prior 
to a myomectomy in order to decrease blood 
loss [16]. Dubuisson et al. performed a cohort 
study of 53 patients who underwent a laparo-
scopic myomectomy with or without preventa-
tive uterine artery occlusion. Although the study 
found no significant difference in mean hemo-
globin change between the two cohorts, those 
without preventative occlusion had a conversion 
rate of 11%, versus a 0% conversion rate for 
those with preventative occlusion [17]. All cases 
of conversion were due to bleeding at the site of 
the hysterotomy that required more rapid con-
trol than could be obtained laparoscopically. 
Vercellino et al. performed a multicenter ran-
domized study evaluating operative and periop-
erative outcomes in 166 women who underwent 
a laparoscopic myomectomy, 80 with temporary 
uterine artery clipping and 86 without. The 
study found a statistically significant difference 
in hemoglobin drop in the clipping group (1.2 g/
dL) versus in the control group (1.60 g/dL, 
p < 0.05). Although no patients required a trans-
fusion, two patients in the uterine clipping arm 
and one patient in the control arm experienced a 
postoperative bleed [18].

 Instrumentation and Suture

The majority of studies on laparoscopic myo-
mectomies use either ultrasonic or monopolar 
energy. One randomized controlled trial by Litta 
et al. evaluated outcomes in 160 women under-
going laparoscopic myomectomy. They found 
that the use of ultrasonic versus electrosurgical 
energy was associated with a shorter operative 
time, a smaller change in hemoglobin, and a 
lower postoperative pain score at 24 h (all 

5mm

12mm

5mm

5mm

Fig. 12.2 Port configuration for 3+ port laparoscopic 
myomectomy in cases of large specimens
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p < 0.05) [19]. Additionally, a retrospective 
cohort study by Ou et al. found that ultrasonic 
energy was associated with decreased operative 
blood loss compared to electrosurgery [20]. 
Ultrasonic energy has also demonstrated greater 
tensile strength in healed tissue compared with 
the CO2 laser and electrosurgery [21]. This is not 
surprising given the decreased lateral spread of 
energy with ultrasonic energy compared to ultra-
sonic energy [22].

Suturing of the myoma bed is one of the most 
challenging aspects of a laparoscopic myomec-
tomy, and the integrity of this incision is 
extremely important, especially in patients who 
desire future fertility. The importance of this 
repair is not only to control operative bleeding 
but also to minimize dead space and prevent 
hematoma formation, which would impede the 
healing. There are currently no published, ran-
domized, controlled trials evaluating types of 
uterine closure and future pregnancy rates or 
uterine rupture rates. Parker et al. performed a 
retrospective review of 19 cases of uterine rup-
ture after a laparoscopic myomectomy and found 
that the use of electrosurgery was associated with 
an increased risk of uterine rupture, whereas a 
multilayered closure may decrease the risk [23]. 
The senior author avoids use of energy to obtain 
hemostasis and instead performs a meticulous 
multilayered closure. If the defect is large, a 
purse-string or running suture of 2–0 or 3–0 
PDS® (polydioxanone) II (Ethicon, Cincinnati, 
OH) is placed in the myometrium, deep in the 
defect. Depending on the defect size, multiple 
running suture layers of PDS® II may be neces-
sary, with multiple layers closed with the knot 
tied to the tail. Finally, interrupted or continuous 
baseball style sutures of 3–0 or 4–0 PDS® II are 
placed on the serosa. These sutures can all be tied 
extracorporeally with a knot pusher.

Due to the difficulty of tying multiple sutures 
in a small, confined space, some have preferred 
to use barbed suture for hysterotomy closure. The 
development of barbed suture, which is a mono-
filament suture with bidirectional barbs cut into 
it, negates the need for knot tying while provid-
ing a constant tension across tissue surfaces with-
out back sliding [24]. Compared to traditional 

suture for laparoscopic myomectomies, the use 
of barbed suture has demonstrated decreased 
operative time [25, 26] and decreased intraopera-
tive blood loss [27, 28]. Alessandri et al. 
 performed a randomized controlled trial compar-
ing the use of barbed suture and conventional 
suture with intracorporeal knot tying in 44 
patients, who underwent a laparoscopic myo-
mectomy. They found no difference in total oper-
ative time between the two groups, but the time 
to close the uterine wall was significantly shorter 
(11.5 min vs. 17.4 min, p < 0.001) in the barbed 
versus conventional suture group.

A meta-analysis of seven studies comparing 
barbed versus conventional suturing in laparo-
scopic myomectomies found that barbed sutures 
were associated with a decrease in suturing time 
(p < 0.001), operative time (p < 0.001), intraop-
erative blood loss (p = 0.021), and postoperative 
hemoglobin drop (p = 0.014) [24].

Despite the benefits of barbed suture, it is 
imperative that there is minimal exposed suture, 
as its exposure increases the risk of postoperative 
adhesions and bowel obstruction. Lee and Wong 
describe a case report of a patient who experi-
enced a small bowel obstruction 6 weeks after a 
laparoscopy myomectomy. The small bowel and 
rectum were found to be adherent to the uterus at 
the site of exposed barb on the uterus [29]. In 
order to minimize the risk of exposed sutures, the 
authors have long recommended use of a base-
ball style closure.

 Limitations

 Risk of Complications and Conversion

The limitations of laparoscopic myomectomy are 
dependent upon surgeon experience. Several 
studies have examined risk factors for complica-
tions and conversion to laparotomy. Over a 5 year 
period, the senior author performed 468 laparo-
scopic myomectomies. Major complications 
were noted in 7 (1.5%) cases, while 37 patients 
experienced minor complications. Major compli-
cations included two postoperative bleeds, hernia 
(5 mm secondary port), pulmonary embolism, 
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pelvic abscess, pelvic infection, and an evulsed 
uterine artery while removing a large broad liga-
ment myoma. In this review, there was no corre-
lation with complications based on size, number, 
or the location of the myomata.

Conversely, one of the largest prospective 
studies of 2050 laparoscopic myomectomies by 
Sizzi et al. found a total complication rate of 
11.1% (225/2050), which included both major 
and minor complications. After excluding the 
minor complications (187/225), which included 
urinary tract infections, postoperative tempera-
ture > 38 °C, and uterine perforation from the 
manipulator, the rate of major complications was 
2.02% (28/2050). Majority of these were hema-
tomas [30] and hemorrhages [25], with only three 
patients requiring blood transfusions, two requir-
ing repeat surgery, one experiencing transient 
postoperative kidney failure, and one with a post-
operative bowel injury [31]. This study found 
that the risk of major complications increased in 
patients with myomas >5 cm, those with longer 
operative times, and those with interligamentous 
myomas [31].

Saccardi et al. performed an observational 
study over a 3-year period examining predictors 
of complications and conversion. Of the 444 
patients who underwent a laparoscopic myomec-
tomy for at least one fibroid >4 cm, only 2 
(0.45%) required a transfusion, and 6 (1.35%) 
were converted to laparotomy. The size of the 
fibroid and type of myoma were predictors of 
increased blood loss, with intramural fibroids 
between 8 and 12 cm demonstrating increased 
blood loss compared to subserosal fibroids of the 
same size (275 mL vs. 200 mL, p < 0.05). Both 
intramural and subserosal fibroids >12 cm were 
associated with the greatest estimated blood loss, 
although there was no significant difference 
between the two groups (intramural, 450 mL vs. 
subserosal, 400 mL, p > 0.05) [32].

A recent retrospective cohort study by 
Sandberg et al. evaluated risks for conversion 
from laparoscopic myomectomy to laparotomy. 
Over a 3-year period, 966 myomectomies were 
performed, and of the 731 laparoscopic cases 
(343 robotic), only 8 (1.09%) of them were con-
verted reactively to an open approach. It is impor-

tant to note that over 98% of the cases were 
performed by a fellowship-trained physician. 
Risk factors associated with conversion included 
increased number of fibroids (9.75 versus 3.49, 
p = 0.003) and heavier total myoma weight 
(667.9 versus 259.24 g, p = 0.015) [33]. When 
compared to nonconverted laparoscopic cases or 
planned open cases, the converted cases were 
found to have a higher estimated blood loss 
(1381.25 vs. 167.95 mL p < 0.001; 267.16, 
p = 0.001) and greater length of stay (3.13 vs. 
0.55 days, p < 0.001; 2.15 days p = 0.036), com-
pared to nonconverted laparoscopic cases and 
planned open cases, respectively [33].

Palomba et al. evaluated 136 women in a ran-
domized controlled trial who either underwent a 
laparoscopic myomectomy or a minilaparotomic 
myomectomy. The laparoscopic group experi-
enced no conversions (0/68, 0%) versus 6 (6/68, 
8.8%) conversions from minilaparotomy to lapa-
rotomy (p = 0.012). The same study found no 
statistically significant difference in postopera-
tive complications in the two groups (laparo-
scopic 2/68 (2.9%) vs. minilaparotomic 5/68 
(7.4%)) [7].

 Reducing Postoperative Adhesions

Postoperative adhesions can cause pain, bowel 
obstruction, infertility, and subsequent proce-
dures to be increasingly more difficult with 
greater risk of complications [34, 35]. 
Laparoscopic myomectomies have demonstrated 
less postoperative adhesions compared to open 
myomectomies.

Bulletti et al. performed a case-controlled 
study that evaluated postoperative adhesion for-
mation in 32 women, 16 laparoscopic and 16 
open myomectomies. The study evaluated the 28 
women who underwent second look on an aver-
age of 4 months after the initial surgery and found 
significantly fewer patients with adhesions in the 
laparoscopic group compared to the open group 
(mean adhesion score 3.0 vs. 6.7 (based on a 
range of 0–11)) [30].

Furthermore, Kumakiri et al. published a ret-
rospective study of 307 patients who underwent 
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laparoscopic surgery after previously undergoing 
a laparotomy. They found adhesions in 220 
patients (71.7%), and 41 patients experienced 
complications during the laparoscopic surgery. 
These complications occurred during abdominal 
wall or pelvic adhesiolysis in 37 patients, and the 
majority were due to bowel injury (35/41, 
85.4%). They found that the risk of subsequent 
complications was strongly associated with a his-
tory of a prior abdominal myomectomy (OR 
4.70, p < 0.001) [35].

Takeuchi et al. published a study on adhesion 
formation post-laparoscopic myomectomy by 
second look microlaparoscopy. The study 
included 372 patients who had undergone the 
procedure by one surgeon over a 10-year period. 
They found adhesions in 141 patients (37.9%) 
with the majority occurring on the posterior uter-
ine wall (68.8% vs. 21.3% anterior and 9.9% 
both). They also found that postoperative adhe-
sions were associated with larger diameter of 
removed fibroids and increasing number of 
fibroids removed. Adhesions were less common 
in patients who had an adhesion barrier placed 
including Seprafilm®(Genzyme Corporation, 
Cambridge, MA) and Interceed (Ethicon, 
Cincinnati OH) (all p < 0.005) [36].

There are a few different adjuncts to surgery 
that can be used to prevent adhesion formation. 
The most common classes include peritoneal 
instillates and exogenous barriers. Peritoneal 
instillates are left in the abdomen and pelvis and 
promote the separation of raw peritoneal sur-
faces, including crystalloid solutions, carboxy-
methylcellulose, and hyaluronic acid [37]. 
Exogenous barrier methods come in either a gel 
or solid form. Some common gel forms include 
SprayGel® (Confluent Surgical Inc., Waltham, 
MA) made of polyethylene glycol, Sepraspray® 
(Genzyme Corporation, Cambridge, MA) made 
of hyaluronic acid and carboxymethylcellulose, 
and Sepracoat® (Genzyme), a dilute hyaluronic 
acid. A Cochrane review of peritoneal instillates 
and gels found that gels and instillates were bet-
ter at preventing adhesions versus no treatment 
(OR 0.34 p < 0.00001 and OR 0.16 p = 0.005, 
respectively). When gels were compared to instil-
lates, gels were more effective at preventing 
adhesions (OR 0.36, p = 0.001) [38]. Solid forms 

of barrier methods include Seprafilm® a mixture 
of hyaluronic acid with carboxymethylcellulose, 
SprayGel® (Confluent Surgical Inc., Waltham, 
MA) composed of two polyethylene glycol-based 
liquids, Interceed® oxidized regenerated cellu-
lose, and Gore-Tex® (W.L. Gore and Associates 
Inc., Flagstaff, AZ) expanded polytetrafluoroeth-
ylene. A Cochrane review of the literature for 
gynecologic surgery found that Seprafilm®, 
Interceed®, and Gore-Tex® had less adhesion for-
mation than no treatment [39].

Finally, a recent prospective randomized con-
trolled trial from China evaluated the efficacy of a 
new crosslinked hyaluronan (NCH) in reducing 
adhesions after laparoscopy with a second look, 
9 weeks postoperatively. The study evaluated 216 
patients randomized to either nothing or NHC gel, 
and they found the gel group had a lower inci-
dence of moderate and severe adhesions on sec-
ond look (9.8% vs. 27.7%, p < 0.001) [40].

 Single Versus Multi-port

Single-site laparoscopy is a relatively new tech-
nique used for ovarian cystectomies, hysterecto-
mies, and myomectomies. Possible benefits of 
single-site surgery include improved cosmesis 
with one skin incision versus multiple incisions 
and potentially decreased postoperative pain [41, 
42], although the results are inconclusive [43]. 
Kim et al. performed a retrospective study on 191 
patients who underwent a single-, two-, or three- 
port laparoscopic myomectomy by three sur-
geons. [44]. The only difference identified was a 
longer operative time for the single- versus two- 
or three-port cases (165.8 ± 91.1 min, 
129.5 ± 48.6 min, and 132.1 ± 54.7 min, respec-
tively, p = 0.005). However, when the single-site 
cases were separated into an early and late period 
based on when the procedure was introduced at 
the institution, there was no difference in opera-
tive time during the late period (p = 0.996). 
Additionally, they found no difference in blood 
loss, transfusion rate, length of postoperative 
stay, conversion to laparotomy, or complications 
(all p > 0.05).

Song et al. performed a multicenter prospective 
randomized controlled trial on 100 subjects 
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assigned to either a conventional laparoscopic 
myomectomy or a single-site myomectomy. The 
study found no difference in operative time, per-
ceived degree of surgical difficulty, operative 
blood loss, hemoglobin change, or length of hospi-
tal stay between the two groups (all p > 0.05). 
There were also no intraoperative or postoperative 
complications in either group, and there was no 
difference in postoperative pain scores up to 48 h 
after surgery (all p > 0.05). Although not statisti-
cally significant, there were three conversions 
from single site to traditional laparoscopy due to 
difficulty enucleating the fibroid and suturing the 
defect, and there were no conversions in the tradi-
tional laparoscopic myomectomy group (6% ver-
sus 0%, p = 0.242) [14, 15]. Despite the lack of 
difference in operative and perioperative outcomes 
between single-site and traditional laparoscopic 
myomectomy, the published studies are performed 
by only experienced, advanced laparoscopists. 
Cited challenges include instrument crowding and 
difficulty suturing due to the lack of triangulation.

 Robotic-Assisted Laparoscopic 
Myomectomy

The only currently approved Food and Drug 
Administration (FDA) robotic platform is the da 
Vinci® Surgical System (Intuitive Surgical®, 
Sunnyvale, California), which was approved for 
use in gynecology in April of 2005. The da Vinci® 
platform offers the advantage of three- 
dimensional visualization, wristed motion, and 
tremor filtration. These qualities have proven 
especially useful for minimally invasive myo-
mectomies due to the extensive suturing required 
for closure and hemostasis. Compared to abdom-
inal myomectomies, robotic-assisted myomecto-
mies have demonstrated less use of IV narcotics 
[45], shorter hospital stays [45–48], less blood 
loss [46–48], and less febrile morbidity [47].

There have been several studies that have 
demonstrated similar outcomes for robotic- 
assisted and laparoscopic myomectomies. All of 
the studies were retrospective [47, 49–53] or 
used a retrospective cohort for comparison in 
terms of blood loss, postoperative complications, 
and hospital stay [47, 49, 51, 54]. Although 

Nezhat [51], Gargiulo [50], and Hsiao [55] found 
longer operative times for skilled surgeons with 
robotic-assisted versus laparoscopic myomecto-
mies, Bedient [49], Barakat [47], Goçmen [54], 
Pluchino [52], and Sasaki [53] found similar 
operative times between the two. A recent meta- 
analysis of four of these studies demonstrated no 
difference in operative time, estimated blood 
loss, complications, and length of stay [56]. 
Moreover, in Gargiulo’s study, barbed suture was 
used in almost 68% of cases in the laparoscopic 
cohort versus 5% of cases in the robotic-cohort.

We recently presented our data of 144 laparo-
scopic and robotic myomectomies for operative 
and perioperative outcomes including a number of 
fibroids found in situ postoperatively. This is a con-
cern of robotics due to the lack of haptic feedback 
with robotic-assisted myomectomies. We found no 
difference between the laparoscopic and robotic 
cohort for operative time (162.2 min vs. 169.3 min, 
p = 0.627), estimated blood loss (126.4 mL vs. 
111.9 mL, p = 0.674), overnight admission (15.6% 
vs. 25%, p = 0.284), as well as mean number (0.4 
vs. 0.2, p = 0.591) or size of fibroids identified on 
postoperative ultrasound (all p > 0.05). The only 
difference identified was three (6.3%) conversions 
from robotic to a laparoscopic approach and no 
conversions in the laparoscopic cohort [53].

 Single Site

Single-site, robotic-assisted surgery, with the da 
Vinci Si Surgical System, was approved by the 
FDA in 2013, for hysterectomies and adnexal sur-
gery. Single-site robotic myomectomies are a rel-
atively new surgical technique. Previously, the 
available single-site instrumentation limited com-
plex suturing, as the instruments did not have all 
seven degrees of freedom as in multi-port robotic 
surgery. There are now wristed, single- site needle 
drivers on the market, which have allowed greater 
applications of single-site robotic surgery. Lewis 
et al. published a case series of four single-site 
robotic myomectomies using 5 mm semirigid 
robotic instruments, with a flexible CO2 laser 
introduced through the 8 mm assistant port, to 
make the hysterotomy [57]. All cases were com-
pleted successfully, with a median operative time 
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of 210 min (range 202–254 min) and median 
blood loss of 103 mL (range 75–300 mL). The 
specimens were then hand morcellated through 
the 2.5 cm umbilical incision. There were no 
intraoperative or postoperative complications.

 Tissue Removal Options

Given the FDA recommendation in April 2014 
discouraging the use of power morcellation for 
laparoscopic myomectomies and hysterectomies 
[58], multiple methods have been presented in the 
literature for tissue removal. This will serve as a 
brief review of current options as well as the tech-
niques we currently use and are investigating.

Alternatives for fibroid removal include extra-
corporeal hand morcellation in a bag [59], a 
minilaparotomy with direct extraction [60], 
extraction via a posterior colpotomy [61], and 
intracorporeal contained power morcellation via 
an insufflated bag [62]. We currently perform 
intracorporeal contained power morcellation via 
two techniques. The first is a multi-port tech-
nique, similar to that described by Cohen et al., 
but we utilize a different bag, the Espiner EcoSac 
230 (Espiner Medical Ltd., North Somerset, 
United Kingdom), which is made of ripstop 
nylon [63]. Another method, also described by 
Cohen et al., includes creating a 3 cm umbilical 
incision through which the camera trocar and 
power morcellator are placed. Finally, we are 
currently investigating the use of a specifically 
designed bag that uses a multi-port technique but 
obviates the need to place a hole into the bag in 
order to visualize the specimen and morcellator.

 Future Fertility

 Effect on Fertility and Pregnancy 
rates

As many patients undergo a myomectomy to 
maintain and improve fertility, postoperative 
pregnancy is an important consideration. The 
data on the effect of myomectomy to improve 
fertility is controversial, but some findings are 

more consistent in the literature. Pritts et al. 
found in a systematic review that fibroids with a 
submucous component, defined as FIGO type 0, 
1, or 2 fibroids, decrease pregnancy rates, and 
their removal improves fertility [64]. Conversely, 
the removal of subserosal fibroids solely to 
improve fertility has not been supported by the 
literature [64]. The data on the effect of non- 
cavity- distorting intramural fibroids is mixed. 
Pritts et al. found that women with intramural 
fibroids had significantly lower clinical preg-
nancy, implantation, and ongoing pregnancy/live 
birth rates, as well as higher spontaneous abor-
tion rates than those without fibroids. Despite 
these differences, they found no significant dif-
ference in clinical pregnancy, live birth, and 
spontaneous abortion rate after removal of intra-
mural fibroids, but this was based on a very lim-
ited number of studies. Similarly, in a more recent 
meta-analysis of 19 studies, Sunkara et al. found 
a significant decrease in live birth (RR = 0.79, 
p < 0.0001) and clinical pregnancy rate 
(RR = 0.85, p = 0.002) in women with non- 
cavity- distorting intramural fibroids versus those 
without, after IVF treatment [65]. This study did 
not include any pregnancy data after myomec-
tomy for this population.

Pregnancy rates after a laparoscopic or open 
myomectomy are similar. Seracchioli et al. per-
formed a prospective randomized study on 131 
women with a history of infertility and at least 
one fibroid of 5 cm or greater in size. Each patient 
underwent a laparoscopic or open myomectomy 
and was followed for almost 1 year. Of the 
patients that attempted pregnancy, the pregnancy 
rates in the two groups were similar with a rate of 
55.9% in the open group and 53.6% in the laparo-
scopic group. [3]. A meta-analysis of two studies 
[3, 7] also found no difference in pregnancy rates 
after a laparoscopic versus open myomectomy 
(OR 1.11, 95% CI 0.41–2.99) [66].

 Uterine Rupture

Despite similar pregnancy rates and lower compli-
cation rates after a laparoscopic myomectomy, one 
concern is uterine rupture during pregnancy after a 
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laparoscopic myomectomy. There is limited data 
on the amount of time one should wait after a lapa-
roscopic myomectomy to attempt pregnancy, but 
most authors recommend at least a 3-month wait-
ing period [67]. This recommendation is based on 
magnetic resonance imaging (MRI) evidence that 
it takes the uterus 12 weeks to heal after a myo-
mectomy and even longer if a postoperative hema-
toma develops within the wall [68].

The rates of uterine rupture vary considerably 
in the literature but are generally quoted at less 
than 1% [69]. Koo et al. performed a retrospective 
study on 523 women who had an entire pregnancy 
followed after a laparoscopic myomectomy. In 
this study, hemostasis was achieved with suturing 
in 67.1% of cases and with bipolar energy or 
endoscopic loop ligation in the remaining 31.5% 
of cases. The mean interval between surgery and 
pregnancy was 14 months. There were three cases 
of uterine rupture (3/523, 0.6%), all prior to labor. 
One case occurred at 37 weeks at the uterine fun-
dus, where a 5 cm intramural fibroid was removed, 
and is likely associated with excessive use of 
bipolar energy during the myomectomy. The sec-
ond case occurred at 32 weeks in a twin IVF preg-
nancy, in a patient who had also previously 
undergone an abdominal myomectomy 6 years 
prior and had recently undergone a laparoscopic 
myomectomy for a 5 cm subserosal fibroid. The 
third case occurred at 21 weeks in a patient with a 
placenta accreta at the site of the myomectomy, 
which was a 7 cm subserosal fibroid in the lower 
uterine segment. The patient underwent an emer-
gent hysterectomy at 21 weeks secondary to 
severe hemorrhage and resulted in fetal death. At 
the time of myomectomy, hemostasis was 
achieved with bipolar energy in all three cases and 
only a one layer closure in two of them. This 
study also noted a 4.2% (22/523) risk of placental 
abnormalities, including placenta previa, abrup-
tion, accreta, and percreta.

Several studies have demonstrated that the num-
ber, size, and type of myoma do not correlate with 
risk of rupture [69–71]. It was initially felt that 
uterine rupture may only occur after removal of 
deep intramural myomas, but multiple case reports 
have demonstrated uterine rupture after laparo-
scopic removal of serosal and pedunculated myo-

mas [72–74]. Parker describes 19 cases of uterine 
rupture during pregnancy, all prior to 36 weeks. All 
but one case was associated with a possible risk 
factor, including no repair of the uterine defect (3 
cases), single suture closure (3 cases), one layer 
closure (4 cases), and the use of monopolar or 
bipolar energy for hemostasis (16 cases). There 
were no maternal deaths, but there were three fetal 
deaths occurring at 17, 28, and 33 weeks of gesta-
tion [23]. Pistofidis describes seven previously 
unpublished cases of uterine rupture, with six dur-
ing pregnancy and one in labor, in Greece, over a 
14-year time period [75]. Six of the myomas were 
subserosal and one was intramural. Bipolar energy 
was applied in all cases to obtain hemostasis, and in 
all but one of the cases, the incision was either not 
closed or only closed in one layer. Although the 
risk of uterine rupture is low, and many cases occur 
prior to the onset of labor, a cesarean section is 
often recommended in this population, in order to 
minimize the risk of rupture during labor.

Although not yet proven with prospective 
studies, it is often recommended that use of 
energy (bipolar or monopolar) to obtain hemosta-
sis is avoided and the defect is closed in multiple 
layers in order to avoid a potential catastrophic 
obstetric event [76].

 Conclusion

As demonstrated, there are multiple benefits 
to both laparoscopic and robotic-assisted 
myomectomies. However, the procedure is 
technically challenging and due to the risk of 
potential catastrophic complications, it is best 
suited in the hands of very skilled laparo-
scopic surgeons that can confidently enucleate 
the fibroid and repair the incision in a safe and 
efficient manner.
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Salpingectomy in Benign 
Hysterectomy

Meritxell Gràcia, Jordina Munrós, Mariona Rius, 
and Francisco Carmona

 Introduction

Hysterectomy is one of the most frequent gyne-
cologic surgeries over the world. Traditionally, 
concomitant oophorectomy has been often per-
formed for prevention of ovarian cancer. Besides, 
epithelial ovarian carcinoma is the most lethal of 
the gynecologic cancers (among 225,000 women 
affected each year, 140,000 will die due to ovar-
ian cancer) [1], with no effective screening 
method, and prevention as the only validated 
strategy considered with impact in mortality [2].

Regarding the physiopathology of ovarian 
cancer (see next section “New Insights in the 
Physiopathology of Ovarian Cancer”), prophy-
lactic salpingectomy during benign surgeries 
(e.g., hysterectomy or tubal ligation for desire of 
sterilization) may reduce the risk of ovarian can-
cer. Tubal ligation has demonstrated this protec-
tive effect, especially in endometrioid and clear 
cell carcinomas (supporting the retrograde men-
ses of endometrial cells theory) [3]. Bilateral sal-
pingectomy with ovarian preservation may be a 
better option than bilateral salpingo- 
oophorectomy. The importance of salpingectomy 

lies on the research findings showing that the dis-
tal fimbriated end comprises the majority of can-
cers and preinvasive lesions in both general 
population and BRCA1 and BRCA2 mutation car-
riers [4]. In the high-grade ovarian cancer, pre-
cursor lesions are not identified in the ovary but 
in the Fallopian tube, known as serous tubal 
intraepithelial carcinomas (STIC); staining has 
shown p53 mutations in these lesions [4].

Recent studies have shown the impact of surgi-
cal menopause (bilateral salpingo- oophorectomy, 
BSO) in bone, cardiovascular, sexual, and cogni-
tive health [5].

Nevertheless, the approach to hysterectomy 
should not be influenced by this theoretical ben-
efit. We have to keep in mind that this is an 
approach for women in average risk rather than 
high risk.

The British Columbia Ovarian Cancer 
Research (OVCARE) introduced the concept of 
opportunistic salpingectomy in 2010. It means the 
removal of the Fallopian tubes for primary pre-
vention of epithelial carcinoma of the Fallopian 
tube, ovary, or peritoneum in a woman undergo-
ing pelvic surgery for another indication.

Women should be counseled that there are cur-
rently no data regarding the impact on ovarian, 
Fallopian tubal, or peritoneal cancer of this inter-
vention, so evidence is still limited, and surgeons 
differ widely in their practice. The rate of bilateral 
salpingectomy with ovarian  conservation in 
women undergoing benign hysterectomy ranged 
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from 0 to 72.2% among 744 hospitals across the 
United States [6] comparing with rates from 20 to 
85% when bilateral salpingo- oophorectomy is 
performed [7]. This may reflect also a difference 
in patient preference or disparity in providing the 
choice of prophylactic procedures.

The two Nurses’ Health Studies [8, 9] contrib-
ute with prospective comparative data regarding 
the impact of BSO. However, the data are indi-
rect and not adequately powered to evaluate 
bilateral salpingectomy (BS) alone. This two 
studies demonstrated that the hazard ratio for 
deaths from all causes in women who had under-
gone hysterectomy that included bilateral oopho-
rectomy was 1.12 (95% CI, 1.02–1.21) compared 
with women who underwent ovarian conserva-
tion. In a subgroup analysis, bilateral oophorec-
tomy was associated with significantly greater 
mortality only in women under the age of 
50 years (without estrogen replacement therapy), 
and there was no age at which bilateral oophorec-
tomy improved survival. Cardiovascular mortal-
ity was higher in women who had undergone 
oophorectomy without estrogen replacement 
before the age of 45 years. The optimum age at 
which ovarian conservation benefited long-term 
survival in woman at average risk of ovarian can-
cer was through 65 years.

Prospective and randomized studies are 
needed and research proposals are already 
underway.

Recently, in 2015, the American College Of 
Obstetricians and Gynecologists published its 
recommendations [10]:

 – Surgeon and patient should discuss the poten-
tial benefits of the removal of the Fallopian 
tubes during hysterectomy in a population of 
women at risk of ovarian cancer who are not 
having an oophorectomy.

 – When counseling women about laparoscopic 
sterilization methods, clinicians can commu-
nicate that bilateral salpingectomy can be con-
sidered a method that provides effective 
contraception.

 – Prophylactic salpingectomy may offer clini-
cians the opportunity to prevent ovarian can-
cer in their patients.

 – Randomized controlled trials are needed to 
support the validity of this approach to reduce 
the incidence of ovarian cancer.

Moreover, apart from these recommendations 
in order to reduce the incidence of ovarian can-
cer, sparing the Fallopian tubes during hysterec-
tomy shows no benefits. Complications such as 
hydrosalpinx, salpingitis, pyosalpinx, tubo- 
ovarian abscess, chronic pelvic inflammatory 
disease, tubal torsion, pelvic pain, and benign 
Fallopian tube tumors such as paraovarian cysts 
have been described after the retention of 
Fallopian tubes in women. Therefore, as 
Fallopian tubes can no longer fulfill their physi-
ological function after hysterectomy, there seems 
to be no reason for not removing them concomi-
tant to hysterectomy [11].

 New Insights in the Physiopathology 
of Ovarian Cancer

The physiological role of the Fallopian tubes is 
the transport of the gametes to reach the fertiliza-
tion. Functionally, Fallopian tube fimbriae collect 
the egg released from the ovary into the pelvis, 
and with the tubes’ peristaltic movement, they 
permit the encounter with the sperm, thus being a 
frequent site of fertilization. But the Fallopian 
tubes are also responsible of multiple conditions 
due to their role as connectors between the uterus 
and the pelvis. Through them and in a retrograde 
way, multiple substances from the endometrium, 
cervix, vagina, and tubes itself reach the perito-
neum of the abdominal cavity. Therefore, they 
can place an ectopic pregnancy, as well as be 
responsible of pelvic inflammatory disease by the 
inflammation and infection of their tissue causing 
salpingitis, pyosalpinx, or, even more severe, a 
tubo-ovarian abscess. Moreover, they are thought 
to be responsible of part of the etiopathogenesis 
of endometriosis (Sampson’s theory) [11].

Apart from all these conditions where the 
Fallopian tubes play a crucial role, over the last 
decade, many investigations have led to a para-
digm shift in the understanding of the pathogen-
esis of ovarian cancer and its etiology. It has been 
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demonstrated that the Fallopian tubes may be 
involved in the development of high-grade ovar-
ian, Fallopian tube, and peritoneal serous carci-
nomas, all of them considered the spectrum of 
the same disease, since they are thought to share 
similar molecular profiles [12].

There are two types of ovarian tumors 
described [4, 12]. Type 1 carcinomas include 
low-grade serous, endometrioid, clear cell, sero-
mucinous carcinomas, mucinous carcinomas, 
and malignant Brenner tumors. These types of 
tumors are less common, tend to present at a 
lower stage, and usually arise from a precursor 
lesion, usually being either borderline serous 
tumors or endometriosis [13]. On the contrary, 
type 2 includes high-grade serous carcinoma, 
carcinosarcoma, and undifferentiated carcinoma; 
they are associated with an advanced stage (stage 
3 or 4) and account for the majority of the deaths.

The main molecular feature that differentiates 
type 1 from type 2 tumors is the genetic stability 
of the former in front of the chromosomal insta-
bility of the latter, in the form of global DNA 
copy number changes. The molecular profile of 
type 1 carcinomas is characterized by KRAS, 
BRAF, ERBB2, CTNNBI, PTEN, PIK3CA, 
ARID1A, PPP2R1A, and BCL2 mutations. On 
the contrary, type 2 tumors show TP53 muta-
tions, which are present in almost 96% of cases 
of high-grade serous ovarian carcinomas [14]. 
The differences between the two types of ovarian 
tumor in terms of molecular, pathologic, and 
clinical features are shown in Table 13.1 [12].

In the last few years, several studies have dem-
onstrated that the main part of type 2 ovarian 
tumors may originate from a precursor lesion 
developed in the Fallopian tube, particularly in 
the fimbriae, named STIC (serous tubal intraepi-
thelial carcinoma). It has been defined and con-
sists in regions of dysplasia with secretory cells, 
lacks ciliated cells of a normal Fallopian tube, 
has a TP53 mutation, and is associated with a 
high degree of DNA repair pathway alterations 
including BRCA and BRCA-like mutations. 
Moreover, STICs have short telomeres, which is 
a feature associated with precancerous lesions. 
Detailed analyses and microsectioning of the 
ovaries and Fallopian tubes at the time of risk- 

reducing salpingo-oophorectomy in women with 
BRCA mutations have detected unsuspected 
small invasive and preinvasive lesions in 5–9% of 
cases, with the Fallopian tubes being involved in 
more than 70% of these cases. STIC lesions are 
also found in 50–60% of sporadic serous ovarian 
cancers. Both cases of ovarian cancer in BRCA 
mutation carriers as well as sporadic cases have 
shown TP53 mutations in more than 90% of 
serous high-grade ovarian cancers, and these 
mutations match the specific mutations seen in 
the precursor lesions found in the Fallopian tubes, 
thus suggesting a clonal origin. Therefore, it is 
thought that most high-grade serous cancers may 
be metastatic from the tube [4], following the 
hypothesis of peritoneal seeding by malignant 
cells from the fimbriated end of the tubes [13] 
(Fig. 13.1).

Taking into account that more than 70% of 
high-grade serous cancers present evidence of a 
precursor lesion in the Fallopian tube, it is a 
topic of interest whether the removal of the 

Table 13.1 Type 1 and type 2 ovarian carcinomas  
(differential features)

Features Type 1 Type 2
Stage at 
diagnosis

Frequently early 
stage

Almost always 
advanced stage

Tumor grade Low gradea High grade
Proliferative 
activity

Generally low Always high

Progression Slow and indolent Rapid and 
aggressive

Response to 
chemotherapy

Fair Good, but 
frequent 
recurrence

Risk factors Endometriosis Lifetime 
ovulation cycles; 
BRCA germline 
mutations

Precursors Atypical 
proliferative 
(borderline) 
tumors

Mostly STICs

Chromosomal 
instability

Low High

TP53 mutation Infrequent Almost always
a Clear cell carcinoma is not graded, but many consider the 
tumor as high grade

BRCA breast cancer, STIC serous tubal intraepithelial 
carcinoma
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Fallopian tubes would reduce the incidence and 
death rates from ovarian cancer. Ovarian cancer 
is the second most common gynecological 
malignancy in developed countries [13] and the 
most lethal [4]. Because early detection of high-
grade serous carcinoma through screening using 
transvaginal ultrasonography and serum cancer 
antigen 125 concentrations as well as symptom 
detection has failed to reduce mortality, the only 
currently available strategy likely to affect mor-
tality is prevention [4, 12]. Therefore, salpingec-
tomy could reduce the incidence of type 2 
ovarian cancer and may show some benefit in 
type 1 cancers in which endometriosis is involved 
in their pathogenesis.

There is epidemiologic evidence that tubal 
ligation is associated with a reduction in ovar-
ian cancer in both general and high-risk popula-

tion. Cibula et al. concluded in a meta-analysis 
that previous tubal ligation in women without 
high- risk was associated with a 34% overall 
risk reduction in endometrioid and serous can-
cer, although no significant risk reduction was 
found for mucinous or borderline tumors [2]. 
Although there are few small studies regarding 
ovarian cancer risk reduction with tubal liga-
tion in BRCA mutation carriers, it seems that 
there would be also benefit in this subgroup of 
women [4].

Therefore, bilateral salpingectomy should 
have at least the same benefit as bilateral tubal 
ligation. Nowadays, there is no data regarding the 
effect of bilateral salpingectomy in the reduction 
of ovarian cancer risk in general and high- risk 
population, and it will take decades to demon-
strate it.

Normal p53 Signature STIC
Invasive

Carcinoma

Fig. 13.1 Serous tubal intraepithelial carcinoma (STIC). Jones PM and Drapkin R. Front. Oncol., 26 August 2013
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 Surgical Approach

Prophylactic salpingectomy consists of the 
removal of the distal one-third (fimbria and 
infundibulum, portion of ampulla) of both 
Fallopian tubes (Fig. 13.2).

Before describing the technique, few anatomic 
considerations should be taken into account. First, 
the infundibulopelvic ligament should be identi-
fied since it contains the ovarian vessels encased 
in the peritoneum, and caution should be taken in 
order to avoid injury. Second, the ureter lies in 
close proximity to the infundibulopelvic ligament 
and must be identified medially to the ligament 
prior to starting the salpingectomy. The right ure-
ter enters the pelvic cavity crossing the origin of 
the right external iliac artery and the left ureter 
crossing the common iliac artery bifurcation.

Once the anatomic landmarks are identified, 
first elevate the Fallopian tube and coagulate 
using bipolar energy (other types of energy could 
be used), and cut the tubo-ovarian ligament care-
fully to not damage the infundibulopelvic liga-
ment (Fig. 13.3a, b). Then, continue with the 
coagulation and cutting of the mesosalpinx 
immediately below the tube all along the ampulla 
portion (Fig. 13.3c). Any cautery/dissection tool 
may be used. Finally, cauterize and cut the utero- 

ovarian ligament and separate it from de uterus 
(Fig. 13.3d).

We can proceed then with the hysterectomy as 
current practice with the tubes removed en bloc 
(attached at the cornua of the uterus).

Salpingectomy at the time of hysterectomy 
seems to be safe, without an increase of compli-
cations compared with hysterectomy alone, with 
no differences in the rate of blood transfusion or 
readmission [15]. Studies have shown that salpin-
gectomy performed with hysterectomy added an 
average of 16 min to operative time. Hysterectomy 
with salpingectomy was not associated with a 
longer hospital stay than hysterectomy alone 
[16]. Longer follow-up studies about surgical 
morbidity are needed.

 Controversies

Hysterectomy is known to be associated with ear-
lier menopause, although this effect is not well 
understood. Likewise, the risk and impact of sal-
pingectomy on ovarian function are uncertain and 
controversial; some studies have shown no detri-
mental effect on ovarian function or hormonal 
levels, while some others have reported a reduc-
tion of ovarian reserve (a reduction in follicles and 

Isthmus

Ampulla

Infundibulum

Fallopian tubeUtero-ovarian
ligament

Intramural
portion

Infundibulopelvic
ligament

Fig. 13.2 Normal female internal genitalia anatomy
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increases in follicle-stimulating hormone levels or 
changes in Doppler blood flow) [17].

A non-randomised trial designed by Morelli et 
al. concluded that no negative effects in terms of 
perioperative complications, ovarian US charac-
teristics, and hormone levels between women 
who underwent laparoscopic hysterectomy with 
BS or alone [18].

Another issue would be to introduce the con-
cept of salpingectomy during any pelvic surgery 
(not only hysterectomy). There are no randomized 
studies about this, but if we take into consideration 

the effects of tubal ligation on reducing ovarian 
type 1 cancer, salpingectomy should provide the 
same benefits or even increase them in reducing 
type 2 carcinomas incidence rate. Falconer et al. 
published a cohort study comparing three proce-
dures for benign disease: salpingectomy, tubal 
ligation, and hysterectomy with or without bilat-
eral salpingo-oophorectomy. The results showed a 
lower risk of ovarian cancer in the group of salpin-
gectomy with a reduction also in the other groups. 
Bilateral salpingo- oophorectomy provided a 50% 
reduction rather than unilateral [19].

Infundibulopelvic
ligament

Intramural
portion Isthmus

Utero-ovarian
ligament
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Fallopian tube
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Fig. 13.3 Surgical technique (a) Fallopian tube detail. (b) Tubo-ovarian ligament section. (c) Mesosalpinx section. (d) 
Utero-ovarian ligament section
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 Conclusions

Long-term studies of the outcomes of oppor-
tunistic salpingectomy are needed. Meanwhile, 
the Society of Gynecologic Oncologists of 
Canada (GOC), Society of Gynecologic 
Oncology, and American College of 
Obstetricians and Gynecologists support the 
potential benefit of opportunistic salpingec-
tomy in the reduction of pelvic serous carcino-
mas incidence rates.

In terms of cost, although there are no data 
regarding it, opportunistic salpingectomy 
seems to increase slightly operative costs due 
to increased operative duration and possible 
use of additional instrumentation. Further data 
are needed to determine cost-effectiveness. 
But if ovarian cancer incidence is decreased, 
cost savings would be significant.

BRCA 1/2 invasive carcinomas have a pre-
sentation at earlier ages than STIC forms. The 
time lapse between overexpression of p-53, 
STIC, and development of invasive cancer is 
not known, making difficult the choice when 
preventive salpingectomy should be per-
formed. According to this, a new indication 
perspective (to save the effects of early meno-
pause) would be to perform the procedure in 
two stages: salpingectomy before menopause 
and oophorectomy after menopause in high-
risk patients [20].
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 Introduction

Benign ovarian tumors remain a common gyne-
cologic problem. It is estimated that 5–10% of 
women in the United States will undergo a surgi-
cal procedure for an adnexal mass sometime dur-
ing their lifetime [1, 2]. The prevalence of adnexal 
tumors in the general population is 0.17–5.9% in 
asymptomatic women and 7.1–12% in symptom-
atic women [3].

The management of an ovarian mass depends 
on the nature of the tumor, urgency of the presen-
tation (e.g., ovarian torsion requires immediate 
intervention), and degree of suspicion for malig-
nancy. The gynecologist must evaluate patient’s 
symptoms, physical examination findings, imag-
ing exam results, and serum tumor marker tests in 
order to decide whether the patient is a potential 
candidate for surgical approach [4].

Since the majority of adnexal masses are 
benign, the key point is to try to determine preop-
eratively whether the patient is at high risk for 
ovarian malignancy, in order to ensure proper 
management [1].

Today, laparoscopic surgery is considered to 
be the gold standard in the management of 
adnexal masses [5–7]. Adhesion prevention, bet-
ter postoperative recovery, and good cosmetic 
outcomes are some of the important advantages 
of this surgical approach [8]. Disadvantages of 
the laparoscopic approach include steep surgeon 
learning curves and the need for special equip-
ment, much of which is expensive [9].

The lack of a preoperative test that can defini-
tively exclude malignancy makes surgical man-
agement of adnexal masses more complex. 
Important concerns remain about intraoperative 
rupture of an occult malignancy and subsequent 
risk of cancer dissemination [9]. Therefore, the 
surgeon should address every patient with 
adnexal mass as someone who is potentially fac-
ing a malignant neoplasm [4].

Patient’s treatment success is based on the 
adequate preoperative work-up and the system-
atization of the surgical procedure. In this chap-
ter, the authors review important topics on the 
preoperative assessment of women with ovarian 
tumors and describe different laparoscopic surgi-
cal techniques, step by step, in order to make 
them simple, understandable, and reproducible.

W. Kondo (*) · M. T. Zomer 
Department of Gynecology, Sugisawa Medical Center, 
Curitiba, PR, Brazil 

Department of Gynecology, Vita Batel Hospital, 
Curitiba, PR, Brazil 

N. Bourdel · M. Canis 
Department of Gynecologic Surgery, CHU Estaing, 
Clermont-Ferrand, France
e-mail: nbourdel@chu-clermontferrand.fr;  
mcanis@chu-clermontferrand.fr

14

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-72592-5_14&domain=pdf
mailto:nbourdel@chu-clermontferrand.fr
mailto:mcanis@chu-clermontferrand.fr
mailto:mcanis@chu-clermontferrand.fr


158

 Preoperative Assessment 
of an Ovarian Mass

The goal of the clinical evaluation of an ovarian 
mass is to determine both whether the mass is 
more likely to be malignant or benign and 
whether the mass can be removed by laparoscopy 
without any type of harm to the patient [4]. It has 
already been demonstrated that ovarian cancer 
patients treated by gynecologic oncologists have 
better outcomes than those treated by general 
gynecologists and general surgeons [10].

Important factors that should be taken into 
account include patient’s age, symptoms, medi-
cal history, physical examination findings, imag-
ing studies, and laboratory test results [4]. All 
these information must be considered at the same 
time so that the surgeon can propose an operative 
approach or an expectant management.

Of course, it is impossible to be absolutely 
sure about the nature of the cyst without having 
the pathological examination of it. Indeed, there 
are different clinical-sonographic scores and 
mathematical models reported in the literature to 
try to predict the risk of malignancy/benignity of 
an ovarian mass in the preoperative setting. All 
these scores and models seem very interesting in 
a theoretical point of view; however, in the prac-
tical approach, their sensitivity and specificity are 
very good in the experience of the groups that 
created them or in a specific sample of patients. 
Whenever used in other centers, their effective-
ness is widely reduced [11, 12], meaning that 
most of them are not very well reproducible. 
Even using pelvic MRI, there is no great increase 
in the sensitivity and specificity of the preopera-
tive investigation [13].

In 2010, the International Ovarian Tumor 
Analysis (IOTA) group showed that polytomous 
risk prediction for the diagnosis of ovarian can-
cer is feasible [14]. Mathematical models were 
developed to predict four categories of tumors: 
benign, borderline, primary ovarian cancer, and 
secondary metastatic cancer. This work focused 
on comparing mathematical algorithms. Recently, 
the same group [15] reported the ADNEX 
(Assessment of Different NEoplasis in the 
adneXa) model (www.iotagroup/adnexmodel/) 

as a potential tool to estimate the probability that 
an adnexal tumor is benign, borderline, stage I 
cancer, stage II–IV cancer, or secondary meta-
static cancer. Nine variables were included in the 
model, including age, serum Ca-125 level, type 
of center, maximum diameter of the lesion, pro-
portion of solid tissue, number of papillary pro-
jection, more than ten cyst locules, acoustic 
shadows, and ascites, and they stated that the 
ADNEX model has clear potential to optimize 
management of women with an adnexal tumor.

 Anamnesis and Physical Examination

The woman’s age is an important factor to be 
considered in the preoperative assessment of an 
ovarian mass. Malignant lesions are more likely 
to occur in postmenopausal than premenopausal 
women [16]. Irrespective of age, all women pre-
senting with an adnexal mass should have a com-
plete history and physical examination as well as 
laboratories and imaging exams [9].

The clinical examination will assess the 
patient’s general condition and predict any diffi-
culty in the laparoscopic approach, such as previ-
ous scar, obesity, etc. On physical examination, 
the surgeon should pay attention to the size, 
mobility, and consistency of the ovarian mass. 
Also, the possibility of extraovarian involvement 
may be considered in the presence of ascites, car-
cinomatosis, and lymphadenopathy.

Reproductive-aged women should be ques-
tioned about recent sexual history and use of any 
contraceptive method. A pregnancy test must be 
always obtained to exclude ectopic pregnancy or 
concomitant intrauterine pregnancy [9].

 Ultrasound

Pelvic ultrasound is still a very important imaging 
exam in the evaluation of gynecologic patients. It 
is quick to perform and does not expose the 
patient to ionizing radiation; however, it is opera-
tor-dependent [17]. It may be performed trans-
vaginally and complemented transabdominally 
whenever the size of the mass demands. The 
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examination report must be complete, thoroughly 
analyzing the cyst for intracystic content, pres-
ence of solid and/or liquid component, thickness 
of the cyst wall, presence of vegetations and/or 
septa, and presence of inner or outer vasculariza-
tion, with evaluation of the vascularization pattern 
with Doppler sonography [18–20].

Benign adnexal masses have typical ultrasono-
graphic features: low echogenicity, a thin cyst wall, 
unilocular (or, if septated, a thin septation), and 
absence of internal papillary excrescences [21].

The most important morphologic features on 
ultrasound that are of concern for malignancy 
include nonfatty solid (vascularized) tissue, thick 
septations, and papillary projections. Color Doppler 
ultrasound helps in the identification of solid, vas-
cularized components within the mass [21].

 Computed Tomography (CT) 
and Magnetic Resonance  
Imaging (MRI)

The CT scan has a limited role in the primary 
assessment of women with an adnexal mass due 
to its poor soft-tissue discrimination [4, 17]. 
Specifically in mature cystic teratomas, it may be 
useful to detect calcifications or macroscopic fat 
[17]. Nevertheless, if ovarian malignancy is pres-
ent, CT scan can help in the evaluation of the 
extent of disease detecting lymphadenopathy, 
ascites, and metastatic disease [4, 17]. The main 
advantage of CT scan is that it is widely available 
and quick to perform [21].

On the other hand, MRI provides excellent tis-
sue contrast resolution and characterization based 
on magnetic resonance properties of the tissues. 
Different imaging patterns may be seen in cystic 
and solid lesions as well as in those lesions with 
fat, hemorrhagic, mucinous, and fibotic contents 
[17]. The use of gadolinium-based contrast 
agents also allows for the evaluation of the 
lesion’s vascularity and enhancement [21].

However, preoperative evaluation of an ovar-
ian mass using pelvic/abdominal MRI should not 
be systematic. It can be indicated in bulky lesions 
(or when ultrasound does not allow the evalua-
tion of the entire ovarian mass), in young patients 

(to try to plan the surgical approach in the preop-
erative setting, to evaluate the possibility of bilat-
eral lesions, and to enable patient counseling 
about all fertility-sparing possibilities), and in 
ovarian endometrioma (to identify concomitant 
deep infiltrating endometriosis lesions) [22, 23].

 Tumor Biomarkers

There are currently no approved laboratory tests 
for early detection of ovarian cancer [4]. Cancer 
antigen 125 (Ca-125) is the only serological bio-
marker in routine use for the management of 
women with epithelial ovarian/fallopian tube or 
primary serous peritoneal cancer [24]. Elevated 
concentrations of serum Ca-125 may be present 
in several benign gynecologic conditions (healthy 
premenopausal women during menses, preg-
nancy, ovarian cysts, endometriosis, adenomyo-
sis, uterine leiomyomas, and pelvic inflammatory 
disease) and in several nonmalignant nongyneco-
logical diseases (peritoneal, pleural, and muscu-
loskeletal inflammatory disorders and liver, 
renal, and cardiac disease) [25].

In women with epithelial ovarian cancer, serum 
levels of Ca-125 are elevated in 50–60% of patients 
with stage I ovarian cancer, 80–90% in stage II, 
and greater than 90% in stages III and IV [26, 27]. 
However, Ca-125 is not expressed in patients with 
pure mucinous tumors. Carcinoembryonic antigen 
and Ca-19-9 are better markers in these patients 
[28, 29].

Guidelines from the United Kingdom [30] and 
the United States [31] recommend that alpha- 
fetoprotein and hCG should be measured in all 
women under 40 years old with a complex ovar-
ian mass because of the possibility of germ cell 
tumors. Guidelines from the United States also 
recommend measuring LDH in these women.

 Why Is Laparoscopy the Best 
Surgical Approach?

The role of laparoscopic surgery in the manage-
ment of adnexal masses has already been demon-
strated in prospective randomized studies [6, 7]. 
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The major concerns with this approach have been 
related to the rate of malignancy encountered, the 
risk of tumor rupture and upstaging, the inci-
dence of port-site metastasis [4], fertility reper-
cussions in the case of endometriomas [32], and 
risk of peritonitis in case of spillage in dermoid 
cysts [33]. Another important issue is that the 
learning curve for laparoscopic surgery seems to 
be longer than expected. Each surgeon has his 
own learning curve depending on his surgical 
experience and manual abilities. Experts in the 
management of adnexal masses probably have 
developed many tips and tricks that would help 
beginners, what should be reported and taught as 
often as possible [5].

The primary approach for an ovarian mass 
should be laparoscopic due to many reasons. 
First, preoperative work-up for an ovarian mass 
is generally effective in stratifying masses into 
those likely to be benign or malignant, but a 
malignant diagnosis can only be confirmed with 
pathology [9]. Regardless of the surgeon’s expe-
rience level, when the surgeon tries to choose the 
type of incision for the surgery only based on the 
preoperative assessment, he may elect a totally 
inadequate surgical access route (Pfannenstiel 
incision) for the treatment of an ovarian cancer in 
up to 23% of the cases and a midline incision for 
the treatment of a benign ovarian cyst in up to 
21% of the cases [11]. The systematic use of lap-
aroscopy allows the surgeon to adapt the type of 
incision to the specific type of ovarian pathology 
with precision.

Second, the survival of ovarian cancer patients 
depends on the surgeon specialty [10, 34, 35]. 
Women affected by ovarian cancer should be sys-
tematically operated by gynecologic oncologists 
in order to achieve better outcomes [10]. 
However, it is not possible to refer all patients 
with suspicious ovarian masses to a gynecologic 
oncology center. In fact, all gynecologist sur-
geons could perform a laparoscopy to confirm or 
rule out malignancy if they are able to follow the 
basic rules to approach a suspicious mass [36]. 
Whenever malignancy is confirmed, the patient 
could be referred to a gynecologic oncologist for 
an early reintervention, what is completely fea-
sible after the primary laparoscopic procedure. In 

the prospective study conducted in Clermont- 
Ferrand [37], 247 suspicious masses were man-
aged by laparoscopy first, as long as there was no 
evidence of disseminated cancer. They found that 
85% of the masses were benign, sparing laparot-
omy in 93.8% of patients with a benign mass. 
Among the remaining 37 malignant tumors, 
18.9% were treated by laparoscopy. Using this 
approach, they were able to reduce the number of 
unnecessary laparotomies.

Third, retrospective and prospective trials 
have demonstrated that laparoscopy reduced 
intraoperative blood loss and resulted in fewer 
postoperative complications, shorter hospitaliza-
tion, an earlier return to normal activities, less 
adhesions, and a better cosmetic result compared 
with laparotomy [6, 7, 38, 39].

For all the abovementioned arguments, we 
believe that all ovarian masses, even the suspi-
cious ones, should be addressed initially by 
laparoscopy.

 Surgical Technique

 Patient Positioning, 
Pneumoperitoneum Creation, 
and Port Placement

Under general anesthesia, the patient is placed in 
a supine position with abduction of lower limbs 
and with flexion of the thighs onto the pelvis of 
about 20°. This position allows concomitant 
abdominal and vaginal access without the need to 
change the position of the patient. In order to 
avoid injuries of the brachial plexus, the two arms 
are positioned alongside the body. The placement 
of the lower limbs should avoid compression of 
the sciatic nerve, external popliteal nerve, and 
calves. The buttocks of the patient should project 
slightly beyond the edge of the operating table to 
facilitate the uterine manipulation.

Classically, pneumoperitoneum is insufflated 
using the Veress needle placed at the Palmer’s 
point (left hypochondrium, 2–3 cm below the 
costal margin, at the midclavicular line) [40, 41]. 
At this level, pneumoperitoneum creation is easy 
even in obese patients.
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After the skin incision, a 10 mm trocar is 
placed inside the umbilicus for the zero-degree 
laparoscope. Systematically, we use three ancil-
lary trocars: two 5 mm trocars for the main sur-
geon and one 5 mm trocar for the assistant 
surgeon. The two lateral trocars are placed about 
2 cm medial to the anterior-superior iliac spine 
(and always lateral to the inferior epigastric ves-
sels), and the third trocar is infraumbilical, in the 
midline, about 8–10 cm below the umbilical tro-
car (Fig. 14.1).

The abovementioned port placement is use-
ful for cysts up to 10 cm in diameter, in which 
the location of the lesion is almost exclusively 
within the pelvis. For ovarian masses larger than 
10 cm that do not reach the navel, the Veress 
needle may be inserted at Palmer’s point, and a 
5 mm trocar is placed at the same site. A 5 mm 
laparoscope is then inserted through this trocar 
in order to define the limits of the mass and 
guide the correct positioning of the secondary 
trocars. For a very large mass (more than 20 cm) 
exceeding the umbilicus, but with essentially 
liquid component, an open laparoscopy with 
direct puncture of the mass using a conical tro-
car or a laparoscopic needle may be possible 
(Fig. 14.2a, b).

Always, the surgeon should not hesitate to 
place the trocars higher in the abdomen (more 
cranially) according to the volume of the mass to 
be operated.

 Intraoperative Evaluation: Do Not 
Forget All the Steps!

Routinely, the throughout evaluation of the 
abdominal cavity must be performed [36, 42]. 
The surgeon has to conduct a 360-degree rotation 
with the laparoscope in order to evaluate the 

Fig. 14.1 Standard port placement: a 10 mm umbilical 
trocar for the laparoscope and three secondary 5 mm tro-
cars for the instruments

a b c

d e f

Fig. 14.2 In this case, a wound retractor was placed 
through the umbilicus (a), and the cystic lesion was punc-
tured using a laparoscopic needle under direct visualiza-
tion (b). The intracystic fluid was aspirated, and the 
puncture site was closed. An adapted single single-port 

approach (c) was used in order to perform the left adnex-
ectomy (e). The good cosmetic result could be appreciated 
immediately at the end of the procedure (d) and 7 days 
after the surgical intervention (f)
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entire abdominopelvic cavity: right iliac fossa, 
right parieto-colic gutter, ascending colon, right 
side of the diaphragm, liver, stomach, omentum, 
transverse colon, left side of the diaphragm, left 
parieto-colic gutter, descending colon, left iliac 
fossa, small bowel, mesentery, and pelvis (perito-
neum, uterus, and adnexa). The laparoscope has 
an effect of “magnifying glass” which allows full 
exploration of the peritoneum looking for granu-
lations and/or vegetations [43, 44]. This is of 
extreme importance in patients undergoing lapa-
roscopy for the evaluation of resectability of 
advanced ovarian carcinoma [45, 46].

 Peritoneal Cytology

The next step is to get a sample for peritoneal 
cytology, what can be done by simple aspiration 
of the peritoneal fluid spontaneously present in 
the pouch of Douglas (Fig. 14.3) or after instilla-
tion of saline solution at the level of parieto-colic 
gutters, pelvis, and adnexa.

 Intraoperative Assessment 
of the Ovarian Mass

 Extracystic Evaluation
The surgeon must know the semiology of an 
ovarian mass. The semiology begins with the rec-
ognition of any suspicious signs of malignancy, 
which may have already been identified at the 
time of inspection of the abdominopelvic cavity: 
ascites, peritoneal vegetations, extracystic vege-
tations, intracystic vegetations, and anarchic vas-
cularization of the cyst wall. The volume of 
peritoneal fluid becomes suspicious when it fills 
in completely the pouch of Douglas. Extracystic 
vegetations are often obvious, but its interpreta-
tion is often difficult and systematically requires 
a biopsy with frozen section examination. The 
intracystic vegetations are often diagnosed dur-
ing the preoperative ultrasound, but they can also 
be visible through the ovary wall and the cyst 
wall, requiring caution during surgery if present. 
The irregular vascularization may sometimes 
confuse the surgeon, but its presence is a factor 
that speaks in favor of malignancy.

A more accurate semilogy must be known to 
allow differentiation of functional and organic 
cysts (Table 14.1).

 Intracystic Evaluation
The intracystic assessment [48] should include 
the inner cyst wall and the fluid. Usually, the 
ultrasonography already gives the surgeon some 
arguments in favor of the presence or absence of 
suspicious vegetations but also about the liquid 
content (pure anechoic cysts, hemorrhagic cysts, 
dermoid, mucinous, etc.). The perfect assessment 
can be made during surgery in three different 
moments:

Fig. 14.3 Peritoneal fluid at the posterior cul-de-sac 
(arrows). The left ovary is normal, and the right ovary is 
enlarged

Table 14.1 Laparoscopic findings to differentiate functional and organic cysts [47]

Organic cysts Functional cysts
Utero-ovarian ligament Lengthened Normal
Cyst wall Thick Thin
Ovarian vessels Numerous and regular starting from the mesovarium More scanty, coral-like
Cyst fluid Variable (depending on the type of cyst) Saffron yellow
Inner cyst wall Smooth of fibrotic with areas of hypervascularization Retina-like aspect
Ovarian cystectomy Feasible Impossible/difficult
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• Before the treatment of the cyst: in this situa-
tion, the surgeon is going to puncture the cyst, 
aspirate the cyst fluid, and perform an ovarian 
cystoscopy.

• After the treatment of the cyst and before 
specimen extraction: in this case, the surgeon 
is going to perform first the ovarian cystec-
tomy or the adnexectomy, and then the cyst 
will be punctured and widely opened. Then, 
ovarian cystoscopy is going to be performed.

• After the treatment of the cyst and after speci-
men extraction: in this situation, the cyst will 
be opened outside the abdomen, after being 
retrieved from the abdominal cavity.

The liquid within the cyst must always be 
evaluated during the laparoscopic procedure. The 
surgeon should think about malignant nature of 
the cyst in the presence of cloudy, dark-colored, 
and/or stringy fluid. After analyzing the fluid 
(intracystic content), the inner surface of the cyst 
must be evaluated [36, 42]. The presence of intra-
cystic vegetations is frequently identified on the 
preoperative work-up during the transvaginal 
ultrasound. Suspicious findings are great number 
and volume of vegetations and also irregular and 
grayish papillary projections. During laparos-
copy, the presence of intracystic vegetations may 
also be suspected by the external aspect of the 
cyst wall and the presence of a visible whitish 
thickening of the cyst wall.

Whenever the surgeon decides to puncture the 
cyst, the puncture technique must be as perfect as 
possible. It is important to try to prevent spillage 
of intracystic fluid into the peritoneal cavity. For 
cysts smaller than 8 cm, which represent the 
majority of cases, the cyst must be placed within 
an endoscopic bag before puncture. The puncture 
should be performed under visual control, per-
pendicularly to the surface of the cyst with the 
use of an endoscopic needle (Fig. 14.4) or a 5 mm 
conical trocar (Fig. 14.5), at the opposite side of 
the ovarian vascularization. The cyst content is 
aspirated with a syringe in the case of using the 
laparoscopic needle or directly with an aspiration 
cannula in the case of using a 5 mm trocar. During 
aspiration, the surgeon must ensure there is no 
leakage of intracystic content using one or two 
grasping forceps around the puncture site, allow-
ing occlusion of the cyst at the puncture site 
(Fig. 14.5c, d). These grasping forceps should 
elevate the lateral walls of the cyst in order to 
prevent the flow of fluid out of the cyst. After 
aspiration of the cyst fluid, the puncture site will 
be enlarged with scissors, allowing the perfor-
mance of an ovarian cystoscopy (Fig. 14.6d) to 
evaluate the inner cyst wall and check for the 
presence of any vegetations.

If the cyst was punctured in order to reduce its 
volume, especially in the case of a large ovarian 
cyst that does not fit within the endoscopic bag, 
the puncture site may be closed without perform-

a b

Fig. 14.4 Puncture of a presumed benign ovarian tumor using a laparoscopic needle
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ing an ovarian cystoscopy using an endoloop 
(Fig. 14.5e, f).

If the ovarian cystectomy or the adnexectomy 
was performed without previous puncture, the 
cyst is going to be punctured before extraction, 
within the endoscopic bag using an endoscopic 
needle or after extraction of part of the endo-
scopic bag, under direct visualization. In the lat-
ter situation, the surgeon should enlarge the skin/
aponeurosis incision to obtain a better visual con-
trol, if needed.

 Different Surgical Approaches:  
Step by Step

 Cystectomy After Puncture
This is the classical surgical approach for pure 
anechoic serous and mucinous adenomas or for 
ovarian cysts containing a single vegetation with 
low suspicious for malignancy. Six steps should 
be taken:

 1. Puncture of the ovarian cyst followed by 
enlargement of this opening using scissors. 
The opening of the ovarian cyst wall should 
be wide and should start exactly at the level of 
the puncture site (Fig. 14.6b, c).

 2. Inspection of the cyst lining (in situ ovarian 
cystoscopy) should be systematically per-
formed. At this moment, it is possible to wash 
the cyst with saline solution in order to better 
expose the entire inner cyst wall.

 3. Identification of the cleavage plane. It is nec-
essary to follow the opening of the cyst wall in 
order to find the exact cleavage plane between 
normal ovarian parenchyma and cyst wall 
(Fig. 14.6d). If the plane is not exposed spon-
taneously, the surgeon should not hesitate to 
increase the opening of the cyst to find a better 
cleavage plane.

 4. The surgeon should start the dissection using 
two forceps, one grasping the ovarian cyst and 
the other one grasping the ovarian parenchyma, 
exactly at the cleavage plane (Fig. 14.6e).

 5. Once identified, the plane between ovarian cyst 
and normal ovarian cortex is developed further 
by application of divergent forces at the edge of 
the ovarian cortex and the cyst wall. Traction-
countertraction and blunt dissection should be 
done gently, with brief gestures, in order to pro-
gressively peel the cyst wall from the underlying 
ovarian bed. For this purpose, it is necessary to 
frequently exchange the position of the graspers, 
so that they are always as close as possible to the 
cleavage plane (Fig. 14.6e). The systematic use 

a b c
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Fig. 14.5 (a–c) Puncture of a presumed benign ovarian cyst under visual control using a 5 mm conical trocar. After the 
puncture, the edges of the cyst are held on (d), and the puncture site is closed using an endoloop (e, f)
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of three graspers allows for a constant and satis-
factory exposure. This is imperative to be sure 
that the dissection progresses within the correct 
plane. The exposure is maintained by two grasp-
ers, and the third forceps grasps the tissue close 
to the plane of dissection and so on, without ever 
releasing the cyst and the ovary. If the dissection 
becomes more difficult, the surgeon should 
change the position of the graspers in order to be 
close to the cleavage plane again. The surgeon 
must avoid tissue slippage and tearing in order 
not to damage normal ovarian parenchyma. 
Extreme caution must be taken when working 
near the hilar vessels of the ovary. Small shots of 
bipolar energy may be useful at this moment to 
avoid inadvertent bleeding;

 6. Hemostasis must be meticulous. However, the 
surgeon should be aware that ovarian cystec-
tomy usually has little bleeding whenever the 
cleavage plane is respected. The surface of the 
cyst should be white, without reddish fibers 
(Fig. 14.6e). When this is not the case, the dis-
section is probably being done far from the 
cyst wall, and the surgeon must reidentify the 
plane of dissection close to the cyst wall. The 
use of three secondary trocars during the oper-
ative laparoscopy is the only possible way of 
installation that enables the surgeon to main-
tain the exposure, allow for coagulation/
hemostasis of the remaining ovary and use the 
washing system at the same time, with no 

need for a constant instrument change. At the 
end of the cystectomy, hemostasis should be 
checked (Fig. 14.6f). The surgeon should use 
the washing system in the right hand and the 
bipolar forceps in the left hand. The assistant 
surgeon should keep the exposition of the 
ovarian cyst bed using his grasping forceps.

 Cystectomy Without Puncture
This is the classic treatment for dermoid cysts 
and is composed of six steps:

 1. Positioning the ovary within an endoscopic 
bag (Fig. 14.7a) in order to prevent the risk of 
spillage during the procedure, which may lead 
to a serious complication called granuloma-
tous peritonitis [33, 49].

 2. Opening the ovary exactly at the opposite 
edge to the hilar vessels. Usually, the ovarian 
parenchyma may be grasped, and this opening 
is conducted using cold scissors. Whenever 
grasping the ovary is not possible, the surgeon 
may open the ovarian parenchyma using a 
small shot of monopolar energy setup on pure 
cut mode. The opening is widened/extended 
using scissors to about 50% of the circumfer-
ence of the ovarian parenchyma in order to 
facilitate the enucleation of the dermoid cyst 
(Fig. 14.7b, c). Identification of the correct 
cleavage plane is essential (Fig. 14.7d). The 
surface of the cyst is yellowish-white (no red 

a b c
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Fig. 14.6 The ovary is placed inside the endoscopic bag 
(a). The puncture is performed using a laparoscopic nee-
dle (b), and the puncture site is enlarged using scissors (c). 

The cleavage plane is identified (d), and the cyst is pro-
gressively separated from the ovarian cortex (e). At the 
end of the cystectomy, hemostasis must be checked (f)
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fibers), and the cleavage plane should be 
avascular.

 3. Two forceps grasp the edges of the ovarian 
parenchyma, and the surgeon must perform a 
movement as if he was “wearing” the cyst, 
supporting the bottom of the cyst on the ipsi-
lateral pelvic wall or on the uterus. The enu-
cleation of the cyst requires that the 
instruments work tangentially to the cyst. If 
the dissection is not easy, the surgeon may 
perform the dissection on one side and then on 
the other side of the cyst, using grasping for-
ceps, bipolar forceps, and scissors.

 4. When more than 50% of the cyst surface is dis-
sected, the surgeon may raise the ovarian paren-
chyma and use the weight of the cyst to help in 
the dissection, what is going to act as a divergent 
force. Dissection may be completed using trac-
tion, focal coagulation, and section. Usually, 
some bleeding may occur close to the pelvic 
infundibulum (Fig. 14.7e), where bipolar coagu-
lation is recommended before finalizing the free-
ing of the cyst from the ovarian parenchyma.

 5. Hemostasis of the cyst bed allows the ovary to 
resume its normal shape. Suturing the ovary is 
rarely necessary.

 6. Extraction should be performed by punctur-
ing/aspirating the cyst within the endoscopic 
bag (Fig. 14.7f).

 Cystectomy for Paraovarian/ 
Paratubal Cyst
The surgical approach consists of six steps:

 1. Placement of the cystic lesion within an endo-
scopic bag (Fig. 14.8a). It is important to 
remember that they are not always benign 
(2% are malignant lesions). The cyst content 
appears bluish when only liquid is present, 
and the cyst is covered only by the peritoneum 
(mesosalpinx). If the cyst wall appears whit-
ish, probably there must be any intracystic 
vegetation within the cyst.

 2. Incision of the peritoneum far from the fim-
briae and tube (Fig. 14.8b).

 3. Enlargement of the opening as described for 
the dermoid cyst (Fig. 14.8c, d).

 4. Dissection is conducted according to the 
description of the dermoid cyst. When the dis-
section approaches the ovary, it is important to 
coagulate and cut the vascular and fibrous 
attachments (Fig. 14.8e).

 5. Check the hemostasis and the good anatomi-
cal positioning of the fimbriae at the end of the 
dissection.

 6. Extraction of the endoscopic bag after punc-
turing the cyst within the endoscopic bag 
(Figs. 14.8f and 14.9), as performed for the 
dermoid cyst.

a b c

d e f

Fig. 14.7 The ovary is positioned within the endoscopic 
bag (a). The ovarian parenchyma is opened using scissors 
(b), and the cleavage plane is identified (c, d). A small 
bleeding may occur during the enucleation close to the 

ovarian vessels (e). At the end, the cyst may be punctured 
in order to evacuate the intracystic contents to facilitate 
extraction (f)
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 Cystectomy of Ovarian Endometrioma
The ovarian endometrioma contains three differ-
ent zones [50]:

 1. Zone of adhesion between the ovarian endo-
metrioma and the posterior leaf of the broad 
ligament or the uterosacral ligament.

 2. Zone of active tissue with a small amount of 
fibrosis, where dissection is easily performed.

 3. Zone of intense fibrosis, where the cleavage 
plane is difficult to find. It is usually close to 
the hilar vessels.

The surgical procedure consists of seven steps:

 1. Ovariolysis is performed with an aspiration 
cannula, separating the ovary from the attach-
ments at the pelvic sidewall or at the uterosac-
ral ligament. This maneuver must start at the 
level of the most dependent part of the ovarian 
adhesion to the pelvic sidewall and continues 
toward the utero-ovarian ligament 
(Fig. 14.10a). In this way, the ovary is released 
from the pelvic wall. In most cases, this 
maneuver ruptures the cyst, and the surgeon 
may see the typical chocolate fluid coming 
from the inner aspect of the cyst.

 2. The pelvic cavity is washed, and the cystic 
contents are aspirated in order to clean the 
cavity. The inner cystic wall is inspected for 

vegetations or irregularities to exclude any 
signs of malignancy.

 3. The cyst opening is enlarged using scissors, 
starting at the area where the cyst was rup-
tured (Fig. 14.10b). It is important not to per-
form a new opening in the ovarian 
parenchyma! The incision is widely enlarged 
until the surgeon can perfectly identify the 
cleavage plane (Fig. 14.10c).

 4. The cleavage plane is dissected further by 
grasping the edge of the ovarian paren-
chyma and the cyst wall separately. 
Divergent traction movements should be 
slow, smooth, and limited in range to open 
the cleavage plane without tearing the cyst 
or the ovarian cortex. The surface of the cyst 
is whitish, the plane is avascular, and the 
bleeding must be minimal. This first step of 
the dissection is very easy and corresponds 
to 10–90% of the cyst wall, depending on 
the chronicity of the endometrioma 
(Fig. 14.10d).

 5. In the second step of the dissection, divergent 
traction becomes less effective. The cyst wall 
is not uniformly whitish anymore, and some 
reddish fibers start appearing (Fig. 14.10e). At 
this moment, the surgeon should stop simple 
divergent traction maneuvers. Fibrosis is 
always stronger than the ovarian parenchyma. 
The red fibers, often triangular in shape, 

a b c

d e f

Fig. 14.8 The left paratubal cyst is placed inside the 
endoscopic bag (a). The mesosalpinx is opened using 
bipolar and scissors (b–d), and the cyst is progressively 
separated from the mesosalpinx, taking care with the dis-

tal part of the tube (e). At the end of the procedure, the 
cyst may be punctured within the endoscopic bag before 
extraction (f)
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should be coagulated on the surface of the 
cyst, at the level of the triangle apex, and cut 
to find the exact cleavage plane close to the 
cyst.

 6. Most small surface bleeding stops spontane-
ously. Therefore, precise hemostasis is per-
formed taking care not to be excessive 
(Fig. 14.10e, f). If the final ovarian shape is 

not satisfactory, the surgeon may place some 
sutures inside the ovary.

 7. Extraction is carried out in the conventional 
manner using an endoscopic bag.

 Adnexectomy
There are two major risks during adnexec-
tomy: ureteral injury and incomplete removal 
of the ovary. In a classic situation, where there 

a b

c d

Fig. 14.9 The cyst is punctured inside the endoscopic bag (a), and the cyst fluid is aspirated (b). A cystoscopy is per-
formed (c) in order to evaluate the inner cyst wall. The endoscopic bag is closed using the traction wire (d)

a b c

d e f

Fig. 14.10 Detachment of the ovarian adhesions (a) 
leading to the spontaneous rupture of the endometriosis 
cyst. Enlargement of the ruptured area using scissors (b) 
to find the exact cleavage plane (c). Separation of the 
ovarian endometrioma from the ovarian cortex (d) in the 

active area (easy dissection). When the surgeon 
approaches the area close to the hilar vessels, some pre-
cise hemostasis using bipolar energy (e) or ultrasonic 
energy (f) may be carefully used
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is no adhesion to the posterior leaf of the 
broad ligament and to the ureter, it consists of 
six steps:

 1. Medial traction of the adnexa (Fig. 14.11a).
 2. Coagulation and section of the peritoneum lat-

eral to the ovarian pedicle (Fig. 14.11b).
 3. Fenestration of the broad ligament (Fig. 14.11c, 

d). The surgeon should coagulate and cut the 
anterior and the posterior leaf of the broad lig-
ament creating a window. If the surgeon places 
his two instruments inside this window and 
gently applies divergent forces in a cranial-
caudal direction, he is able to widely open this 
window. In this manner, the ovarian pedicle is 
isolated coming medially to the window, and 
the ureter stays lateral to the window, thus 
avoiding the risk of ureteral injury during the 
next steps of the surgical procedure.

 4. Progressive coagulation and section of the 
ovarian pedicle are performed (Fig. 14.11e). 
The surgeon must coagulate and cut the peri-
toneum around the lumbar-ovarian ligament 
before this vascular control because it 
increases the effectiveness of bipolar coagula-
tion (the peritoneum around the vessels 
increases the tissue impedance).

 5. Coagulation and section of the utero-ovarian 
ligament and the fallopian tube close to the 
uterus (Fig. 14.11f).

 6. Placement and extraction of the specimen 
within an endoscopic bag.

There are some difficult situations in which 
the ovary is firmly attached to the posterior leaf 
of the broad ligament. In these situations, it is 
necessary to excise the peritoneum of the ovar-
ian fossa in order to be complete in the oopho-
rectomy; otherwise, the surgeon may leave 
some ovarian tissue behind attached to the peri-
toneum and there is a possibility of further 
development of an ovarian remnant syndrome. 
This intervention requires some degree of ure-
terolysis, depending on the specific situation. 
This ureteral dissection always starts cranial, 
identifying the ureter after the opening of the 
peritoneum in a healthy tissue. The main objec-
tive of the dissection is to lateralize the ureter in 
order to allow for a safe resection of the perito-
neum involved by the disease. If necessary, this 
dissection must be carried out until the level of 
the uterine vessels.

 Extraction of the Specimen  
Within the Endoscopic Bag

Extraction of the surgical specimen should 
always be performed in a protected manner, usu-
ally using an endoscopic bag.

The surgical specimen must be placed inside 
the endoscopic bag, and it can be completely 
closed using the traction wire. Extraction of the 
bag may be carried out through a trocar incision 
(Fig. 14.12) or by vaginal route (colpotomy) 

a b c

d e f

Fig. 14.11 Left adnexectomy. Medial traction of the 
adnexa is applied by the assistant (a), and the surgeon is 
going to fenestrate the broad ligament (b–d). Coagulation 

and section of the ovarian vessels (e) and the tube/utero- 
ovarian ligament (f) are progressively performed using 
bipolar forceps and scissors
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a b

c d

Fig. 14.12 The traction wire is grasped by the surgeon 
using the suprapubic trocar (a), and the forceps is moved 
forward through the umbilical trocar (b). The umbilical 

trocar is removed, and the traction wire is grasped outside 
the abdominal cavity (c). The endoscopic bag is exterior-
ized with the cyst inside (d)

a b c

d e f

Fig. 14.13 A gauze is placed inside the vaginal cavity, 
exactly at the posterior vaginal fornix (a). The vagina is 
opened over the gauze using monopolar energy in pure cut 

mode (b, c). The endoscopic bag is extracted vaginally (d, 
e), and the vagina is closed laparoscopically (f)

W. Kondo et al.



171

(Fig. 14.13). In the former situation, the traction 
wire is simply pushed through the trocar and 
retrieved from the abdominal cavity. The skin/
aponeurosis incision is enlarged according to the 
size of the cyst.

 How to Approach the Ovarian 
Mass? Puncture? Conversion? 
Cystectomy? Adnexectomy?

The management of a patient with an ovarian 
mass must be individualized. The underlying 
management rationale is to minimize patient 
morbidity, trying to be conservative when possi-
ble, use laparoscopic techniques if appropriate 
(avoiding laparotomy when possible), and refer 
to a gynecologic oncologist if necessary.

 Puncture

Based on the preoperative work-up, the surgeon 
must always think about the possibility or not to 
puncture the ovarian mass. It should not be 
systematic!

Whenever adnexal conservation is not consid-
ered, there is no indication for ovarian puncture 
before the surgical procedure:

 1. Strong suspicion of malignancy (multiple intra-
cystic vegetations on preoperative assessment, 
solid tumor, extracystic signs of malignancy)

 2. Menopausal or climacteric women

Puncture of the ovarian mass should be con-
sidered in young women, when the puncture will 
help to diagnose the nature of the cyst and allow 
or not for an adnexal conservation. The presence 
of one small non-vascularized intracystic vegeta-
tion is not a contraindication to puncture the cyst. 
If there is any doubt in a young woman, the sur-
geon should not hesitate to carry out the ovarian 
puncture. Another indication for ovarian punc-
ture is the presence of a large ovarian mass with 
pure cystic content with no index of suspicion for 
malignancy. In this case, the size of the mass pre-
vents or hinders any laparoscopic approach of 

this mass most likely benign. Figure 14.2 demon-
strates an adapted laparoscopic single-port 
approach in such cases, which may also be man-
aged using the conventional laparoscopic port 
placement (Fig. 14.1) after the puncture.

 Laparotomy

Conversion to laparotomy should be systematic 
if:

 1. Peritoneal carcinomatosis is confirmed and 
cytoreductive surgery is possible. If the sur-
geon is not able to completely perform the 
surgery, biopsies are taken, and the patient 
should be referred to an oncology center in 
order to be reoperated as soon as possible.

 2. There is a major risk of rupture or spread of a 
suspected mass: a laparotomy is always pref-
erable to a laparoscopic dissemination of an 
ovarian tumor.

Of course, selected patients may undergo a 
complete cytoreductive surgery by laparoscopic 
approach in experienced hands.

 Adnexectomy

Adnexectomy should always be performed if:

 1. The patient is menopausal (probably the 
patient will undergo a bilateral 
adnexectomy).

 2. The patient is more than 45 years old and does 
not want to preserve her fertility (unilateral 
adnexectomy).

 3. The ovarian mass is very suspicious (extra- 
and/or intracystic evaluation).

 Cystectomy

Cystectomy should be performed in all other 
cases! The surgical technique should be adapted 
for each specific type of ovarian cyst, as dis-
cussed above.
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 Conclusions

Laparoscopy is currently the gold standard for 
the management of ovarian masses. It has 
proven advantages compared with laparotomy 
and is feasible, safe, and efficient after the sur-
geon’s learning curve. A meticulous preopera-
tive evaluation is recommended in order to try 
to exclude malignancy. During laparoscopy, 
systematization of the procedure is essential. 
The surgical technique must be adapted to the 
characteristics of the cyst and the patient. 
Experts should try to teach young surgeons 
the proper surgical technique in order to make 
it easier and reproducible.
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 History and Introduction

Although there is a large amount of literature on 
this type of procedure, the vaginal technique 
described by Shirodkar in 1953 is considered to be 
the benchmark from which the operation was stan-
dardized [1]. In 1965, in an attempt to improve the 
success rates of vaginal surgery (which featured an 
index of faults of 15%), Berson and Durfee 
described the abdominal approach to cerclage, 
with a resolution of up to 89% of the cases [2, 3].

The transabdominal cerclage method should 
be reserved for patients with failure of prior vagi-
nal cerclage and/or cervical shortening surgery, 
especially after radical traquelectomy, malforma-
tion, or cervical laceration.

Recently, with the development of minimally 
invasive surgery, abdominal cerclage was per-
formed by laparoscopy. This resulted in the lapa-
roscopic benefits of lower peri-operative 
morbidity and obstetric results similar to those 
performed by laparotomy.

The first publications about laparoscopic cer-
clage appeared in 1998 [4, 5], showing rates of 
90–100% of newborns born alive [6–10, 2015].

Laparoscopic cerclage is easier and safer to be 
performed in the interval between pregnancies.

 Pre-operative Care

The procedure does not require specific prepara-
tion in addition to the normal pre-operative rou-
tine. Vaginal and cervical infections must be 
treated before genital manipulation.

 Surgical Room and Patient Position

The operating bed is at the center of the room. 
The anesthesiologist and corresponding equip-
ment are located at the patient’s cranial end. The 
videolaparoscopy equipment is located between 
the legs of the patient.

The patient is placed on the operating bed 
with her legs in held in pneumatic boots, if avali-
able. The patient is positioned in the lithotomy 
position, with lower limbs in the Lloyd Davies 
position. The arms are placed next to the body.

 Materials

This procedure uses mersilene tape with a needle. 
The use of this material is part of a technical 
advancement of isthmo-cervical cerclage. This 
operation can now be done without complete 
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 dissection of the uterine vessels, thereby reduc-
ing surgical time and risk of bleeding.

This procedure also uses a uterine manipula-
tor, which facilitates exposure of the isthmus in 
non-pregnant patients.

The laparoscopic approach also requires the 
use of normal surgical materials such as trocars 
(size 11 and 5/5.5 mm), needle holders, scissors, 
and a bipolar energy source.

Three or four trocars are used in this opera-
tion: one (11 mm) in the umbilical scarfor optics 
and the other two or three (5 or 5.5 mm) in the 
iliac areas for the instruments.

 Surgery

We start the procedure with the introduction of 
the Veress needle via the umbilicus, for access to 
the pneumo-peritoneum. In some situations, we 
perform an open trocar entry and then introduce 
instrumental trocars. An inventory of the perito-
neum cavity and evaluation of the posterior com-
partment are performed, with trans-peritoneal 
visualization of the uterine vessels and ureters 
(bilaterally) (Figs. 15.1 and 15.2).

The incision of the vesico-uterine peritoneum 
is made with identification of the vesico-cervical 
space and mobilization of the bladder (Fig. 15.3).

The uterine vessels in the anterior compart-
ment are identified (Fig. 15.4).

Introduction into the cavity of the 5-mm mer-
silene tape is then performed with straight nee-
dles, through the 11-mm trocar (Fig. 15.5).

The tape is transfixed, with the needle entry 
site just above the utero-sacral ligaments, medial/
below the uterine vessels (Fig. 15.6). What is 
important at this time is the correct angle of the 
needle, so that it passes and remains perpendicu-
lar to the cervix at the point of isthmo-cervical 

Fig. 15.1 Identification of the uterine vessels and ureter 
on the right side

Fig. 15.2 Identification of the uterine vessels and ureter 
on the left side

Fig. 15.3 Incision of the vesico-uterine peritoneum

Fig. 15.4 Exhibition of the uterine vessels on the right
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transition, to the exit point in the anterior com-
partment medial to uterine vessels previously 
exposed (Fig. 15.7).

The same procedure is then performed on the 
other side, taking care to check, before the pas-
sage of the second needle, that there is no twist in 
the tape (Figs. 15.8, 15.9, 15.10, and 15.11).

With the tape adjusted bilaterally, we cut the 
tape ends and withdraw the needles through the 
11-mm trocar (Fig. 15.12).

Fig. 15.5 Mersilene tape

Fig. 15.6 Needle entry point

Fig. 15.7 Needle anterior exit

Fig. 15.8 Verification of the tape

Fig. 15.9 Correction of the tape twist

Fig. 15.10 Entry of the needle on the left

Fig. 15.11 Exit of the needle on the left
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In the anterior compartment, knots are tied 
after adjusting the tape around the uterine cir-
cumference, leaving it without tension. Then a 
cerclage lock with a ethibond 2-0 suture trans-
fixes the ends of tape (Figs. 15.13, 15.14, and 
15.15).

Finally, we close the anterior compartment 
peritoneum with 2-0 vicryl (Fig. 15.16). In non- 
pregnant patients, you can use this opportunity to 
perform a tubal patency test, an additional advan-
tage of pre-conceptional surgery.

 Post-surgery

An oral diet is initiated 3 h after the end of the 
surgery, consisting of liquid or a soft meal. 
Recommendations for post-surgery include anal-
gesia, hydration, diuresis control, lower limb 
movements, and walking as soon as possible.

 Conclusion

Laparoscopic cerclage is a low-risk and medium 
complexity procedure, with a low likelihood of 
complications.

Fig. 15.12 Cutting the tape

Fig. 15.13 Adjust the tape

Fig. 15.14 Mersilene tape knots

Fig. 15.15 Lock the tape ends

Fig. 15.16 Peritoneum closure
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The rate of complications in the literature is 
as 1.6–4.5% [11, 12]. Reported complications 
include bleeding from the uterine vessels, uri-
nary tract infection, and injury to the bladder and 
the bowel. The conversion rate to laparotomy is 
higher in patients during pregnancy (4.4%) than 
in non-pregnant patients (0.8%) [6].

Cerclage by the abdominal approach (laparot-
omy or laparoscopy) is associated with increased 
morbidity compared with the vaginal route. This 
is because of the need to enter the peritoneal cav-
ity on two occasions: during the surgery and at 
birth, as cesarean section is necessary.

After post-operative care, the patient returns 
to her obstetrician.

Key Points Transperitoneal uterine vessel and 
ureter identification in the posterior compartment.
Identification of the uterine vessels after vesico- 

uterine dissection.
Correct angulation of the needle at the entry 

point.
Tape positioning, avoiding twisting.
Adjustment of tape without tension.
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Cesarean Scar Defects: 
Hysteroscopic Treatment 
of Isthmocele in Menstrual 
Disorders and Infertility

Carlo Tantini, Gersia Araújo Viana, 
and Giampietro Gubbini

 Introduction

The increase in the incidence of cesarean births 
worldwide has concerned international institu-
tions such as WHO, that  has long recommended 
a reassessment of the medical indications of sur-
gical deliveries, as many countries practice the 
technique contrary to international recommenda-
tions [1]. An incidence of cesarean births of 15 % 
is considered an acceptable rate to ensure mater-
nal and fetal well-being and, at the same time, 
optimize the development of the puerperium and 
maintain full reproductive capacity. 
Unfortunately, some countries with diverse 
health systems and economic realities do not 
adhere to these recommendations, for reasons 
that are beyond the scope of this current investi-
gation [2]. It is, however, important to mention 
the comparative incidence of cesarean births in 
some countries: in Europe, Iceland has a 14.7 % 
cesarean rate and Italy has a 37 % cesarean rate. 

In the Americas, Peru has a 26 % cesarean rate, 
Brazil has a 56 % rate, while the USA has a rate 
of 31 %. China has a cesarean birth rate of 50 %, 
which is the highest rate in the Asian continent 
[3, 4].

Assessing the reasons for this situation are not 
part of this study’s goal, which is rather to exam-
ine what are the different consequences of a vagi-
nal physiological birth compared to surgical 
delivery.

Complications related to anesthesia, whether 
general or locoregional, are possible for cesarean 
births, but are also common for all surgical pro-
cedures. However, with cesarean surgery, the 
anesthetist is concerned not only with possible 
maternal complications, but also with fetal 
well-being.

Statistics show a higher probability of infants 
being sent to an Intensive Care Unit after a surgi-
cal delivery in relation to those born vaginally. In 
vaginal births, the incidence of Membrana 
Syndrome (respiratory disease in the newborn) 
is greatly reduced [5, 6].

Breastfeeding is also negatively influenced by 
surgical delivery, especially elective cesareans, 
because the mechanism for lactation may not be 
immediately triggered [7, 8].

When evaluating the reproductive capacity 
of a patient with a history of cesarean birth, 
compared to that of natural childbirth, an 
extremely important factor is the reduction of 
fertility of approximately 10 % in the first 
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group according to data in the literature. This 
observation leads us to believe that cesarean 
surgery, even without apparent complications, 
causes permanent damage to the reproductive 
system [9, 10].

For a long time this observation remained limited 
to an “expert opinion” (level of evidence 6), with no 
scientific relevance. However, in 1975 Stewart and 
Evans published information on the changes experi-
enced by the uterus that had undergone a cesarean 
incision, which could pose a real threat of occur-
rence of a pathological syndrome [11].

The final confirmation of all symptomatology 
related to uterine damage post-cesarean occurred 
in 1995 when Morris established a definition for 
this post-surgical pathology: the cesarean scar 
defect (CSD) or isthmocele [12].

Isthmocele is an anatomical-functional condi-
tion similar to a diverticulum of the anterior wall 
of the uterine isthmus or hysterotomic scar 
focus. This pathology was first described by 
Morris, who studied the uterus after hysterec-
tomy in patients with a history of cesarean 
deliveries.

From a clinical point of view, isthmocele can 
be asymptomatic or it can manifest symptoms 
such as: post-menstrual abnormal uterine bleed-
ing (PAUB), chronic pelvic pain, dyspareunia, 
and infertility [13–21].

The incidence of the disease is extremely vari-
able according to the literature. A recent review 
showed an incidence of isthmocele in women 
undergoing cesarean surgery ranging from 56 % 
to 84 % [22].

Patients of childbearing age complaining of 
abnormal uterine bleeding and with a history of 
cesarean delivery, should raise the suspicion of 
isthmocele, although this symptom is also com-
mon to hormonal dysfunctional disorders such as 
endometrial hyperplasia and organic pathologies 
like submucosal myomas, polyps, etc. [23].

 Pathogenesis

Isthmocele is an anatomic impairment of the 
anterior wall of the isthmus as a consequence of 
one or more cesarean deliveries (Fig. 16.1).

Isthmocele can be considered to be a very 
common iatrogenic condition in the female popu-
lation because of the high worldwide incidence 
of this disorder, which leads to adverse anatomic 
changes in the lower uterine segment [12]. It is 
unclear as to why only some patients develop 
adverse post-cesarean anatomic changes.

The uterine surgical procedure most often per-
formed in women of childbearing age is the 
cesarean section, and it is usually made across 
the lower segment [24, 25]. Hysterorrhaphy can 
be performed in a single plane or multiple planes, 
but currently the most widely used technique is 
single plane in a continuous suture (i.e., the Stark 
technique) [26]. The coming together of incision 
edges of different thicknesses is likely to contrib-
ute to the development of defects in the lower 
uterine segment. Since the mid-1980s, with the 
spread of this simplified Stark technique, there 
has been a reduction in surgical time and improve-
ment in post-operative recovery. However, the 
replacement of the traditional suturing technique 
on two planes of the uterine wall with a single 
suture plane does not provide a perfect alignment 
of the uterine wall edges [26, 27].

It is possible that the larger tissue ischemia 
caused by suturing in a single plane may be 
another cause of the cicatrizing defects of a hys-
terotomy suture.

This problem was analyzed by Yazicioglu 
et al. (2006) in a randomized study of 78 patients, 
where different suture techniques were studied: 
(1) single plane covering all thicknesses, includ-

Fig. 16.1 Schematic representation of isthmocele
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ing endometrial and (2) suture in separate planes 
excluding endometrial thickness. A comparison 
of the two techniques showed a lower level of 
incomplete cicatrization when suturing in two 
planes. Based on these observations, it was rec-
ommended to return to the technique of traditional 
cesarean section sutured in two planes, which 
included greater respect for anatomic structures 
[28]. However, this is a much-debated question 
and not all the authors agree on this point.

The isthmic structural defect also depends on 
other factors, including the degree of cervical dila-
tion and the thickness of the lower segment at the 
time of surgery. The presence of a chronic inflam-
matory condition and the tissue reaction to the 
suture material also influences wound cicatrization.

Isthmocele is more common in the retroverted 
uterus and the frequency of cicatricial changes in 
these cases is double when compared to women 
with an anteverted uterus [29]. In cases of retro-
version, the flexion point of the uterus maintains 
a greater degree of tension in the lower uterine 
segment, and this alters healing. This anatomic 
traction on the wound and altered vascular perfu-
sion caused by reducing the thickness of the 
uterine segment are responsible for delayed 
wound healing with a decrease in collagen pro-
duction [29].

The anatomic damage to the cervico-isthmic 
region is also linked to reducing the myometrial 
thickness at the isthmus level and is directly pro-
portional to the number of hysterotomies the 
patient has been submitted to [29–31].

 Symptomatology

Isthmocele is associated with numerous anatomic 
and functional alterations such as distortion and 
lower segment elongation, endometrial conges-
tion at the scar, lymphocytic infiltration, capillary 
dilation, and the presence of red blood cells in the 
stroma at the scar [13].

These anatomic changes can cause PAUB, 
chronic pelvic pain, dyspareunia, and infertility. 
The menses can be lowered by the presence of 
isthmocele and blood may accumulate in the scar 
diverticulum. The presence of fibrotic tissue and 
the low contractility of uterine muscle fibers 

around the scar hinder the expulsion of the accu-
mulated material [12–14, 17, 18]. Blood can even 
be produced in situ, as suggested by Morris [12]. 
Dense and viscous mucoid material, due to 
chronic inflammation, accumulates in the diver-
ticular space: the elimination of hematic mucus 
material of a dark color is the most common 
symptom in women with isthmocele and, in some 
cases, the hematic loss can occur at any stage of 
the menstrual cycle [12, 13, 17].

Often this anomalous bleeding is associated 
with heavy menstrual flow. Wider scars are gen-
erally associated with longer and more abundant 
bleeding.

The chronic pelvic pain and dyspareunia are 
caused by the phlogosis and dilatation of the 
lower uterine segment.

Secondary infertility is associated with isth-
mocele in a wide number of cases. Possible fac-
tors that may explain this condition are: chronic 
endocervicitis, changing the quality of cervical 
mucus and creating obstacles to the transport of 
sperm, as well as endometritis caused by diver-
ticulum blood reflux hindering embryo implanta-
tion. Isthmocele can also hinder the embrionary 
transfer when assisted reproduction techniques 
are used [32–36].

 Diagnosis

The diagnosis of isthmocele as described in the lit-
erature can be accomplished through various 
imaging techniques: transvaginal ultrasound, hys-
teroscopy, hysterosalpingography and magnetic 
resonance imaging [27, 37, 38] (Fig. 16.2).

Currently, the first test to be performed is 
transvaginal ultrasonography, preferably in the 
post-menstrual phase. The isthmus defect appears 
as a hypoechoic area in the form of an isosceles 
triangle, with the apex facing the anterior wall of 
the isthmus and the base against the posterior 
wall of the cervical canal [27, 30, 31, 39, 40] 
(Fig. 16.3).

The lesion is predominantly shown on the 
anterior wall of the cervical canal, expanded 
towards the 2 h mark in most cases [13, 17, 18]. 
This finding may be explained by the rotation of 
the gravid uterus to the right at the time of surgi-
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cal delivery, leading to the expansion of the inci-
sion towards the left parametria, which causes a 
suture dehiscence at this level after uterine post- 
partum physiological involution [13, 17, 18, 41].

Through ultrasonography, it is possible to 
measure the distance between the bottom of the 
cavity and the outside of the cervical canal, 
obtaining useful information for surgical plan-
ning. A sonographic classification was proposed 
based on the area of the isthmocele cavity: 1° 
degree <15 mm2, 2° degree between 16 and 

25 mm2, 3° degree >25 mm2 (calculated with the 
formula: basis × height/2 of triangle area) [17].

Hysteroscopy allows for the proper assess-
ment of isthmocele, which appears as a diverticu-
lum at the level of the cervical canal, often filled 
with mucus-hematic material with distortion of 
the “arbor vitae” in the affected area. The pres-
ence of abundant mucus may hinder the default 
view in inexperienced hands. The cavity wall has 
a marked vascularization and dishomogeneous 
mucosa with micro-polypoid areas, an expres-
sion of chronic phlogistic process. The uterine 
cavity can show a hyperemic endometrium and 
typical signs of chronic endometritis. When there 
is a suspicion of CSD, it is advisable to pay spe-
cial attention when moving the hysteroscope 
within the endocervical region, using a liquid dis-
tention that allows for the washing of the diver-
ticular cavity, thus draining the mucus-hematic 
material that has collected. It is recommended 
that care is taken in progression of the instru-
ment, to prevent false passage and the risk of 
uterine perforation [41].

Hysteroscopic investigation precisely defines 
the isthmocele site while ultrasound determines 
the cavity volume (Fig. 16.4).

Fig. 16.2 Pelvic magnetic resonance of 3° grade 
isthmocele

Fig. 16.3 Sonographic aspect

Fig. 16.4 Hysteroscopic aspect
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 Treatment

Treatment of isthmocele should be offered to 
symptomatic patients, who represent 10 % of 
women with this disease. For women of child-
bearing age with further reproductive interest, 
treatment may be indicated as prevention of pos-
sible obstetric complications, such as cervical 
implantation of pregnancy, uterine rupture in the 
course of pregnancy or during labor, placenta 
previa, or accrete.

More severe diseases are observed in pregnant 
women with isthmocele . These include the pres-
ence of “locus minoris resistenciae,” which can 
cause a lower segment rupture during labor or 
during the third trimester of pregnancy, often 
resulting in emergency cesarean deliveries. The 
low implantation of the embryo within the previ-
ous cesarean scar is also common, with possible 
placenta previa and/or accreta, due to thin uterine 
wall thickness in the lower segment. In both 
cases, the obstetric outcomes are poor for both 
the fetus and the mother’s well-being [42, 43].

Regarding the type of treatment for isthmocele, 
there is a lack of adequate medical therapy so surgi-
cal intervention is the preferred procedure.

The choice of treatment for symptomatic 
patients can range from suspension of menstrual 
cycles to more aggressive treatments like a hys-
terectomy. On the other hand, women with fur-
ther reproductive interests should undergo 
corrective surgery.

Isthmoplastia can be performed with the fol-
lowing surgical procedures: resectoscopy, laparos-
copy, vaginal approache, and, exceptionally, 
laparotomy. Currently the surgical technique of 
choice is resectoscopic as proposed in 2005 by 
Fabres et al., and perfected by Gubbini et al. in 
2008 [13, 41].

In the past, the most commonly used tech-
niques were the vaginal and laparoscopic tech-
niques. The vaginal technique involves the 
detachment of the bladder from the uterine 
cervix. This technique is technically accessi-
ble for every gynecological procedure because 
it is similar to the first stage of vaginal 

 hysterectomy or the correction of a cystocele. 
However, currently the vaginal technique is 
considered disproportionate to this type of 
pathology [44, 45].

In relation to the use of laparoscopy, the 
detachment of the bladder is a step performed 
with relative ease, while the suture of the cervix 
(a rigid structure) requires a skilled surgeon as 
identifying the exact point of injury may be dif-
ficult in some cases. Some authors recommend 
the laparoscopic technique only in cases of isth-
mocele with a very thin uterine wall thickness 
(less than 3 mm between the diverticular cavity 
and the anterior isthmic wall), in these cases pos-
sibly combining laparoscopic and hysteroscopic 
techniques [46].

The use of vaginal resectoscope has replaced 
the other access routes with great success, 
because of low invasiveness, high efficiency, and 
the patient’s rapid return home.

Isthmoplasty with a resectoscope of 26 Fr 
(Karl Storz, Germany) (the first instrument to be 
used) required a prior diagnostic hysteroscopy 
and sonographic evaluation of the distance 
between the bottom of the cavity and the bladder 
wall, as well as bladder filling with blue methy-
lene solution, aiming to show small perforations 
that may go unnoticed. The procedure should be 
performed in the hospital with general 
anesthesia.

After dilation of the cervical canal, the most 
well-established technique involves the resection 
of the proximal edge of the diverticulum until the 
muscle tissue is reached, then approaching the 
distal edge and resulting in the elimination of the 
isthmocele cavity. When the bottom of the diver-
ticulum appears completely visible, a roller-ball 
is used with the aim of cauterizing the entire sur-
gical area, which enables recovery of the cervical 
canal’s physiologic function. The use of a resec-
tion loop in the bottom of the cavity is not advised 
because of the risk of damaging the bladder wall.

The introduction of Gubbini’s mini- 
resectoscope, with a diameter of 16 Fr, (Tontarra, 
Germany), significantly simplifies the surgery 
(Fig. 16.5).
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In 2008, by modifying Pagano’s urethrotome 
of urological origin, Giampietro Gubbini pro-
duced a completely innovative instrument. He 
positioned the insulating ceramic on the outer 
sheath and managed to reduce the tool diameter 
to 16 Fr (5.3 mm) using continuous flow and plu-
riuse loops that are perfectly sterilizable and 
capable of using two types of electric current: 
mono- and bipolar. This new resectoscope greatly 
reduced costs for purchased materials, since the 
same loop can be used with all types of energy 
[47].

This innovation was immediately welcomed, 
because besides the reduced outer diameter 
(comparable to Bettocchi’s hysteroscope) it has 
the advantage of using resection loops and no 
coaxial electrodes, which facilitates the approach 
of various intrauterine pathologies [48].

Another advantage is the possibility of enter-
ing the uterine cavity under direct vision without 
the need for dilation of the cervical canal with 
Hegar dilatators. Thus, the risk of damage during 
the dilation process, which is more frequent in 
patients with a history of cesarean section, is 
removed and the cervical canal’s integrity is 
maintained.

The reduced diameter of the mini- resectoscope 
also allows its use for diagnostic purposes, mak-
ing a hysteroscopic preoperative assessment 
unnecessary. With regard to the surgical approach, 
the instrument is considered the best in the treat-
ment of isthmocele, because the miniature loops 
allow resection of fibrotic tissue at the scar apex, 
thus establishing reconstitution and integrity of 
the cervical canal. Prior sonographic evaluation 
for surgery must be performed in order to evalu-
ate the distance between the bottom of the cavity 

and bladder, thus reducing the risk of intraopera-
tive injuries [49].

The expected result in the surgical correction 
of the pathological condition is the removal of the 
diverticular sac and chronic phlogiston process, 
stimulating tissue repair.

A cubical cell mono-stratified mucosal is 
responsible for the re-epithelialization of the 
treated area, thus replacing the removed necrotic 
and inflammatory tissue [13, 14, 17, 18, 41].

Endometrial-conducted biopsies confirmed 
the presence of cubic cells in the isthmocele site 
at 8–12 weeks after reconstructive surgery in all 
patients who underwent the examination. At the 
3-month follow-up visit, an increase in endome-
trial thickness up to 8.2 mm was also observed, 
according to Li et al. 2014 [50].

 Isthmoplasty in Symptomatic 
Patients: Current Study

The current study comprised 412 isthmocele 
patients with a history of one or more cesarean 
deliveries, who underwent surgical correction 
with the resectoscopic technique in the period 
2001–2015.

 Material and Methods

The 412 included women were aged 28–45 years, 
with a history of one to three cesarean births from 
2001 to 2015. All patients (100 %) had abnormal 
uterine bleeding symptoms (PAUB). In 27 % of 
cases, there was an associated secondary infertil-
ity manifestation, while 57.1 % of patients had 

Fig. 16.5 Gubbini’s 
mini-resectoscope, 16 Fr
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suprapubic pain and heavy menstrual flow. All 
patients underwent an office hysteroscopy using 
optical forum-oblique 30° and a diameter of 
2.9 mm (Karl Storz, Germany) with a sheath of 
continuous flow. The hysteroscopic evaluation 
allowed the exclusion of other intracavitary 
pathologies and individualizing the diverticulum 
in the isthmus or cervical sites (Graphic 16.1).

The technique used for surgical correction of 
isthmocele includes hysteroscopic resection of 
the inferior and superior defect edges, with com-
plete removal of fibrotic cicatricial tissue up to 

the exposition of the subjascente muscle tissue, 
using loop resection and an electric cutting cur-
rent. The roller ball was used for electrocoagula-
tion at the bottom of the niche cavity under direct 
vision, avoiding the accumulation of blood in situ 
(Figs. 16.6, 16.7, and 16.8).

Since 2008, all isthmoplasties have been per-
formed using the 16-Fr mini-resectoscope.

With regard to the histological examination of 
the removed material, diagnosis was obtained of 
chronic endocervicitis with an inflammatory 
infiltrate in 82 % of cases, fibrosis and necrotic 
tissue in 16 % of samples, and adenomyosis in 5 
% of cases.

In most cases (70 %), the defect was identi-
fied in the superior third of the cervical canal or 
in the isthmus, but lower locations, as in the 
middle and inferior third, were also observed 
(30 %).

A correlation between the condition of 
cesarean delivery and the site of injury was 
also observed: the study showed that patients 
that underwent an elective surgical delivery 
had a superior cervical or isthmic location, 
while those who underwent a cesarean in 
emergency or in advanced labor, showed vari-
ation in the location related to the degree of 
dilation [51].Fig. 16.6 Use of a loop for removing the niche’s walls

Graphic 16.1 Current study 
2001–2015
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 Complications

Correct pre-operative diagnostic investigation 
was necessary to reduce the risk of complica-
tions.

USTV verifies the presence of isthmocele but 
also allows for measurement of the distance 
between the bottom of the diverticulum cavity 
and bladder wall, which is essential for safe sur-
gical planning. The filling of the bladder with 
methylene blue solution is also a valid strategy, 
as it allows the rapid identification of micro- 
bladder perforations.

When the procedures were performed using a 
26-Fr resectoscope, the intraoperative complica-
tions were mainly linked to the use of Hegar in 
the cervical canal dilatation, but this was not 
seen after using the 16-Fr resectoscope. There 
were two hemorrhagic complications in the 
immediate post-operative period that were 
treated with cervical- isthmic package. Fibrotic 
sequelae, such as the Aschermann Syndrome, 
were not seen. In 9 % of cases, there was persis-
tence of symptoms after surgery, requiring new 
isthmoplasty. When that was not effective, the 
indication was to insert an intrauterine levonorg-
estrel device (Mirena ©) [52].

 Results

After 2–3 months of surgical correction, an office 
hysteroscopy was performed using the same instru-
ments as in the pre-operative examination. It was 
possible to confirm the corrected defect, showing its 
wall in continuity to the cervical canal in the uterine 
cavity. An epithelial re- colonization with cubic epi-
thelium of the endocervical treated area was 
observed by directed biopsy (Figs. 16.9 and 16.10).

Figs. 16.7 and 16.8 Cauterization of the fundus

Fig. 16.9 Directed biopsy
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 Conclusions

The scar that forms after a cesarean delivery 
may cause negative consequences to the integ-
rity and functionality of the female genital 
tract with reproductive impact and can lead to 
cervical pregnancy implantation, secondary 
infertility, difficult access during embryo 
transfer, and implantation failure in assisted 
reproduction techniques. PAUB is the major 
symptom linked to isthmocele and requires a 
careful, differential diagnosis with organic 
pathologies such as polyps and myomas as 
dysfunctional causes.

Ultrasonographic evaluation and office 
hysteroscopy allows for the accurate identifi-
cation of the isthmic-cervical defect with min-
imal invasive methods, providing essential 
information for proper surgical planning.

An improvement in clinical symptoms linked 
to the disease (e.g., PAUB, chronic pelvic pain, 
heavy menstrual flow, and dyspareunia) is pos-
sible after resectoscopic isthmoplasty, according 
to our experience.

With regard to secondary infertility, another 
study has demonstrated a recovery of fertility 
in 12–24 months after surgery in 30 % of 
cases after isthmoplastic correction. These 
results are yet to be confirmed, but the possi-
bility of improving the reproductive potential 

in these cases encourages more research in 
this area [41].

Currently, hysteroscopic surgery is the best 
alternative in the treatment of isthmocele, pro-
moting effective results with minimal discom-
fort and lower surgery risk for the patients. 
The pregnancies that occurred after corrective 
surgery in the population evaluated in this 
study had a normal evolution and cesarean 
sections were performed as a precaution. The 
pregnancy complication risks after isthmo-
plasty are the same as in patients with previ-
ous cesarean histories and are not linked to the 
corrective surgery.

We emphasize, therefore, the importance 
of a correct diagnosis of the cervical canal 
defects in all patients with a history of cesar-
ean birth, even those who are asymptomatic, 
in order to prevent negative outcomes in future 
pregnancies.

Encouraging the gynecologist to seek a 
proper diagnosis and secure treatment of isth-
mocele should be the goal. The development 
of an obstetric awareness that complies with 
international indications for a surgical deliv-
ery will result in the prevention of this iatro-
genic uterine pathology.

References

 1. Zizza A, Tinelli A, Malvasi A, Barbone E, Stark 
M, De Donno A, et al. Caesarean section in the 
world: a new ecological approach. J Prev Med Hyg. 
2011;52(4):161–73.

 2. Betran AP, Torloni MR, Zhang J, Ye J, Mikolajczyk 
R, Deneux-Tharaux C, et al. What is the optimal 
rate of caesarean section at population level? A sys-
tematic review of ecologic studies. Reprod Health. 
2015;12:57.

 3. Betrán AP, Ye J, Moller AB, Zhang J, Gülmezoglu 
AM, Torloni MR. The increasing trend in caesarean 
section rates: global, regional and national estimates: 
1990-2014. PLoS One. 2016;11(2):e0148343.

 4. Hellerstein S, Feldman S, Duan T. China’s 50% 
caesarean delivery rate: is it too high? BJOG. 2015; 
122(2):160–4.

 5. Prefumo F, Ferrazzi E, Di Tommaso M, Severi FM, 
Locatelli A, Chirico G, et al. Neonatal morbidity after 
cesarean section before labor at 34(+0) to 38(+6) 
weeks: a cohort study. J Matern Fetal Neonatal Med. 
2016;29(8):1334–8.

Fig. 16.10 Epithelial re-colonization

16 Cesarean Scar Defects: Hysteroscopic Treatment of Isthmocele in Menstrual Disorders and Infertility



190

 6. De Luca R, Boulvain M, Irion O, Berner M, Pfister 
RE. Incidence of arly neonatal mortality and mor-
bidity after late-preterm and term cesarean delivery. 
Pediatrics. 2009;123(6):e1064–71.

 7. Farchi S, Di Lallo D, Franco F, Polo A, Lucchini 
R, Calzolari F, et al. Neonatal respiratory morbidity 
and mode of delivery in a population-based study of 
low-risk pregnancies. Acta Obstet Gynecol Scand. 
2009;88(6):729–32.

 8. Many A, Helpman L, Vilnai Y, Kupferminc MJ, 
Lessing JB, Dollberg S. Neonatal respiratory mor-
bidity after elective cesarean section. J Matern Fetal 
Neonatal Med. 2006;19(2):75–8.

 9. O’Neill SM, Kearney PM, Kenny LC, Henriksen 
TB, Lutomski JE, Greene RA, et al. Caesarean 
delivery and subsequent pregnancy interval: a sys-
tematic review and meta-analysis. BMC Pregnancy 
Childbirth. 2013;13:165.

 10. Evers EC, McDermott KC, Blomquist JL, Handa 
VL. Mode of delivery and subsequent fertility. Hum 
Reprod. 2014;29(11):2569–74.

 11. Stewart KS, Evans TW. Recurrent bleeding from the 
lower segment scar—a late complication of Caesarean 
section. Br J Obstet Gynaecol. 1975;82(8):682–6.

 12. Morris H. Surgical pathology of the lower uter-
ine segment caesarean sectionscar: is the scar a 
source of clinical symptoms? Int J Gynecol Pathol. 
1995;14(1):16–20.

 13. Gubbini G, Casadio P, Marra E. Resectoscopic correc-
tion of the “isthmocele” in women with postmenstrual 
abnormal uterine bleeding and secondary infertility. J 
Minim Invasive Gynecol. 2008;15(2):172–5.

 14. Chang Y, Tsai EM, Long CY, Lee CL, Kay N.  
Resectoscopic treatment combined with sonohystero-
graphic evaluation of women with postmenstrual bleed-
ing as a result of previous cesarean delivery scar defects. 
Am J Obstet Gynecol. 2009;200(4):370.e1–4.

 15. Borges LM, Scapinelli A, de Baptista Depes D, Lippi 
UG, Coelho Lopes RG. Findings in patients with 
postmenstrual spotting with prior cesarean section. J 
Minim Invasive Gynecol. 2010;17(3):361–4.

 16. Lin YH, Hwang JL, Seow KM. Endometrial abla-
tion as a treatment for postmenstrual bleeding due 
to cesarean scar defect. Int J Gynaecol Obstet. 
2010;111(1):88–9.

 17. Gubbini G, Centini G, Nascetti D, Marra E, Moncini 
I, Bruni L, et al. Surgical hysteroscopic treatment 
of cesarean-induced isthmocele in restoring fertil-
ity: prospective study. J Minim Invasive Gynecol. 
2011;18(2):234–7.

 18. Florio P, Gubbini G, Marra E, Dores D, Nascetti D, 
Bruni L, et al. A retrospective case-control study 
comparing hysteroscopic resection versus hormonal 
modulation in treating menstrual disorders due to 
isthmocele. Gynecol Endocrinol. 2011;27(6):434–8.

 19. Uppal T, Lanzarone V, Mongelli M. Sonographically 
detected caesarean section scar defects and menstrual 
irregularity. J Obstet Gynaecol. 2011;31(5):413–6.

 20. Shih CL, Chang YY, Ho M, Lin WC, Wang AM, 
Lin WC. Hysteroscopic transcervical resection. A 

straightforward method corrects bleeding related to 
cesarean section scar defects. Am J Obstet Gynecol. 
2011;204(3):278.e1–2.

 21. Wang CJ, Huang HJ, Chao A, Lin YP, Pan YJ, Horng 
SG. Challenges in the transvaginal management of 
abnormal uterine bleeding secondary to cesarean sec-
tion scar defect. Eur J Obstet Gynecol Reprod Biol. 
2011;154(2):218–22.

 22. Bij de Vaate AJ, van der Voet LF, Naji O, Witmer 
M, Veersema S, Brölmann HA, et al. Prevalence, 
potential risk factors for development and symptoms 
related to the presence of uterine niches following 
Cesarean section: systematic review. Ultrasound 
Obstet Gynecol. 2014;43(4):372–82.

 23. Heller DS. Pathologic basis for abnormal uter-
ine bleeding with organic uterine pathologies. 
Menopause. 2011;18(4):412–5.

 24. Rayburn WF, Schwartz WJ 3rd. Refinements in per-
forming a cesarean delivery. Obstet Gynecol Surv. 
1996;51(7):445–51.

 25. Hofmeyr GJ, Mathai M, Shah A, Novikova 
N. Techniques for caesarean section. Cochrane 
Database Syst Rev. 2008;1:CD004662.

 26. Stark M. Clinical evidence that suturing the perito-
neum after laparotomy is unnecessary for healing. 
World J Surg. 1993;17(3):419.

 27. Fabres C, Aviles G, De La Jara C, Escalona J, Muñoz 
JF, Mackenna A, et al. The cesarean delivery scar 
pouch: clinical implications and diagnostic correla-
tion between transvaginal sonography and hysteros-
copy. J Ultrasound Med. 2003;22(7):695–700.

 28. Yazicioglu F, Gökdogan A, Kelekci S, Aygün M, 
Savan K. Incomplete healing of the uterine incision 
after caesarean section: is it preventable? Eur J Obstet 
Gynecol Reprod Biol. 2006;124(1):32–6.

 29. Hayakawa H, Itakura A, Mitsui T, Okada M, Suzuki 
M, Tamakoshi K, et al. Methods for myometrium 
closure and other factors impacting effects on cesar-
ean section scars of the uterine segment detected by 
the ultrasonography. Acta Obstet Gynecol Scand. 
2006;85(4):429–34.

 30. Wang CB, Chiu WW, Lee CY, Sun YL, Lin YH, 
Tseng CJ. Cesarean scar defect: correlation between 
Cesarean section number, defect size, clinical symp-
toms and uterine position. Ultrasound Obstet Gynecol. 
2009;34(1):85–9.

 31. Osser OV, Jokubkiene L, Valentin L. Cesarean sec-
tion scar defects: agrément between transvaginal 
sonographic findings with and without saline con-
trast enhancement. Ultrasound Obstet Gynecol. 
2010;35(1):75–83.

 32. Donnez O, Jadoul P, Squifflet J, Donnez J. Laparo-
scopic repair of wide and deep uterine scar dehis-
cence after cesarean section. Fertil Steril. 2008;89(4): 
974–80.

 33. Fernandez E, Fernandez C, Fabres C, Alam 
VV. Hysteroscopic correction of cesarean sec-
tion scars in women with abnormal uterine bleed-
ing. J Am Assoc Gynecol Laparosc. 1996;3(4, 
Supplement):S13.

C. Tantini et al.



191

 34. Kawakami S, Togashi K, Sagoh T, Kimura I, Noguchi 
M, Takakura K, et al. Uterine deformity caused by 
surgery during pregnancy. J Comput Assist Tomogr. 
1994;18(2):272–4.

 35. Reis FM, Cobellis L, Luisi S, Driul L, Florio P, Faletti 
A, et al. Paracrine/autocrine control of female repro-
duction. Gynecol Endocrinol. 2000;14(6):464–75.

 36. Guzeloglu-Kayisli O, Kayisli UA, Taylor HS. The 
role of growth factors and cytokines during implan-
tation: endocrine and paracrine interactions. Semin 
Reprod Med. 2009;27(1):62–79.

 37. Poidevin LO, bockner VY. A hysterographic study 
of uteri after caesarean section. J Obstet Gynaecol Br 
Emp. 1958;65(2):278–83.

 38. Bockner V. Hysterography and ruptured uterus. J 
Obstet Gynecol Br Emp. 1960;67:838–9.

 39. Fabres C, Alam V, Balmaceda J, Zegers-Hochschild 
F, Mackenna A, Fernandez E. Comparison of ultra-
sonography and hysteroscopy in the diagnosis of 
intrauterine lesions in infertile women. J Am Assoc 
Gynecol Laparosc. 1998;5(4):375–8.

 40. Ofili-Yebovi D, Ben-Nagi J, Sawyer E, Yazbek J, 
Lee C, Gonzalez J, et al. Deficient lower-segment 
Cesarean section scars: prevalence and risk factors. 
Ultrasound Obstet Gynecol. 2008;31(1):72–7.

 41. Florio P, Filippeschi M, Moncini I, Marra E, 
Franchini M, Gubbini G. Hysteroscopic treatment of 
the cesarean- induced isthmocele in restoring infertil-
ity. Curr Opin Obstet Gynecol. 2012;24(3):180–6.

 42. Li C, Tang S, Gao X, Lin W, Han D, Zhai J, et al. 
Efficacy of combined laparoscopic and hystero-
scopic repair of post-cesarean section uterine diver-
ticulum: a retrospective analysis. Biomed Res Int. 
2016;2016:1765624.

 43. Schepker N, Garcia-Rocha GJ, von Versen-Höynck 
F, Hillemanns P, Schippert C. Clinical diagnosis and 
therapy of uterine scar defects after caesarean sec-
tion in non-pregnant women. Arch Gynecol Obstet. 
2015;291(6):1417–23.

 44. Klemm P, Koehler C, Mangler M, Schneider U, 
Schneider A. Laparoscopic and vaginal repair of uterine 
scar dehiscence following cesarean section as detected 
by ultrasound. J Perinat Med. 2005;33(4):324–31.

 45. Luo L, Niu G, Wang Q, Xie HZ, Yao SZ. Vaginal 
repair of cesarean section scar diverticula. J Minim 
Invasive Gynecol. 2012;19(4):454–8.

 46. Marotta ML, Donnez J, Squifflet J, Jadoul P, 
Darii N, Donnez O. Laparoscopic repair of post- 
cesarean section uterine scar defects diagnosed in 
nonpregnant women. J Minim Invasive Gynecol. 
2013;20(3):386–91.

 47. Dealberti D, Riboni F, Cosma S, Pisani C, Montella F, 
Saitta S, et al. Feasibility and acceptability of office- 
based polypectomy with a 16F mini-resectoscope: a 
multicenter clinical study. J Minim Invasive Gynecol. 
2016;23(3):418–24.

 48. Bettocchi S, Nappi L, Ceci O, Selvaggi L. Office 
hysteroscopy. Obstet Gynecol Clin N Am. 
2004;31(3):641–54.

 49. Papalampros P, Gambadauro P, Papadopoulos N,  
Polyzos D, Chapman L, Magos A. The mini-resecto-
scope: a new instrument for office hysteroscopic 
surgery. Acta Obstet Gynecol Scand. 2009;88(2): 
227–30.

 50. Li C, Guo Y, Liu Y, Cheng J, Zhang W. Hysteroscopic 
and laparoscopic management of uterine defects 
on previous cesarean delivery scars. J Perinat Med. 
2014;42(3):363–70.

 51. Ricciardi R, Lanzone A, Tagliaferri V, Di Florio C, 
Ricciardi L, Selvaggi L, et al. Using a 16-French 
resectoscope as an alternative device in the treat-
ment of uterine lesions: a randomized controlled trial. 
Obstet Gynecol. 2012;120(1):160–5.

 52. Gupta J, Kai J, Middleton L, Pattison H, Gray R, 
Daniels J, ECLIPSE Trial Collaborative Group. 
Levonorgestrel intrauterine system versus medical  
therapy for menorrhagia. N Engl J Med. 2013;368(2): 
128–37.

16 Cesarean Scar Defects: Hysteroscopic Treatment of Isthmocele in Menstrual Disorders and Infertility



Part IV

Uro-gynecology



195© Springer International Publishing AG, part of Springer Nature 2018 
G. G. Gomes-da-Silveira et al. (eds.), Minimally Invasive Gynecology, 
https://doi.org/10.1007/978-3-319-72592-5_17

Minimally Invasive Approach 
in Urogynecology:  
An Evidence- Based Approach

Tatiana Pfiffer Favero and Kaven Baessler

 Introduction

Pelvic organ prolapse is a common condition 
affecting about 15–30% of parous women in the 
western world. Although it does not represent a 
life-threatening condition, it may have a consid-
erable impact on the quality of life [1]. The most 
significant symptoms are the feeling and/or the 
observation of vaginal bulging. Obstructed void-
ing and defecation, dyspareunia, urinary and anal 
incontinence and pelvic pain are frequently asso-
ciated complains. Usually there are multiple 
defects of the pelvic floor support system which 
has to be taken into consideration when planning 
a surgical approach.

Minimally invasive techniques in pelvic 
reconstructive surgery include endoscopic, 
abdominal and vaginal procedures. The correc-
tion of all three compartments, anterior, middle 
and posterior, as well as hysterectomy, conti-
nence procedures and mesh applications can be 
performed using both approaches.

Commonly performed laparoscopic operations 
are sacrocolpopexy, hysteropexy, uterosacral liga-
ment fixation, Burch colposuspension and para-
vaginal repair. Vaginal approaches comprise 
anterior and posterior vaginal repairs with and 
without grafts or meshes, sacrospinous and utero-
sacral ligament fixation. The decision about the 
most appropriate technique for each patient should 
include the discussion of whether a hysterectomy 
will be necessary, potential use of meshes and the 
need of concomitant continence procedure. 
Factors to be considered are age of the patient, 
sexual activity, degree of POP, BMI, occupational 
heavy lifting, the presence of a levator avulsion, 
presence of cardiac and other comorbidities and 
particular patient and surgeon preferences and 
experience of the responsible surgeon. The shared 
decision process should be ideally guided by sci-
entific evidence, balanced with the surgeon’s skills 
and patient’s preference. Although the clinician is 
responsible for the most appropriate technique, a 
joint decision with the patient is certainly recom-
mended in order to adjust the procedure with indi-
vidual needs and expectations.

Potential advantages of laparoscopic over 
open abdominal surgery are well known: reduced 
blood loss, shorter hospital stay and quicker 
return to activities of daily life, less pain and bet-
ter aesthetics. Particularly with regard to urogy-
necologic interventions, it allows a broader and 
better view of the pelvic anatomy for the place-
ment of prostheses and sutures with maximum 

T. P. Favero, M.D. (*) 
Abteilung für Gynäkologie, Helios Mariahilf Klinik 
Hamburg, Stader Straße 203C, 21075 Hamburg, 
Germany
e-mail: Tatiana.Pfiffer@helios-gesundheit.de

K. Baessler, M.D., Ph.D 
Franziskus und St. Joseph Krankenhäuser, 
Beckenbodenzentrum, Budapester Straße 15-19, 
10787 Berlin, Germany

17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-72592-5_17&domain=pdf
mailto:Tatiana.Pfiffer@helios-gesundheit.de


196

precision and safety. Furthermore, endoscopic 
procedures may permit the correction of the three 
different compartments through a single 
approach. Nevertheless, there are some relevant 
particularities, such as altered appearance of 
anatomy due to pneumoperitoneum and 
Trendelenburg positioning, challenging orienta-
tion, additional difficulties due to fixed visual 
axis, loss of depth and magnification with 2D 
projection. Three-dimensional optics and robotic 
procedures may overcome some of these obsta-
cles. Laparoscopic techniques demand a longer 
learning curve and training in comparison with 
other routes and should be performed by experi-
enced professionals.

 Anterior Compartment

Anterior vaginal wall prolapse (AWP is the most 
common form of female POP, with 81% of pro-
lapse repairs including the anterior vaginal wall 
[2]. Depending on the site of fascial detachment, 
cystocele can be central (midline defect of the 
endopelvic fascia) or lateral (detachment of the 
pubocervical fascia from the ATFP). A combina-
tion of lateral and central defects is also common. 
Surgical repair should address these defects 
accordingly although there are no studies that dif-
ferentiated between cystocele defects and repairs.

 Native Tissue Repairs - Anterior 
Colporraphy

The vaginally performed anterior colporrhaphy 
has been the standard procedure for the correc-
tion of anterior compartment prolapses, with 
moderate to good results. It consists in the open-
ing of the anterior vaginal wall, dissection and 
plication of the fascia. There are some variations 
of the technique such as separated or continuous 
stitches, circular or longitudinal suture, one or 
two layers, fixation or not at the so-called peri-
cervical ring and suburethral plication (so-called 
Kelly sutures). Usually, one layer of plication is 
sufficient, though more than one layer may be 
required in patients with advanced (stage III and 

IV) cystoceles [3]. To minimise the risk of recur-
rence, the detached fascia should be reattached to 
the supported vaginal apex. There is no need to 
excise the excess vaginal skin, which could 
potentially compromise the required tension-free 
closure. Furthermore, excessive excision of the 
vaginal skin might result in vaginal stenosis.

There are no conclusive data about which pro-
cedure is the most effective, and many studies do 
not describe the employed technique in details. 
Nevertheless, the objective success rate ranges 
from 37 to 100% [4].

Adequate apical support is crucial in reducing 
the recurrence rate of cystocele. Eiber et al. dem-
onstrated a reduction of the reoperation rate after 
10 years from 20.2% to 11.3% by performing an 
apical suspension at the time of anterior colpor-
rhaphy [5].

 Vaginal Paravaginal Repair

Already in 1909, White referred to the importance 
of the paravaginal defects in anterior compart-
ment prolapses [6]. DeLancey demonstrated that 
the dorsal detachment of pubocervical fascia from 
the arcus tendineus fascia pelvis (ATFP), at or 
near its lateral attachment, leads to a prolapse of 
the anterior vaginal wall [7]. Paravaginal defects 
have been shown to account for 60–80% of ante-
rior compartment prolapse, and its repair offers 
the chance of a more effective treatment [3].

After opening the vaginal mucosa and dissec-
tion until the inferior pubic ramus reaching space 
of Retzius, the endopelvic fascia is sutured to the 
arcus tendineus fasciae pelvis. The sutures are 
placed from proximal to distal, 2–3 stitches on 
both sides. A cystoscopy is mandatory to rule out 
suture passage through the bladder and to con-
firm ureteral patency.

The success rates for the vaginal paravaginal 
repair vary from 67 to 100%; nevertheless signifi-
cant complications have been reported. In a total 
from 145 patients, there were 21 major complica-
tions, 18 blood transfusions, 1 bilateral ureteric 
obstruction, 1 retropubic haematoma requiring 
surgery, long-term lower extremity neuropathy in 
2 and 2 vaginal abscesses [8, 9]. Furthermore, it 

T. P. Favero and K. Baessler



197

remains open whether additional apical support 
procedures account for the high success rates.

 Laparoscopic/Robotic  
Paravaginal Repair

Abdominal paravaginal cystocele repair was 
described by Richardson in 1976 [10]. 
Meanwhile the surgical technique of the laparo-
scopic repair is well developed. However, despite 
the report of success of 80% [11], there are no 
conclusive data about the efficacy of this 
approach. The advantages of this procedure 
compared to the vaginal route include reduced 
risk for vaginal shortening, safer attachment 
under vision and the possibility of performing 
concomitant laparoscopic procedures such as 
hysterectomy, sacrocolpopexy and/or Burch col-
posuspension, without the need for a vaginal 
incision. Furthermore, the advantages of the lap-
aroscopy compared to the laparotomy are well 
known, such as improved visualisation, less risk 
of bleeding and faster recovery. On the other 
hand, the vaginal route permits the concomitant 
correction of a central anterior fascial defect. 
However, a sacrocolpopexy with anterior mesh 
extension to the bladder neck would also correct 
a median (pulsion) cystocele [12].

The laparoscopic access follows the stan-
dard procedures. The bladder is freed off the 
pelvic sidewalls by means of blunt and sharp 
dissection. The space of Retzius is exposed, 
with special attention to avoid the retropubic 
venous plexus. The dissection should be per-
formed to expose the posterior border of the 
symphysis pubis, Cooper’s ligaments, the 
white lines and the bladder neck. The surgeon 
places a finger in the vagina to guide the suture 
placement. A nonabsorbable suture is passed 
through the thickness of the vaginal skin avoid-
ing the epithelium. The suture is then passed 
through the obturator internus fascia, including 
the white line. The suture may also be anchored 
at the ileopectineal ligament [13]. Sutures are 
placed in an interrupted fashion. This proce-
dure is usually performed on both sides 
depending on the defects. Closing the perito-

neum is not a mandatory step (Figs. 17.1, 17.2, 
17.3, and 17.4).

A cystourethroscopy is performed to rule out 
suture passage through the bladder and to con-
firm ureteral patency.

The robotic approach is gaining impor-
tance; however, little information is available 
on the efficacy, complications and long-term 
outcomes.

 Anterior Colporrhaphy  
with Meshes or Grafts

The reinforcement of the anterior vagina wall 
with grafts has gained importance over the last 
years. These meshes may be biological or syn-
thetic, and the fixation may be by suturing or 
anchoring systems. Several studies and meta- 
analyses demonstrated better anatomical out-
comes with mesh augmentation as compared to 
native tissues repair alone [14, 15]. On the other 
hand, besides exposures rates, mesh procedures 
are associated with longer operating times, 
greater blood loss, higher rates of cystotomy, de 
novo stress urinary incontinence and prolapse of 
the apical or posterior vaginal compartment, 
leading to a higher number of reoperations in 
comparison with anterior colporrhaphy [14–16]. 
Patient with levator avulsion have a higher risk 
for recurrence, which may justify the use of syn-
thetic graft reinforcement [17, 18] (Figs. 17.5 
and 17.6).

Fig. 17.1 Laparoscopic paravaginal repair: the suture is 
passed through the obturator internus fascia, including the 
white line, and then anchored at the ileopectineal liga-
ment. Sutures are placed in an interrupted fashion
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Fig. 17.2 Laparoscopic paravaginal repair: the posterior suture is passed through the obturator internus fascia, includ-
ing the white line, correcting the paravaginal defect

Fig. 17.3 Laparoscopic paravaginal repair, sutures placed on the right side
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Fig. 17.4 Laparoscopic paravaginal repair final aspect

Cystocele

Paravaginal
defect

Midline defect

native tissue repair mesh/grafts
reinforcement

native tissue repair

vaginal laparoscopic/
robotics

Trocar guided 
suspension

suturing
anterior 

colporrhaphy

Fig. 17.5 Surgical 
approach for the 
correction of cystocele, 
based on the underlying 
defect and considering 
the available techniques
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 Posterior Compartment

The prolapse of the posterior vaginal wall may be 
due to the herniation of the rectum, colon or 
small intestine into the lumen of the vagina. 
These conditions can occur isolated or in combi-
nation with each other support defects and will 
commonly be accompanied by a perineal defect 
and/or a widened genital hiatus [19]. Common 
symptoms are dragging sensation, pelvic 
 heaviness, sexual dysfunction including slack-
ness at intercourse and difficult and incomplete 
rectal emptying at defecation frequently requir-
ing digitation [20]. Although a rectocele is a fre-
quent finding in patients with defecation 
disorders, there may be several other causes, such 
as anismus or paradoxic pelvic floor contraction, 
intussusception and descending perineum syn-
drome [21]. An interdisciplinary collaboration 
with coloproctology can be useful, especially if 
bowel emptying disorders are present without a 
recognisable rectocele. Data are conflicting 
regarding the efficacy of posterior vaginal repair 
on improving defaecatory symptoms, and the 
association is incompletely understood [22, 23].

Rectoceles can also be associated with peri-
neal insufficiency, which is usually corrected by 
means of perineorrhaphy. However, no data are 
available for this operation in the literature. The 
same is true for a concurrent enterocele, which is 
frequently corrected by “high peritonealisation” 
or obliteration of the pouch of Douglas [24].

 Anatomic Considerations

The connective tissue between the vagina and the 
rectum, depending on the anatomical concept, is 

referred to as the posterior endopelvic fascia, rec-
tovaginal septum, rectal fascia or vaginal muscu-
laris [24]. The distal support of the posterior 
vaginal wall, DeLancey level III, is primarily 
provided by the perineal body [25, 26]. This level 
of support has strong attachments to the levator 
ani complex and is thus less susceptible to pelvic 
pressure transmission that may cause prolapse: it 
imparts a physical barrier between the vagina and 
rectum. The puborectalis muscle provides a sling 
of support, enclosing the genital hiatus.

Disruption of the complex integrity of bony, 
muscular and connective tissue support may 
result in posterior vaginal wall prolapse. The sur-
gical repair for posterior vaginal prolapse 
includes midline plication, site-specific tech-
nique, graft/mesh augmentation, transanal repair, 
ventral rectopexy and sacrocolpopexy in which 
mesh is extended to the distal portion of the pos-
terior vaginal wall and/or perineum. The suture 
material ranges from resorbable polyglactin to 
non-resorbable sutures. The removal of so-called 
excess vaginal membranes should be more eco-
nomical to avoid vaginal stenosis [27].

 Midline Plication (Traditional 
Posterior Colporrhaphy)

This technique was introduced in the nineteenth 
century. Reported anatomic success rates of this 
technique range from 76 to 96% [19, 28]. The 
posterior vaginal wall is incised in the midline, 
and flaps are created by dissecting the underly-
ing fibromuscularis layer off the vaginal epithe-
lium. Plication of the fibromuscularis in the 
midline then starts proximally towards the 
hymen, decreasing the width of the posterior 

Fig. 17.6 Demonstrates actions of anterior repair, Burch colposuspension and mid-urethral sling on the urethra and 
bladder neck
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vagina wall and theoretically increasing the 
strength of this layer.

The plication of the levator ani muscles used 
to be a frequent step of the posterior colporrha-
phy. Although it helps to close the genital hiatus, 
this is not a normal anatomic position of the leva-
tor muscles. This may overly constrict the vagi-
nal calibre and cause post-operative pain and 
dyspareunia while not improving anatomic out-
come. Thus, in general, levator plication is obso-
lete [19, 28].

 Site-Specific Posterior Vaginal Repair

After dissection of epithelium off the underlying 
connective tissue, the defects in the connective 
tissue are identified by placing a finger in the rec-
tum. Any presented discrete breaks in the connec-
tive tissue are then approximated and closed using 
interrupted sutures. A midline plication can then 
be performed over the site-specific repairs, but no 
levator plication is performed. The correction of 
the rectovaginal fascia defect allows entrapment 
of faeces on straining in significant rectocele with 
18% post-operatively needing vaginal digitation 
to defaecate and 18% experiencing post-operative 
dyspareunia [19, 28]. Furthermore, lower success 
rates following the discrete site-specific repair 
(70%) as compared to the midline fascial plica-
tion (86%) were described [29].

 Graft or Mesh Augmentation 
of Posterior Vaginal Repair

Graft and mesh augmentations may be performed 
to reinforce the posterior colporrhaphy or as a 
substitute for the so-called fascia without the pli-
cation of the fascia and may be fixed to the sacro-
spinous ligament and to the perineum. Although 
there is variation in the surgical technique, typi-
cally, after creating vaginal flaps, the dissection is 
extended bilaterally to the pelvic sidewall. A 
midline colporrhaphy or site-specific repair is 
then typically performed. The graft or mesh is 
then placed over the repair and anchored along 
the sidewall. The vaginal epithelium is then 
closed over the graft or mesh.

Other techniques employ mesh kits with tran-
sischiorectal passage of trocars to attach the mesh 
through the sacrospinous ligaments. However, 
there are no data to support any routine use. The 
posterior intravaginal sling technique was with-
drawn because of severe mesh complications 
mainly related to the multifilament mesh [30].

To date no study has shown any benefit to 
graft or mesh overlay or augmentation of a vagi-
nal suture repair for posterior vaginal wall pro-
lapse [14, 19, 31]. The use of biological implants 
has so far shown no advantages compared to pos-
terior vaginal plastic surgery. On the contrary, the 
posterior plastic was superior to the augmented 
surgeries and halved the recurrence risk in the 
meta-analysis with all comparative randomised 
and non-randomised controlled trials: RR 0.58; 
95% CI 0.41–0.84 [11]. Therefore, the use of 
xenografts (biological implants) is to be dis-
pensed within the posterior compartment due to 
missing advantages.

 Sacrocolpopexy with Extension 
of Mesh Posteriorly

The technique is a modification of sacrocolpo-
pexy with extension of the posterior mesh down 
to the distal posterior vaginal wall and/or the 
perineal body or levator ani muscle on both sides, 
while correcting a coexisting apical defect. The 
procedure can be performed through laparo-
scopic or robotic-assisted routes. The presacral 
space is opened, and the peritoneal dissection is 
extended posteriorly from the apex, entering the 
rectovaginal space. Dissection is continued to the 
perineal body or levator ani muscle. The mesh is 
then attached to the posterior vaginal wall dis-
tally, levator ani muscle and to the anterior longi-
tudinal ligament of the sacrum in a tension-free 
fashion. The peritoneum is then typically closed 
over the mesh, burying it completely. The suc-
cess rates for rectoceles vary from 45 to 90% 
[32–35].

While modified abdominal sacrocolpopexy 
results have been reported, data on how these 
results would compare to traditional transvagi-
nal repair of posterior vaginal wall prolapse is 
lacking.
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 Transanal Repair of Rectocele

Three trials have evaluated transanal versus 
transvaginal repairs of rectoceles. Each trial had 
slightly different inclusion criteria. Based on 
these three trials, we can conclude that the results 
for transvaginal repair of rectocele are superior to 
transanal repair of rectocele, in terms of subjec-
tive and objective outcomes [16]. Post-operative 
enterocele was significantly less common follow-
ing vaginal surgery as compared to the transanal 
group. Functional outcome based on a modified 
obstructed defecation syndrome patient question-
naire was better after transperineal repair com-
pared to transanal repair.

 Middle Compartment

The apical prolapse is represented not only by 
uterine or vaginal vault prolapse, but it is also 
co- responsible for approximately 60% of the 
bladder prolapse [36, 37]. There is growing 
recognition that adequate support for the vagi-
nal apex is an essential component of a durable 
surgical repair for women with advanced pro-
lapse [5].

To correct the apex, there are several good 
options with relatively high success rates. They 
can broadly be separated into those performed 
transvaginally and those performed abdominally. 
Nowadays, the abdominal approach is gradually 
being replaced by conventional laparoscopic or 
even robotically assisted laparoscopic tech-
niques. The apical suspension procedures include 
both non-mesh (native tissue) procedures and 
mesh repairs. The individual woman’s surgical 
history and goals, as well as her individual risks 
for surgical complications, prolapse recurrence 
and de novo symptoms affect surgical planning 
and choice of procedure for apical POP.

The surgical repair of defects in the middle 
compartment (Level 1 according to DeLancey 
[25]) may be performed as a single operation for 
uterine or vaginal vault prolapse but may be of 
particular importance as it frequently supple-
ments the correction in the anterior or posterior 
compartment.

 Sacrospinous Ligament  
Suspension (SSLS)

This technique was first described in 1958 [38] 
for vaginal vault prolapse and is one of the most 
popular and widely reported native tissue trans-
vaginal procedures for correcting apical prolapse. 
The vaginal apex or uterus may be suspended to 
the sacrospinous ligament either unilaterally or 
bilaterally, using an extraperitoneal approach. 
The fixation can be performed with resorbable 
and non-resorbable sutures.

The reported apical success rates of unilateral 
sacrospinous fixation of vaginal vault are between 
79 and 97%, on average 92%. Recurrences in the 
anterior compartment are more common, between 
10 and 30%, on average 21%. In the posterior 
compartment, recurrences occur significantly 
less frequently, 0–11%, an average of 6% [39, 
40].

Unilateral buttock/gluteal pain occurs in 
3–15% of patients and typically resolves within 
6 weeks after surgery [41]. Although infrequent, 
serious complications associated with SSLS 
include life-threatening haemorrhage from sacral 
or pudendal vascular injury with an overall trans-
fusion rate from 2% [42].

 Uterosacral Ligament  
Suspension (USLS)

The vaginal or laparoscopic sacrouterine liga-
ment fixation consists of the fixation of the vagi-
nal apex or the uterus to the uterosacral ligaments 
as high as possible using an intraperitoneal sur-
gical approach. The normal vaginal axis is to be 
restored. McCall’s operation also includes oblit-
eration of the pouch of Douglas. Bob Shull pro-
posed a modification where the sutures are 
transvaginally placed sequentially through the 
uterosacral ligaments and united with the ante-
rior and posterior vaginal sheaths or vaginal fas-
cia [43].

There are no different anatomical results 
whether the fixation is performed with resorbable 
or non-resorbable filaments [39, 41]. However, 
erosions may vary from 8 to 22% in women who 
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received non-resorbable filaments. Systematic 
reviews showed an apical success rate ranging 
from 85 to 98% [44, 45].

The laparoscopic fixation of the vaginal apex 
to the uterosacral ligaments (Fig. 17.7) has some 
advantages, such as no use of meshes, less ero-
sion when performing a concomitant total hyster-
ectomy, higher suture position, better visualisation 
of the ureters (Fig. 17.8), less interaction with 
radio- or chemotherapy in case of malignancies 
needing further treatments, potentially less com-
plications when compared to meshes, like ero-
sion, mesh retraction, vaginal discharge, pelvic 
pain and dyspareunia. Rardin reported a lower 
ureteral risk of injury (0 vs. 4%) by the 
 laparoscopic procedure in a direct comparison 
with the vaginal access with simultaneous vagi-
nal hysterectomy [46].

There are some retrospective studies and 
reviews that have examined the laparoscopic fix-
ation of the uterosacral ligaments after simulta-
neous hysterectomy, and the reported apical 
failure rates were between 11 and 13% [46–50]. 
Despite some promising results, there is still no 
standard technique for the laparoscopic approach, 
and the outcomes from vaginal USLS cannot be 
extrapolated to L-USLS.

An intraoperative cystoscopy is recommended 
for the detection of disturbed urine passage. 
Other possible complications include transfusion- 
requiring bleeding (1.3%), bladder (0.1%) or rec-
tum (0.2%) injury. In addition, nerve entrapment 
can cause numbness and pain in the area of 
S2–4 in about 4% of the patients [45].

 Sacrocolpopexy

Originally, sacrocolpopexy was an operation for 
the fixation of the vaginal vault. However, it was 
developed further in order to correct defects in 
the anterior and/or posterior compartment by 
placing mesh anteriorly between the vagina and 
the bladder as well as posteriorly between the 
vagina and the rectum, possibly down to the leva-
tor ani. Traditionally, sacrocolpopexy has been 
performed via a laparotomy, but the use of mini-
mally invasive approaches, both laparoscopic 
and robotic, has become the norm over the last 
decade (Fig. 17.8).

 Laparoscopic Sacrocolpopexy (LSC)

The dissection follows three phases: sacral prom-
ontory (opening of the retroperitoneum), anterior 
vaginal wall and rectovaginal septum (posterior 
vaginal wall). Appropriate sutures are placed to 
attach the anterior arm of the typically Y-shaped 
mesh to the anterior vaginal wall and the poste-
rior arm to the posterior vaginal wall. If required, 
the posterior arm extends to the level of the leva-
tor ani muscle or is attached to it on both sides. 
The proximal end of the mesh is attached to the 
anterior longitudinal ligament at the promontory 
or S1 by means of stiches or mechanical suture. A 
systematic review of studies with original data 

Fig. 17.7 Laparoscopic fixation of the vaginal apex to 
the uterosacral ligaments with obliteration of the pouch of 
Douglas

Fig. 17.8 Representation of the sacrocolpopexy
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Fig. 17.9 Dissection of anterior vaginal wall: reflection of 
the bladder down to the bladder neck

Fig. 17.10 Mesh fixation to the anterior vaginal wall with 
absorbable sutures (PDS)

Fig. 17.11 The mesh is attached to the promontory with-
out tension to allow normal mobility of the vagina. In 
order to achieve a mesh length of at least 17 cm (to allow 
fixation at the levator ani level and tension-free attach-
ment at the promontory), the mesh pieces had to be 
sutured together

showed that a more lower mesh placement at 
S2–4 does not result in better success rates [51] 
(Figs. 17.9, 17.10, and 17.11).

The mesh should be retroperitonealised to 
avoid bowel adhesions and subsequent complica-
tions like ileus. The use of type I macroporous 
monofilament synthetic polypropylene mesh is 
advised. Biografts and partially absorbable com-
posite meshes (polyglactin + polypropylene) 
increase the risk of short-term apical and anterior 
recurrences [52, 53].

The laparoscopic approach of sacrocolpopexy 
has been adopted by many surgeons over the last 
decade as an alternative to ASC with the hopes of 
reproducing the high success rate of the ASC while 
decreasing the morbidity and delayed recovery 

associated with laparotomy. The multiple prospec-
tive and retrospective case series demonstrate good 
short- to mid-term success rates with mean objec-
tive success rate of 91% (range 60–100%), subjec-
tive success rates of 79–98% and mean reoperation 
rate of 5.6% [44, 54]. The 2016 Cochrane review 
concluded that sacrocolpopexy in a direct compari-
son with vaginal surgeries is associated with lower 
risk of awareness of prolapse, recurrent prolapse on 
examination, repeat surgery for prolapse, post- 
operative SUI and dyspareunia than a variety of 
vaginal interventions [54].

Many of the open repairs used grafts other 
than polypropylene, such as polytetrafluoroethyl-
ene (Teflon), polyethylene (Mersilene, some 
Marlex) and silicon-coated polyester, which have 
been shown to increase risk of mesh exposure, 
chronic infection and abscess [55].

The chance of erosion increases five times 
with simultaneous total hysterectomy [44].

Sacrocolpopexy with total hysterectomy is not 
recommended due to higher erosion rates. 
Whether a supracervical hysterectomy with sub-
sequent sacrocervicopexy will reduce erosion 
rates while maintaining excellent anatomical 
function outcomes remains open. Cases of trans-
cervical net erosions with complete extrusion 
have been published, and the necessary morcella-
tion of the uterine corpus must be considered.
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 Robotic Sacrocolpopexy (RSC)

Robotic surgical systems have been developed 
with the goal of facilitating technically difficult 
procedures by improving the surgeon’s vision, 
dexterity and ergonomics. Because of the rela-
tively shorter learning curve required for robotic- 
assisted surgery in comparison with LSC, many 
surgeons have turned to this route in order to 
offer patients a minimally invasive approach to 
sacrocolpopexy. A systematic review of 27 stud-
ies including 1488 RSCs found that the robotic 
approach to sacrocolpopexy is associated with 
objective cure rates of 84–100% and subjective 
cure rates of 92–95% with mesh erosion rates of 
2% (range 0–8%) [56]. Overall, the post- 
operative complication rate in this meta-analysis 
was 11% (range 0–43%) with severe complica-
tions occurring in 2%. Conversion to ASC 
occurred in <1% (range 0–5%). A meta-analysis 
of six smaller studies found lower blood loss with 
RSC than LSC (50 vs. 155 mL, p < 0.001) but no 
difference in other complications [56].

 Hysteropexy

Despite the fact that POP still represents one of 
the major indications for hysterectomy, the inter-
est in organ preservation has recently gained 
popularity. The arguments in favour of uterine 
preservation are the idea to leave the fascial ring 
intact, the potential shortening of the operation 
time and the desire of a woman to maintain her 
body image and integrity. Moreover, some 
women want to maintain fertility. Nevertheless, 
conclusive data about the most adequate tech-
nique of hysteropexy regarding fertility, preg-
nancy and delivery is lacking.

Certainly, candidates for uterine conservation 
should be carefully selected to decrease the 
chances of subsequent hysterectomy due to other 
pathologies, which may be more challenging. 
Women at increased risk for endometrial, cervi-
cal or ovarian cancer and those with a personal 
history of oestrogen receptor-positive breast can-
cer, especially those taking tamoxifen, with his-
tory of recent postmenopausal bleeding, or other 

abnormalities should be advised to have their 
uterus removed. Higher risk women with heredi-
tary conditions (BRCA mutations, Lynch syn-
drome) and obesity should also consider 
hysterectomy with or without salpingo- 
oophorectomy during prolapse repair. 
Premenopausal women and those without post-
menopausal bleeding have low rates of endome-
trial pathology. Level 3 evidence reveals low 
rates of unanticipated pathology (1.8%) and 
endometrial cancer (0.3%) with no cases of sar-
coma identified during laparoscopic supracervi-
cal hysterectomy with power morcellation in 
women with low risk of malignancy and dyspla-
sia undergoing prolapse surgery [11].

Patient with cervical elongation may have an 
almost 11-fold increased risk of failure of a 
sacrospinous hysteropexy [57], but success rates 
are about 96–100% after excluding patients with 
severe prolapse and performing partial trachelec-
tomy for cervical elongation. Other studies have 
shown similar high success rates using partial 
trachelectomy at the time of hysteropexy.

A variety of hysteropexy techniques have 
been described to treat uterovaginal prolapse. 
Studies show short-term safety and efficacy with 
decreased blood loss, shorter operating time and 
more rapid recovery compared to hysterectomy. 
Although the quantity and quality of hysteropexy 
studies is growing, most studies lack controls and 
contain variable techniques and definitions of 
success. There are no published RCTs comparing 
different types of hysteropexy procedures. 
Hysteropexy procedures can be subdivided into 
native tissue and mesh repairs [44, 58].

 Native Tissue Hysteropexy 
Procedures

Sacrospinous and uterosacral hysteropexy (vagi-
nal, abdominal or laparoscopic) are the most 
commonly utilised native tissue procedures that 
preserve fertility and coital function.

LeFort colpocleisis involves obliteration of 
the vaginal lumen and is an excellent option for a 
specific subset of women, especially those with 
high operative risks and not sexually active.
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Manchester procedure is essentially a repair 
for cervical elongation.

 Sacrospinous Hysteropexy
Sacrospinous hysteropexy is performed by 
attaching the cervix to the sacrospinous liga-
ment using permanent or delayed absorbable 
suture, with a reported success rate from about 
92% [44, 58].

In a direct comparison of vaginal hysterec-
tomy with additional vaginal vault fixation to the 
uterosacral ligaments and sacrospinal hystero-
pexy, no significant differences in outcomes were 
found [11, 44, 58].

 Suspension of the Uterus 
on the Uterosacral Ligaments
Uterosacral hysteropexy involves shortening 
or plicating the uterosacral ligaments with 
permanent or absorbable sutures placed vagi-
nally, abdominally or laparoscopically. There 
are a variety of techniques described, and 
RCTs and studies with a longer follow-up are 
still lacking.

Laparoscopic sacral hysteropexy is gaining 
popularity as a minimally invasive approach to 
uterine conservation with the potential for 
increased durability (Figs. 17.12, 17.13, 17.14, 
and 17.15).

Three retrospective studies evaluated the lapa-
roscopic suspension of the uterus on the sacro-
uterine ligaments but with different approaches. 
Krause et al. [59] and Maher et al. [60] placed the 

sutures not only right and left through the cervix 
and the USL but also through the previously pre-
pared anterior longitudinal ligament over the 
promontory. Uccella et al. [61] performed only 
the shortening of the USL without incorporating 
the cervix. These operations achieved subjective 
success rates between 81 and 88%.

Fig. 17.12 Laparoscopic hysteropexy to the uterosacral 
ligaments

Fig. 17.13 Laparoscopic hysteropexy to the uterosacral 
ligaments—continuous suture with permanent suture 
(Prolene®)

Fig. 17.14 Laparoscopic hysteropexy to the uterosacral 
ligaments—fixation on the cervix after anchoring the 
suture on the promontorium

Fig. 17.15 Visualisation of the ureter during the laparo-
scopic hysteropexy on the uterosacral ligaments
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 Mesh Hysteropexy Procedures

The mesh hysteropexy may be performed as a 
vaginal mesh hysteropexy or sacral hysteropexy 
done abdominally or laparoscopically. There are 
several techniques and mesh types described for 
each of these procedures. Vaginal mesh repairs 
have declined due to concerns regarding mesh 
risks. The US Food and Drug Administration 
(FDA) has reclassified vaginal mesh repairs for 
prolapse from class II, moderate-risk devices, to 
class III, high-risk devices. Laparoscopic sacral 
hysteropexy is gaining popularity as a minimally 
invasive approach to uterine conservation with 
the potential for increased durability, though 
long-term data is lacking for this procedure.

 Vaginal Mesh Hysteropexy
Vaginal mesh hysteropexy is performed with 
vaginal placement of mesh into the anterior wall 
with uterine conservation. In order to be a hys-
teropexy procedure, a concomitant apical sup-
port procedure must be performed such as a 
sacrospinous or uterosacral ligament suspension. 
Early anterior mesh kits did not include apical 
support unless a concomitant posterior mesh kit 
with apical support was inserted or a separate 
apical support procedure was performed. These 
products have been replaced by trocar-less ante-
rior mesh kits that are anchored into the sacro-
spinous ligament via an anterior approach. The 
results seem promising, but consistent data are 
still lacking.

 Sacral Hysteropexy
Sacral hysteropexy can be performed via laparo-
tomic, laparoscopic or robotic approach. It typi-
cally involves the attachment of at least one graft 
from the cervix and uterus to the anterior longitu-
dinal ligament near the sacral promontory. A 
variety of graft materials, configurations and 
operative techniques have been described. The 
most common technique involves a single poly-
propylene mesh strap extending posteriorly from 
the anterior longitudinal ligament of the sacrum 
to the uterus. The graft then bifurcates, and the 
two arms are passed through windows in the 

broad ligament and secured to the anterior cervix. 
The length of graft extension down the anterior 
and posterior vaginal walls as well as the use of a 
second mesh strap varies and may explain differ-
ences in anterior wall recurrences and develop-
ment of cervical elongation. Some studies use a 
single anterior graft attached to the proximal 
anterior vaginal wall similar to sacrocolpopexy; 
others anchor the anterior arm to a posterior graft.

The majority of studies compare sacral hys-
teropexy to hysterectomy and sacrocolpopexy 
with a few studies using native tissue controls.

Combined analysis reveals no difference in ana-
tomic success rates (84% vs. 90%, p = 0.06); how-
ever, there were significantly more reoperations for 
prolapse in the hysteropexy group compared to hys-
terectomy group (7% vs. 0, p < 0.01). There were 
fewer mesh exposures (0 vs. 7%, p < 0.01) for hys-
teropexy compared to total hysterectomy and no 
mesh exposures amongst the 30 laparoscopic supra-
cervical hysterectomy procedures [11]. Laparoscopic 
sacral hysteropexy may be reasonable in cases of 
young women who want to preserve fertility, with 
severe uterine prolapse. In this case, a single poste-
rior graft without anterior cervical extension is pre-
ferred in order to decrease the risk of complications 
during pregnancy and delivery.

 Colpocleisis

Special indications apply to surgical vaginal 
occlusion with complete or partial (e.g. technique 
according to LeFort) colpectomy because the 
function of the vagina as a sexual organ is lost. 
This procedure achieves high success with low 
morbidity and short operating time in an older 
population with advanced prolapse and multiple 
medical comorbidities who do not wish to main-
tain sexual function of the vagina.

A hysterectomy or a continence procedure 
(suburethral tape) can be performed simultane-
ously. Frequently, the plication of levator ani and 
perineorrhaphy are performed as well.

A systematic review by the American Pelvic 
Floor Disorders Network in 2006 documented an 
almost 100% success rate. General complications 
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(e.g. cerebrovascular and cardiac) occurred in 2% 
and specific complications (including pyelone-
phritis and transfusions) in 4% [62]. Colpocleisis 
is a valid option for the treatment of large genital 
prolapse, after a careful selection of the patient 
and an adequate informed consent.

 Concomitant Continence 
Procedures

Genital prolapse and urinary incontinence have 
similar pathophysiologies and often coexist. About 
55% of women with stage II POP have concurrent 
stress urinary incontinence (SUI). With increasing 
POP stages, there is a decreasing prevalence to 
33% in women with stage IV POP [63]. After 
reduction of the prolapse, SUI might be demon-
strated in 10–80% of otherwise continent women 
[64]. This occult urinary incontinence may occur 
due to kinking of the urethra and/or external com-
pression by large prolapse [63].

The prolapse may be reduced digitally or with 
the help of a pessary, sponge holder or speculum; 
there is no established gold standard. Neither the 
speculum nor the pessary test to reduce the prolapse 
had acceptable positive predictive values to identify 
women in need of a concomitant continence proce-
dure. The negative predictive values were however 
92.5% (95% CI 90.3–1.00) and 91.1% (95% CI 
88.5–99.7), respectively [65]. Therefore, women 
with preoperatively negative tests for occult SUI are 
at low risk to develop SUI post-operatively. There 
are no conclusive data that urodynamics may help 
to predict post- operative SUI.

Women with occult SUI are at risk to develop 
de novo SUI after POP repair: stress incontinence 
develops following surgical correction of the pro-
lapse, amongst women who were without incon-
tinence symptoms prior to surgery. The cause 
might be that POP surgery has unkinked the pre-
viously obstructed urethra. The Cochrane review 
on surgical management of POP found that new 
SUI symptoms were reported by 434 of 2125 
women (20.4%) after prolapse surgery [16]. De 

novo SUI is one of the major complaints after 
surgery, leading to frustration and disappoint-
ment. Many women would rather remain with the 
prolapse than be incontinent.

Preoperative SUI might be treated by prolapse 
repairs without an additional continence proce-
dure [66].

Whether women with occult SUI should receive 
an additional continence procedure when the pro-
lapse is repaired and which prolapse operation 
would be best suitable to prevent symptomatic 
post-operative SUI remain debatable issues [63].

Accordingly, patients with prolapse may be 
categorised in three different groups regarding 
SUI: continent patients, women with SUI and 
women with occult urinary incontinence.

 Continent Women with Genital 
Prolapse

De novo stress incontinence is reported in 8% of 
women after surgical treatment of the anterior 
prolapse in women without prior stress inconti-
nence [63].

As shown in a meta-analysis, anterior vaginal 
plastic surgery seems to have better results for de 
novo stress incontinence in comparison with 
transobturator anterior mesh procedures (RR 
0.64 95% CI 0.42–0.97) [63] (Fig. 17.16). 
However, a study evaluated long-term data after 
3 years and then did not notice a significant dif-
ference between the operations [67].

A simultaneous Burch colposuspension may 
be offered additionally in the case of sacrocolpo-
pexy for the prophylaxis of post-operative stress 
incontinence [68] (Fig. 17.17).

 Women with Symptomatic Stress 
Incontinence and Genital Prolapse

There are a number of options for the surgical 
treatment of prolapse with concomitant SUI: 
anterior colporrhaphy or anterior mesh repair, 
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with or without additional mid-urethral sling, 
paravaginal repair and sacrocolpopexy with or 
without Burch colposuspension.

In women with POP and SUI, prolapse proce-
dures alone (anterior repair and transobturator 
mesh) are associated with low success rates for 
SUI (48% and 66%, respectively) [63, 66]. 
Concomitant continence procedures reduce the 
risk of post-operative SUI.

One recent randomised trial compared vagi-
nal POP repairs with and without an additional 
 mid- urethral tape in incontinent. The concurrent 
continence procedure significantly increased 
SUI success rate, a greater number of women in 
the MUS group reported the absence of SUI 

(86% vs. 48%; relative risk (RR) 1.79; 95% con-
fidence interval (CI) 1.29–2.48) [69].

Prospective studies employing transobturator 
mesh show a cumulative SUI success if a mid- urethral 
tape is performed concomitantly of 92% [64].

Whether a mid-urethral tape (TVT) is inserted 
concomitantly or after 3 months did not result in 
significantly different success rates as demon-
strated by Borstad et al. (83/87, 95% vs. 47/53, 
89% 3 months later) [70]. However, 27/94 women 
(29%) were continent after the prolapse surgery 
and declined the planned TVT operation 
3 months later.

Colombo et al. compared Burch colposuspen-
sion and anterior repair for the treatment of 
women with anterior vaginal wall prolapse and 
SUI and demonstrated that women benefited 
more from Burch colposuspension with regard to 
SUI (cure of SUI 30/35, 86% vs. 17/33, 52%), 
while anterior repair leads to higher success rates 
regarding the anterior prolapse (cure of cystocele 
23/35 vs. 32/33) [66].

Costantini et al. compared whether inconti-
nent women benefit from Burch colposuspension 
and sacrocolpopexy or sacrohysteropexy [71]. 
Contrary to all expectations, the post-operative 
stress incontinence rate increased with simulta-
neous Burch colposuspension (13/24, 54% vs. 
9/23, 39%). The authors explain these results 
with the surgical technique: the anterior arm of 
the sacrocolpopexy was led up to the bladder 
neck and apparently ensured the continuity better 
than the colposuspension.
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Fig. 17.16 De novo SUI: forrest plot of six RCTs comparing anterior repair and transobturator mesh repairs [64]

Fig. 17.17 Schematic representation of simultaneous 
Burch colposuspension and sacrocolpopexy
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A randomised study compared whether a vaginal 
mid-urethral sling insertion or the Burch colposus-
pension is more successful during sacrocolpopexy 
in women with prolapse and stress incontinence. 
There was no difference in continence rates between 
both groups. However, the suburethral sling group 
reported better patient-centred secondary out-
comes. This suggests that Burch colposuspension 
continues to be a viable and effective treatment for 
SUI for women undergoing laparotomy for other 
reasons [72].

The conclusion is that in women with POP and 
SUI, prolapse procedures alone (transobturator 
mesh and anterior repair) without concomitant 
suburethral tapes are associated with low success 
rates for SUI. Concomitant continence proce-
dures reduce the risk of post-operative SUI. The 
procedure of choice remains debatable.

 Women with Occult Stress 
Incontinence and Genital Prolapse

A suburethral sling insertion performed concur-
rently with the prolapse operation significantly 
reduced the incontinence rate post-operatively in 
women with occult urinary incontinence (RR 
3.04, 95% CI 2.12–4.37) (Fig. 17.18) [64]. 
Besides the possible complications related to the 
sling insertion, there seems to be no higher risk 
for associated with concomitant procedures 

regarding major adverse effects, prolonged blad-
der catheterisation or long-term obstructive mic-
turition [64, 69, 73].

 Summary: Indications for Continence 
Surgery at Time of Prolapse Surgery
Women with preoperative SUI and demonstrated 
occult SUI significantly benefit from concomitant 
prolapse and continence surgery. Adding a conti-
nence procedure in stress urinary incontinent 
women with POP increases the odds of post- 
operative continence 11 times (OR 10.9; 95% CI 
7.9–15.0): for vaginal repairs + mid-urethral sling 
OR 15.1 (95% CI 9.6–23.6) and for vaginal mesh 
placement + MUS OR 11.3 (95% CI 6.3–20.5). In 
women with occult SUI, additional continence 
procedures similarly result in better continence 
rates (OR 9.8; 95% CI 7.1–13.6). The evidence 
does not support the addition of routine continence 
surgery at the time of prolapse surgery in symp-
tomatically dry women without positive occult 
stress testing (OR 1.1; 95% CI 0.8–1.7) [64].

The decision process whether a concomitant 
procedure to treat the symptomatic or occult 
stress incontinence must include the patient 
(“decision-making process”). Complications 
and the individual circumstances (e.g. chronic 
asthma, high anaesthetic risk, obesity or severe 
physical work such as domestic nursing care) 
must be considered. The simultaneous subure-
thral sling insertion may be also favourable for a 
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Fig. 17.18 The addition of a mid-urethral sling to vaginal prolapse repairs in women without SUI significantly reduces 
the risk of post-operative SUI
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Women with POP and SUI

Assessment:

Validated questionnaire

POP-Q

Cough stress test

No SUI symptomatic SUI

Stress test with POP

reduced

Recommend/offer

continence procedure

Negative occult SUI test Positive occult SUI test

Do not recommend
Continence procedure

Recommend/offer
continence procedure

Consider staged procedure
Consider MUS at abdominal surgery

Fig. 17.19 Flow chart of decision-making based on incontinence symptoms and testing for occult SUI as proposed by 
ICI [64]. Abbreviations: POP pelvic organ prolapse, SUI stress urinary incontinence, MUS mid-urethral sling

woman who is professionally active, in order to 
avoid a second sick leave with a staged proce-
dure. However, the two-step approach is also 
scientifically supported by a randomised study 
with similar success rates [70].

Figure 17.19 is a clinical flow diagram that 
has been developed to summarise the clinical 
pathway of women undertaking prolapse surgery 
based upon continence symptoms and testing for 
occult stress incontinence.

 Conclusion

There is a wide range of minimally invasive 
procedures in urogynecology, considering that 
the vaginal approach also applies.

When planning the correction of a cysto-
cele, the presence of a median or paravaginal 
defect should be noted. The anterior repair is 
an option for median fascial deficiency and 
the paravaginal defect correction for lateral 
suspension defects. The additional securing of 

17 Minimally Invasive Approach in Urogynecology: An Evidence-Based Approach



212

the middle compartment must be taken into 
account, as otherwise higher recurrences rates 
are to be expected.

The use of type 1 polypropylene mesh in 
the anterior compartment reduces recurrence 
rates, but with the increased risk of complica-
tions and reoperations. The patient must be 
informed about the higher complication and 
reoperation rates versus better anatomical out-
comes. Especially in the case of a large pro-
lapse, recurrent prolapse, comorbidity, levator 
avulsions and in patients with high expecta-
tion regarding safety and anatomical efficacy, 
the use of the mesh should be discussed. The 
use of biological materials remains controver-
sial and has not been proven by studies.

The posterior colporrhaphy by means of a 
transvaginal midline fascial plication without 
levatorplasty has a superior objective out-
comes compared with site-specific posterior 
repair and less dyspareunia rates than reported 
when levatorplasty is employed.

Furthermore, the transvaginal approach is 
superior to the transanal approach for repair of 
posterior wall prolapse, and there is no proven 
any benefit of mesh overlay or augmentation 
of a suture repair for posterior vaginal wall 
prolapse.

Data on how the results of abdominal 
sacrocolpopexy would compare with tradi-
tional transvaginal repair of posterior vaginal 
wall prolapse are lacking [19].

The sacrospinous colpopexy, vaginal or 
laparoscopic fixation at the uterosacral liga-
ment and the laparoscopic or robot-assisted 
sacrocolpopexy can be used with good evi-
dence to correct a prolapse in the middle 

compartment with success rates in the litera-
ture of over 90%. The procedure should be 
chosen together with the patient, taking into 
account all the findings and symptoms, 
comorbidities, risk factors, planned total 
hysterectomy and patient’s wishes and 
expertise.

Biological or resorbable meshes, as well as 
silicon meshes should be avoided. The higher 
recurrence of the anterior prolapse must be 
considered after a sacrospinous colpopexy, as 
well as a higher risk of ureter lesions during 
uterosacral ligament fixation.

If there are no uterine pathologies, the 
patient should be informed of the possibility of 
uterine- preserving procedures, without com-
promising the success of the prolapse surgery.

Persistent or de novo stress urinary inconti-
nence is important issues to be discussed with 
the patient when counselling for a POP opera-
tion. Patients with SUI or occult urinary 
incontinence benefit from a simultaneous con-
tinence procedure. The additional risks, as 
well as the need for a second surgical proce-
dure if POP repair is performed alone have to 
be taken in account.

During the decision-making process, the 
evaluation of the surgical or anaesthetic risk, 
as well as the risk of recurrence, is indis-
pensable. They are to be discussed with the 
patient, as well as the success rates of the 
procedures. This permits a joint decision and 
adjusts the expectations and consequently 
the satisfaction of the patient about treat-
ment (Fig. 17.20).
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Genital Prolapse

Minimally Invasive 
approach treatment

Vaginal route Laparoscopic/robotic

Vaginal repairs

Sacrospinal fixation

Uterosacralligament 

fixation

Sacrocolpopexy/

Sacrohystropexy

Uterosacralligament fixation

Paravaginal Repair

± Hysterectomy

± Mesh

± Continence procedure

Shared decision making

Consider risk factors

 •     Levator avulsion

 •     BMI

 •     Large prolapse

 •     Recurrence

 •     Asthma

 •     Occupation/heavy 

       lifting

 •     Operative/anaesthetics 

       risks

Fig. 17.20 Clinical flow diagram that has been developed to summarise the clinical pathway of women undertaking 
prolapse surgery
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 Introduction

Female stress urinary incontinence (SUI), defined 
as the involuntary leakage of urine on coughing, 
laughing, sneezing, or physical activity, is a 
widely prevalent condition that significantly 
affects women’s quality of life [1]. It affects 
20–40% of women [2]. By the year 2050, the per-
centage of women with urinary incontinence will 
increase 55% from 18.3 to 28.4 million [3]. 
Estimates for the cost of urinary incontinence 
(UI) totaled at $20 billion in 2000 [4]. As our 
population ages, the demand and cost for treat-
ment of UI have increased. By using surgical rate 
and population projection estimates, the total 
number of women undergoing surgical treatment 
for SUI will increase almost 50% from 210,700 in 
2010 to 310,050 in 2050 [5], and the average life-
time risk of undergoing surgery for SUI or pelvic 
organ prolapse (POP) by the age of 80 is expected 
to be 20% [6].

Age, trauma of childbirth, prior pelvic surgery 
or trauma, obesity, postmenopausal status, and 
pelvic radiation are some of the well-recognized 
risk factors of SUI [7]. Treatment options for SUI 
include pelvic floor exercises [8], bladder train-
ing, behavioral modification, weight loss, vaginal 
estrogen in postmenopausal women, support pes-

saries [9, 10], pharmacotherapy, and surgery. 
Multiple surgeries have been described for the 
treatment of SUI. Traditional surgeries such as 
urethropexy, needle bladder neck suspension, 
and colposuspension were the recommended sur-
gical treatments for SUI. However in 1995, 
Ulmsten invented the tension- free vaginal tape, 
which is now considered the gold standard treat-
ment of SUI [11]. Surgical treatments for SUI are 
considered to be the most effective choice for 
young healthy women, when comparing cost- 
effectiveness of treatment options, surgical and 
nonsurgical [12]. A multicenter randomized con-
trolled trial showed that retropubic mid-urethral 
sling (MUS) procedures produced superior sub-
jective, objective cures and improvement rates 
1 year after surgery compared to pessary and 
physiotherapy [13, 14].

This chapter will focus on the currently avail-
able minimally invasive MUS for SUI and cover 
the specific strengths and weaknesses of the 
available MUS approaches.

 Continence Mechanism

Interaction of the anatomical and physiological 
properties of the bladder, urethra, urethral sphinc-
ter, and pelvic floor and their coordination by the 
nervous system contribute to the continence 
mechanism. There are different theories regard-
ing the pathophysiology of SUI. In a normal 
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 individual at rest, the urethral closure pressure 
exceeds the intravesical pressure. In a continent 
woman, any increase in intra-abdominal pressure 
(physical “stress”) results in an increase in the 
urethral closure pressure and vesical pressure 
equally, and there is no leakage. If there is no 
increase, or a concurrent reduction in the urethral 
closure pressure during a stress event (e.g., dur-
ing a cough), this may result in leakage in a 
woman with SUI. The continence mechanism 
can be compromised by the weakening of the 
external urethral sphincter itself or loss of inner-
vation via the pudendal nerve. Traditional surger-
ies such as the Burch colposuspension and 
Marshall-Marchetti-Krantz (MMK) procedures 
aimed at increasing urethral resistance were 
based on these mechanisms. However more 
recently the concept that support of the mid- 
urethra by the pubo-urethral ligaments contrib-
utes to the maintenance of continence has been 
proposed [15]. In 1994, DeLancey put forward a 
“hammock hypothesis” that combined the con-
cept of sphincter and mid-urethral support [16]. 
These two theories emphasize mid-urethral sup-
port translating to improved urethral closure and 
continence during stress. The Integral Theory is 
the basis of the mid-urethral tapes for SUI [17]. 
The creation of these artificial “neo-ligaments” 
by mid-urethral tapes was the beginning of mini-
mally invasive surgeries for SUI.

 Diagnosis and Examination

Clinical evaluation including history, physical 
examination, urine analysis, and voiding diary is 
recommended. The diagnosis of SUI can be 
reached from the history, use of questionnaires, 
cough stress test, and urodynamics. It is impor-
tant to determine the type of UI, whether SUI or 
urge urinary incontinence, or both (mixed UI). 
Urodynamic stress incontinence is the involun-
tary leakage of urine during filling cystometry, 
associated with an increase in the intra- 
abdominal pressure, in the absence of a detrusor 
contraction [1].

An accurate diagnosis of simple SUI does not 
require performance of urodynamics. However, 

urodynamics can help assess SUI severity. As per 
the value of urodynamic evaluation study, two 
groups of patients with uncomplicated SUI were 
evaluated. One group underwent clinical evalua-
tion including post-void residual and cough stress 
test alone. The other group had the same evalua-
tions with the addition of urodynamics. At the 
end of 12 months after surgery, there was no dif-
ference in symptom improvement between the 
two groups (77.2% vs. 76.9%) [18]. The 
American Urological Association has also issued 
guidelines with respect to preoperative testing in 
patients planning treatment for SUI.

If a woman has complex SUI, as evidenced by 
mixed UI symptoms, urinary retention, associated 
POP, neurogenic problems affecting the pelvic 
floor, previous failed sling, or other systemic dis-
eases such as diabetes or multiple sclerosis, then 
urodynamics are recommended prior to any surgi-
cal intervention. Many referral centers perform 
urodynamics to select the most optimal sling for 
an SUI patient, in order to achieve the highest suc-
cessful outcome possible, especially if more 
severe degrees of SUI such as intrinsic sphincteric 
deficiency (ISD) is suspected (see below).

 Treatment Options

 Surgical Options for Stress 
Incontinence

Surgeries can be grouped into sub-urethral slings, 
retropubic urethropexy, bulking agents, and arti-
ficial sphincters. Urethral bulking agents are usu-
ally used in patients who cannot tolerate an 
operative procedure or those who have already 
had a surgical intervention, and there is a need for 
better improvement in SUI. Artificial sphincters 
are used as the last resort and used only if prior 
surgery has failed.

 Retropubic Urethropexy
Elevation and stabilization of the bladder neck 
and the proximal urethra in a high retropubic 
position are the foundations of these procedures. 
The urethra is supported with sutures to either the 
Cooper’s (iliopectineal) ligament or to the 

H. Devakumar and G. W. Davila



219

 periosteum of the pubic bone. Sutures, when 
placed through the Cooper’s ligament, are 
referred to as the Burch procedure. The MMK 
procedure involves placement of sutures through 
the retropubic periosteum. Osteitis pubis was a 
rare complication associated with the MMK pro-
cedure (0.74–2.5%) and has been abandoned. 
Both these procedures can be done through an 
open incision as well as laparoscopically. 
However, these procedures were associated with 
longer operating times, wound infections, and 
hematoma. The Cochrane review in 2012 con-
cluded that open Burch colposuspension is effec-
tive for SUI in the long term. The overall cure 
rate is approximately 85–90% in the first year. 
After 5 years, approximately 70% of patients can 
expect to be dry [19].

 Needle Suspension Procedures
Needle suspension procedures are typically per-
formed through either an abdominal or vaginal 
approach. A long needle is used to thread sutures 
from the vagina to the anterior abdominal fascia. 
Sutures are then looped through the peri-urethral 
tissue on either sides of the bladder neck, thereby 

providing support and achieving continence. 
Pereyra described the first needle suspension of the 
bladder neck, and there have been various modifi-
cations of the procedure. Raz, Stamey, or Gitte’s 
are some of the variations of the index procedure 
based on site of approach, type of suture, or site of 
attachment of sutures. In the recent Cochrane data-
base review of bladder neck suspension, it was 
established that these surgeries were inferior to 
open abdominal urethropexy for the treatment of 
SUI [20].

 Mid-Urethral Slings
A sling is a supportive hammock that is placed 
under the urethra designed to increase urethral 
resistance during physical activities. Most slings 
are fashioned from a synthetic polypropylene 
mesh strip that is referred to as sub-urethral tape 
as well. Slings can be pubovaginal at the urethro-
vesical junction, mid-urethral (either retropubic 
or transobturator), single-incision, or mini-slings 
(Fig. 18.1). Mid-urethral slings have become the 
primary incontinence surgery in current clinical 
practice. Mesh complications related to the use of 
kits for prolapse surgeries are not commonly 

Three generations Mid-Urethral Slings (MUS)

Type of MUS

Course of
introducer
& tape

Advantages
and
disadvantages

First Generation
TVT

(1996)

through
the retropubic space

Risk of bladder
injury, bowel and
vessel injury

Lesser voiding difficulty
faster recovery

Current best tape property: monofilament polypropylene

More groin pain
Risk of obturator nerve
and muscle injury

through
the obturator membrane vaginal incision only

Lesser surgical trauma and
pain
Faster recovery

Avoiding penetration of
obturator nerve and the
upper leg muscles

Second Generation
TOT

(2001)

Third Generation
SIS

(2007)

Fig. 18.1 Comparison of the three main types of mid-urethral slings

18 Urinary Incontinence: Minimally Invasive Techniques and Evidence-Based Results



220

found with mesh slings. The FDA established 
that mesh slings were safe and effective in 2011.

 Retropubic Slings
The FDA approved the use of TVT (tension-
free vaginal tape) sling in the United States in 
1998. The Gynecare TVT was one of the first 
retropubic MUS that was hypothesized to 
address the sub-urethral support mechanism of 
continence. Since its introduction, it has 
changed the treatment perspective of patients 
with SUI and is currently considered the stan-
dard of care for SUI treatment. It has several 
advantages including minimally invasive, vagi-
nal approach, less operating time, and hospital 
stay. The data available currently also supports 
long-term and short- term success of these 
slings. TVT and all commercially available 
MUS are made of macroporous monofilament 
(type 1) polypropylene mesh.

This procedure is done by inserting two tro-
cars through the retropubic space from a sub- 
urethral incision in the vagina to the suprapubic 
region. Alternatively, trocars can be placed, in a 
top-to-bottom approach, from the suprapubic 
region to the vagina. Intraoperative and postop-
erative complications can occur and must be 
identified and treated appropriately. The most 
common complications include bladder perfora-
tion. More serious complication include vascular 
injuries and injuries to the pelvic viscera, hemor-
rhage, mesh erosion or exposure, de novo 
urgency and urge incontinence, bladder outlet 
obstruction, voiding dysfunction, and urinary 
tract infection [20]. The numbers quoted widely 
in the literature for bladder perforation are 3–5%, 
mesh erosion or exposure after TVT 1–3%, and 
voiding dysfunction 2.1–3.4% [21, 22].

On comparing the outcomes between the two 
approaches, bottom-to-top and top-to-bottom, for 
retropubic sling placement, objective cure rates 
as measured by pad weight (83% vs. 95%; p < or 
= 0.1; 12% difference, 95% CI: 25.4% to −1.4%) 
and subjective measured by incontinence impact 
questionnaires (49.9 ± 25.6 vs. 45.3 ± 18.4, 
p = 0.46) showed no difference between the two 
surgical approaches [23]. When comparing 
adverse events and perioperative complications 

of these two approaches, there was no statistical 
difference. Less women experienced bladder per-
foration, voiding dysfunction, and tape erosion 
and exposure when a bottom-to- top approach 
was used [24].

 Transobturator Slings
The other approach used for mid-urethral slings 
is the transobturator approach. Retropubic 
slings, during the relatively blind retropubic 
passage of the trocar, may cause inadvertent 
bladder perforations along with vascular and 
bowel injuries. In order to avoid these compli-
cations, Delorme described the transobturator 
technique in 2001, and this was then published 
by Dargent [25]. There are two different 
approaches by which specially designed trocars 
can be passed from either from the inner groin 
to the vaginal incision (outside- in) or from vag-
inal incision to inner groin (inside-out). The 
transobturator technique (TOT) has become 
very popular especially among gynecologists as 
it minimizes the risk of bladder, vascular, and 
bowel injuries. The rates of bladder perforation 
are 0.3%, and there is a lesser incidence of 
hematomas and voiding dysfunction [26]. The 
main complication associated with the transob-
turator approach is groin pain. The incidence is 
between 10 and 15%, mainly with the inside-
out approach. The incidence of sexual dysfunc-
tion with pain in the female or both partners is 
seen in the transobturator approach more fre-
quently than in the retropubic approach. 
However this complication is not observed 
widely [27].

Two meta-analyses assessed the TOT place-
ment techniques: inside-out and outside-in [19, 
28]. There were no significant differences in the 
subjective or objective cure rates between the two 
groups. Postoperatively, the incidence of de novo 
urgency or voiding difficulty was not different 
between the two groups. In a randomized con-
trolled trial, no differences in outcomes were 
noted, but the outside-in technique was associ-
ated with more vaginal sulcus tears [29]. The 
inside-out technique was associated with fewer 
vaginal fornix injuries but at a higher rate of post-
operative groin pain [30].

H. Devakumar and G. W. Davila



221

In a Cochrane review of randomized con-
trolled trials comparing the retropubic versus 
transobturator route, including 36 trials with a 
total of 5514 subjects, there were no statistically 
significant differences in the short-term (12–
36 months) subjective cure rates between the two 
groups [relative risk (RR) 0.98, 95% CI 0.96–
1.00]. The short-term cure rates ranged from 62 
to 98% for transobturator versus 71 to 97% for 
retropubic route. The mean short-term subjective 
cure rate across both groups was 83.3%. Four tri-
als with a total of 714 women reported long-term 
results for subjective cure after 5 years. The long- 
term subjective cure rates ranged from 43 to 92% 
in the transobturator group and from 51 to 88% in 
the retropubic group. There was no statistical dif-
ference between the groups (RR 0.95, 95% CI 
0.80–1.12). The mean long-term subjective cure 
rates in both groups were 84.3%. When looking 
at objective cure rates in the short and long term, 
as assessed by pad weights, urodynamics, and 
cough stress test, there was also no difference. 
The cure rate for obturator was 85.7% versus 
87.2% for retropubic route [24].

Long-term follow-up after TVT has shown 
that mid-urethral slings are safe and effective 
even 11 years after placement [31]. Their cohort 
showed 77% subjective cure rate and 90% objec-
tive cure rates. The Cochrane library in 2009 
published a meta-analysis of sling surgeries for 
SUI [26]. Sixty-two randomized studies involv-
ing 7101 women were included. Short- term cure 
rates for retropubic slings were between 73 and 
82%. When comparing TVT versus Burch proce-
dures, there was no significant difference in 
objective cure rates [odds ratio (OR, 1.18; 95% 
CI 0.73–1.89)]. However, when mid-urethral 
slings (TVT and transobturator tape (TOT)) were 
compared to Burch procedures, lower rates of 
adverse events such as blood loss, pain, time 
under anesthesia, hospital stay, infection, hema-
toma, and bowel injuries were noted [27]. For 
subjective cure, when including all slings (TVT 
and TOT), the combined OR showed no signifi-
cant difference but favorable to slings versus 
Burch procedure (OR, 1.12; 95% CI, 0.79–1.60) 
[27]. A Burch procedure results in lower rates of 
return to surgery for erosion, bladder outlet 

obstruction, overactive bladder symptoms, and 
groin pain—as no mesh is used. Studies compar-
ing retropubic slings with open Burch colposus-
pension have shown similar cure rates with open 
Burch colposuspension and TVT [19, 28].

Evidence from 20 trials comparing open 
Burch with mid-urethral slings (TVT or transob-
turator tape) found no significant difference in 
incontinence rates. In comparison with needle 
suspension, there was a lower rate of inconti-
nence after colposuspension in the first year after 
surgery (RR 0.66; 95% CI 0.42–1.03), after the 
first year (RR 0.48; 95% CI 0.33–0.71), and 
beyond 5 years (RR 0.32, 95% CI 15–0.71) [19]. 
The TOMUS trial, the largest randomized con-
trolled trial comparing retropubic and transobtu-
rator slings, showed that subjective and objective 
cure rates after retropubic slings were 62% and 
81%, respectively. The objective cure was only 
3% better than TOT, which was not statistically 
significant [21].

Besides differences in complication rates, ret-
ropubic and TO slings have been shown to differ 
in effectiveness in more complex SUI cases, such 
as recurrent SUI and intrinsic sphincteric 
deficiency.

 ISD and Recurrent Incontinence

In the literature, ISD, more severe SUI, has been 
defined based on urodynamic findings of Valsalva 
leak point pressures less than 60 cm of H2O or 
maximal urethral closure pressure of less than 
20 cm of H2O. This can or not be associated with 
urethral hypermobility. Urethral hypermobility is 
the downward displacement of the urethra with a 
maximal straining angle ≥30° from the horizon-
tal plane with Valsalva [32]. Women with ISD 
have more severe incontinence, are at a higher 
risk of treatment failure, and are difficult to treat.

Autologous fascial slings have been histori-
cally used to treat ISD. But now the newer mini-
mally invasive slings are widely used for the 
treatment of ISD. In a study comparing retropu-
bic route with transobturator route for the treat-
ment of ISD, with a follow-up of 36 months, the 
subjective cure rates for TVT was 98.6% versus 
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TOT at 80%. At 3 years, 20% of women in the 
TVT group underwent repeat surgery, whereas 
45% of women in the TOT group had repeat sur-
gery (p = 0.004) [33]. The presence of hypermo-
bility may be a predictor for success with 
mid-urethral slings in patients with ISD. In a 
group of 49 women treated with TVT for ISD, 
the cure rate was 74% and improvement in 12% 
[34]. Of the seven failures, five had fixed ure-
thras. Although these numbers are small, the 
authors suggest that lack of hypermobility maybe 
a risk factor for failure. We have noted that cure 
rates are higher with primary slings as compared 
to repeat slings in women with ISD (81% vs. 
55%, p < 0.0001) (Fig. 18.2). Repeat slings were 
3.4 times more likely to fail (OR = 3.43, 95% 
confidence interval (CI) 2.1–5.6). Prior inconti-
nence procedures, a positive supine stress test, 
and transobturator slings were independent risk 

factors for failure. Among the types of repeat 
slings placed (transobturator, retropubic, ten-
sioned pubovaginal), pubovaginal slings were 
most successful (OR = 2.7, 95% CI 1.4–5.2) [35]. 
In a systematic review, a total of 8 trials were 
included with 399 women. There was a statisti-
cally significant difference in short- and medium- 
term (≤5 years) subjective cure rates, with 150 
out of 199 in the transobturator and 171 out of 
200 in the retropubic group reporting cure. The 
relative risk reduction in achieving a cure with 
transobturator tape was 12% (RR 0.88, 95% CI 
0.80–0.96). There was no statistically significant 
objective difference. However the long-term need 
to undergo repeat incontinence surgery (≥5 years) 
was higher with the transobturator group (RR 
14.4, 95% CI 1.95–106, 147 women). The authors 
concluded that the retropubic route demonstrated 
higher subjective cure rates compared with the 

Repeat sling

n = 80

Primary sling

n = 557
p-value

PRIMARY OUTCOME : CURE* 44(55) 453(81) <0.0001

No subjective SUI/mixed
Incontinence 60(75) 474(85) 0.03

Self-assessment/cured 43(54) 376(68) 0.02

Incontinent episodes/day

• 0 Incontinence/Day—
“Completely Dry” 

1.38 ± 1.6

40(50)

1.02 ± 1.6

355(64)

0.02

0.02

Pad usage/day

• 0 Pad/Day—“Completely Dry” 

1.18 ± 1.2

36(45)

0.85 ± 1.1

336(60)

0.01

0.01

Positive supine stress test 4(1.9) 8(1.4) 0.03

Re-intervention for SUI 24(30) 48(9) <0.0001

Fig. 18.2 Outcomes of primary vs. repeat slings for severe SUI
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transobturator routes in women with ISD [36]. 
This may be due to a more compressive effect 
of the retropubic sling on the urethra, as com-
pared to a supportive horizontal support plat-
form resulting from a TO sling (Fig. 18.3).

 Single-Incision Slings
Single-incision or mini-slings were intended to 
reduce the degree of vaginal dissection and to 
reduce the need to make additional suprapubic or 
groin incisions. They were designed to reduce the 
operative time and use of anesthesia and possibly 
place these slings in the office setting. Single- 
incision slings are anchored into the obturator 
internus fascia or connective tissue of the endo-
pelvic fascia of the retropubic space behind the 
pubic bone, depending on the approach chosen. 
The complications that occur are similar to those 
associated with retropubic or transobturator 
slings.

The difference between the different single- 
incision slings is based on how effectively the 
fixation system or anchors hold the tape in place. 
Slings that include a fixation system or anchor 
are MiniArc, CureMesh, Ajust, Contasure 
Needleless, and Tissue Fixation Systems. Those 
that do not include a fixation system or anchor 
are TVT-Secur and Ophira. The TVT-Secur, 
which does not have a fixation system, has been 
shown to be inferior compared to both inside-out 
transobturator and retropubic slings in achieving 
cure rates and higher adverse events. The lack of 

a tissue fixation system may have been a con-
tributor [37]. This sling has been withdrawn 
from clinical use.

Compared with transobturator and retropubic 
slings, the outcomes of mini-slings are reported 
to be more variable. Their cure rates are compa-
rable [38–40]. In a meta-analysis involving 758 
women, the subjective and objective cure rates 
were shown to be inferior for single-incision 
slings relative to transobturator and retropubic 
slings. The need for repeat surgery for SUI in 
patients with prior mini-slings was significantly 
greater (RR 6.72, 95% CI 2.39–18.89), and there 
was increased de novo urgency (RR 2.08, 95% 
CI 1.01–4.28). Shorter operative times and lower 
pain scores were noted [41]. We have noted that 
when comparing a single-incision sling with 
transobturator sling, there was no statistically 
significant difference in objective efficacy at 
1 year. However, the transobturator sling had a 
significantly longer operative time (10.7 ± 4.8 min 
vs. 7.8 ± 4.9 min, p < 0.001) and greater blood 
loss (31.6 ± 26.6 L vs. 22.9 ± 22.1 mL, p = 0.02) 
[42]. More long-term data regarding success and 
safety is required.

 Autologous Fascial Slings
An alternative to synthetic mesh is using autolo-
gous native tissue, fashioned as a sling to provide 
urethral support. The use of rectus fascia, fascia 
lata, or vaginal wall dates back by more than 
80 years. Fascial slings are commonly used for 
treatment of recurrent SUI after a synthetic sling 
or in women who have had a complication after a 
synthetic sling. In a randomized controlled trial 
of 655 women with SUI randomized to rectus 
fascia sling or Burch colposuspension, success 
rates were higher for women who underwent the 
sling surgery at 24 months (47% vs. 38%, 
p = 0.01). However more women who underwent 
the sling procedure had urinary tract infections, 
voiding difficulty, and de novo urge incontinence 
[43]. In a systematic review of SUI surgeries, ret-
ropubic and autologous fascial slings had similar 
efficacy, although fascial slings had more voiding 
problems after surgery [44]. However, this can-
not be considered a minimally invasive approach 
as it involves an incision approximately 7–8 cm 

Fig. 18.3 3D ultrasound view of mid-urethral slings with 
a “U-shaped” TVT and flat configuration TO sling in a 
patient who had undergone both
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in the abdomen or two thigh incisions for the har-
vest of the fascial strip, thereby increasing the 
risks of infection, bleeding, operating time, 
harvest- site pain, and hospital stay. Voiding dys-
function, de novo urgency, and hernia formation 
at the site of the harvest are some of the long- 
term complications of this procedure. The 
Cochrane review from 2011 with 26 trials involv-
ing 2284 women showed that fascial slings are as 
effective as minimally invasive mid-urethral 
slings but with higher rates of voiding dysfunc-
tion and de novo urgency [45, 46]. As many 
women are shying away from mesh surgeries, the 
fascial slings may find resurgence.

 Options to Slings
Women who do not wish an operative approach to 
their SUI, or are poor surgical candidates, have 
other options to be considered. Bulking agents are 
injectable materials designed to increased urethral 
resistance by producing coaptation of the urethral 
mucosa. These procedures can be performed in the 
office setting under local anesthesia and have great-
est utility in mild SUI and as salvage therapy for 
persistent SUI after a sling procedure. Stem cell 
injections are currently being studied internation-
ally for SUI. Data has been promising, but many 
factors are still unresolved such as source of the 
stem cells, volume and number of cells to be 
injected, and who optimal candidates may be. Novel 
approaches using radio-frequency and laser therapy 
for SUI are being studied. Early reports have shown 
promise, but studies are not controlled, and objec-
tive outcome measures not used. Office therapy for 
SUI is certainly very attractive for clinicians and 
patients, but to date no technique has been studied 
widely, and is as effective as the proven MUS.

 Conclusions

As our population ages, the prevalence of 
SUI will increase. Women with this condi-
tion experience a significant decrease in their 

quality of life. As shown by different stud-
ies and cost analysis, surgical interventions 
are cost-effective. The treatment for SUI has 
come a long way from inpatient laparoto-
mies to office-based minimally invasive sling 
surgeries.

Irrespective of the route of surgery, mid- 
urethral slings are highly effective in short 
term with a growing body of evidence demon-
strating their long-term effectiveness. There is 
moderate quality of evidence that retropubic 
and transobturator tapes have comparable 
effectiveness and cure rates on incontinence. 
Excepting a twofold increase in groin pain 
with transobturator approach has lower inci-
dence of adverse events. The retropubic 
approach has an eightfold increase in the inci-
dence of bladder perforations and twofold 
increase of voiding dysfunction. Both meth-
ods comparably improve the quality of life 
and sexual function in women. At our center, 
we utilize urodynamic parameters in order to 
select the most appropriate approach for each 
SUI patient and focus on statistically demon-
strable differences between TO and RP sling 
success rates when SUI severity is assessed 
[47] (Fig. 18.4).

Although all these surgeries are geared 
toward correcting and repositioning the weak-
ened anterior pelvic anatomy, there has been 
promising research with skeletal muscle-derived 
stem cells in fashioning a stronger urethral 
sphincter. Well- designed clinical trials that are 
relevant to women, especially incorporating 
quality of life, sexual function, and long-term 
implications, should be performed.

The mid-urethral sling is currently under 
legal fire due its mesh construction. As urogy-
necologic surgeons, it is important for us to 
help emphasize the evidence-based proven 
utility of these techniques for our patients suf-
fering from SUI [48].
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Radical Wide Local Resection 
in Vulvar Cancer

Alejandro Soderini and Alejandro Aragona

 Introduction

Carcinoma of the vulva accounts for approxi-
mately 4–5% of all the cases of gynecologic 
malignancies [1–7]. It is estimated that about 
27,000 cases are diagnosed each year around the 
world. The knowledge of tumor biology and 
spread mechanisms, improved surgical techniques 
and the adoption of new therapeutic approaches. 
In this chapter, we describe our view about the 
radical wide resection and many other concepts 
about how to manage today the vulvar cancer.

In the last 20 years, given the changes in both 
social and sexual habits, the incidence of vulvar 
carcinoma has increased among young women, 
and this is closely related to the infection caused 
by the human papillomavirus (HPV) and the 
increase in the number of vulvar intraepithelial 
neoplastic lesions [8].

Vulvar intraepithelial neoplasia (VIN) occurs 
in young women, even in women under the age of 
40 [9], and may be associated with lesions simi-
lar to those occurring in the cervix and vagina. 
VIN is a precursor lesion in some patients, and 
when diagnosed, it must be treated.

There is an association between the oncologic 
potential of HPV and the occurrence of VIN 

(HPV-related vulvar cancer). HPV 16/18 is the 
most common form of the disease [3, 4, 9].

There is a non-HPV-related form of the dis-
ease (VIN usual, Bowenoid warty type) which 
has been related to chronic inflammatory lesions 
in the vulva (dystrophy, lichen sclerosus (LS)) 
and to squamous intraepithelial lesions (carci-
noma in situ). This form of the disease usually 
occurs in older women. Posttreatment monitor-
ing is vital, for the disease may recur or evolve 
into squamous cancer [3, 4, 9].

In order to determine the etiology of the con-
dition, immunohistochemistry with P16 would 
be conclusive to establish the relation with HPV 
infection to define the disease prognosis. Non- 
HPV- related VIN may evolve into vulvar cancer 
more commonly than the non-HPV-related form 
of the disease [4].

Mean age at the time of diagnosis is about 70 
[8, 9], and 75% of vulvar malignancies are squa-
mous cell carcinomas [4, 10].

Although vulvar cancer may be cured if diag-
nosed and managed adequately early on, it is esti-
mated that between 30 and 35% of the cases of 
vulvar cancer will be diagnosed at FIGO III or IV 
stages; and the tumors are unresectable from the 
beginning or else occur in patients with positive 
nodes [10, 11].

In 2009, FIGO conducted a revision and then 
published a staging system [12]. Vulvar cancer 
may also be staged according to the TNM staging 
system [13], which is used both by the American 

A. Soderini, M.D., Ph.D. (*) • A. Aragona, M.D. 
University of Buenos Aires, Buenos Aires, Argentina 

Oncologic Hospital of Buenos Aires “ Marie Curie”, 
Buenos Aires, Argentina

19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-72592-5_19&domain=pdf

https://doi.org/10.1007/978-3-319-72592-5_19

https://doi.org/10.1007/978-3-319-72592-5_19


232

Joint Committee on Cancer (AJCC) and the 
Union for International Cancer Control (UICC).

Locally advanced tumors which cannot be 
excised by standard radical surgery are consid-
ered unresectable. This entity has not been clearly 
defined yet, and the definition may vary depend-
ing on the author [14]. No doubt, the knowledge 
of tumor biology, the spread mechanisms, 
improved surgical techniques and materials have 
led to a different mindset and to the adoption of 
new therapeutic approaches.

 Anatomy of the Vulva

For years, the vulva was considered part of the 
lower genital tract. From the anatomic viewpoint, 
the vulva includes the Mound of Venus, the clito-
ris glans and clitoral hood, both the labia majora 
and labia minora, the vulvar fork, the vestibule, 
the urethral and vaginal openings, Skene’s 
glands, and Bartholin’s glands [2]. However, it 
must be considered an anatomical region.

Blood is supplied by the internal and external 
pudendal arteries. The ilioinguinal and genito-
femoral nerves innervate the anterior region of 
the vulva. The posterior branch of the cutaneous 
nerve innervates the perineum. Vulvar cancer 
spreads mainly locally and to the lymph nodes.

The lymphatics drain as follows: the lateral 
vulvar regions drain to the superficial inguino-
femoral nodes; the central areas, clitoris, and 
labia minora drain to the deep inguinal and inter-
nal iliac nodes [9].

 Prognostic Factors

Node metastases and tumor size are known to be 
important prognostic factors. Table 19.1 summa-
rizes the different prognostic factors and the rela-
tionship between overall survival (OS) and 
recurrence rate [15]. Bulky tumors and locore-
gional spread are the most common clinical pre-
sentations in developing countries. As for tumor 
size specifically, a “clear cut off point of ≥6 cm 
has been reported in the literature, after which 
survival is remarkably reduced” [15].

Therefore, tumor size must be considered an 
important prognostic factor when choosing a 
management strategy in order to adapt treatment 
for patients with bulky primary tumors, being 
neoadjuvant chemotherapy followed by surgery a 
possible new tendency or a treatment option. In 
these patients,  even a less radical type of surgery 
is feasible [7]. In this case, at least an 8 mm 
tumor-free margin is still the main prognostic 
factor [16].

 Surgery: Local Radical Resection

In the history of the surgical management of vul-
var cancer, different techniques have been 
described, such as pelvic exenteration with vul-
vectomy, radical vulvectomy with en bloc 
removal of regional lymph nodes, radical vulvec-
tomy with separate incisions for the lymph nodes, 
simple vulvectomy, and at present wide local 
excision [17, 18].

As mentioned above, both the knowledge of the 
different aspects of the tumor and prognostic fac-
tors led to a modification of the surgical strategy.

Table 19.1 Distribution of recurrences by stage, lymph 
node status, and tumor size according to Aragona et al. 
[15]

Stage (FIGO 2009) n % Recurrence rate (%)

IB 33 39.8 76.7

II 22 26.5 81.5

IIIA 13 15.7 92.8

IIIB 8 9.6 72.7

IIIC 7 8.4 70.0

Overall 83 100
Pathological tumor size (cm)
>2–3.99 29 35.0 72.5

4–5.99 23 27.6 69.7

6–7.99 14 16.9 93.3

≥8 17 20.5 100

Overall 83 100
Number of positive lymph nodes

0 54 65.0 80.5

1 12 14.5 80.0

2 5 6.0 62.5

3–5 5 6.0 83.3

>5 7 8.5 77.7

Overall 83 100

A. Soderini and A. Aragona



233

The surgical specimen with at least an 8 mm 
tumor-free margin is still the standard recom-
mendation. In the early stages or in the case of 
2–4 cm tumors, a local radical resection or a partial 
vulvectomy may be performed, which has proven 
not to change oncologic outcome; however, they 
had a remarkable benefit in terms of morbidity 
and psychosexual aspects [6, 16–19] (Fig. 19.1). 
The technique of choice will depend on the size, 
location, involvement of neighboring structures, 
and, therefore, the tumor stage.

It has been suggested that pre-op radiotherapy, 
chemoradiotherapy [20], or neoadjuvant chemo-
radiotherapy [5, 7] might reduce the need for 
ultraradical surgeries in case of tumors of a larger 
diameter in order to conduct less extensive resec-
tions [5, 7, 21–26] (Figs. 19.2 and 19.3).

The principles of neoadjuvant chemotherapy, 
as well as occur in cervix cancer, are reduction of 
the tumor’s diameter increasing operability 
obtaining surgical specimens with tumor-free 

margins and management of distant micrometas-
tases; an effect on lymph nodes was also observed 
[27–30]. In some cases, after large resections, 
both for VIN and for invasive cancer, oncoplastic 
surgery must be considered [7, 31] (Figs. 19.4, 
19.5, and 19.6).

Lymph node dissection is appropriate in all 
cases. There is growing evidence that, in early 
stages, removal of the sentinel node would suf-
fice. It is suggested that this procedure should be 
performed in leading centers in the setting of 
clinical trials [17, 18].

In cases of tumor infiltration <1 mm, it has 
been reported that nodes removal may not be per-
formed since involvement might be practically 
nonexistent and not affecting survival [18].

In the case of lateral tumors, investigation of 
the homolateral nodes would suffice; in the case 
of medial tumors, bilateral monitoring is neces-
sary, either conventionally or using the sentinel 
node technique [18].

Fig. 19.1 Wide local resection and partial vulvectomy

Fig. 19.2 Tumor treated with neoadjuvant chemotherapy 
followed by partial vulvectomy

Fig. 19.3 Tumor treated with neoadjuvant chemotherapy 
followed by partial vulvectomy
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Figs. 19.4, 19.5, and 19.6 VIN 
III. Extended vulvectomy followed by 
oncoplastic surgery
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In the presence of positive nodes, a complete 
inguinofemoral lymphadenectomy must be per-
formed [17, 18]. When the nodes are fixed or 
ulcerated, other treatment options must be con-
sidered, with a neoadjuvant criteria, in order to 
achieve complete removal [7].

As conclusions, we may say the following:

 – Vulvar carcinoma accounts for 4% of gyneco-
logic malignancies.

 – 30–35% of them are diagnosed in advanced 
stages.

 – The clinical presentation with central bulky 
tumors is common in developing countries, 
and central tumor size must be considered an 
important prognostic factor in order to define 
the treatment strategy, as in the case of lymph 
nodes.

 – Surgery is still the treatment of choice, and 
local resection and partial vulvectomies lead 
to similar oncologic outcomes as compared to 
traditional radical surgery and have a remark-
able benefit for the patient in terms of morbid-
ity and psychosexual issues.

 – However, the “take-home message” is “tailor-
ing each treatment option for each patient.”

Acknowledgments To Nick Reed and Nicasio Cuneo
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Classification of Radical 
Hysterectomy

Denis Querleu

 Introduction

Tailoring has become a major issue in cancer 
surgery. Adaptation of radicality to tumor spread 
is a prominent topic of discussion in the field of 
cervical cancer. The concept of wide tumor 
excision has been validated in a number of other 
tumors, including melanomas, sarcomas, and 
aerodigestive tract, breast, and vulvar cancers. 
This has led to the development of ultra-radical 
surgeries on one hand and of more limited 
(“modified radical”) surgeries on the other hand, 
based on the concept of the surgical margin and 
on the estimation of the risk of pericervical 
spread, which may be high in bulky tumors on 
one hand [1] or negligible in low volume dis-
ease on the other [2].

As a result, the term “radical” or “extended” 
hysterectomy encompasses a variety of different 
surgeries. Since the first publications of a large 
series of surgeries for cervical cancer by 
Wertheim in Austria [3], later by Okabayashi in 
Japan [4] and Meigs in the United States [5], a lot 
of radical procedures corresponding to different 
degrees of radicality, giving different names for 
the same anatomical structures, describing differ-
ent anatomical structures according to different 
interpretations of the anatomy, have been 

described and performed. The initial publications 
in German or Japanese language are not routinely 
consulted. The wide use of eponyms adds to the 
confusion, as the original descriptions are altered 
with time, transmission by teaching, and addition 
of minor surgical variants, some of them original, 
some of them redundant and ignoring previous 
descriptions of the same variants.

There are several reasons for having a stan-
dardized international classification of radical 
hysterectomy. These include clarification of the 
details of common variations, standardization of 
nomenclature in reports and publications, clinical 
protocols and randomized controlled trials, eval-
uation of complications and side effects, educa-
tion, and training. Investigators, trained 
gynecologic oncologists, general gynecologists 
who are not familiar with anatomy of the retro-
peritoneal space, fellows, and residents in train-
ing should speak the same language.

There are two common metrics for the out-
come of the radical hysterectomy: (1) adverse 
effects such as bladder dysfunction, an outcome 
that is relatively easy to correlate with the ana-
tomic extent of the resection and nerve preserva-
tion whenever the pelvic autonomic nerves are 
threatened as a result of the extent of resection, 
and (2) curative effect of the surgery, which is 
obviously correlated with the anatomic extent of 
the resection but requires documentation of the 
benefit/risk balance. In addition, combining radi-
ation and/or chemotherapy with radical hysterec-
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tomy results in profound alterations of the 
rationale for the extent of surgical excision.

 The Piver-Rutledge-Smith 
Classification [6]

The Piver-Rutledge-Smith classification pub-
lished in 1974 has achieved considerable popu-
larity. However, this classification, which 
describes five classes of radical hysterectomy, 
has several major drawbacks. The original paper 
does not refer to clear anatomical landmarks and 
international anatomical definitions. The vaginal 
extent of resection is systematically attached to 
the pericervical extent, with excessive vaginal 
resection, from one third to three quarters of the 
vagina. It includes a class I, which is not a radical 
hysterectomy, and a class V, which is no longer 
used. The rationale and anatomy differentiating 
classes III and IV are not clear. There is a fre-
quent need, in discussions among surgeons, to 
define intermediate classes between classes II 
and III (“II–III,” “II and a half”). The Piver and 
colleagues classification does not take into 
account the concepts of nerve preservation intro-
duced in the 1950s [7] then refined by Japanese 
surgeons [7–9]. In addition, other types of ultra- 
radical surgical procedures [10–12] have been 
developed that are not included. On the other 

hand, fertility-preserving surgery introduced by 
Dargent [13] is not included in the classification.

Another sophistication unknown at the time 
of publication of the Piver-Rutledge-Smith was 
the development of the technique of paracervi-
cal lymphadenectomy [14]. The rationale of this 
technique is that the lateral part of the paracer-
vix (cardinal ligament) is essentially made of 
cellulo- lymphatic tissue, vessels, and nerves 
(Figs. 20.1 and 20.2). The paracervix is made of 
two parts: the medial part is a condensation of 
connective tissue; the lateral part is made of 
lymph node- bearing fatty tissue surrounding 
vessels and nerves. The most stable anatomical 
landmark marking the limit between the two 
parts is the terminal ureter. In Fig. 20.2, the 
paracervix, including the paracolpos of the 
upper third of the vagina, is visible. Its unique 
structure made of condensed fibrous tissue 
medially, and cellulo- lymphatic tissue laterally, 
is featured. The deep uterine vein is also visible, 
providing a landmark between the so-called 
“vascular” and “nervous” component. 
Anatomically, the nervous component is best 
described as the inferior hypogastric plexus that 
crosses the paracervix. The location of the infe-
rior hypogastric plexus is circled.

Briefly, the medial part (medial to the ureter) 
of the so-called cardinal ligament is mainly 
fibrous and the lateral part (lateral to the ureter) 

Bladder

Vagina

Cervix

Rectum

Fig. 20.1 Anatomical 
coronal section of the 
female pelvis. The red 
point shows the ureter. 
The black line shows the 
limit between the 
condensed part and the 
cellulo-lymphatic part of 
the paracervix. The 
paracolpos and the 
paracervix are the same 
structure (Courtesy Pr 
Mauroy, Laboratory of 
Anatomy, University of 
Lille, France)
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nonfibrous, made like any lymph nodal area of 
cellulo-lymphatic tissue surrounding nerves 
and vessels (Fig. 20.3). This implies that the 
node bearing tissue can be removed in a way 
similar to a lymph node dissection while pre-
serving the vessels and nerves. Adding a lateral 
paracervical dissection to a “proximal-type” 
radical hysterectomy improves the lateral radi-
cality and fulfills the requirements of a “distal 
type,” without increasing morbidity [14]. The 
clearing of the lateral part of the cardinal liga-
ment has also been proposed using liposuction 
techniques in Germany [15] and even earlier in 
Japan (Fujiwara 1964, personal communication 
by N. Sakuragi).

Finally, the Piver-Rutledge-Smith classifica-
tion applies only to open surgery, not allowing 
to take into account the development of laparo-
scopic techniques and the revival of vaginal 
surgery.

As a consequence, the Piver-Rutledge-
Smith classification is both inherently defi-
cient and largely misused by numerous authors 
and surgeons, as the tradition is orally trans-
mitted without careful reading of the original 
paper. An alternative classification, based on 
the international anatomical nomenclature, 
has been proposed by Querleu and Morrow in 
2008 [16].

 Anatomical Nomenclature

The international anatomical nomenclature 
Terminologia Anatomica [17, 18] should be used 
wherever it clearly applies, which is not always 
the case in the surgical literature and daily 
language:

 1. There is a wrong use by surgeons of anatomi-
cal terms defining spatial orientation. The 
widely used terms “anterior/posterior,” “deep/
superficial,” and “internal/external” are con-
fusing, depending on the surgical point of 
view, and should be replaced, respectively, by 
ventral/dorsal, caudal/cranial, and medial/
lateral.

 2. The dorsolateral attachment of the cervix is 
named paracervix (from the Greek para mean-
ing “alongside of”) (Fig. 20.1). This term 
should replace the numerous other denomina-
tions such as cardinal or Mackenrodt’s liga-
ment (it is not a ligament) or parametrium—it 
must be pointed that in international anatomi-
cal nomenclature, “parametrium” refers to the 
tissues surrounding the uterine artery between 
the uterine corpus and the pelvic sidewall, 
cranial to the ureter, corresponding to the 
“superficial” uterine pedicle (uterine artery 
and superficial uterine vein) and related 

Fig. 20.2 Coronal 
anatomical section of 
the cervix. The lateral 
templates of types A, B, 
and C are shown
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 connective tissue and lymph channels. In 
addition, the structure named by surgeons 
“paracolpos” or “paracolpium” is included in 
the paracervix in the international anatomical 
nomenclature. In the same way, the lateral 
attachments of the bladder and rectum are 
named lateral ligament of the bladder and rec-
tum, respectively.

The term “meso” is strictly limited to the peri-
toneal attachment of intra-abdominal viscera. 
Actually, the so called mesoureter is a sheet of 
connective tissue extending dorsally from the 
ureter and containing the superior hypogastric 
nerve. The latter should be preserved during radi-

cal hysterectomy and common iliac and aortic 
dissection if a nerve sparing technique is consid-
ered. On the other hand, the term “mesometrium” 
refers to a functional view of cancer spread based 
on embryological development that deserves 
consideration but remains hypothetical [19]. As a 
consequence, only the purely descriptive denom-
ination “paracervix” will be used in the surgical 
classification.

However, there are some drawbacks to the 
strict use of Terminologia Anatomica. Some 
structures relevant to surgical considerations, 
including the “paracolpos” or “paracolpium,” are 
not officially recognized. The anatomists them-
selves do not consistently abide by their own 

LIMITS

Left renal vein

Aortic supra-mesenteric

Aortic infra-mesenteric

Common IIiac

External and
internal iliac

Level 4

Level 3

Level 2

Level 1

Aortic bifurcation

IIiac bifurcation

Femoral ring

Origin of inferior
mesenteric artery

Fig. 20.3 Four levels of lymph node dissection (From Querleu D, Leblanc E, Ferron G, Morice P. Techniques chirur-
gicales en oncologie gynécologique, Elsevier-Masson, Paris)
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rules, for example, routinely describing the 
“superior” and “inferior” hypogastric nerves or 
the “superficial” and “deep” uterine veins. On the 
other hand, the use of some surgical denomina-
tions will probably remain, as they refer to struc-
tures that are created by surgical dissection:

 1. The so-called bladder pillar (otherwise 
referred to as ventral or “anterior parame-
trium”) is defined after surgical opening and 
developing of the vesicouterine/vesicovagi-
nal septum and paravesical spaces. The blad-
der pillar is made of two portions, one medial 
and one lateral to the ureter, respectively, 
corresponding to the vesicouterine ligament 
and the lateral ligament of the bladder. It is 
also extended caudally to form a vesicovagi-
nal ligament (called “posterior leaf of the 
vesicouterine ligament” by the Japanese 
authors).

 2. The so-called rectal pillar (otherwise referred 
to as dorsal or “posterior parametrium”) is 
defined after surgical opening of the rectovag-
inal septum and pararectal spaces. The rectal 
pillar corresponds to the rectouterine and rec-
tovaginal ligament (there is no “uterosacral 
ligament”) and to the hypogastric nerve that 
runs lateral to it; the two structures can be 
separated by developing the sacrouterine 
space [20].

 The Querleu-Morrow Classification

The classification is only based, for simplifica-
tion purposes, on the lateral extent of resection. 
However, knowing that the lateral, dorsal, and 
ventral extents are strongly correlated, a descrip-
tion of dorsal and ventral templates is added. 
Vaginal resection is not standardized but is a 
modifiable component adapted to the vaginal 
extension of the disease and any associated vagi-
nal intraepithelial neoplasia. The management of 
the ureter, which is an essential feature of radical 
hysterectomy technique and a potential source of 
major complications, is described for each type.

Only four types of radical hysterectomy are 
described, adding when necessary a limited num-

ber of subtypes. Only stable anatomical land-
marks, such as the crossing of the ureter with the 
uterine artery and paracervix and the vascular 
plane of the internal iliac system, are used to 
define the limits of resection. To make a clear dis-
tinction with the Piver-Rutledge-Smith current 
classification, letters are used rather than num-
bers to define classes. Simple (extrafascial) hys-
terectomy is not included in the classification. 
Lymph node dissection, which has been an essen-
tial component of the surgical management of 
cervical cancer since Wertheim, is considered 
separately.

 Type A: Minimal Resection 
of the Paracervix (Fig. 20.2)

An extrafascial hysterectomy in which the posi-
tion of the ureters is determined by palpation or 
direct vision (after opening the ureteral tunnels) 
without freeing the ureters from their beds, which 
allows to transect the paracervix medial to the 
ureter but lateral to the cervix. The uterosacral 
and vesicouterine ligaments are not transected at 
a distance from the uterus. In this regard, this 
operation is not a “simple” extrafascial hysterec-
tomy but a radical hysterectomy with resection of 
the paracervix halfway between the cervix and 
ureter. Vaginal resection is generally minimal, 
routinely less than 10 mm, without removal of 
the vaginal part of the paracervix 
(“paracolpos”).

The goal of the operation is to make sure that 
the cervix is removed in its entirety, which is a 
crucial issue in the design of future trials testing 
the safety of a reduction in radicality for (1) the 
management of early invasive cervical cancers—
less than 2 cm—with negative pelvic nodes and 
without lymph vascular space invasion, on the 
basis of the low prevalence of pericervical 
involvement in small cancers [1, 2], and (2) the 
final surgical management of advanced cervical 
cancers after radiation and/or chemotherapy. The 
described management of the ureter is added to 
avoid kinking or thermal injury to the ureter, 
while avoiding impairing the vascular supply to 
the terminal ureter.

20 Classification of Radical Hysterectomy
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 Type B: Transection of the Paracervix 
at the Ureter

Partial resection of the uterosacral and vesico-
uterine ligaments is also a standard component of 
this category. The ureter is unroofed and rolled 
laterally permitting transection of the paracervix 
at the level of the ureteral tunnel.

The caudal (posterior, deep), neural compo-
nent of the paracervix, caudal to the deep uterine 
vein, is not resected.

The operation corresponds to the “modified” 
or “proximal” radical hysterectomy. It is adapted 
to early cervical cancers. The radicality of this 
operation can be improved without increasing the 
postoperative morbidity by a lymph node dissec-
tion of the lateral part of the paracervix (paracer-
vical lymph node dissection), thus defining two 
subtypes: B1, as described, and B2, with addi-
tional removal of the lateral paracervical lymph 
nodes.

The border between “paracervical” and “iliac” 
and “parietal” lymph node dissection is arbi-
trarily defined as the obturator nerve: paracervi-
cal nodes are medial and caudal to the obturator 
nerves. It is clear that the combination of the two 
is simply a comprehensive pelvic node dissec-
tion. However, the lateral part of the cardinal 
ligament has traditionally been fully resected in 
“type III–IV” or “distal” radical hysterectomy. 
Paracervical lymphadenectomy has been 
invented to avoid clamping the paracervix at the 
pelvic wall, along with nerves and vessels, dur-
ing radical hysterectomy. It is thus logically 
inserted in the subclassification of type B, as the 
morbidity of type B2 is not different from type 
B1 [14], although the combination of B1 with 
paracervical lymph node dissection may be sup-
posed to be equivalent to a type C1 (see below).

 Type C: Transection of the Paracervix 
at the Junction with the Internal Iliac 
Vascular System

Transection of the uterosacral ligament at the rec-
tum and the vesicouterine ligament at the blad-
der. The ureter is completely mobilized. Type C 

corresponds to the different variants of classical 
radical hysterectomy. In type C, in opposition to 
types A and B in which the autonomic nerve sup-
ply to the bladder is not threatened, the issue of 
nerve preservation is crucial. Two subcategories 
are thus defined:

C1, with nerve preservation: the sacrouter-
ine ligament is transected after separating the 
hypogastric nerves; the nerve is systematically 
identified and preserved by transection of only 
the uterine branches of the pelvic plexus; the 
bladder branches of the pelvic plexus are pre-
served in the lateral ligament of the bladder (lat-
eral part of the “bladder pillar”); if the caudal part 
of the paracervix is transected, careful identifica-
tion of bladder nerves is required.

C2, without preservation of autonomic 
nerves: the paracervix is completely transected 
including the caudal part to the deep uterine vein.

 Type D: Laterally Extended Resection

This group of rare operations feature additional 
“ultra-radical” procedures.

D1: resection of the entire paracervix at the 
pelvic sidewall along with the hypogastric ves-
sels exposing the roots of the sciatic nerve.

Involves total resection of the vessels compos-
ing the lateral part of the paracervix; these ves-
sels (inferior gluteal, internal pudendal, obturator 
vessels) arise from the internal iliac system.

D2: D1 plus resection of the entire paracervix 
with the hypogastric vessels and adjacent fascial/
muscular structures. This corresponds to the 
LEER procedure (laterally extended endopelvic 
resection).

 The Cibula Two-Dimensional 
Adaptation [21]
Cibula et al. tried to address a limitation of 
Querleu-Morrow classification by proposing a 
description of parametrial resection in three 
dimensions, which may be helpful to practically 
complete a type C procedure.

The overall definition of the lateral border 
remains the medial aspect of the internal iliac 
artery and vein. However, Cibula et al. pointed 
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that the anatomical definition of the paracervical 
tissue excision in the two other dimensions is dif-
ferent in types C1 and C2.

In C1 type the ureter is unroofed and dissected 
from the cervix but only in an extent which 
allows for 1–2 cm resection of the vesicovaginal 
ligament (medial part of the “anterior parame-
trium”). Type C1 requires the creation of a sacro-
uterine space separating the two components of 
the structure described as “dorsal parametria”: 
medial part composed by the sacrouterine “liga-
ment” (actually a peritoneal fold defining the lat-
eral limits of the pouch of Douglas) and a lateral 
laminar structure containing hypogastric plexus, 
also called the mesoureter. The caudal limit is the 
deep uterine vein (vaginal vein). Finally, the 
bladder branches of the hypogastric plexus local-
ized caudal to the course of the ureter are identi-
fied and preserved.

The C2 type requires complete dissection of 
the ureter from the vesicovaginal ligament down 
to the bladder wall. The resection line continues 
alongside the medial aspect of internal iliac ves-
sels up to the pelvic floor. Sacrouterine, pararec-
tal, and paravesical spaces are completely unified 
by dissecting all parametrial (medial) branches of 
internal iliac vessels together with splanchnic 
nerves in the caudal part. Bladder branches of 
hypogastric plexus are sacrificed; thus their iden-
tification is not needed. Both cranial and caudal 
(infra-ureteral) parts of the vaginal part of the 
paracervix (paracolpium) are removed.

However, C1 and C2 have in common an iden-
tical dorsal border formed by the level of rectal 
attachment to the sacrouterine  “ligament.” The 
removal of the “dorsal parametrium” is limited to 
the course of main hypogastric plexus branches 
in C1, while it is deeply extended below the rec-
tum attachment in C2.

 Lymph Node Dissection (Fig. 20.3)
Anatomically, the most stable landmarks are 
arteries. As a consequence, four areas or levels 
are defined according to the corresponding arte-
rial anatomy: level 1, external/internal iliac; level 
2, common iliac (including presacral); level 3, 
aortic inframesenteric (IMA); level 4, aortic 
infrarenal.

While recognizing that lymph nodes can cross 
the borders, the limit between level 1 and 2 is the 
bifurcation of the common iliac, the limit between 
level 2 and 3 is the bifurcation of the aorta, and 
the limit between level 3 and 4 is the inferior 
mesenteric artery. This classification ignores the 
widely used pelvic versus aortic dissection, con-
sidering that the limit of the pelvis lies some-
where within the common iliac area. It also 
avoids the use of the term “interiliac” that 
describes the clearing of the area between the 
external and internal iliac artery. Although the 
term is convenient, neglecting the removal of lat-
eral external iliac nodes has never been proven to 
be safe and to reduce the morbidity of lymph 
node dissection.

Another issue is the limit between paracervi-
cal lymphadenectomy, which is part of the radi-
cal hysterectomy, and the internal lymph node 
dissection. The arbitrary landmark is the obtura-
tor nerve. Tissues medial and caudal to the obtu-
rator nerve are classified as paracervix; tissues 
cranial and lateral to the obturator nerves are 
classified as iliac.

Within each of the levels, and independently 
from each other, several types of lymph node dis-
section must be defined in order to adequately 
describe the radicality of the procedure:

 – Diagnostic: minimal sampling of sentinel 
node only or removal of enlarged nodes only 
or random sampling

 – Systematic lymph node dissection
 – Debulking, defined as the resection of all 

nodes larger than 2 centimeters

 Conclusion

The Querleu-Morrow classification provides a 
simple and universal tool to translate different 
levels of radicality into a limited number of cat-
egories. Some surgeries may be asymmetrical 
(e.g., C1 or B on one side, C2 on the opposite 
side). The same classification clearly applies to 
fertility-sparing surgeries that correspond to 
type B like in the Dargent operation and to type 
A in new variants adapted to minimal disease or 
after neoadjuvant chemotherapy.

20 Classification of Radical Hysterectomy



244

As it is clearly impossible to describe all 
the individual operations, the use of a simple 
classification does not preclude a careful 
description of any single operation. A list of 
required information should be a component 
of any quality control in the surgical manage-
ment of cervical cancers. It should thus appear 
in the operative report:

 – All the components of the definition of the 
type of radical hysterectomy, as detailed 
above; for example, a type C operation 
must include all the components of the def-
inition, including the site of transection of 
the pericervical tissues and vagina.

 – The mode of management of the uterine 
artery that is routinely divided at its origin 
from the internal iliac artery but may be 
divided in the broad ligament in class A or 
resected along with the vessels in type D.

 – The surgical and pathologic length of ven-
tral, dorsal, and lateral extension of the 
resection; surgical length should be mea-
sured on the fresh specimen, without stretch-
ing; pathological length should be measured 
after fixation; measurements should be 
taken independently from the surgeon.

 – The surgical and pathological minimum 
length of the vagina removed and when 
applicable the minimum distance between 
the tumor and section margin; again, mea-
surements should be taken on the fresh 
specimen without stretching them after 
fixation, independently from the surgeon.

 – In fertility-preserving surgery, information 
on pathological distance between the tumor 
and the endocervical resection margin must 
be added to the standard list of requirements.

 – The approach used, separately considering 
the approach for radical hysterectomy and 
the approach for lymph node dissection 
that may be different: open abdominal, 
vaginal, laparoscopic, vaginal with prelim-
inary laparoscopic steps, laparoscopic with 
preliminary vaginal steps, and robotic.

 – The use of preoperative external radia-
tion therapy and/or brachytherapy and/or 
chemotherapy.

The way hemostasis is achieved must also 
be defined in order to participate to the evalu-
ation of the impact of new techniques or 
devices on radicality and outcome such as 
blood loss or complication rates. In addition, 
the achievement of lateral resection has been 
demonstrated to be dependent on hemostasis 
technique, which stresses the interest of tech-
nical improvements irrespective of classifica-
tion [22]. This again puts in light the need for 
a precise technique and description of the 
technique used in the operative report. A 
“TNM”-type description of the operation, 
defining three classes of radicality in the ven-
tral, dorsal, lateral, and deep lateral directions, 
respectively, may be developed [23]. However, 
this model has significant shortcomings: some 
of the TNM-like definitions are difficult to 
understand and end up with 91 possible 
subtypes.

Radical hysterectomy is not a single 
operation. The variations must balance the 
curative effects with the risk for adverse 
consequences.
 – An internationally accepted classification 

of radical hysterectomy, as proposed in this 
paper with the goal of acceptance by indi-
vidual surgeons, study groups, and national 
and international societies, is clearly 
needed. Evaluation of techniques and qual-
ity control will be in the future a basic com-
ponent of every surgical activity. Since the 
writing of this chapter, the classification 
has been amended, with clarifications and 
specifications of the main types, that 
remain unchanged [24].
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Laparoscopic Operative Staging 
in Cervical Cancer

Christhardt Köhler and Giovanni Favero

 Introduction

Cancer of the uterine cervix is still one of the 
most common cancers among women worldwide 
with approximately 530,000 new cases and 
275,000 deaths in 2008 [1]. Cervical cancer clas-
sically occurs in young patients with a mean age 
of 45 years, resulting in a potential loss of 
26 years of life per affected individual [1, 2]. 
Unfortunately, about 60% of these cases are diag-
nosed with advanced disease and are no longer 
candidates for primary curative surgery. In coun-
tries with high resources, total incidence of inva-
sive cervical cancer is decreasing due to effective 
screening with a shift toward earlier stages of 
disease [2]. However, percentage of patients with 
FIGO stages ≥IIB stagnates over years in many 
countries. This is probably due to women who 
never made use of screening programs. In 
Germany percentages of stages II, III, and IV are 
25%, 8%, and 6% with 5-year survival of 71%, 
51%, and 16%, respectively [3]. Between 2005 
and 2008 in Beijing, distribution of FIGO stages 
II, III, and IV was 26%, 18% and 6%, respec-
tively, mainly in unemployed women and house-
wives, farmers, and urban low-income people 

[4]. There is also a higher risk for cervical cancer 
for older and/or uninsured people in the USA [5]. 
Socioeconomic situation influences probability 
for cervical cancer with higher risk for short- 
educated, older women living without partners in 
Denmark, as demonstrated by Ibfelt et al. [6]. 
Therefore therapy of cervical cancer in locally 
advanced stage is still a relevant problem.

Individual prognosis depends on many factors. 
Patient-related factors are age at diagnosis, HIV 
infection, smoking, and comorbidities like diabe-
tes, thrombocytosis, and anemia. The most impor-
tant factors are stage of disease (including tumor 
size, parametric involvement, depth of invasion, 
infiltration of adjacent organs) and lymph node 
involvement. Overall survival (5-year OS) for all 
stages in lymph node-negative patients is 92.1% 
compared to 64.1% with lymph node-positive his-
tology [7]. Histologic subtype, lymphovascular 
space involvement, proliferation index, perineural 
sheath infiltration, peritoneal cytology, as well as 
tumor marker elevation may influence prognosis. 
According to the FIGO 26th Annual Report, 
5-year overall survival rates are as follows: stage 
IB2, 75.7%; stage IIA, 73.4%; stage IIB, 65.8%; 
stage IIIA, 39.7%; stage IIIB, 41.5%; stage IVA, 
22.0%; and stage IVB, 9.3% [7].

In NCCI and other national guidelines, pri-
mary chemoradiation (RCTX) is the preferred 
therapy in patients with locally advanced cervical 
cancer [8]. However, there are also indications 
for surgery in these stages of disease.
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 Definition of Locally Advanced 
Cancer

There is no general accepted definition of 
“locally advanced disease.” Mono- or multi-
centric studies have included patients with 
stage IIB–IVA cancer, others IB2–IVA or IB2–
IBV (Lym), or even lymph node-positive 
tumors <4 cm. Due to this heterogeneity of 
patient cohort, comparison of these non-ran-
domized trials is rather difficult. Incorporation 
of patients with positive para- aortic lymph 
nodes is questionable. According to FIGO clas-
sification, histologic-proven para- aortic lymph 
node metastases are considered as distant 
metastases (stage IVB Lym), but can be treated 
with curative intent by extended-field 
RCTX. Referring to vulvar cancer therapy, 
there is a tendency to define “locally advanced 
stages” as those that must be treated by multi-
modal approach and cannot be cured by one 
treatment modality alone [9]. However, this 
multimodal approach is associated with higher 
treatment- related toxicity and lower survival 
rate (due to initial tumor size, lymph node 
involvement, and/or infiltration to parametria 
or adjacent organs).

 Clinical Versus Surgical 
Laparoscopic Staging

 Clinical Staging

In 2009 FIGO committee has decided not to 
replace the clinical staging because of limited 
resources in many countries with high incidence 
of cervical cancer [7]. Therefore clinical staging 
and furthermore initial therapy mainly depend on 
the experience of examining gynecologic oncolo-
gist. Additionally, therapy-relevant  information 
such as lymph node involvement,  intra- abdominal 
spread, and relation to adjacent organs are not 
considered. Recommended tests are gynecologic 
bimanual examination, cystoscopy, rectoscopy, 
sonography of the kidneys, as well as chest x-ray.

However, reliable information on lymph 
node status is necessary for a stage-adjusted 

therapeutic decision-making. Histologically 
confirmed pelvic lymph node metastases indi-
cate the use of  chemoradiation rather than radi-
cal surgery. Patients with proven para-aortic 
lymph node metastases indeed have a worse 
prognosis compared to those with pelvic lymph 
node metastases only. The use of extended-field 
radiation in the context of chemoradiation leads 
to long-term survival rates between 35 and 50%. 
Nearly all patients with unknown and untreated 
para-aortic lymph nodes will decease. On the 
other side, patients with intraperitoneal spread 
would not benefit from a primary chemoradia-
tion. In these cases, palliative chemotherapy is 
certainly more adequate (Fig. 21.1).

 Imaging Modalities

Especially in countries with high economic 
resources, radiology is often used for staging of 
patients with advanced cervical cancer. However, 
for the exact determination of accurate tumor 
stage, parametrial invasion, as well as lymph node 
metastases, CT and MRI are of limited value [10]. 
Since the diagnosis of lymph node metastases 
with CT and MRI is based on the size and shape 
of lymph nodes, sensitivity of both imaging 
modalities is rather disappointing for lymph node 
staging. Several studies and pooled analyses have 
demonstrated sensitivities of 15–50% and 
25–56% and specificities of 85–92% and 86–91% 
for CT and MRI, respectively, in the detection of 
lymph node metastases in patients with advanced 
cervical cancer [11]. The hope (and hype) that 
FDG-PET/CT would be able to overcome these 
limitations and therefore to replace surgical stag-
ing did not come to fulfillment. The spectrum of 
reported sensitivities that varies between 33 and 
78% compared to histological result of removed 
para-aortic lymph nodes is therefore disappoint-
ing [12–19]. Even in a just-published large retro-
spective study by Vandeperre et al. (2015) on 336 
patients with cervical cancer stage IB2-IVA, para-
aortic lymph node metastases were detected in 
8% despite negative PET-CT. This result is even 
more remarkable because para-aortic lymphade-
nectomy in this study was performed only up to 
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IMA and therefore only five lymph nodes on aver-
age were harvested.

However, there are some results that nodal 
SUVmax may be a prognostic biomarker for recur-
rence in locally advanced cervical cancer,  perhaps 
in combination with other clinical factors as 
demonstrated by Sala et al. and Chong et al. [18, 
19]. LiLACS trial that is ongoing in recruitment 
will provide powerful answers in this important 
field [20].

 Laparoscopic Surgical Staging

Although the only alternative to clinical staging 
is the operative staging in order to evaluate the 
most important prognostic and therapeutic  factors 
such as lymph node status, involvement of adja-
cent organs, and intra-abdominal tumor dissemi-
nation, surgical staging in patients with locally 
advanced cervical cancer has been discussed 
controversially for more than 30 years [21–23]. 
This is probably due to two reasons:

Firstly, surgical staging can be associated 
with operative morbidity, especially if it is done 
by open surgical approaches (10–48%) com-
pared to laparoscopic (trans- or extraperitoneal) 
and robotic staging (0–7%). Complications 
arising from the surgical staging may defer 
in the beginning of primary RCTX and, conse-
quently, negatively impact prognosis [24–27]. 
Also seldom, port site metastases after 
 laparoscopic staging have been described 
(Fig. 21.2) [28, 29].

Presently, surgical staging should exclusively 
be done by transperitoneal or extraperitoneal lap-
aroscopic or robotic approach in order to mini-
mize hospital stay and perioperative morbidity 
and avoid delay of primary RCTX initiation 
[30–39].

Secondly, a couple of retrospective studies 
could demonstrate a significant rate of upstaging 
in a relevant percentage of patients comparing 
results of clinical staging with histologic features 
after surgery (please see passage below). If pri-
mary treatment adjusted according to findings of 
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bladder, rectum)
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Fig. 21.1 Decision process in patients with locally operable cervical cancer after surgical laparoscopic staging
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surgical staging is associated with survival, 
 benefit still remains controversial. The one avail-
able randomized trial did not show any oncologic 
benefit. However, this study is very limited in its 
validity due to a small number of patients 
included and its premature termination and 
severe problems with the employed radiation 
technique [11].

Therefore, the aim was to evaluate this impor-
tant issue in the treatment of patients with locally 
advanced cervical cancer in a large prospective 
randomized setting—international Uterus-11 
study (Fig. 21.3).

Nearly all surgical staging procedures within 
Uterus-11 study were done laparoscopically with 
minimal perioperative morbidity and no delay in 
primary chemoradiation as demonstrated by 
Köhler et al. [37]. Treatment-related toxicity of 
primary RCTX in both arms was low and compa-
rable to other studies in this field as shown by 
Marnitz et al. [38]. Oncologic results are expected 
in 2018. In patients younger than 40 years, ovar-
ian transposition as high as possible (Fig. 21.4) 
can preserve ovarian function, even in cases of 
extended-field RCTX (Fig. 21.5) [13].

Open
transperitoneal

Laparoscopic 
transperitoneal

Robotic 
transperitoneal

Laparoscopic 
extraperitoneal

Robotic 
extraperitoneal

Open
retroperitoneal

Surgical
Staging

Fig. 21.2 Possible approaches for comprehensive surgi-
cal staging in patients with locally advanced cervical 
cancer

Patients with histologic proven cervical cancer FIGO stage IIB-IVA

Randomisation

Positive paraaortic
lymph nodes

Primary pelvic
chemoradiation

including extended field

Negative paraaortic
lymph nodes

Primary pelvic
chemoradiation

Follow-up Follow-upFollow-up

Primary pelvic
chemoradiation

including extended field

Positive paraaortic
lymph nodes

Arm A:

Surgical staging n=125

Arm B: Clinical staging n=125

Including CT-Abdomen

Fig. 21.3 Flowchart of Uterus-11 trial
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 Incidence of Lymph Node 
Metastases in Advanced Cervical 
Cancer

Intuitively, larger tumor size is associated with 
higher probability for pelvic and/or para-aortic 
lymph node metastases. Summarized incidence 

of lymph node metastases varies considerably 
within prospective and retrospective studies 
from 22 to 53% for pelvic nodes and 0 to 38% 
for para- aortic nodes [34, 40–51]. After adjust-
ment for tumor stage, one can expect para-aor-
tic lymph node metastases in stages IB2, IIB, 
IIIB, and IVA in 2.3–20%, 0–27%, 9–60%, and 

L1

L2

L3

L4

L5

C B
A

47,8 Gy

40 Gy

30 Gy

20 Gy

10 Gy 5 Gy

A: 40 Gy

B: 30 Gy

C: 20 Gy

2 Gy

Fig. 21.4 Transposition 
of ovaries within 
paracolic gutters as high 
and lateral as possible to 
minimize scattered 
radiation to the ovaries

Fig. 21.5 Laparoscopic 
view of the transposed 
adnexa at the right side. To 
note is the correct position 
of the organ (lateral and 
high position—liver must 
be seen) and the 
application of metallic 
clips
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0–100%, respectively [12, 52–59]. Intra-
abdominal tumor spread was detected in 5–20% 
of patients with locally advanced cervical can-
cer. Within randomized Uterus-11 trial, Tsunoda 
et al. found pelvic and para-aortic lymph node 
metastases after surgical staging in 51% and 
24% of patients. In patients with stage IIB, pel-
vic and para-aortic lymph node metastases 
were confirmed in 45% and 20% and in stage 
IIIB in 71% and 37%, respectively [60–63]. If 
lymph nodes were involved, most often 1–3 
pelvic and 1–5 aortic lymph node metastases 
were detected [64]. Especially the proof and 
pattern of extent of para- aortic lymph node 
metastases are important to adjust field of radi-
ation within primary RCTX, because in the past 
prophylactic para-aortic radiation has demon-

strated conflicting oncologic results and con-
siderable morbidity (Figs. 21.6 and 21.7) [64, 
65].
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Laparoscopic-Vaginal Radical 
Hysterectomy

Denis Querleu and Eric Leblanc

Considering that [1] all the components of a rad-
ical hysterectomy can be completed laparoscopi-
cally and [2] all the components of a radical 
hysterectomy but the lymph node dissection can 
be completed laparoscopically, a laparoscopic- 
vaginal operation combines at least the vaginal 
incision and the making of the vaginal cuff by 
the vaginal route and at least the lymph node dis-
section by the laparoscopic approach. The rest of 
the components can be performed by either 
route. The order of these 2 constant steps: i.e., 
vaginal cuff creation and lymph node dissection, 
is not fixed, as the operation can start vaginally 
and can be completed laparoscopically or the 
other way. Overall, the vaginal route is not 
adapted to the management of stage II or bulky 
tumors, which implies that the scope of this 
chapter is to describe technical options adapted 
to the surgical management of stage IA2 and IB1 
cervical cancers.

 History [1, 2]

The concept was pioneered by Dargent in the late 
1980s. Following the principles of Mitra, an 
Indian surgeon who performed an open extraperi-
toneal pelvic lymph node dissection via two lat-
eral abdominal incisions and then a full Schauta 
(radical vaginal hysterectomy), he proposed to 
combine an extraperitoneal endoscopic dissection 
with a Schauta operation. Dargent has also been 
the inventor of the radical vaginal trachelectomy, 
a fertility-sparing Schauta operation limited to the 
cervix, retaining the isthmus, uterus, and adnexae.

From 1989, the concurrent successful devel-
opment of the transperitoneal laparoscopic pelvic 
node dissection induced a modification of the 
endosurgical approach, which combined a lapa-
roscopic step including visual examination of the 
pelvis and abdomen and surgical staging.

The synchronous development of reliable 
hemostasis techniques such as bipolar cautery 
made possible the completion of full laparo-
scopic radical hysterectomies and at the same 
time favored in the minds of those surgeons 
skilled in radical vaginal techniques the advent of 
a new idea: a combination of laparoscopic and of 
vaginal steps to complete the radical hysterec-
tomy itself, making the most of both approaches 
while sparing the patient the discomfort associ-
ated with the perineotomy routinely performed at 
the beginning of the traditional Schauta 
operation.
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 The Original Laparoscopically 
Assisted Vaginal Radical 
Hysterectomy (LAVRH)

The original description of the LAVRH published 
in 1991 in the French language literature [3] and in 
1993 in the English language literature [4] is a mod-
ified or class II radical hysterectomy and since then 
was classified as a type B1 radical hysterectomy 
including the excision of the paracervix (“cardinal 
ligament”) from the cervix to the ureter. Overall, the 
modern vaginal route, without perineotomy, is not 
adapted to the type C operation required for the 
management of stage II or bulky tumors.

 Technique

 Laparoscopic Approach
The operative procedure requires 4.5 mm scis-
sors, grasping forceps, irrigation-aspiration 
device, and bipolar coagulation forceps. We 
advise the use of bipolar grasping forceps with 
flat tips for fine hemostasis close to the ureter, 
bowel, or large vessels. Endoscopic clips must be 
available to control bleeding from large  vessels 
or to radiologically localize fixed nodes. Sponges 
are convenient to clean the operative field and 
facilitate suction. More sophisticated instruments 
such as argon beam coagulator, ultrasonic dissec-
tors, or thermal fusion devices can be used at sur-
geon’s choice but do not add the safety and 
duration of the procedure.

A pneumoperitoneum is created. We routinely 
use a left upper quadrant approach for the Veress 
needle. A 10 mm laparoscope is introduced 
through a minimal umbilical incision in patients 
without history of laparotomy. In case of previ-
ous laparotomy, a syringe test is routinely per-
formed in order to choose the safest location, 
usually above the umbilicus. As an additional 
precaution, the direct vision technique using the 
Endotip® trocar is used for the introduction of the 
10 mm trocar. The video camera is attached.

 Pelvic Lymphadenectomy
The boundaries of dissection are, laterally, the 
external iliac vessels, the psoas muscle, and 

then the pelvic wall; medially, the superior ves-
ical artery; caudally, the circumflex iliac vein 
crossing over the external iliac artery, the 
Cooper’s ligament, and the pubic bone; and 
cranially, the common iliac bifurcation and the 
ureter. The arbitrary deep limit is the obturator 
nerve.

The first step is the opening of the paravesi-
cal space between the round and infundibulo-
pelvic ligaments. The peritoneum is incised. 
The external iliac vessels are exposed from the 
circumflex iliac vein caudally, up to the com-
mon iliac bifurcation cranially. Medially the 
obliterated superior vesical artery is found out 
that will be the internal limit of dissection. The 
bladder is moved medially. The obturator vas-
culo-nervous bundle is reached and will repre-
sent the inferior limit of dissection. All 
specimens are removed through the 10–12 mm 
suprapubic trocar, previously placed in a bag if 
they appear too large.

 Laparoscopic Preparation 
of the Radical Vaginal Hysterectomy
In the original technique, the infundibulopelvic 
ligaments and the round ligaments are divided 
laparoscopically. The pararectal space is 
opened. The origin of the uterine artery is iden-
tified and skeletonized. The uterine artery is 
divided after bipolar cautery or placement of 
clips (Fig. 22.1).

Fig. 22.1 The uterine artery is divided laparoscopically, 
using bipolar cautery of Hemolok® clips
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 Vaginal Step
The role of the laparoscopic preparation is to 
make easier the vaginal step. The development of 
the paravesical and pararectal space makes the 
uterus more mobile. The division of the upper 
ligaments frees the uterine fundus. The division 
of the uterine artery, at a point which cannot be 
reached from the vaginal route, ensures hemosta-
sis. All combined, the components of the laparo-
scopic step make the vaginal step easier. For this 
reason, there is no need for an episiotomy to per-
form the radical hysterectomy.

It is generally recognized that the template for 
vaginal resection is not governed by “set menus” 
like in the Piver model but should only be driven 
by the objective to get a clear margin. Even 
though no data is available to set a standard, a 
1–2 cm margin aiming at getting at least a 5 mm 
pathological margin seems to be a reasonable 
objective. In stages IA2 and low-volume IB1, 
colpectomy is not mandatory. However, a 1 cm 
vaginal cuff is made for purely technical reasons. 
A vaginal cuff is necessary to handle the 
specimen.

The vaginal step starts with the making of the 
vaginal cuff using long Kocher forceps 
(Fig. 22.2). The cuff is firmly pulled down, creat-
ing a fold which is infiltrated with vasopressin. 
The external layer of the fold is incised, forming 
the vaginal cuff. The vaginal cuff is closed by a 
series of forceps joining the ventral and dorsal 
aspect of the vaginal specimen. The cuff can then 

be grasped and oriented in order to facilitate the 
following steps of the surgery, generally by pull-
ing in the opposite direction, e.g., pulling ven-
trally to show the pouch of Douglas or pulling 
dorsally and left laterally to work in the right 
bladder pillar area.

The next step is dorsal. The pouch of Douglas 
is opened as widely as possible. The peritoneal 
incision is extended in the direction of the poste-
rior leaf of the broad ligament in order to mobi-
lize the uterus. The lateral aspect of the two 
rectovaginal ligaments is then delineated by cre-
ating the pararectal space. To achieve this, two 
forceps are placed at the 3 and 4 o’clock posi-
tions on the left side and 9 and 10 o’clock posi-
tions on the right side. The pararectal space is 
created by opening the areolar tissue separating 
the deep surface of the vagina from the rectovagi-
nal ligament. The rectovaginal ligaments are then 
cauterized, preferentially using bipolar cautery, 
and then divided.

The following step is ventral. The ventral edge 
of the vaginal incision is firmly elevated to facili-
tate the opening of the vesicovaginal septum and 
to avoid a bladder injury. The vesicouterine sep-
tum is then developed up to the vesical peritoneal 
fold and laterally to the broad ligament. The arch 
of the uterine artery must be clearly visible on 
both sides to ensure that the right plane has been 
developed. A retractor is placed in the vesicouter-
ine septum. It will be kept in the septum until the 
end of the operation and oriented according to the 
needs of lateral steps.

The crucial step of the dissection of the ure-
ters can now be undertaken. Only the dissection 
of the left will be described. The right side is 
exactly symmetrical. The key is to understand 
that the ureter runs within a surgical structure 
named “bladder pillar,” which joins the uterus 
and the paracervix (“cardinal ligament”) to the 
bladder base. The bladder pillar is then made of 
two components: a medial vesicouterine liga-
ment component, which must be divided in 
order to completely separate the bladder base 
and the terminal ureter from the uterus, and a 
lateral component, the lateral ligament of the 
bladder, which must be spared in a type B oper-
ation. In addition, the ureter is moved down by Fig. 22.2 Making the vaginal cuff
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the traction exerted on the vaginal cuff, thus 
forming a “knee” as its lowest point. The uterine 
artery, which crosses over the ureter, seems to 
come out from the knee in its course toward the 
uterus.

The bladder pillar runs between the vesico-
vaginal and vesicouterine septum medially and 
the paravesical space laterally. Consequently, 
the key of the dissection of the ureter is the 
development of the paravesical space. To 
achieve this, two forceps are placed at the 2 
and 3 o’clock position on the edge of the vagi-
nal incision. The two forceps are pulled by the 
assistant, which creates a dimple close to the 
deep surface of the vaginal wall. The dimple is 
enlarged and deepened, up to the point where 
the endopelvic fascia is crossed. A retractor 
can then be placed in the paravesical space. 
The bladder pillar is the structure which runs 
from the uterus to the bladder between the 
retractor placed in the paravesical space and 
the retractor placed in the vesicouterine sep-
tum (Fig. 22.3).

The ureter is palpated within the bladder pil-
lar, using a forefinger placed in the vesicouterine 
septum, while the retractor placed in the 
 paravesical septum is used as an anvil to make 
the palpation more characteristic (Fig. 22.4). 
Recognizing the typical “pop” of the ureter is a 
crucial part of the operation and a major compo-
nent of the learning curve.

A right-angle dissector is then placed under 
the knee of the ureter, which delineates the vesi-
couterine ligament. The vesicouterine ligament is 
divided after bipolar cautery. After achieving this 
bilaterally, the bladder base is made detached 
from the uterus, and the ventral aspect of the 
paracervix is visible. The dorsal aspect is then 
detached from the vaginal route by blunt or sharp 
dissection of the paracolpos, which gives access 
to the dorsal aspect of the paracervix. Bipolar 
cautery and division of the paracervix are made 
possible.

The rest of the operation consists of “retriev-
ing” the uterine artery by simply pulling on it—
the artery has been divided at the time of the 
laparoscopic step—and of opening the vesical 
peritoneal fold. The specimen is removed, and 
the vaginal incision is closed after checking of 
the hemostasis. No drainage is used, but a  bladder 
catheter is placed, generally for 2 days in our 
experience.

Fig. 22.3 The left bladder pillar. The vaginal cuff is 
grabbed in a group of Chrobak forceps. A retractor is 
placed in the vesicouterine septum and another in the left 
paravesical space

Fig. 22.4 Palpating the ureter (white arrow) in the right 
bladder pillar. A retractor is placed in the paravesical 
space. The finger is placed in the vesicouterine septum. 
The vesicouterine ligament is visible (black arrow), ready 
for division after bipolar cautery
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 Results

Several experimental randomized studies by 
independent investigators have provided evi-
dence that the node count of laparoscopic dissec-
tions is not inferior to open dissections. The 
complication rate is extremely low in experi-
enced hands [5–7]. Obesity is not a contraindica-
tion and is not associated with a reduction in the 
number of retrieved nodes. Feasibility is high in 
patients with a BMI under 35 [8].

After the initial description of laparoscopi-
cally assisted radical vaginal hysterectomy, large 
series have been published, with reassuring 
results [9–11]. As a consequence, radical vaginal 
hysterectomy combined with laparoscopic 
lymphadenectomy is an acceptable alternative to 
full radical hysterectomy.

 Variants of the Original Technique

 Tailoring Radicality

 Type A Vaginal Surgeries
The original LAVRH is typically a type B sur-
gery, a surgery in which the paracervix is excised 
at the ureter. However, there is evidence that 
parametrial involvement is extremely unfrequent 
in node-negative low-volume (less than 2 cm in 
diameter) early cervical cancers with no deep 
stromal invasion and/or lymph-vascular space 
invasion. Tumors featuring these low-risk char-
acteristics might not require a modified radical 
hysterectomy. On the other hand, simple extra-
fascial hysterectomy may result in incomplete 
excision of the cervix or in cut-through incom-
plete operations when the preoperative workup 
misses deep stromal invasion. As a consequence, 
a radical hysterectomy or a radical trachelec-
tomy, removing only the proximal part of the car-
dinal ligament, midway between the uterus and 
ureter (type A) is a logical trade-off. Reducing 
radicality aims at reducing the risk of urinary 
dysfunction and of ureteric fistula.

In a type A vaginal surgery, the ureters are 
localized by palpation after opening of the para-
vesical space and of the vesicouterine septum but 

not necessarily dissected. The paracervix is indi-
vidualized in the same way than in the original 
operation but divided halfway between the uterus 
and ureter. Bipolar cautery is an ideal tool to pre-
cisely cauterize before cutting.

 Fertility-Sparing Surgery
Although full laparoscopic radical trachelectomy 
has been described, the vaginal radical trachelec-
tomy pioneered by Dargent remained the most 
cost-efficient option in experienced hands. 
Radical vaginal trachelectomy is a fertility- 
sparing procedure adapted to selected patients, 
with node-negative exocervical squamous cell 
carcinomas less than 2 cm in diameter. The pro-
cedure starts with a laparoscopic pelvic lymphad-
enectomy and is finished vaginally with a laterally 
extended removal of the cervix inspired from the 
Schauta operation, with the difference that the 
uterine isthmus and at least 5 mm of endocervical 
canal are preserved. A permanent cerclage is 
placed and a uterovaginal anastomosis is per-
formed. Independent reports have confirmed the 
oncological safety and obstetrical results of the 
procedure [12].

 Paracervical (Parametrial) 
Lymphadenectomy [13]
The high short- and long-term urinary dysfunc-
tion or complication rate of classical (type C2) 
radical hysterectomy has motivated the evolution 
toward a reduction in radicality. Stage I cervical 
carcinomas are presently managed by modified 
radical hysterectomy (type B1), with no apparent 
increase in the rate of lateropelvic recurrence. 
However, the well-documented finding of patho-
logically or biologically positive parametrial 
nodes in patients at risk (tumors larger than 2 cm 
with lymph-vascular space invasion and/or deep 
stromal invasion) suggests a risk of late develop-
ment of micrometastasis [14].

The paracervical lymphadenectomy (see 
chapter on classification of radical hysterectomy) 
is a removal of the lymph node-bearing tissue of 
the lateral part of the paracervix sparing the 
nerves and vessels which form the skeleton of 
this part of the so-called cardinal ligament. The 
use of laparoscopic magnification is logically 
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associated with a safe dissection and preservation 
of the vascular and nerve content of the distal 
part of the cardinal ligament. This nerve-sparing 
dissection of the lateral part of the cardinal liga-
ment is supposed to prevent late lateropelvic 
recurrences without further impairing urinary 
function. In other terms, the type B2 combination 
of a modified (laparoscopic, vaginal, or 
laparoscopic- vaginal) radical hysterectomy with 
a parametrial lymph node dissection combines 
the radicality of extensive parametrial resection 
(type C) with the low morbidity of a modified 
radical hysterectomy (type B).

 Increasing Radicality

In 1993, Dargent proposed a modification of the 
technique involving a wider resection of the car-
dinal ligament, to which he gave the name of 
“coelio-Schauta” (coelioscopie is the French 
name for laparoscopy). The paracervix was 
divided laparoscopically at the internal iliac ves-
sels by the application of an Endo-GIA®, ensur-
ing the equivalent of a type C operation [15].

Schneider et al. developed a vaginal technique 
involving a wide resection of the paracervix 
using the original techniques of Schauta and fol-
lowers [10].

 Starting Vaginally

Starting the operation vaginally has several 
potential advantages, first and foremost to take 
advantage of one of the major benefits of the vag-
inal route: a precise incision adapted to the vagi-
nal extent of the disease. Indeed, the laparoscopic 
opening of the vagina is often arbitrary and 
potentially imprecise. Another theoretical advan-
tage is to complete the laparoscopic operation 
without any risk of spillage of tumor content in 
the abdomen, an event which is potentially harm-
ful during laparoscopic operations.

 Schautheim
Eric Leblanc carved the word Schautheim to 
describe a technical variant which starts 

 vaginally like a Schauta operation and is finished 
laparoscopically like a Wertheim operation. The 
vaginal cuff is made using the technique 
described above. It is closed using interrupted or 
continuous suturing. Stay sutures are kept, and 
the vaginal introitus is made airtight by placing a 
balloon device or the cheaper glove packed with 
a sponge. The laparoscopic part of the operation 
can start. The infundibulopelvic (or corneal ped-
icles) and the round ligaments are divided. The 
ureters are identified and freed. The origin of the 
uterine artery is skeletonized and then divided. A 
type A or B radical hysterectomy is then com-
pleted after dividing the peritoneal of the vesical 
fold, of the rectouterine peritoneal fold, and of 
the pouch of Douglas. Of note, the opening of 
the peritoneum does not provide a direct access 
to the vaginal cavity (Fig. 22.5). A fine layer of 
connective tissue still separates the vesicouterine 
and rectovaginal septums from the vaginal route. 
This layer must be incised to complete the opera-
tion, which is finished by the division of the car-
dinal ligament at the appropriate distance from 
the uterus.

 Schauta Sine Utero [16]
Patients referred after the finding of cervical 
carcinoma on a simple hysterectomy specimen 
may be proposed an additional surgery 

Fig. 22.5 After the incision of the vesical fold, the 
sponge placed in the vagina is visible under a fine mem-
brane which must be incised to gain access to the vaginal 
cavity
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 involving upper colpectomy and parametrec-
tomy. While the lymph node dissection can be 
completed laparoscopically, the rest of the pro-
cedure can be completed laparoscopically. The 
technique is similar to the “Schautheim” 
technique.

 Conclusion

Laparoscopy has gained acceptance as a tool 
in the armamentarium of the gynecologic 
oncologist. Robotic-assisted surgery is not 
more than an additional tool to achieve 
major surgeries by a minimal invasive 
approach.  Laparoscopic/robotic programs 
are burgeoning worldwide in cancer centers 
and gynecologic oncology services. 
However, only a few centers use routinely 
the whole range of available techniques, as a 
consequence of additional operating room 
costs, inadequate equipment, lack of train-
ing, lack of definitive evidence-based dem-
onstration, and/or theoretical concerns 
supported by experimental data and papers 
mentioning surgical complications or onco-
logical drawbacks. Evidence is growing that 
a number of these concerns are not justified, 
although continuing effort to carefully eval-
uate laparoscopic surgery in gynecological 
cancer is warranted.

In clinical practice, the three “minimally 
invasive” techniques for radical hysterec-
tomy are not concurrent but complementary, 
and indication of each method is adapted to 
the individual patient. In the French experi-
ence, node-negative stage I cervical cancers 
less than 2 cm are proposed for upfront sur-
gery; a full laparoscopic or a laparoscopic- 
vaginal (Querleu) or a vaginolaparoscopic 
(“Schautheim” by Leblanc) is routinely per-
formed. Only Morrow-Querleu type A or 
type B—without (B1) or with (B2)—para-
cervical lymph node dissection or thus is 
required. On the other hand, the radicality 
required to manage larger tumors (stage IB1 
larger than 2 cm) cannot be obtained 
in our experience without episiotomy. 
Consequently, a full laparoscopic radical 
hysterectomy, type B2, is proposed. In all 

cases, the radicality of surgery is achieved 
via minimal invasive surgery without any 
doubt.

References

 1. Querleu D, Childers J, Dargent D. Laparoscopic sur-
gery in gynecologic oncology. Oxford: Blackwell; 
1999.

 2. Querleu D, Leblanc E, Ferron G. Laparoscopic sur-
gery in gynaecological oncology. Eur J Surg Oncol. 
2005;32:853–8.

 3. Querleu D. Hystérectomies élargies coelio-assistées 
xxxxxx. J Gynecol Obstet Biol Repr. 1991;20:747.

 4. Querleu D. Laparoscopically assisted radical vaginal 
hysterectomy. Gynecol Oncol. 1993;51:248–54.

 5. Abu-Rustum NR, Chi DS, Sonoda Y, et al. 
Transperitoneal laparoscopic pelvic and para- 
aortic lymph node dissection using the argon-beam 
coagulator and monopolar instruments: an 8-year 
study and description of technique. Gynecol Oncol. 
2003;89:504–13.

 6. Köhler C, Klemm P, Schau A, Possover M, Krause 
N, Tozzi R, et al. Introduction of transperitoneal 
lymphadenectomy in a gynecologic oncology center: 
analysis of 650 laparoscopic pelvic and/or paraaortic 
transperitoneal lymphadenectomies. Gynecol Oncol. 
2004;95:52–61.

 7. Querleu D, Leblanc E, Cartron G, Narducci F, Ferron 
G, Martel P. Audit of preoperative and early compli-
cations of laparoscopic lymph node dissection in 1000 
gynecologic cancer patients. Am J Obstet Gynecol. 
2006;195:1287–92.

 8. Scribner DR, Walker JL, Johnson GA, Mc Meekin 
DS, Gold MA, Mannel RS. Laparoscopic pelvic 
and paraaortic lymph node dissection in the obese. 
Gynecol Oncol. 2002;84:426–30.

 9. Park CT, Lim KT, Chung HW, et al. Clinical evalua-
tion of laparoscopic-assisted radical vaginal hysterec-
tomy with pelvic and/or paraaortic lymphadenectomy. 
J Am Assoc Gynecol Laparosc. 2002;9:49–53.

 10. Hertel H, Kohler C, Michels W, Possover M, Tozzi 
R, Schneider A. Laparoscopic-assisted radical vagi-
nal hysterectomy (LARVH): prospective evaluation 
of 200 patients with cervical cancer. Gynecol Oncol. 
2003;90:505–11.

 11. Steed H, Rosen B, Murphy J, Laframboise S, De 
Petrillo D, Covens A. A comparison of laparoscopic- 
assisted radical vaginal hysterectomy and radical 
abdominal hysterectomy in the treatment of cervical 
cancer. Gynecol Oncol. 2004;93:588–93.

 12. Plante M, Gregoire J, Renaud MC, Roy M. The 
vaginal radical trachelectomy: an update of a series 
of 125 cases and 106 pregnancies. Gynecol Oncol. 
2011;121:290–7.

 13. Querleu D, Narducci F, Poulard V, et al. Modified radi-
cal vaginal hysterectomy with or without laparoscopic 

22 Laparoscopic-Vaginal Radical Hysterectomy



264

nerve-sparing dissection: a comparative study. Gynecol 
Oncol. 2002;85:154–8.

 14. Girardi F, Pickel H, Winter R. Pelvic and parame-
trial lymph nodes in the quality control of the sur-
gical treatment of cervical cancer. Gynecol Oncol. 
1993;50:330–3.

 15. Dargent D. Laparoscopic surgery and gynecologic 
cancer. Curr Opin Obstet Gynecol. 1993;5:294–300.

 16. Kohler C, Tozzi R, Klemm P, Schneider A. “Schauta 
sine utero”: technique and results of laparoscopic- 
vaginal radical parametrectomy. Gynecol Oncol. 
2003;91:359–68.

D. Querleu and E. Leblanc



265© Springer International Publishing AG, part of Springer Nature 2018 
G. G. Gomes-da-Silveira et al. (eds.), Minimally Invasive Gynecology,  
https://doi.org/10.1007/978-3-319-72592-5_23

Laparoscopic and Robotic Radical 
Hysterectomy
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 Introduction

Although primary and secondary prevention has 
dramatically reduced the incidence of cervical 
cancer, it still remains the seventh most common 
malignant tumor worldwide and third in female 
population [1]. Traditionally, early stages of cer-
vical cancer have been treated with radical 
abdominal hysterectomy and pelvic lymphade-
nectomy, whereas more advanced stages with 
radiation and recently with chemoradiation.

Over the past 20 years, there has been an 
emerging role of laparoscopy and computer- 
enhanced telesurgery called robotic-assisted lap-
aroscopic surgery in gynecologic oncology. It is 
well established that laparoscopic treatment is 
associated with less blood loss, less postoperative 
pain, shorter hospital stays, faster return to nor-
mal activities, and better cosmetic results. 

Additionally, advantages of present robotic sur-
gery include faster operative times, increased 
accuracy and dexterity, three-dimensional views, 
and tremor reduction [2–4]. Recently, there is 
growing evidence that laparoscopic and robotic 
radical hysterectomies are safe and feasible 
approaches to early cervical cancer with similar 
survival outcomes to open surgery.

 Radical Hysterectomy

The term radical hysterectomy includes resection 
not only of the uterus but also the parametrium. 
Additionally, pelvic lymphadenectomy is per-
formed for early stages of cervical cancer. A radi-
cal hysterectomy is warranted for stages IA2-IIA1. 
Even though radical hysterectomy is associated 
with good surgical outcomes in cases where lymph 
nodes are not affected by the disease, it can be asso-
ciated with higher risk of complications involving 
the bowel and urinary tract along with increased 
blood loss. Historically, in 1974, Piver et al. 
described five classes of radical hysterectomy [5]. 
Later, in 2008, Querleu and Morrow suggested a 
new classification of radical hysterectomy based on 
the lateral extent of resection and described lymph-
adenectomy classification separately [6].

The first described laparoscopic radical hys-
terectomy with pelvic and para-aortic lymph-
adenectomy for cervical cancer was performed 
in June 1989 and reported in 1990, 1991, and 
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1992 by Nezhat et al. [7–9]. Since then, given 
that gynecologic surgical oncology is evolving 
toward utilizing a minimally invasive approach, 
there have been many groups that have reported 
their experiences on radical laparoscopic hys-
terectomy, complications, and short- and long-
term oncological outcomes. Even though the 
advantages of laparoscopy over laparotomy are 
well established, there are still some draw-
backs [3]. Advanced laparoscopic surgery is 
associated with longer learning curves. 
Additionally, the use of two-dimensional 
image given that most instruments are nonar-
ticulating makes laparoscopic radical hysterec-
tomy challenging.

Recently robotic-assisted surgery has also 
emerged as an alternative minimally invasive 
method. In 2006, the first robotic-assisted radical 
hysterectomy was reported by Sert et al. [10], and 
case series were reported in 2008 by Nezhat et al. 
and Fanning et al. on the use of robotic technol-
ogy in treatment of cervical cancer [3, 11]. Since 
then many authors have expanded, and many 
series on the use of robot in the treatment of early 
cervical cancer have been reported.

 Surgical Technique

 Laparoscopic Radical Hysterectomy 
[7, 9, 12]

After ensuring informed consent is obtained, this 
procedure is performed under general anesthesia. 
The patient is in dorsal lithotomy position using 
Allen stirrups with lower extremity compression 
device in place to prevent vein thrombosis. 
Prophylactic antibiotics are administered, and 
urinary Foley catheter is inserted. We prefer to 
place a uterine manipulator with a cervical cap 
(1) to aid in the exposure of the pelvic cavity and 
(2) to delineate the vaginal fornices from the cer-
vix for later identification of the colpotomy plane. 
Insertion of ports using a four-port technique 
(one place in the umbilicus for the camera and 
three additional ports placed suprapubically) is 
established, and careful inspection of the pelvis 
and upper abdomen is performed to identify pos-

sible metastatic disease. Any lesions potentially 
malignant are evaluated and removed. If meta-
static disease outside of the uterus such as the 
adnexa or at uterine wall to peritoneal cavity is 
confirmed by frozen section, the procedure is 
abandoned. If indicated (bulky lesions), para- 
aortic and common iliac lymphadenectomy is 
performed first. A peritoneal incision is made 
above the sacral promontory and right common 
iliac artery, using ultrasonic shears or electrosur-
gical scissors. The incision is extended cephalad 
on the right side and above the bifurcation of the 
aorta toward the duodenal bulb excising lymph 
nodes overlying the vena cava. The dissection is 
then performed over the surface of the aorta, 
inferior to the level of the inferior mesenteric 
artery (Fig. 23.1).

The dissection is extended to the level imme-
diately below the aortic bifurcation to remove the 
lymph nodes below the bifurcation of aorta and 
over the left common iliac vein. Dissection is 
then performed over the aorta superior to the 
inferior mesenteric artery to the level of the left 
renal vein. Additional lymph nodes are excised 
below and above the inferior mesenteric artery 
up to the left renal vein. Frozen section is obtained 
from suspicious lymph nodes, and if they are 
positive for malignancy, the radical hysterectomy 
is abandoned, and patient is referred for chemo-
radiation. If no metastatic disease is identified, 
then proceed with radical hysterectomy and pel-
vic lymphadenectomy.

URETER

BIFURCATION

RT. COMMON ILIAC A.

LFT COMMON ILIAC V.

Fig. 23.1 Below the level of the bifurcation after para- 
aortic lymph node dissection
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For pelvic lymphadenectomy, pelvic wall dis-
section is performed in a triangle between the 
round ligament anteriorly, external iliac vessels lat-
erally, and infundibular pelvic ligament medially 
(Fig. 23.2a). Peritoneum is incised cephalad and 
the ureter identified at the level of the pelvic brim 
and traced down medially toward its insertion into 
the bladder. The paravesical, obturator, and para-
rectal spaces are developed laterally and medially 
to the superior vesical artery (Fig. 23.2b–d).

This is achieved mostly by blunt dissection 
with coagulating small perforating blood ves-
sels. The uterine vessels are identified at their 
origin from the hypogastric artery and vein 
(Fig. 23.3).

The lymph node packets are removed from the 
external iliac vessels, obturator fossa, and 
 hypogastric vessels. For external iliac vessels, 
the lymph nodes are excised between the mid- 
common iliac artery superiorly and the deep cir-
cumflex vein inferiorly (Fig. 23.4). We prefer not 
to go beyond these vessels, to avoid lower 
extremity lymphedema, unless they are grossly 
involved with metastatic disease. For the obtura-
tor fossa, the obturator nerve is identified, and the 

lymph nodes are mobilized from the obturator 
internus muscle and excised anteriorly and poste-
riorly to the nerve. Removal of the hypogastric 
lymph nodes should be done carefully to avoid 
injury to the hypogastric vein. Dissection can be 
continued inferiorly to the parametrium with 
removal of the parametrial lymph nodes done 
separately.

For the radical hysterectomy, we prefer to start 
by developing the rectovaginal space first 
(Fig. 23.5a). The peritoneum between the utero-
sacral ligaments is incised laterally and extended 
medially toward the peritoneal reflection between 
the vagina and rectum. The rectovaginal space is 
entered using gentle blunt dissection, pushing the 
rectum down [7]. The use of a uterine manipula-
tor with a cervical cap or placing a ring forceps 
(sponge stick) in the vagina can also help to iden-
tify this space. The vesicovaginal space is devel-
oped by incising the anterior leaf of the broad 
ligament and mobilizing the bladder off the cer-
vix and upper vagina. Different surgical modali-
ties can be used for transection and desiccation 
such as, CO2 laser, electrosurgery or ultrasonic 
shears, etc. (Fig. 23.5b).

a

c d

b

Rt Ext iliac a.

Rt obliterated umbilical artey

Left uterine  a.

Left obliterated umbilical a.

RT PELVIC SIDEWALL

Left obturator nerve

Left obliterated umbilical a.

Lft external iliac a.

Left Obturator 
Fossa

Lft external iliac v

Fig. 23.2 (a) Right pelvic sidewall dissection for pelvic lymphadenectomy. (b) Developed left obturator space. 
(c) Developed right paravesical space. (d) Developed left pararectal space
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The uterine vessels which have been identified 
previously are desiccated or clipped at the level of 
its origin from the hypogastric vessels. Dissection 
is continued inferiorly and deeply so that the deep 
uterine vein can be identified, clipped, and cut 
(Fig. 23.6a). Whenever possible, the splanchnic 
(parasympathetic) nerves can be identified and pro-
tected from transection (Fig. 23.6b). The uterine 
vessels are then mobilized and rotated off the ureter 
anteriorly. The ureter bilaterally is then completely 
unroofed from the ureteral tunnel to the level of its 
insertion into the bladder (Fig. 23.6c).

This is achieved by using a narrow-tipped 
 dissector with gentle traction while desiccating and 
cutting the surrounding tissue and at times apply-
ing surgical clips to avoid thermal damage to the 

Right obturator nerve

Right obturator artery

Right external iliac vein

Right external iliac artery

Right obliterated
umbilical artery

Fig. 23.4 Right pelvic 
sidewall after pelvic 
lymph node dissection

Rectovaginal
Space

UTEROSACRAL LIGAMENTS

UTERUS

BLADDER

VESICOVAGINAL AND
VESICOUTERINE

SPACES 

a b

Fig. 23.5 (a) Developed rectovaginal space. (b) Developed vesicovaginal and vesicouterine spaces

UTERINE ARTERY

HYPOGASTRIC 

URETER

Fig. 23.3 Uterine artery identified at the level of its 
 origin from the hypogastric artery
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ureter. The parametrium is now exposed. The size 
of the initial tumor determines the lateral and infe-
rior extent to which the parametrium is desiccated 
and cut in reference to the cervix using a blood 
vessel-sealing device (ultrasonic shears or laparo-
scopic stapling device) [13]. Nerve-sparing surgery 
can be achieved by avoiding transection of the infe-
rior hypogastric nerve lateral to the uterosacral 
ligaments. The radical hysterectomy is completed 
by incising the vagina approximately 2–3 cm distal 
to the cervix. The vaginal margin is then identified 
with the guidance of the uterine manipulator’s cer-
vical cap and incised in a circumferential fashion 
using ultrasonic shears, monopolar scissors, bipo-
lar spatula, or hook (Fig. 23.7).

This can also be accomplished vaginally. The 
vagina is closed laparoscopically or vaginally in a 
transverse fashion using an absorbable suture with 
caution to avoid kinking the ureters or damaging 

the bladder/rectum (Fig. 23.8a). After completion 
of the procedure, careful inspection of the abdo-
men and pelvis is performed to be sure that excel-
lent hemostasis under low intraperitoneal pressure 

Uterine Artery

Ureter
Hypogastric A

URETER

PARAMETRIUM

CERVIX

a

c

b

Fig. 23.6 (a) Clipping uterine artery at its origin from the hypogastric artery. (b) Sparing splanchnic nerve after clip-
ping uterine vein. (c) Rotating uterine artery off the ureter and unroofing the ureter from the parametrium

Uterine Manipulator with
cervical cap

Fig. 23.7 Incising vaginal margin under guidance of the 
uterine manipulator’s cervical cap
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is achieved. We prefer to also perform a cystos-
copy after closing the vaginal cuff to ensure the 
integrity of the bladder and the ureters (Fig. 23.8b).

 Laparoscopic-Assisted Vaginal 
Radical Hysterectomy [12, 14, 15]

In the same fashion as discussed above, the tran-
section of the round ligaments, pelvic sidewall 
dissection, and development of the paravesical, 
obturator, and pararectal spaces as well as pelvic 
lymphadenectomy are performed laparoscopi-
cally. However, during laparoscopic-assisted vag-
inal radical hysterectomy, careful bladder 
dissection, development of vesicovaginal and rec-
tovaginal spaces, identification of the ureters, 
uterine artery ligation, and parametrial ligation 
3 cm from the cervix are performed vaginally. For 
more details regarding the technique, please refer 
to Nezhat’s Video-Assisted and Robotic- Assisted 
Laparoscopy and Hysteroscopy 4th Edition. 
(Chapter 17.6 Schauta radical vaginal hysterec-
tomy and total laparoscopic hysterectomy. Yukio 
Sonoda and Nadeem R. Abu-Rustum).

 Robotic Radical Hysterectomy  
[3, 16–18]

Following the approval of the “da Vinci” robotic 
system by the FDA in 2000, this technical inno-
vation has been used for variety of surgeries 

across a plethora of surgical specialties. In 2005, 
the introduction of robotic-assisted surgery to the 
gynecologic field led to the broad use of this 
innovation for variety of surgeries ranging from 
myomectomies to radical hysterectomies for 
treatment of early cervical cancer in 2006 [2, 11].

The advantages of this approach include three-
dimensional vision of the pelvic anatomy for the 
surgeon sitting at the console. The flexibility and 
improved articulation of the instrument along 
with superior visualization enhance the surgeon’s 
dexterity with shorter learning curves when com-
pared with conventional laparoscopic surgery. On 
the other hand, some of the drawbacks of robotic-
assisted surgery include increased cost of the pro-
cedure secondary to the expensive equipment 
used as well as the duration of the operation and 
the lack of tactile feedback.

The surgical technique of this procedure is 
similar to conventional laparoscopy with modifi-
cation for port placement (Fig. 23.9a). A 12 mm 
port or 8 mm (Xi system) is inserted at the umbi-
licus for camera placement, and the patient is 
placed in steep Trendelenburg position. Two 
8 mm robotic ports are placed bilaterally 8–10 cm 
lateral to umbilical port, and a 10–12 mm non- 
robotic port or an additional 8 mm robotic assis-
tant port is placed laterally in the lower or upper 
abdomen. The robotic monopolar scissors are 
placed through the right lateral port and the 
fenestrated bipolar forceps placed through the 
left lateral port (Fig. 23.9b). As new robotic 
instruments have become available, such as 

Sutured vaginal cuff

BLADDER

a b

Fig. 23.8 (a) Laparoscopic closure of vaginal cuff. (b) Post-procedure cystoscopy with intact bladder
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blood vessel-sealing or stapling devices, they can 
also be utilized.

Since 2006, there have been many reports on 
the safety and feasibility of robotic-assisted radi-
cal hysterectomy in the management of early- 
stage cervical cancer. However, to date, there are 
no results on randomized controlled trials 
reported.

 Short- and Long-Term Outcomes

 Laparoscopic-Assisted Radical 
Hysterectomy

Since the initial reports by Nezhat et al., numer-
ous authors have reported their experiences [15, 
19]. Many studies report reduced blood loss, 
lower transfusion rates, shorter hospital stay, less 
postoperative pain [20] , same operative time in 
laparoscopic compared to open radical hysterec-
tomy, and at the same time similar complication 
rates [21–23]. Most of these studies however are 
observational. A Cochrane review which included 
only one RCT which compared open to laparo-
scopic approach showed similar complication 
rates; however, the study did not reach power sec-
ondary to small study numbers [24].

In terms of surgical outcomes and long-term 
survival, there is evidence that the laparoscopic 
approach has similar outcomes to the open 
method in cervical cancer surgery. Bogani et al. 
concluded that a 5-year disease-free survival did 

not differ significantly between open and laparo-
scopic radical hysterectomy [20]. A systematic 
review and meta-analysis of Cao et al. showed 
similar 5-year disease-free survival, 5-year over-
all survival, and recurrence rate in both methods 
of radical hysterectomy [25]. Nam et al. reported 
on a large number of patients with earcly cervical 
cancer who underwent radical hysterectomy over 
an 11-year period. This was a matched cohort 
study comparing laparoscopic to open radical 
hysterectomy. The mean operative time was 
247 min with an average blood loss of 300 mL, 
with 76 patients (29%) requiring transfusion. 
There were 6.8% intraoperative and 9.2% post-
operative complications. The average lymph 
node count was 34 with 2.3% of patients having 
positive lymph nodes. The 5-year recurrence-free 
survival was 92.8% [26].

 Robotic-Assisted Radical 
Hysterectomy

There is an increasing number of publications 
reporting on the robotic-assisted radical hysterec-
tomy with encouraging conclusions regarding 
complications and surgical outcomes [4, 27, 28]. 
However information on long-term outcomes is 
still scant. A large series of Hoogendam et al. in the 
Netherlands presented similar complication and 
oncologic outcomes in patients who were roboti-
cally treated compared to nonrobotically treated 
[29]. A recent meta-analysis of 25 nonrandomized 

a b

Fig. 23.9 (a) Proper robotic port placement. (b) Robotic scissors in the right arm and bipolar in the left arm
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studies comparing robotic, laparoscopic, and open 
approach on radical hysterectomy for early-stage 
cervical cancer showed that the robotic approach 
was associated with lower blood loss, shorter hos-
pital stay, and less febrile morbidity and wound 
complications compared to open radical hysterec-
tomy. Additionally, there was no significant differ-
ence of intraoperative outcomes and complication 
rate between robotic and laparoscopic radical hys-
terectomies [30]. Many other studies have also 
confirmed similar complication rates and equiva-
lent surgical outcomes when robotic-assisted 
approaches were used, including a recent multi- 
institutional study reported by Sert et al. in April 
2016 [31]. Mendivil et al. assessed retrospectively 
the 5-year survival of cervical cancer patients and 
concluded that irrespective of the approach, the 
overall survival rate and 5-year disease-free sur-
vival rates were similar [32].

Well-designed long-term randomized con-
trolled trials are needed to confirm these results. 
Currently there is an international, multicenter 
phase 3 randomized clinical trial (LACC trial) 
underway comparing laparoscopic or robotic 
radical hysterectomy with abdominal radical hys-
terectomy in patients with early-stage cervical 
cancer [33].

 Cost

The data on comparison of cost of the procedures 
is controversial. Some studies suggest that open 
approach is associated with the highest cost [34], 
whereas other studies report that robotic [35] or 
laparoscopic radical hysterectomies are more 
expensive [36]. These differences can be attrib-
uted to the difference in equipment used in differ-
ent institutions as well as discrepancy in the 
method of cost calculation.

 Conclusion

Conventional laparoscopy and robotic tech-
nologies have dramatically changed the 
approach of management of early cervical 
cancer. Current results show that minimally 
invasive approaches are associated with less 
blood loss, shorter  hospital stay, and less 

febrile morbidity and wound complications 
compared to open radical hysterectomy. They 
may have equivalent results with open radical 
hysterectomy in terms of staging, progression-
free survival, and overall survival.

Further randomized controlled trials with 
long-term follow-up are needed to confirm 
these results.
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Robotic Radical Hysterectomy: 
Surgical Technique

Antonio Gil-Moreno and Javier F. Magrina

 Introduction

Radical hysterectomy remains the preferred 
method of treatment for patients with early cervi-
cal cancer (FIGO stages IA2-IB1-IIA1). The 
incorporation of robotic technology in the USA 
and other countries changed the avenue from 
laparotomy to a minimally invasive approach, 
something that laparoscopic technology did not 
fully do. Some of the major advantages of robot- 
assisted over conventional laparoscopy are its 
superior visualization (3D versus 2D) imaging of 
the operative field, its mechanical improvements 
such as its seven degrees of freedom (similar to 
the human arm and hand, while rigid conven-
tional instruments have four degrees of freedom), 
the stabilization of instruments within the surgi-
cal field (in conventional laparoscopy, small 
movements by the surgeon are amplified includ-
ing hand tremor), and its improved ergonomics 
for the operating surgeon. The technique of 
robotic radical hysterectomy or robotic-assisted 
radical hysterectomy will be described in this 
chapter. The reader must be knowledgeable of the 

indications, limitations, and location of meta-
static nodes to indicate or not a robotic approach 
and to determine whether preoperative chemora-
diotherapy is needed. Whenever chemoirradia-
tion is contemplated, the radical hysterectomy 
should be avoided due to the increased morbidity 
of using both treatment modalities. In these cases 
systematic pelvic and aortic lymphadenectomy is 
done to limit the irradiation field.

A nerve-sparing approach, something which 
is not the scope of this chapter, is always prefer-
able. Our results of robotic radical hysterectomy 
have been published elsewhere [1, 2] and com-
pared with a laparoscopic and laparotomy 
approach [1] . In our hands, robotic radical hys-
terectomy has a shorter operating time than with 
laparoscopy and is therefore our preferred mini-
mally invasive approach. The surgical steps and 
technique of the robotic radical hysterectomy 
described here follow those originally reported 
by Okabayashi in 1921 [3], which was designed 
to minimize the transection of the pelvic auto-
nomic nerves and sympathetic and parasympa-
thetic nerves. The Mayo classification of radical 
hysterectomy was previously reported by 
Symmonds in 1976 [4] and included simple, 
wide, modified radical, radical, and extended 
radical types. The extent of paracervical resec-
tion described with the robotic technique here is 
designated as radical hysterectomy types B1–C1 
of the newly revised classification of radical hys-
terectomy [5]. Nerve-sparing technique was first 
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introduced in this standard classification. The 
nerve-sparing radical hysterectomy type C1 has 
been shown to decrease bladder and rectal dys-
function [6, 7] without compromising recurrence 
or survival rates [6, 8].

 Indications

The B1 technique is indicated for patients with 
cervical cancer ≤2 cm, and the type C1 is indi-
cated for cases >2 cm diameter, up to 4 cm. The 
extent of vaginal resection is dependent on the 
location of the tumor margins. The location of the 
ectocervical margin of the tumor will dictate 
whether a small or a longer segment of vaginal 
cuff is needed for adequate margins. In patients 
with a margin near or involving the vaginal fornix, 
a longer segment of vagina will be necessary. This 
technique is also applicable to patients with endo-
metrial cancer with cervical stromal invasion.

 Patient Set-Up

Patients are placed in the semi-lithotomy posi-
tion using the Allen stirrups (Allen Medical, 
Acton MA) with the arms loosely tucked to each 
side. Foam padding is used to protect both arms 
and legs. Patients are placed with a naked back 
directly on an anti-skid foam material (Tyco/
Kendall Prod #3-472, Mansfield, MA), which we 
evaluated and found to be satisfactory [9]. The 
operating table is placed in Trendelenburg posi-
tion and observed if the patient descends or not. 
Patient is then returned to the supine position and 
then prepped and draped.

 Technique Entry

A transumbilical open technique with a 12 mm 
trocar (8 mm with the da Vinci Xi) is used for all 
patients. The upper abdomen is explored in the 
supine position. Patient is then placed in the 
Trendelenburg position to a degree enough to 
displace the sigmoid and small bowel out of the 
pelvis and allow a safe pelvic operation.

 Robotic Column Placement

The standard da Vinci, da Vinci Si, or da Vinci Xi 
robotic systems (Intuitive Surgical, Sunnyvale, 
CA) are adequate for the operation. The robotic 
column is side docked lateral to the patient’s right 
knee. The robotic arms are fastened to the robotic 
trocars once these are inserted (see below).

 Trocar Placement 
and Instrumentation

Two robotic trocars (8 mm each) are introduced 
8 cm to the right and left of the umbilical optical 
trocar and in a position somewhat below the 
umbilicus. An assistant trocar (10 mm) is placed 
midway between the umbilical and left trocar and 
2 cm cranial to the umbilicus in all patients. 
Another robotic trocar (8 mm), designated as 
fourth robotic arm, is introduced 7–8 cm lateral 
and 3 cm caudal to the right trocar (right lateral 
robotic arm). The configuration of the trocars is 
like a crescent with upper convexity (Fig. 24.1).

 Instrumentation

An EndoWrist PK grasper (Intuitive Inc., 
Sunnyvale, CA) is used on the left robotic arm, 
and an EndoWrist monopolar scissors or spatula 
(Intuitive Inc., Sunnyvale, CA) is used in the 

Fig. 24.1 Trocar position for robotic radical hysterec-
tomy with the da Vinci S or Si system
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right robotic arm. The EndoWrist Prograsper 
(Intuitive Inc., Sunnyvale, CA) is used in right 
lateral robotic arm to assist with retraction. An 
EndoWrist needle holder (Intuitive Inc., 
Sunnyvale, CA) is used to replace the monopolar 
scissors/spatula to suture the vaginal cuff.

The assistant sits to the left of the patient and 
performs the functions of sealing and division of 
vascular pedicles with a vessel sealer device, suc-
tion and irrigation, peritoneal cytology, sentinel 
node determination with polar probe, removal of 
small specimens (e.g., sentinel nodes), tissue 
retraction, and insertion and removal of sutures for 
closure of the vaginal cuff. A second assistant, sit-
ting between the legs of the patient, manipulates a 
vaginal probe (Apple Medical, Marlborough, MA) 
for bladder dissection and during colpotomy and 
removes the uterus and lymph nodes vaginally 
(with endobags). The nurse, sitting to the right of 
the patient, cleans the lens of the laparoscope, 
switches the monopolar spatula for a needle 
holder, and maintains pneumoperitoneum during 
vaginal transection. A colpo-occluder balloon 
(Rumi Colpo-occluder, Cooper Medical, Trumbull, 
CT) is placed in the vagina to maintain pneumo-
peritoneum after removal of the specimen. No 
uterine manipulator is used.

 Development of Lateral 
Retroperitoneal Spaces

The abdominal cavity was inspected and the ret-
roperitoneal spaces were opened. A lateral perito-
neal incision is made transecting the round 
ligament and anterior broad ligament peritoneum 
to above the pelvic brim. The paravesical and 
pararectal spaces are developed at start to iden-
tify the paracervix (also known parametria or lat-
eral parametrium). The ureters are identified on 
the pelvic peritoneum and traced to the crossing 
with the uterine arteries.

 Management of the Adnexa

In case of adnexal removal, a peritoneal window is 
made between the ureter and the infundibulopelvic 

ligament, which is then divided with a vessel sealer 
at the level of the pelvic brim. This window pre-
vents ureteral injury at this level. If the adnexa are 
preserved, the tubo-ovarian pedicles are divided, as 
well as their peritoneal attachments, and placed 
above the pelvic brim. If there are other risk factors, 
an ovariopexy was carried out in order to remove 
the ovary of a possible field of pelvic radiation.

 Pelvic and Aortic Lymphadenectomy

A systematic bilateral pelvic lymphadenectomy 
from the common iliac artery to the inferior 
boundary of the circumflex iliac vein was per-
formed after the sentinel node procedure. The 
external iliac nodes, from the bifurcation of the 
common iliac vessels to the inguinal ligament, 
the obturator nodes above and below the obtura-
tor nerve, the ventral and lateral nodes of the 
hypogastric artery, and the ventral and lateral 
common iliac nodes from the middle of the com-
mon iliac vessels, are removed bilaterally using 
the PK grasper and monopolar scissors/spatula. 
We have the availability of obtaining frozen sec-
tion of the removed nodes, which facilitates 
whether additional pelvic nodes and the aortic 
nodes need removal.

In the presence of positive sentinel node or 
positive pelvic nodes, a bilateral aortic lymphad-
enectomy is carried out to the renal vessels. 
Using the same trocar placement and instru-
ments, the inframesenteric nodes can be safely 
removed. For the infrarenal nodes, the robotic 
system arms are undocked and the operating 
table rotated 180 degrees, resulting in the robotic 
column being now located at the patient’s head or 
lateral to the right shoulder. You can also change 
the location of the robot (lateral to the right 
shoulder) without having to rotate the operating 
table. Two to three trocars are placed suprapubi-
cally, one to two for the assistant and one for the 
endoscopic camera (12 mm but 8 mm with da 
Vinci Xi). The robotic arms redocked, and using 
the same robotic instruments, the aortic lymphad-
enectomy is extended to the infrarenal group of 
nodes, up to the level of the renal vessels. The 
benefit of removing positive aortic nodes has 
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been addressed in the recent literature [10–12]. 
Our technique and experience with infrarenal 
aortic lymphadenectomy and rotation of the 
operating table has been described [13, 14]. The 
new da Vinci Xi system allows rotation of the 
robotic arms after undocking them from the pel-
vic position without the need to rotate the operat-
ing table or modify the location of the robot 
column. Once the arms are rotated 180 degrees, 
they are docked again. However, it still requires 
the placement of additional trocars suprapubi-
cally for the optical trocar and assistant.

 Parametrial Division

With the paravesical and pararectal spaces dis-
sected, the vascular portion of the paracervix or 
lateral parametrium is transected at the origin of 
its vessels from the internal iliac artery and vein 
with successive applications of a vessel sealer 
and continuing dorsally to the level of the deep 
uterine vein (Fig. 24.2). This level of transection 
separates the ligamentous portion from the neural 
portion of the lateral parametrium and serves to 
preserve the dorsal neural portion which contains 
the parasympathetic pelvic splanchnic nerves 
arising from the S2, S3, and S4 ventral root.

 Uterosacral Ligament Division

The ureters are first separated from their pelvic 
peritoneal attachments, from the pelvic brim to 

the uterine arteries. The peritoneum of the cul- de- 
sac is divided horizontally with the monopolar 
scissors or spatula and to the level of the ureters 
laterally. The rectovaginal space is developed cau-
dally to the upper vaginal half (Fig. 24.3). With 
the rectovaginal space developed and the ureters 
freed from their peritoneal attachments, the utero-
sacral ligaments are identified and transected with 
a vessel sealer at the level of the anterior rectal 
wall. The transection is directed toward the upper 
posterior vaginal third (and not to the sacrum) in 
order to preserve the caudal portion of the sympa-
thetic nerves (lower hypogastric nerves), which 
are a continuation of the superior hypogastric 
plexus (the sympathetic fibers come from T11 to 
L2). They can be isolated and preserved on the 
lateral aspect of the uterosacral ligaments. For 
nerve-sparing technique it is important to identify 
and preserve the parasympathetic splanchnic 
nerves and sympathetic lower hypogastric nerves, 
who will join the inferior hypogastric plexus 
below the deep uterine vein, which emerge auto-
nomic nerve fibers directly into the bladder. This 
technique decreases long-term associated mor-
bidity such as bladder dysfunction, sexual dys-
function, and colorectal motility disorders.

In conclusion, laparoscopic robotic-assisted rad-
ical hysterectomy with nerve-sparing technique is 
an attractive surgical approach for early invasive 
cervical cancer. Robotic technology allows a stereo-
scopic visualization of blood vessels and autonomic 
nerve supplies (sympathetic and parasympathetic 
branches) to the bladder and rectum making nerve 
sparing a safe and feasible procedure.

Fig. 24.3 Dissection of the rectovaginal space to the 
upper vaginal half

Fig. 24.2 Division of the lateral parametrial vessels from 
the internal iliac artery and vein to the deep uterine vein
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 Bladder and Ureteral Dissection

The cervicovaginal peritoneum is divided hori-
zontally with the monopolar scissors or spatula. 
The assistant then advances the vaginal probe to 
the anterior vaginal fornix, which facilitates the 
separation of the bladder from the cervix and 
vagina. The dissection is carried caudally to the 
upper vaginal third to half. The extent of lateral 
paracervical resection is shown here prior to ure-
teral dissection (Fig. 24.4). The ureters must be 
dissected completely in order to remove the 
entire resected parametrium.

The ureter is followed till its entrance into the 
parametrial tunnel. A space is created with the 
monopolar scissors or spatula and the PK grasper 
immediately above the ureter at the 12 o’clock 
position until the instrument appears on the vesi-
covaginal space. The space is widened until the 
posterior blade of the vessel sealer can be intro-
duced in the created space above the ureter 
(Fig. 24.5). The ventral part of the vesicouterine 
ligament is then transected. These steps are 
repeated until the ventral vesicouterine ligament is 
transected completely and the ureter is unroofed. It 
is then mobilized laterally by dividing with the 
monopolar device its loose attachments to the dor-
sal aspect of the vesicouterine ligament, until the 
latter is exposed and identified. While the assistant 
is holding the ureter ventrally, the avascular space 
located immediately below the entrance of the ure-
ter into the bladder is identified and widened with 

the monopolar spatula, clearly delineating the dor-
sal vesicouterine ligament (Fig. 24.6), which is 
transected by the assistant using a vessel sealer. 
The ureter is now totally free from its attachments 
and can be further elevated ventrally.

 Paravaginal Tissues

With the ureter suspended ventrally and laterally 
with the monopolar spatula, the paravaginal  tissues 
are divided by the assistant using a vessel sealer 
distal to the dorsal margin of the transected lateral 
parametrium and uterosacral ligaments and until 
reaching the lateral aspect of the vaginal wall.

Fig. 24.4 The bladder has been dissected from the ante-
rior vaginal wall, and the lateral extent of parametrial 
resection can be noted on the right side; it is cut out of the 
picture on the left

Fig. 24.5 Dissection of the right ureteral tunnel (vesico-
uterine ligament). The right anterior vesicouterine liga-
ment is then transected with a vessel sealer as first step of 
the ureteral tunnel dissection

Fig. 24.6 The dorsal posterior ligament on the right side 
is exposed here with the middle and inferior vesical veins. 
The right anterior vesicouterine ligament has been already 
divided, and the right ureter has been mobilized and ele-
vated out of the picture and not seen here (ventral to the 
dorsal vesicouterine ligament)
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 Vaginal Resection

The assistant advances the vaginal probe to the 
anterior vaginal fornix, and the junction of the 
vagina and exocervix is identified. From there, 
we measure the length of the vaginal margin to 
excise using the diameter of the instruments as a 
measuring tool. It is important to consider that 
margins obtained with a stretched vagina will be 
shorter once the tension is removed. The vagina 
is entered at the 12 o’clock position and divided 
with the monopolar device (using cutting  current) 
(Fig. 24.7). The assistant removes the uterus with 
the help of a Schroeder tenaculum (Aesculap, 
Germany) introduced vaginally. It is also possi-
ble to remove the lymph nodes with bags.

 Vaginal Cuff Closure

The vaginal cuff is closed with a continuous 
suture of 2-0 V-loc (Ethicon Endo Surgery, 
Cincinnati, OH) incorporating a minimum of 
5 mm of vagina with each bite and 5 mm of sepa-
ration in between sutures, in order to avoid vagi-
nal failure (Fig. 24.8). The pelvis is irrigated with 
physiological saline solution and inspected for 
complete hemostasis by lowering the CO2 pres-
sure. No drains are used and the lateral pelvic 
peritoneum is left open.

 Postoperative Course

The patient remains in the hospital overnight. 
Oral intake of liquids, food, and medications is 
started on the same day of the operation. 
Ambulation is started as soon as possible. The 
Foley catheter is removed at the beginning of 
deambulation, and residual urine measurements 
obtained on two separate occasions should be 
less than 100 mL. A postoperative visit is per-
formed a week and 2 weeks to check the residual 
urine (must be less than 100 mL) and at 6 weeks 
from surgery to inspect the vaginal vault.
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Paraaortic Laparoscopic Node 
Dissections

Eric Leblanc, Fabrice Narducci, Delphine Hudry, 
Lucie Bresson, Arnaud Wattiez, Audrey Tsunoda, 
and Denis Querleu

Paraaortic lymph node dissection (PA lnd) is an 
important staging technique, with significant 
implications. Beyond the poor prognostic impact 
of involved paraaortic nodes, this knowledge alters 
further primary tumor management. Although not 
considered in FIGO staging system of cervix car-
cinoma, demonstration of paraaortic node involve-
ment usually triggers the extension of pelvic 
chemoradiation fields up to the renal pedicle. In 
endometrial carcinoma, positive nodes upstage the 
disease to stage IIIC2, and extended-field radia-
tion therapy and chemotherapy are considered. In 
ovarian carcinomas, this situation corresponds to a 
FIGO IIIC disease and implies chemotherapy.

Since the early 1990s, laparoscopy has been 
developed to perform this procedure. Nezhat 
et al. in the USA [1] and Querleu in France [2] 
were the first who independently reported the 

technique of transperitoneal laparoscopic para-
aortic dissection. Vasilev in 1995 published his 
first experience with the extraperitoneal approach 
[3], followed by Daniel Dargent in France who 
really promoted this approach worldwide [4].

 Paraaortic Node Anatomy [5]

Lymphatic nodes and vessels are scattered around 
the inferior vena cava (IVC) and aorta. Common 
iliac nodes receive lymph from external and inter-
nal iliac nodes. From them, lymph reaches para-
aortic nodes. Lymph from the liver, spleen, 
stomach, and bowel flows into lymphatics around 
their respective pedicles and collects into celiac, 
mesenteric nodes, located around the origins of 
these preaortic arteries. From these nodes, efferent 
lymphatics gather to form a single or multiple 
intestinal lymphatic trunks that take part into cre-
ation of the thoracic duct and that transport lymph 
from the abdomen and the intercostal spaces into 
the general venous circulation, through the left 
(preferentially), right, or both sub-clavicular veins.

Latero-vascular nodes are displayed laterally 
along the aorta and IVC. They receive lymph 
directly from lymphatics of the posterior abdomi-
nal wall, kidneys, and adnexas. Through mesen-
teric and common iliac nodes, they receive lymph 
from inferior limbs, pelvic organs, and bowel as 
well. Their collectors form right and left lym-
phatic lumbar trunks.
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The inferior part of the thoracic duct arises 
from the convergence of these big collectors 
located at the level of L1-L2 vertebras, between 
the aorta and the right diaphragmatic pillar. In a 
small proportion of people, this area forms a 
 sacciform expansion called cisterna chyli (or 
Pecquet’s cisterna). It collects lymph from the 
whole abdomen, diaphragm, and the last intercos-
tal spaces before forming the thoracic duct. The 
size and shape of this cisterna are highly variable.

Approach to paraaortic nodes needs mobiliza-
tion of both the duodeno-pancreas and the right 
colon, in order to adequately expose the IVC and 
aorta from left renal pedicle to both common iliac 
bifurcations caudally. Indeed, it corresponds to the 
usual template of PA dissection for gynecologic 
indications. Pre- and latero-caval, interaortocaval, 
and pre- and latero-aortic nodes are thus to be 
removed. Of interest is the fact that latero- aortic and 
interaortocaval nodes are mixed with the postgan-
glionic nervous fibers that arise from each latero-
vertebral sympathetic chains. In addition, the 
latero-vascular and interaortocaval nodes are in 
close relationships with the lumbar pedicles, a pos-
sible source of significant bleeding. To finally 
remove the rare retro-vascular PA nodes, some lum-
bar vessels have to be divided between ligatures 
(maneuver called the “split and roll” technique by 
urologists). Above the renal pedicle, superior mes-
enteric and celiac nodes are more challenging to 
approach. However, they are exceptionally involved 
by gynecologic diseases; thus a systematic dissec-
tion at this level is not justified as a routine.

Of importance during a lymphadenectomy is 
the fact that lymphatic channels are especially 
large around both common iliac pedicles and the 
left renal pedicle, especially in the interaortocaval 
space and laterally to the aorta. A thorough lym-
phostasis is important at these levels to prevent the 
secondary development of lymphocysts or a lym-
phascites. It is obtained by the use of clips, coagu-
lation, or sealing with specific integrated devices.

 General Instrumentation

Whatever the approach, a laparoscopic PA lnd 
does not require sophisticated instruments: a 0° 
or 30° laparoscope, two fenestrated grasping for-

ceps, scissors, bipolar forceps, an irrigation- 
suction device, and endoscopic bags.

To facilitate ad secure dissections, recent inte-
grated sealing dissecting devices may be useful. 
They use either bipolar energy or a blade for cut-
ting LigaSure® (Medtronic, USA), ultrasound 
energy in the Ultracision® device (Ethicon, 
USA), or a combination of both as in the 
Thunderbeat® device (Olympus, Jpn). The choice 
depends on surgeon’s preference. However, a 
good knowledge of their functioning and limits is 
mandatory to avoid vascular or nervous damage.

Finally, a set of instruments for laparotomy 
along with some instruments for vascular surgery 
must be always available in the operating theater 
to fix a huge hemorrhage.

Three trocars are generally required: a 10 mm 
balloon trocar for the optique, one 10–12 mm, 
and one 5 mm operative trocars. Exceptionally a 
fourth 5 mm trocar can be necessary. A set of 
general surgery is necessary for the direct dissec-
tion of the iliac space (two Farabeuf retractors, 
scissors, and a grasping forceps).

 Transperitoneal Laparoscopic 
Paraaortic Node Dissection

 Patient and Staff Positioning

The patient under general anesthesia and tracheal 
intubation is placed flat on the table, arms tucked 
along the trunk, but legs apart in stirrups. The 
stomach and bladder are drained during the 
procedure.

The most popular operative positioning is the 
surgeon between patient’s legs, while his assis-
tant is holding the camera on left patient’s side. 
One/two video monitor(s) is/are placed at 
patient’s head, for operators.

 Trocar Placement

Four trocars are necessary: Two 10 mm umbilical 
and mid-suprapubic trocars are placed for the 
optique/instruments. Two 5 mm trocars are dis-
played in the flanks for instruments. Optionally, a 
5 mm operative trocar can be placed in the left 
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iliac fossa (for another instrument) and a 10 mm 
under the left costal margin (for an endoscopic 
retractor) (Fig. 25.1).

 The Procedure, Step by Step

Thanks to a steep Trendelenburg and a slight 
left tilt of the table, great omentum, transverse 
colon, and bowel loops are stored in the upper 
abdomen to adequately expose the infra-duo-
denal posterior peritoneum that covers the 
great vessels.

Peritoneal incision starts at the level of the 
right common iliac artery, just above its cross-
ing with the right ureter. It follows cranially 
the vessel and beyond the aorta, on the mid-
line, up to the third duodenum. At this point, 
the duodeno- pancreas is elevated to expose the 
left renal vein, upper limit of the dissection. The 
duodeno- pancreas is separated from great ves-
sels and maintained elevated, thanks to the lat-
eral suspension of peritoneal leaflets by sutures 
or disposable devices such as T-lift® (Vectec, 
France), or the placement of an endoscopic 
retractor (Endoretract® Covidien) placed under 

the duodeno- pancreas through a 10 mm port 
 introduced under the left costal margin on the 
midclavicular line. This retractor is controlled 
by the assistant. A sort of a tent is thus created 
that should facilitate future dissections.

The orders of operative steps may differ, 
according to the clinical situation or surgeon’s 
preferences.

 1. Usually, preaortic nodes are first separated 
from the underlying great vessel, starting at 
the bifurcation level up to left renal vein fol-
lowing the midline. This technique enables to 
recognize the origins of different collaterals: 
IMA on the left side, 4–5 cm cranial to the 
aortic bifurcation and above, both gonadal 
arteries (immediately desiccated and divided 
as soon as identified). Care must be paid when 
meeting variant vessels such as renal polar 
arteries (see below). At the upper part, the left 
renal vein (LRV) is clearly identified as well 
as termination of the left gonadal vein and 
azygo-lumbar vein. Then preaortic nodes are 
separated from the big perirenal lymphatics 
using clips or thorough sealing. Then, starting 
again from the aortic bifurcation, precaval 
nodes are progressively detached from the 
great vessel. A careful dissection is necessary 
at this level, in order not to injure possible 
lympho-venous anastomoses, frequently 
located at the inferior part of cava close to its 
crossing with the right common iliac artery 
and at the upper part of the interaortocaval 
space. The fragile right gonadal vein flows 
into vena cava and needs to be systematically 
divided between clips, to secure the upper dis-
section up to the left renal vein. The lateral 
mobilization of tissues from vena cava enables 
to identify the right psoas, ureter, and gonadal 
pedicle. The latero-caval nodes are exposed 
and are gently detached from the vessel medi-
ally and right latero-vertebral structures (right 
sympathetic chain, psoas muscle, and genito-
femoral nerve) laterally. The upper limit of 
this dissection is the gonadal vein stump on 
cava or the right renal vein.
 (a) Medially, the interaortocaval nodes are 

approached. They are elevated from the 
vertebral plane. Lumbar pedicles and 

Fig. 25.1 Trocar placement for a transperitoneal PA lnd
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right postganglionic sympathetic nervous 
fibers are intermixed with theses nodes 
and, according to the difficulty, are either 
spared or divided. Under the left renal 
vein (LRV), great attention must be paid 
with frequent large lymphatic vessels that 
must be thoroughly clipped to avoid huge 
lymphorrhea. A right renal artery in a low 
position can be suspected when observing 
arterial pulsations just underneath LRV. If 
necessary, retrocaval nodes can finally be 
approached by the cautious retraction of 
cava from its right and left side, taking 
care of lumbar veins.

 (b) Then the latero-aortic nodes are 
approached. They are resected in two 
parts separated by IMA. Under IMA as 
for the right side, the latero-aortic tissues 
are gently pushed on the left side. The left 
psoas, genitofemoral nerve, sympathetic 
chain, ureter, and gonadal vein must be 
successively identified before going on. 
Then they are followed cranially beyond 
IMA up to LRV. Then latero-aortic nodes 
are separated from the lateral aspect of the 
left common iliac artery and beyond the 
aorta, under and above IMA. As on the 
right side, they are finally elevated from 
the latero-vertebral plane, encompassing 
vertebras, the left sympathetic chain, lum-
bar pedicles, and the left psoas. It may be 
sometimes easier to divide this step into 
an infra- and supramesenteric dissection. 
At the vicinity of the left renal vein, atten-
tion must be paid not to injure a possible 
left renal artery in a low position and, 
especially, the quite constant azygo- 
lumbar vein/trunk which flows into 
LRV. Its position is exactly opposite to the 
end of the left gonadal vein flowing into 
LRV. This aspect may facilitate its identi-
fication. A lympho-anastomose may exist 
with this vein and should be clipped. 
Finally a constant big lymphatic collector 
is to be clipped close to the axilla between 
LRV and the aorta.

 (c) The last step is the resection of presacral 
nodes located caudally to the aortocaval 

bifurcation. They are gently separated 
from the left common iliac vein crossed 
by the right common iliac artery. Lympho- 
venous anastomoses as well as presacral 
vessels may be found at this level. Nodal 
resection is pushed caudally until both 
common iliac bifurcations are cleared.

 (d) Then all nodes are collected, and extracted 
from the peritoneal cavity through the 
umbilical or suprapubic port, globally or 
by chains, always using endoscopic 
bag(s).

 (e) Posterior peritoneum is left widely 
opened, and suspensions are removed. 
Except if significant lympho-hematic 
oozing, no drainage is necessary 
(Fig. 25.2).

 Additional Aspects

IMA is an obstacle to latero-aortic part of the dis-
section. Some authors claim that it can be safely 
divided as general surgeons do when performing 
a colorectal resection. In the literature there is 
one report of a sigmoid necrosis after IMA had 
been sacrificed during a laparoscopic PA lnd [6], 
highlighting the necessity of a conservative man-
agement of this vessel.

In obese patients with short mesentery, sus-
pension of lateral peritoneal leaflets is often nec-
essary, and the placement of the optique in the 

Fig. 25.2 Transperitoneal PA lnd final aspect
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suprapubic 10 mm port may facilitate the inferior 
part of PA dissection.

A lateral transperitoneal approach has been 
reported as a variant. This choice is strictly based 
on surgeon’s preferences.

 Extraperitoneal Laparoscopic 
Paraaortic Node Dissection

 Patient and Staff Positioning

Since most nodes are located laterally to aorta 
and in the absence of obvious right-sided involve-
ment (that would indicate a right-sided iliac dis-
section), a left internal iliac approach is favored.

The patient, under general anesthesia with 
intubation, stomach and bladder emptied, is 
installed flat on the table, the abdomen close to 
the left table edge, and the left arm apart at 90°. 
The right arm can be tucked on the trunk. A slight 
Trendelenburg positioning and right-sided table 
tilt are helpful to expose retroperitoneal struc-
tures especially in overweighted patients 
(Fig. 25.3).

 Technical Description

The operation starts by a diagnostic laparoscopy 
to rule out any carcinomatosis or evidence of 
intra-abdominal metastasis. For this purpose, a 
10 mm umbilical trocar for the laparoscope and a 

5 mm trocar for an instrument in the right iliac 
fossa are necessary.

 Extraperitoneal Space Creation
 1. To enter the left iliac extraperitoneal space, 

two methods are available:
 (a) Our usual approach is direct. The 2 cm 

skin incision is performed three finger-
breadths above the anterior iliac spine and 
one fingerbreadth medial to the iliac crest. 
The three muscular layers (muscular 
fibers of the external oblique, internal 
oblique, and transverse muscles) are pen-
etrated along their fibers until the perito-
neum becomes visible. At this point the 
surgeon’s left forefinger is introduced in 
the extraperitoneal space to delicately 
detach the peritoneum from the medial 
aspect of the transverse muscle laterally 
and the quadratus lumborum then the 
psoas muscle posteriorly. Under finger 
control, a 10–12 mm trocar is introduced 
in the flank (on the mid-axillary line), 
midway between the iliac crest and the 
costal margin. When placed in the extra-
peritoneal space, CO2 inflation is started 
(up to a stable pressure of 12 mmHg that 
warrants absence of peritoneum injury). 
The laparoscope is introduced through 
this port to control the extraperitoneal 
space and to place the second 5 mm oper-
ative trocar under the costal margin (mid-
clavicular line) through the transverse 
muscle after having detached the perito-
neum away with the finger. Then the fin-
ger is replaced by the balloon trocar 
placed in the space under visual control. 
The laparoscope is then introduced in this 
iliac trocar and the instruments in the 
other trocars. The lymphadenectomy can 
starts.

 (b) Another technique consists of the incision 
of the skin in the iliac fossa (with the same 
recommendations) followed by the pene-
tration of the surgeon’s forefinger through 
the three layers of abdominal wall mus-
cles, under the visual control of the diag-
nostic laparoscopy. The  peritoneum is 

Fig. 25.3 Patient and trocar positioning
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then gently separated from the muscles to 
enable the placement of the operative tro-
cars in the flank and subcostal margin. 
Then the finger is replaced by a balloon 
trocar and the extraperitoneal space is 
inflated, while the pneumoperitoneum is 
deflated. The optique is then placed in the 
iliac trocar, while the instruments are in 
the other trocars.

 The Procedure, Step by Step
Dissection is based on clearance of great vessels 
from cellulo-lymphatic tissue, which is finally 
separated from the intact posterior peritoneum 
and duodenum.

 1. Instrumental development of the extraperito-
neal space by elevating the peritoneum from 
the psoas muscle laterally (the kidney is ele-
vated as well) and cranially (up to the level of 
renal pedicle) is the initial step. This space is 
maintained only by gas pressure (not exceed-
ing 15 mm of Hg). Positions of the left ureter 
and infundibulopelvic ligament are immedi-
ately checked; they are kept attached to the 
peritoneum, and this will avoid their damage.

 2. Node dissection starts with the mobilization 
of the ilio-latero-aortic node.

The anterior aspect of left common iliac 
artery is cleared from nodes from the crossing 
with ureter caudally (level of common iliac 
bifurcation) up to the left hypogastric nerve 
that crosses the aorta and its bifurcation. This 
nerve is followed laterally to identify the infe-
rior postganglionic fiber arising from the left 
sympathetic chain. This fiber is anatomically 
important since it exactly crosses the origin of 
the inferior mesenteric artery (IMA). By 
retracting this fiber from the aorta, IMA is 
identified, and this fiber can be sacrificed. 
Then the lateral aspect of the aorta is progres-
sively freed. The origin of the tiny left gonadal 
artery is found out. It should be differentiated 
from a renal polar artery that, at the difference 
of gonadal artery, does not move when the left 
gonadal vein, at the top of the space, is mobi-
lized. Once recognized, it is immediately des-
iccated and divided.

The upper limit of node dissection is the 
left renal vein (LRV). It can be found out by 
following the left gonadal vein at the ceiling 
of the space, since it flows into LRV. Of inter-
est is the fact that opposite to this junction, the 
azygo-renal junction is easily identified 
(Fig. 25.4). This azygo-lumbar vein is formed 
by the 12th intercostal vein and ascending 
lumbar vein.

Latero-aortic nodes are then elevated from 
the posterior structures (sympathetic chain 
and vertebral plane). Care must be paid not to 
damage the nervous chain (limb sympathetic 
syndrome) nor lumbar vessels. These vessels 
are located directly on the vertebral plane and 
are crossed anteriorly by the sympathetic 
chain. Thus, following the anterior aspect of 
the sympathetic chain will facilitate their 
identification and preservation.

Close to the renal vein, there is constantly a 
big lymphatic collector that must be clipped to 
avoid an important lymph leakage. Then, the 
latero-aortic nodes are detached from the 
renal pedicle. At this point, the left renal artery 
and a possible lympho-azygos anastomosis 
must be identified and adequately managed.

 3. The next step is the mobilization of pre-aorto- 
and interaortocaval nodes. The anterior aspect 
of the left renal vein is cleared, and the 
preaortic nodes are elevated from the renal 
vein cranially to IMA origin caudally. The 
interaortocaval nodes are mobilized. The use 

Fig. 25.4 Crossroad with azygo-lumbar vein opposite to 
left gonadal vein, both flooding into the left renal vein 
(LRV)
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of clips or sealing systems will prevent ooz-
ing during this step. While elevating the 
nodes, the origin of the right gonadal artery 
becomes visible and, as for the opposite one, 
is immediately desiccated and divided. 
Usually the anterior aspect of the vena cava is 
identified. It is followed cranially to join with 
the left renal vein and caudally at the level of 
IMA. Precaval nodes are carefully elevated 
from the cava. Any vessel going into a node 
must be preventively desiccated and cau-
tiously divided to avoid a possibly life-threat-
ening hemorrhage. When dissection above 
IMA is completed, the inframesenteric dis-
section is started.

 4. The inframesenteric dissection is the last step 
of the procedure. Once the aortic bifurcation 
is cleared, the left common iliac vein is care-
fully identified and below the promontory 
(Fig. 25.5). Following the right common iliac 
artery, the right ureter is identified and ele-
vated. We are at the level of the right common 
iliac bifurcation. Then nodes are separated 
from the artery until the psoas muscle is visi-
ble. Then preaortic nodes below IMA are ele-
vated until the right hypogastric nerve is 
visible. The inferior part of the vena cava is 
just behind this nerve. After nerve division, 
the anterior aspect IVC is progressively 
cleared from nodes paying the same care to 
the “fellow’s veins” frequent at this level.

 5. Node resection: Finally pre-vascular, interaor-
tocaval, and latero-cavo-iliac nodes, separated 

from great vessels, are to be detached from the 
posterior peritoneum. Starting at the renal 
vein, nodes are separated from the duodeno- 
pancreas, and the lymphatic channels are 
carefully clipped and divided. Then they are 
separated from the posterior peritoneum by 
simple sweeping down to common iliac bifur-
cations. The nodes, stored laterally to the 
psoas, are placed in a bag and extracted 
through the iliac port site. After replacement 
of the balloon trocar, lympho-hemostasis is 
carefully checked and completed if requested 
(Fig. 25.6).

 Final Steps
To prevent lymphocyst formation, a large open-
ing of the left paracolic gutter is recommended, 
which is called “preventive marsupialization.” 
Although feasible by the extraperitoneal space 
(taking care not to open the sigmoid colon!), it is 
easily and safely performed transperitoneally 
(after re-insufflation of the pneumoperitoneum). 
A 10 cm incision, away from the iliac trocar, 
seems a good size (Fig. 25.7). No drainage is 
necessary.

Then all trocars are removed and incisions 
carefully closed.

 Perioperative Care
According to operative timetable, patients are 
discharged on the same or the first postoperative 
day. Level one analgesics are prescribed for the 
first days. Isocoagulation using low-molecular- 
weight heparins is prescribed for the 3 postopera-
tive weeks.

Fig. 25.5 Aortic bifurcation and promontory Fig. 25.6 Extraperitoneal PA lnd final aspect
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 Additional Aspects

Complete Interaortocaval Dissection
Mobilization of interaortocaval nodes is not 
easy by the extraperitoneal approach, espe-
cially from the anterior part of the space. Only 
superficial nodes are usually removed. If a thor-
ough resection is requested, the aorta must be 
mobilized to the vertebral plane. Lumbar arter-
ies are isolated, clipped (Hemolock® clips are 
secure), and divided (Fig. 25.8). Of interest is 
that division of lumbar veins is not necessary 
and that lumbar arteries are always paired as 
the legs of a horse rider: if a left one is visible, 
the right one is just opposite. Concerning a pos-
sible risk of damage of the Adamkiewicz artery 
(AKA), which results in a definitive paraplegia, 
the upper pair of lumbar arteries, caudal to the 
renal pedicle, should be preserved, as if the 
AKA arises from branches of T11-L1 lumbar 
arteries, and the risk of presence of AKA at this 
level (L2) is less than 2% and is nil 
underneath.

After dividing two or three pairs of such lum-
bar arteries, the aorta can be elevated giving 
access to the deep interaortocaval nodes. They 
are detached from the prevertebral plane and 
retrieved directly or from the anterior part of this 
space.

Through this approach, the vena cava can be 
elevated as well from the vertebral plane to col-
lect rare retrocaval nodes, but, if necessary, a 

contralateral right-sided extraperitoneal dissec-
tion is to be preferentially considered.

Great care must be paid during these maneu-
vers since the risk of hemorrhage is important 
and potentially life-threatening. In addition, it 
should be attempted with great care in aged or 
atheromatosis patients, to avoid the risk of ather-
omatous thrombosis and/or embolization (one 
case in our experience).

Gonadal Pedicle Resection
This step is required in case of ovarian cancer 
staging. Gonadal veins are more easily identified 
at their junction with cava or the left renal vein. 
They are strongly clipped and divided at this 
level. The respective arteries usually join the 
veins. Then gonadal pedicles are followed until 
their crossing with ureters from which they must 
be clearly differentiated and separated. They are 
divided caudally close to common iliac 
pedicles.

Nerve-Sparing Dissection
Three pairs of postganglionic sympathetic fibers 
can be found: on the left side three arising lateral 
to the aorta and three arising from the interaorto-
caval space for the right side. If a nerve preserva-
tion is useful to preserve antegrade ejaculation in 
men, the advantages in women is more unclear, 
but their sacrifice may be responsible of some 
degree of constipation.

Fig. 25.8 Aorta mobilization for inter aorto-caval 
dissection

Fig. 25.7 Preventive fenestration of left paracolic gutter
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 Technical Difficulties During 
Paraaortic Dissection (Whatever 
the Approach)

 Hemorrhage
This is the most frequent complication due to 
direct vascular injury (electricity/ultrasound) or 
mechanical tearing. The ultimate management 
will depend of the importance of the damage and 
hemorrhage. If some caval injuries can be con-
trolled laparoscopically, aortic injuries generally 
require an immediate conversion into laparotomy 
for an efficient and safe reparation. Whatever the 
situation, blind use of electricity, instrument, or 
clip application should be avoided, to prevent 
increase in vascular damage. The only first, effi-
cient, and safe method of hemostasis is local 
package with surrounding tissues or swabs. It 
will temporarily contain/control blood loss while 
enabling convenient blood pressure restauration. 
After a while, blood around the bleeder is sucked, 
and when a correct vision is obtained, this com-
pression is gently released. If bleeding remains 
important, decision of laparotomy should no lon-
ger be delayed while applying compression on 
the bleeder again. If bleeding has reduced 
enough, a precise control and an adapted hemo-
stasis method can be applied such as clip/bipolar 
coagulation/hemostatic swab or foam or even a 
suture.

 Fixed Node
Whatever the approach, presence of a fixed node 
(with risk of great vessel damage) remains a 
challenging situation for a laparoscopic debulk-
ing (Fig. 25.9). However vascular wall involve-
ment is a very late step in disease evolution, and 
it is not exceptional to finally find the correct 
plane between the enlarged node and vessel. 
When this situation is anticipated at preopera-
tive imaging, the extraperitoneal approach 
offers the advantage of a lateral view of the 
plane and may be more adapted to deal with this 
risky dissection. However, in addition to tumor 
size, node frailty must be considered as well in 
order not to spill out tumor cells in the operative 
field.

If safety conditions cannot be all fulfilled, an 
open approach should be preferably considered 
(preferably extraperitoneal). In addition, if an 
obvious involved node is removed through an 
extraperitoneal approach, the preventive perito-
neal marsupialization should be avoided, to pre-
vent abdominal cavity contamination.

 Lymph Leakage
A thorough lymphostasis is necessary all along 
the procedure. However, in spite of efforts (desic-
cation, sealing, clips), a (chylous or not) lymph 
leakage may be observed, especially from the 
interaortocaval space or from perirenal or high 
latero-aortic lymphatics. The additional place-
ment hemostatic foam may stop it. Suction drain-
age is to be avoided.

 Bowel Injury
Control of all instruments must be a constant preoc-
cupation for the surgeon. If a bowel injury is 
observed during the procedure, bowel must be thor-
oughly inspected, since injury can perforate both 
side of bowel. Usually, a single- or two- layer suture 
will fix the damage. Bowel resection or ostomy is 
rare. At distance, attention must be paid to any 
abnormal postoperative course. Especially the asso-
ciation of fever, abdominal pain, and inflammatory 
process implies a CT scan to check absence of uri-
nary damage and a laparoscopic revision in order 
not to miss a peritonitis (CT scan is not helpful due 
to the residual CO2 pneumoperitoneum).

Fig. 25.9 Fixed node on the common iliac artery

25 Paraaortic Laparoscopic Node Dissections
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 Ureter Injury
They can be observed during node dissection espe-
cially of fixed nodes. An IV injection of blue may 
help the diagnosis. The placement of ureteral stent 
will protect the single-layer suture. More problem-
atic is the secondary ureter necrosis, some days or 
weeks after surgery. A uro- TDM/uro-MRI will con-
firm the ureter fistula and its level. An attempt of 
stent placement under cystoscopy along with a 
scanno-guided drainage may temporarily control 
the situation. If impossible, local drainage and neph-
rostomy enable to delay the secondary damage 
repair. Finally, ureter stenosis may occur after diffi-
cult dissections, and, if symptomatic, the endoscopic 
placement of endoprosthesis may be indicated.

 Anatomical Variations [7]
Thirty percent of patients have anatomical varia-
tions [8]. This stresses the necessity of checking 
preoperative imaging and not dividing any vessel 
before it is clearly identified:

 (a) Low positioning of renal arteries. Most of the 
time, origins of both renal arteries are located 
above or behind the left renal vein. As for any 
rule, exceptions are not rare, and damage can 
occur in case of mistake with a lymph node. 
Any pulsation at a supposed lymph node 
under left renal vein should be suspected to 
be a renal artery, and a careful dissection is 
mandatory to confirm or not the presence of a 
lymph node at this level (Fig. 25.10).

 (b) The most frequent variant is presence of 
renal polar arteries. If the left side is more 
frequently concerned (Fig. 25.11), a right 
polar artery is possible. The problem is to 
distinguish a polar renal from a gonadal 
artery. A large caliber usually belongs to a 
polar vessel. Following the vessel will lead 
to the kidney. In addition, mobilization of the 
gonadal vein will help the identification of 
the gonadal artery as movements are trans-
mitted, but not in the case of a polar vessel.

 (c) Presence of a retro-aortic left renal vein 
(Fig. 25.12) should be anticipated by check-
ing the preoperative imaging. Following the 
course of the left gonadal vein will help.

 (d) Congenital anomalies of IVC are infrequent 
[9]. Left-sided cava is observed in less than 
1% of people. In this situation, left renal vein 
is very short, and left gonadal vein floods 
directly into the cava (similar to the right 
side). A right-sided cava must be checked. If 

Fig. 25.10 Origin of a right renal artery in the interaorto-
caval space

Fig. 25.11 Left renal polar artery

Fig. 25.12 Retroaortic left renal vein
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present, the two vena cavae usually join high 
on the anterior part of the aorta, quite at the 
level of a regular preaortic left renal vein. If 
cava duplication is complete, common iliac 
veins follow their ipsilateral arteries, and 
consequently there is no vein below the aor-
tic bifurcation.

 (e) Ureter variations are not infrequent, such as 
duplications which can be more or less com-
plete. As for blood vessels, their anatomy 
should be controlled on preoperative imag-
ing [10]. For laparoscopic extraperitoneal PA 
lnd, since ureters are kept attached onto pos-
terior peritoneum, they are less at risk of 
injury. Only gonadal pedicle resections can 
be problematic.

 (f) Kidney variations. Only a horseshoe kidney 
is a very rare but challenging anatomy [11] 
especially for a paraaortic dissection. If 
latero-aortic dissection is usually possible, a 
right-sided dissection will require an elective 
approach.

 Postoperative Complications

 (a) Lymphatic complications. Development of 
lymphocyst seems more frequent with the 
extraperitoneal approach. If the preventive 
“marsupialization” may have decreased its 
incidence, it was not annihilated. Only 
symptomatic lymphocysts (pain, fever, 
venous or ureter compression) must be 
treated. Simple scanno-guided puncture 
exposes to a recurrence rate of 60%. 
External image-guided drainage is the most 
effective method. To reduce the risk of 
recurrence, some advocate the instillation of 
polyvidone or alcoholization in the cyst 
with inconstant results. In case of failure or 
infection, a surgical drainage or exception-
ally the ligature of the leaking channel if 
identified should be considered. In the case 
of chylous leakage or ascites, a conservative 
management is advocated based on drain-
age, a low-fat diet [12]. If recurrent, octreo-
tide injections may help in solving this 
problem [13].

 (b) Leg lymphedema. This complication is quite 
rare after a paraaortic node dissection, but its 
incidence increases if it is associated to a 
 pelvic dissections or radiation therapy [14]. 
Education, physiotherapy, and adapted con-
tention stocks are the usual components of 
treatment [15].

 Limits for Laparoscopic Paraaortic 
Node Dissections

 (a) Previous retroperitoneal surgery
Any retroperitoneal surgery will make fur-
ther retroperitoneal dissection more com-
plex. If adrenal gland, renal surgery, or even 
left colectomy is not a definitive contraindi-
cation (an attempt is necessary), a history 
aortoiliac surgery, renal grafting, and extra-
peritoneal mesh placement for herniation are 
clearly examples of limits, especially for the 
extraperitoneal approach.

 (b) Morbid obesity
If BMI does not fully summarize obesity 
description, it is a reliable reflect and can be a 
limiting factor for this operation [16]. Indeed, 
overweighted patients are a better indication 
for the extraperitoneal approach, since it avoids 
prolonged pneumoperitoneum and steep 
Trendelenburg and provides a more direct 
access to vessels and nodes [17]. However, it 
remains a challenge especially when coexist 
other comorbidities. In borderline situation, an 
honest effort should be attempted.

 (c) Advanced age
As obesity, age is not, by itself, a limit for 
such a procedure as previously claimed [18], 
and the association with other comorbidities 
may represent the real limiting factor. 
However, if required, mobilization of arter-
ies should be carefully performed, to avoid 
endovascular complications.

 (d) Carcinomatosis
Management will depend on the clinical situ-
ation. If local carcinomatosis is not a 
 contraindication, prognosis of distant 
 carcinomatosis will not be altered by the 
finding of node involvement.

25 Paraaortic Laparoscopic Node Dissections



294

 Alternative Approaches

 (a) Single-port extraperitoneal approach
It is possible to perform this operation through 
a single-port approach [19]. Different devices 
are available to enable this procedure. The 
SILS® (Ethicon) and Gelpoint® (Applied) 
systems have been tried. A significant experi-
ence in laparoscopic surgery is mandatory to 
master this approach, which is really chal-
lenging especially when dissecting the right 
side. The question is the real advantage pro-
vided by single-port approach compared to a 
three-port extraperitoneal dissection.

 (e) Robotic extraperitoneal approach
Initial experience in robotically assisted lapa-
roscopic extraperitoneal PA lnd was first 
reported by Diaz Feijoo and was retrospec-
tively compared to laparoscopy to perform 
extraperitoneal PA lnds performed by the 
same team. Robotic approach provided a 
higher node count with lower blood loss with 
no difference in perioperative morbidity [20]. 
Narducci et al. published the French prelimi-
nary experience and confirmed the feasibility 
of the procedure with few complication, 
except for postoperative lymphocysts [21].

 Other Current Developments

 1. Surgical radioprotection in locally advanced 
cervix cancer

These tumors are usually managed by a cis-
platinum-based pelvic or extended-field 
chemoradiation. The risk of radiation- induced 
bowel damage is as high as and this complica-
tion is unfortunately often durable. In the 
future this rate may decrease, thanks to the use 
of conformational irradiation techniques. 
Meanwhile, some simple techniques may pre-
vent these complications: first the suspension 
of a long sigmoid loop in the left paracolic gut-
ter by one or two stitches using the epiploic 
appendices will avoid a possible future steno-
sis. Similarly the interposition between the 
rectum and uterus of an omental J-flap, har-
vested from the right and transverse colon, will 

prevent small bowel to fall in the Douglas cul-
de-sac and widen the space between the ante-
rior aspect of the rectum and the enlarged 
cervix, thus reducing dramatically the risk of 
radiation rectitis or enteritis [22].

 2. Revision of the patterns of dissection
Another way to reduce operative time or com-
plication is to reduce the pattern of dissection. 
If a complete dissection up to the left renal 
vein is requested for the staging of endome-
trial or ovarian carcinomas, this statement is 
debatable in cervix cancer. In a prospective 
multicentric study, we confirmed that the rate 
of skip metastasis above IMA is extremely 
low in advanced cervix cancer when inframes-
enteric nodes are negative, justifying to limit 
the dissection for this indication from both 
common iliac bifurcation caudally up to the 
origin of IMA cranially [23].

 3. Revision of indications of PA lnd
As required by FIGO staging, all ovarian car-
cinoma should be dissected from pelvic to 
infrarenal paraaortic level, thoroughly (includ-
ing interaortocaval dissection) and bilaterally 
[24]. However mucinous cancer may be an 
exception especially in their expansile sub-
type (at the difference with the infiltrative 
subtype) [25].

Similarly, in early endometrial carcinomas, 
usually managed by laparoscopic approach, 
all type 2 and intermediate- to high-risk type 1 
tumors should remain an indication for a com-
plete ilio-infrarenal staging [26].

In cervix cancer, the indication of PA lnd is 
accepted in case of pelvic positive nodes but 
is controverted in locally advanced carcino-
mas, as the advantage in survival is uncertain. 
Some randomized trials are ongoing to clarify 
the indication [27].

 Results of Laparoscopic 
Lymphadenectomies 
in Gynecologic Oncology

In a recent review, Gouy et al. compared the 
results of open and laparoscopic paraaortic node 
dissections from retrospective series [28]. With 
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0–2% of complications, laparoscopic node dis-
sections are safer than their open counterpart, 
whatever its approach trans- or extraperitoneal.

There are few studies comparing the two 
approaches, and all are retrospective and summa-
rized in the Table 1. Only in preliminary experi-
ences, comparative studies showed a little bit more 
complications with the EP approach, especially 
conversions into a transperitoneal approach (due 
to peritoneal perforation but with training and 
experience, this rate remained low [29]. In Pakish 
et al. experience, 34 extraperitoneal laparoscopic 
PA lnd were compared to 108 transperitoneal lapa-
roscopic or 52 robotic PA lnds. In fine, node count 
was always superior when using the laparoscopic 
extraperitoneal approach compared to each trans-
peritoneal routes, although BMI and operative 
time were significantly higher in this group. By 
contrast postoperative outcomes did not differ 
across the different groups [17]. In Morales series 
comparing 28 extraperitoneal and 19 transperito-
neal laparoscopic PA dissections, node counts 
were not different between the approaches. Only 
operative room time and length of stay in recovery 
unit were shorter with the extraperitoneal approach 
[30]. In Akladios et al. series, 51 transperitoneal 
were compared to 21 extraperitoneal PA lnds. 
Operative time was longer when using the trans-
peritoneal approach, but they retrieved a higher 
node count (17 vs. 13), with no difference in out-
comes nor morbidity. There was one laparo-con-
version in this group and none in the extraperitoneal 
group (but three extraperitoneal laparoscopies had 
to be transformed into transperitoneal due to peri-
toneal perforations) [31].

Our single-center experience (yet unpublished 
data) started earlier (1991 for the transperitoneal 
and 1995 for the extraperitoneal laparoscopic 
approach). From 1991 to 2017, 1023 patients were 
operated for a PA lnd: 170 by a transperitoneal and 
853 by an extraperitoneal approach (among them 
50 extraperitoneal and 12 transperitoneal laparo-
scopic PA lnd were assisted by Da Vinci robotR). 
According to the level of dissection (infrarenal 
or inframesenteric), numbers of resected nodes 
were always significantly superior when using the 
extraperitoneal route. In addition, the number of 
resected nodes by the extraperitoneal approach 

was not different from the one obtained after a 
transperitoneal laparotomy. This result is due to 
the anatomical fact that most of paraaortic nodes 
are located laterally to the aorta and the surgical 
fact that the left extraperitoneal left-sided iliac 
approach enables a more comprehensive dissec-
tion at this level. Comparison of morbidity rates 
revealed 2% of intraoperative complications with 
no significant difference between the different 
approaches. By contrast more lymphatic com-
plications (7.7%) (i.e symptomatic lymphocysts, 
lymph ascites) were observed within the extraperi-
toneal group. Unfortunately, but the experience is 
still small, the robotic assistance did not demon-
strate any advantage of this device (same patients’ 
characteristics, equivalent number of nodes but 
longer OR time ... and costs). If the prophylactic 
fenestration of the paracolic gutter reduces the 
incidence of symptomatic lymphoceles, the inci-
dence of this complication remains significantly 
higher when compared to the transperitoneal 
approach. The addition of thorough clipping and/
or sealing of any lymph channel might with time 
erase this difference.

 Conclusions

Laparoscopic paraaortic node dissection is a 
recognized procedure, safe reproducible, but 
both a specific training (videos, mentoring) 
and a regular practice are necessary to main-
tain these results.

Whatever the indication or the level of dis-
section, the extraperitoneal laparoscopic 
approach provided more nodes than the trans-
peritoneal counterpart.

However, beyond surgeon’s preference, the 
transperitoneal approach is adapted when it 
follows a transperitoneal pelvic dissection or 
in case of failure of the extraperitoneal dissec-
tion. However, in elective indications or in 
overweighted patients, the extraperitoneal 
approach is better indicated.

The use of single-port or robotic technol-
ogy to perform the procedure is just an affair 
of possibility or choice.

This stresses the fact that both approaches 
should be equally mastered by any 
gyneco-oncologist.

25 Paraaortic Laparoscopic Node Dissections
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Transperitoneal Para-aortic 
Lymphadenectomy: Surgical 
Technique, Results, Challenges, 
and Complications

Audrey Tieko Tsunoda, Carlos Eduardo Mattos da 
Cunha Andrade, Bruno Roberto Braga Azevedo, 
José Clemente Linhares, and Reitan Ribeiro

 Background

One of the more important prognostic factors in 
gynecological malignancies is the lymph node 
status. A combination of risk factors, the organ 
anatomy and drainage, the histology, and the 
stage are the key factors related to lymph node 
metastasis that may range from 1.5% up to 70%.

Minimally invasive surgery (MIS) is the best 
approach to be offered for staging purposes and 
in the absence of a systemic disease. All potential 

benefits provided by MIS techniques are signifi-
cant toward lower morbidity rates, reduced time 
to adjuvant therapies, and earlier return to regular 
daily activities. In locally advanced cervical can-
cer patients, the rates of upstaging after a surgical 
staging may range from 18% up to 33% in the 
literature [1–3].

Another interesting indication for surgical 
para-aortic MIS transperitoneal lymphadenec-
tomy is debulking. After a multidisciplinary eval-
uation, patients referred for surgery due to bulky 
nodal metastases might achieve better local con-
trol when the volume of disease is debulked 
through a MIS surgery, with low morbidity, in 
order to achieve minimal volume of disease to be 
treated. The multidisciplinary approach is funda-
mental for patient counseling, to delineate the 
objectives of the surgical procedure, the correct 
timing of the surgery aligned with the multimodal 
therapeutic plan, and the best surgical route.

The para-aortic lymphadenectomy (retroperi-
toneal lymphadenectomy) in gynecologic cancer 
encompasses the dissection and removal of all 
lymphovascular tissues between common iliac 
vessels (distal limit), ureters (lateral limits), 
psoas muscles (posterior and lateral limits), and 
left renal vein (proximal limit). A transperitoneal 
para-aortic lymphadenectomy (TPAL) technique 
is developed through the peritoneal cavity, 
with the patient in a Trendelenburg position.  
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The  surgical team usually faces a screen nearby 
the cranial portion of the patient.

Some advantages of the TPAL technique 
should be mentioned: anatomic vision, as 
observed in the anatomical textbooks, a comfort-
able position for the entire surgical team, one 
strategic port placement for the entire abdominal 
cavity, and good surgical field exposition and 
favorable access to all dissection sites, including 
the right vena cava and interaortocaval and retro-
caval sites, when applicable.

Potential limitations to TPAL are 
Trendelenburg; occasional challenging access to 
the supramesenteric and left infrarenal space; 
heavy mesentery, due to dense fat tissue and 
heavy small bowel loops, with difficult exposure; 
and eventual longer learning curve.

 Technical Principles: Step-by-Step 
in Video 26.1

 Patient Positioning

The patient is positioned after general anesthesia, 
with or without regional blockage. Lower limbs 
are placed in Allen stirrups, with the application 
of an intermittent compression device, in a low 
lithotomy position (Lloyd Davis).

The upper limbs are securely positioned along 
the body, the IV lines and monitoring devices 
adequately protected from traction and/or com-
pression. A heating system is paramount to pre-
serve normothermia.

Some devices may play an important role to pre-
vent a patient mobilization (sliding over the table) 
while placed in Trendelenburg. Most useful ones 
are permanent gel cushion, single-use foam cushion 
fixed on the table by straps, vacuum cushion, shoul-
der cushions, etc. Advantages and disadvantages 
are system related, although it is important to check 
for lesions, excessive pressure, or nervous injury.

 Trocar Placement

First access is performed at the umbilical scar, 
and the pneumoperitoneum is obtained according 
to the team routine. If a more proximal dissection 

is required, nearby the left renal vein, it is prefer-
able to position this 11 mm trocar in the cranial 
part of the umbilical site, in order to gain 1 cm 
more distance from the pubic region, thus reduc-
ing instrument collisions. When the aim of the 
procedure is only pelvic dissection, the incision 
might be better placed in the center of the umbili-
cal site or even inside it, distally (less apparent 
scar).

Three 6 mm trocars are positioned and aligned 
in the left lower quadrant, hypogastrium, and 
right lower quadrant, proximal and medial to the 
anterior iliac spines.

Some surgeons do prefer to place an addi-
tional 11 mm trocar, routinely, while others may 
add this trocar only in more complex cases (i.e., 
debulking procedures) or even when the first 
assistant is not yet used to the 30° scope in the 
umbilical port. This fifth trocar is used to insert 
the scope, and the umbilical trocar is used by the 
second assistant to retract and improve exposure, 
to aspirate the surgical field, and to insert 10 mm 
clips, needles, or eventually gauze. Main limita-
tion is the collision of instruments that may be 
increased by this fifth trocar.

 Team and Instrument Positioning

The surgical table must allow a steep 
Trendelenburg, of 25–30°, with safety and effi-
ciency. The surgeon is positioned between the 
lower limbs, with the right-hand instrument in 
the left quadrant trocar and the right-hand instru-
ment in the hypogastric trocar.

The first assistant stands in the right side of the 
patient, with the left hand on the 30° scope and 
the right hand with the auxiliary grasping or suc-
tioning device through the right quadrant port.

When the fifth 11 mm trocar is inserted in the 
suprapubic region, the surgeon stands in the right 
side of the patient and the first assistant between 
the lower limbs. The surgeon uses both right 
quadrant and hypogastric trocars, while the first 
assistant holds the scope with the left hand and 
the auxiliary instrument with the right hand 
through the left quadrant trocar. A second assis-
tant stands by the left side of the patient and holds 
an instrument through the umbilical port (suction 
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device, retractor below the duodenum, or grasp-
ing forceps).

Energy sources (generators) are positioned 
nearby the right side of the patient, close to the 
right shoulder. The screen is placed over the head 
or by the patient’s shoulder. The scrub nurse is 
positioned by the surgeon’s right side, on the left 
side of the patient.

If possible, an accessory table is placed fixed 
on the surgical table, at the level of the patient’s 
shoulder, to protect the face and to keep the 
instruments that are more used during the proce-
dure in a shorter distance.

 Surgical Field

After a steep Trendelenburg, the patient is tilted 
to the right side. The omentum is positioned over 
the liver (if possible), and the small bowel loops 
are gently flipped over to the right and upper side 
of the abdominal cavity. A peritoneal incision 
starts at the level of the right common iliac artery 
(easiest anatomical landmark), ascending toward 
the duodenum. The right psoas muscle is identi-
fied as the posterior and lateral limit. The right 
gonadal vessels and the right ureter are identified 
and retracted laterally, as the lateral limits of the 
dissection. The duodenum is then retracted, and 
the incision proceeds cranially crossing over the 
great vessels, ascending to the left side of the 
abdomen, along the duodenum. Suspension 
transparietal stitches or suspension devices are 
useful to keep the small bowel loops outside this 
surgical field. With stitches placed for duodenum 
suspension, the dissection proceeds to the left 
side, and the left side suspension is placed as 
soon as the inferior mesenteric artery (IMA), left 
psoas muscle, and left ureter are identified. With 
adequate exposure, it is possible to identify and 
preserve the complete left renal vein.

Large and heavy bowel loops and mesentery 
may demand more suspension peritoneal transpa-
rietal stitches. In selected cases, six or eight 
stitches are needed to guarantee a good exposure. 
These stitches are placed through the abdominal 
wall with a straight and long needle, and 
the thread is multifilament or monofilament, 
 usually permanent, and long. Other commercial 

 suspension devices are available and are safely 
and quickly applied.

 Dissection Technique 
and Instruments

Exposure accomplishment and anatomical land-
mark identification are key steps for 
TPAL. Dissection of the lymphovascular tissue 
may be performed by bipolar and scissors or 
atraumatic grasping forceps and advanced energy 
device (i.e., bipolar vessel sealer or ultrasonic 
instrument). All team members must be aware of 
the benefits, limitations, and potential risks of 
each instrument, for a better efficiency and cost 
harmonization. Usually, the easier starting sites 
are the paracaval and precaval spaces. During 
this step, the first assistant retracts laterally the 
right ureter, and the surgeon must apply gentle 
and precise movements. In the precaval region, 
there are small venous perforators draining from 
the precaval nodes directly to the anterior and 
distal vena cava wall, described as fellow veins. 
Careful tissue handling and dissection allow pre-
cise dissection and prevent a vena cava tearing 
due to a fellow vein traction.

The dissection between the vena cava and 
aorta is challenging and demands preserving the 
lumbar vessels and the superior hypogastric 
plexus (SHP). Both can be dissected and pre-
served, mainly in the absence of bulky nodes.

The SHP is lateralized along the IMA while 
dissecting the preaortic and para-aortic sites. Left 
psoas muscle is the posterior and right lateral 
limit, along with the left ureter, which may have 
its entire tract well defined. A left sympathetic 
chain, lateral and parallel to the vertebrae, should 
be preserved whenever possible. It is well identi-
fied after lumbar artery identification at the same 
level, some millimeters laterally, as a whitish and 
long structure, posterior to the level of the lym-
phovascular tissue. Proximal to the IMA, anteri-
orly and laterally, there is a plane of delicate 
branches of autonomic nerves. This branch pres-
ervation is more challenging through a transperi-
toneal approach. Furthermore, most of the 
vascular anatomical variations do occur in this 
topography. Preoperative imaging is crucial to 
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avoid vascular injuries in this site. Precise dissec-
tion and identification of the entire left renal vein 
allow dissection and ligation of the proximal 
lymphovascular tissue, medial to the left perire-
nal fat tissue. This lymphovascular tissue can be 
removed en bloc or separated from the distal 
IMA tissue.

To separate the surgical specimens by topog-
raphies may contribute to enhance the number of 
lymph nodes identified by the pathologist.

 Final Aspects

At the end of the dissection, the total blood loss is 
precisely measured, and the hemostasis is care-
fully reviewed. Irrigation during the dissection 
steps usually impairs the surgical planes and the 
efficiency of the energy devices. Field irrigation 
with warm saline solution is restricted to the final 
review of the surgical field and has the objective 
of removing dissection debris and blood clots. 
There is no need of placing drains, unless clini-
cally indicated, i.e., necessity of monitoring a 
specific risk site.

TPAL with adequate identification of the ana-
tomical landmarks, neuropreservation, and care-
ful dissection is related to low morbidity rates 
and short recovery times.

Suspension stitches are removed, the bowel 
loops and the omentum are returned to their ana-
tomical place, and the procedure is finished.

All the surgical specimens are retrieved inside 
endobags, for protected extraction.

Extraction can be performed vaginally (after a 
hysterectomy), through the umbilical incision 
(for very small nodes), a low transverse incision 
(if large nodes and no hysterectomy).

Trocar removal is under direct vision, to con-
trol eventual abdominal wall bleeding. The 
pneumoperitoneum is removed through the 
11 mm umbilical trocar, to avoid the chimney 
effect.

All aponeurosis incisions larger than 8 mm 
should be systematically sutured, with a signifi-
cant reduction in port site herniation. The subcu-
taneous is irrigated with saline, and the skin is 
sutured with intradermal absorbable sutures.

 Postoperative Care

Diet restarts 4–6 h after surgery. Intermittent 
lower limb compression is maintained for 12 h or 
until the patient walks. Patient is allowed to walk 
in the same day, or in the early morning after sur-
gery, unless clinically restricted. Discharge is 
programed for the next morning. Low weight 
heparin prophylaxis reduces venous thromboem-
bolism events. Return to regular activities in 
14–21 days and adjuvant therapies may start in 
5–14 postoperative days. Patients with locally 
advanced cervical cancer selected for surgical 
staging may start chemoradiation in 14 days of 
the surgery, according to a prospective and ran-
domized trial [1, 2].

 Limitations and Challenges

A standard TPAL technique is applicable in all 
clinical situations, for staging or debulking 
purposes.

Patient performance status and tumor stage 
and biology are crucial for a better TPAL 
indication.

Surgical equipment and team training are 
basic resources that may impact the final results.

A major limitation for TPAL technique is the 
long learning curve [4]. Currently, there is a lim-
ited number of training centers for advanced 
laparoscopy in gynecologic oncology, and that is 
one of the reasons why TPAL has not been widely 
indicated [5]. Unfavorable situations may reduce 
indications or even increase complications of 
TPAL. Obese patients, previous abdominal sur-
geries, other anatomical distortions and/or 
 variations, previous radiation therapy, and bulky 
nodes are some of the major challenges when 
TPAL is concerned. Most of these situations are 
preventable or controllable, and a careful review 
of the clinical information, prior treatments, 
and imaging (lymphadenopathy, anatomical 
 variations) potentially prevent significant 
complications.

On the other hand, minimally invasive access 
is related to less complications, even in challeng-
ing situations, i.e., obesity [6, 7].
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 Complications

TPAL is frequently performed along with pelvic 
lymphadenectomy and hysterectomy, and iso-
lated complications related to TPAL are uncom-
mon. Lymphadenectomy complications are 
classified as vascular, nervous, urinary, or 
intestinal.

Vascular injuries are the most common opera-
tive complications. Among them, fellow vein 
injuries are the most frequent. Mostly result from 
an excessive traction of the lymph nodes over the 
distal vena cava. Local compression is one of the 
best resources to control a millimetric lesion, 
under low blood pressure, although there are situ-
ations where clipping with titanium clips or vas-
cular suture may become necessary. Lumbar 
veins or arterial injuries are related to moderate 
blood loss but controlled under pressure. 
Dissection of the vessel for better identification 
and injury correction is mandatory, to avoid fur-
ther lesions. Frequently, the injured lumbar ves-
sel can be successfully ligated with clips. Gonadal 
arteries arise directly from the aorta and can be 
pulled and detached from it. If there is no remain-
ing vessel and the orifice is opened directly at the 
aortic wall, there is a demand for suturing with a 
permanent monofilament thread (polypropylene), 
4.0 or 5.0. IMA injuries can occur in the same 
fashion as the gonadal arteries, by avulsion from 
the aorta. The correction is the same, with sutur-
ing if no residual IMA at the aortic wall or clip-
ping if there is a residual segment of IMA. Due to 
the vascular anastomosis, there is little chance of 
sigmoid/upper rectum necrosis, but this risk 
should be reviewed at the end of the surgery and 
during follow-up.

Vascular injuries may occur independently of 
the route, but laparoscopy presents lower blood 
loss when compared to open techniques [8].

Nerve or autonomic plexus injuries are related 
to partial left colon denervation, after resection of 
the superior mesenteric plexus or the intermesen-
teric plexus. Temporary adynamic ileus or 
colonic hypokinesia may occur. When lesions of 
the sympathetic paravertebral trunk occur, a sig-
nificant difference of thermal sensation between 
the lower limbs may be seen postoperatively.

Urinary lesions are uncommon. Ureteric 
lesions are related to lack of correct identification 
and dissection of the ureter, resulting in thermal 
injuries or, rarely, ureteric resection or ligation 
along with the lymph nodes. Small injuries can 
be sutured under double-J ureteric stenting, with 
stitches of monofilament absorbable suture. 
Major ureteric injuries demand dissection of the 
ureter and eventually dissection of the kidney 
with reposition in a ptosis situation (to reduce 
distance from the proximal and distal ureter). An 
appendicular interposition and segment of ileum 
are options for large ureteric defects.

Bowel injuries are rare. In the majority of the 
cases, a failure to keep the bowel loops outside 
the operative field results in one assistant mobi-
lizing the bowel without direct vision or while 
entering or retrieving instruments from the cav-
ity. Another potential lesion may occur when the 
second assistant mobilizes the duodenum. Bowel 
injuries must be identified and repaired immedi-
ately, with suturing with monofilament perma-
nent or absorbable sutures. When there is mucosal 
injury, one must remember to modify the antibi-
otic prophylaxis and execute the adequate surgi-
cal repair of the injury.

Postoperative complications account for 5% 
and most commonly are related to deep venous 
thromboembolism (VTE), lymphocysts, and 
bleeding. To apply a surgical technique that pre-
serves the integrity of the vessels, with careful 
handling and dissection, associated with throm-
boprophylaxis with low-weight heparin for 28 
postoperative days, is the current recommenda-
tion. There is a trend toward reducing the time for 
postoperative prophylaxis, but phase III trials are 
pending. Lymphoceles and lymphocysts occur in 
less than 20% of the patients undergoing pelvic 
and para-aortic lymphadenectomy [9], although 
less than 5% become symptomatic. Most symp-
tomatic patients may be treated with simple per-
cutaneous puncture, image guided. In cases of 
recurrence, percutaneous drainage and surgical 
marsupialization are options to be considered.

Hemostatic agents may play a role in the pre-
vention or therapeutic approach of lymphocysts, 
although costs may limit the indication of these 
agents.
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Bleeding is rare in the postoperative period. 
Patients without hemodynamic instability or coag-
ulation abnormality may be considered for conser-
vative approaches. On the other hand, patients 
with hematomas with expansion or hemodynamic 
instability are potential candidates for reoperation 
by laparoscopy or even a laparotomy.

Among patients operated in a randomized 
trial, comparing surgical staging versus clinical 
staging for locally advanced cervical cancer, sur-
gical morbidity was 7.3%. Two patients pre-
sented intraoperative bleeding of more than 
500 cm3, but without blood transfusion, and no 
deaths or reoperations [1, 2].

 Results

TPAL is a standardized, feasible and effective 
technique, with a significant reduction in surgical 
morbidity. Several studies demonstrated the 
oncological safety of TPAL when compared to 
open/laparotomic techniques [10–12].

Oncological results are currently measured by 
three key points: (1) number of removed lymph 
nodes (extension of the lymphadenectomy), (2) 
the relevance of the lymph node status in the 
management, and (3) potential overall survival 
benefit.

In retroperitoneal lymphadenectomies, both 
laparotomic and minimally invasive approaches 
are comparable regarding the number of lymph 
nodes retrieved [1, 2, 11, 12]. Mean number of 
retrieved para-aortic nodes is 17 [1, 2].

Surgical staging may improve peritoneal 
spread evaluation and adjust/modify final stage 
in 33% of the cases [1, 2]. The stage modification 
leads to treatment plan modifications, i.e., 
extended field indication or, in case of peritoneal 
spread, palliative chemotherapy.

There are no enough data to correlate surgical 
staging and overall survival. Oncological results 
in locally advanced cervical cancer surgical stag-
ing are pending.

 Conclusion

TPAL is a feasible and standardized surgical 
technique, with low morbidity, significant 

oncological indications, and a potential thera-
peutic benefit.

Key Points
TPAL is a complex procedure. It demands surgi-
cal training in gynecologic oncology and signifi-
cant team work. When performed by experienced 
groups, it is associated with a significant morbid-
ity reduction, with relevant oncological 
outcomes.
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Radical Vaginal Trachelectomy

Suzana Arenhart Pessini, Gustavo Py Gomes  
da Silveira, and Denis Querleu

Introduction

Cervical cancer is the fourth most common can-
cer in women, with estimated rates of incidence 
age standardized (ASRs) ranging from 5.5 per 
100,000 in Australia/New Zealand to 42.7 in 
Eastern Africa. Around 84% of new cervical can-
cer and 87% of cervical cancer deaths occur in 
the less developed regions [1].

The peak age of developing cervical cancer is 
47 years, and approximately 47% of women with 
invasive cervical cancer are younger than 35 years 
of age at diagnosis [2].

The incidence of cervical cancers in young 
women is increasing. Between 2000 and 2009, the 
incidence in women aged 20–29 increased annually 
by an average of 10.3% [3]. Besides that, 14.9% of 

the women with cervical cancer are between 20 and 
34 years of age, and 26.2% are between 35 and 
44 years old [4, 5]. In the USA, about 50% of all 
fertile women with a diagnosis of early-stage cervi-
cal cancer fit the criteria for RVT [6].

Based in these facts, there is no area in which 
conservative surgery makes more sense than cer-
vical carcinoma, allowing young women to pre-
serve their childbearing potential.

 History

Professor Daniel Dargent, from Hôpital Edouard 
Herriot in Lyon, France, proposed a radical vagi-
nal removal of the cervix, the upper part of vagina, 
and the proximal part of the parametria (radical 
vaginal trachelectomy (RVT)) combined with 
laparoscopic pelvic lymphadenectomy. Dargent 
started this procedure in 1986 and published his 
first results in 1994 [7, 8]. Other centers, like Berlin 
with Achim Schneider, Quebec with Michel Roy 
and Marie Plant, London with John Sheperd, and 
Toronto with Allan Covens, adopted and pub-
lished their experience [9–12]. Professor Denis 
Querleu, in 1998, included and described this pro-
cedure in his book Techniques Chirurgicales em 
Ginécologie [13]. In 2000 Dargent analyzed 47 
patients submitted to RVT with median follow-up 
of 52 months (7–123 months). Recurrences were 
observed in 2 patients (4.3%), and 20 pregnancies 
occurred in 13 patients with 10 normal newborn. 
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Tumor diameter more than 2 cm and lymphovas-
cular space invasion (LVSI) were the most impor-
tant risk factors for recurrence [14]. In Brazil, 
the first RVT was performed by our group, from 
Santa Casa Hospital, Porto Alegre, in 2000.

 Indications

The first condition is for the patient to desire to 
preserve fertility.

The other criteria are epidermoid, adenocarci-
noma, or adenoescamoso histology; stages IA1 
with LVSI, IA2, and IB1 up to 2 cm in size; inva-
sion of the connective tissue of less 10 mm; nega-
tive lymph nodes; and 5 mm clear margin after 
resection.

For patients with early-stage cervical cancer 
who desire fertility preservation, radical trache-
lectomy (vaginal, abdominal, or laparoscopic) 
and pelvic lymphadenectomy are considered a 
standard treatment.

 Preoperative

The criteria for the indications must be 
followed.

For the clinical staging, a pelvic examination 
provides the dimensions and the parametrial 
 status. X-ray examination of the lungs and 
pyelography or ultrasound of the renal tract is 
recommended by FIGO. Cystoscopy and proc-
toscopy are used for more advanced stages. 
Blood tests should include full blood count and 
renal and liver functions, and syphilis and HIV 
serology need to be considered. Magnetic reso-
nance imaging (MRI) is the best technique to 
show tumor size, depth of stromal invasion, and 
distance between the superior part of the tumor 
and internal os [15, 16].

For detecting lymph node metastatic disease, 
the most precise method is sentinel node. 
Computed tomography (CT), MRI, and 
positron- emission tomography (PET) have low 
precision [17].

Cone biopsy for precise diagnosis is important 
to some authors [18].

 Technique

The abdomen and pelvis are carefully examined 
at the beginning of the operation by inspection of 
the peritoneal cavity, including a detailed exami-
nation of the fallopian tubes and ovaries. Frozen 
section of any suspicious peritoneal or ovarian 
growth, or of enlarged nodes, is required before 
starting the procedure, which must be abandoned 
in case of metastatic disease.

A laparoscopic pelvic lymphadenectomy is 
performed prior to the trachelectomy proce-
dure. Identification of sentinel lymph node fol-
lowing intracervical injection of radiocolloid, 
blue dye, or fluorescence-emitting indocyanine 
green is the first step of the procedure. Pelvic 
nodes from the common iliac bifurcation proxi-
mally to the circumflex vein distally, including 
the pelvic nodes from the external iliac, internal 
iliac, and obturator regions, are then removed. 
The fertility- sparing procedure is abandoned, 
and a para-aortic lymph node sampling is per-
formed if positive nodes are found. Only nega-
tive node patients are candidates for radical 
trachelectomy.

 Vaginal Trachelectomy (Dargent 
Operation) (Movie from Denis 
Querleu)

The procedure begins with delineating an ade-
quate vaginal margin of approximately 1–2 cm. 
Six or eight Kocher’s forceps are placed circum-
ferentially, and dilute epinephrine solution is 
injected under the vaginal mucosa to reduce 
bleeding and facilitate dissection. The vaginal 
mucosa is incised; the anterior and posterior 
aspects of the vaginal incision are folded together 
using Krobach clamps placed horizontally. The 
posterior cul-de-sac is opened posteriorly, the 
rectovaginal space is created, and the rectovagi-
nal ligament is divided. The specimen is then 
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pulled downward, and the vesicouterine space is 
entered and developed by blunt dissection. The 
most tricky and specific part of radical vaginal 
surgery, which is the identification and dissection 
of the pelvic ureters, can be undertaken. The ure-
ters are located within the so-called bladder pillar 
that is a structure defined by the vesicouterine 
space medially and the paravesical space later-
ally on each side. The paravesical spaces must 
then be widely opened in order to delineate the 
bladder pillar. Once the prevesical and paravesi-
cal spaces are developed, the ureter can be pal-
pated and then dissected within the midportion of 
the bladder pillar. The uterovesical ligament can 
then be transected distal to the ureter. The lateral 
parametrium (paracervix) is clamped or coagu-
lated and divided. Only the descending branch of 
the uterine artery, the cervicovaginal branch, is 
coagulated or ligated and divided without dis-
turbing the main blood supply to the uterus. The 
cervix is transected ideally 1 cm below the inter-
nal cervical os and 1 cm above the upper limit of 
the tumor. A frozen section of the superior margin 
of the cervix can be performed to ensure safe 
negative endocervical margins. When the clear 
margin is less than 5 mm, removing another 
3–5 mm of the residual cervix is recommended to 
improve tumor clearance. After ensuring that a 
proper oncological surgery with sufficient mar-
gins is obtained, the reconstruction is carried out. 
A prophylactic permanent cerclage is placed at 
the level of the internal os to avoid cervical 
incompetence. Finally, the cervical stump is 
sutured to the vaginal mucosa at a distance from 
the internal os.

 Abdominal Radical Trachelectomy

To complete an abdominal radical trachelec-
tomy, radicality is ensured by dividing the cardi-
nal ligaments after dissection of the ureters. The 
preservation of the uterus and adnexa is made 
possible by refraining from dividing the upper 
pedicles of the uterus. After the vaginal incision 
and the division of cardinal ligament at the 
appropriate level, the cervix is divided and then 

sutured to the vaginal wall after placement of a 
permanent cerclage. The rest is similar to the 
equivalent steps of radical hysterectomy. The 
preservation of uterine arteries is more difficult 
than it is from below. The uterine arteries can be 
carefully preserved or repaired after division. 
However, the benefit of preserving the uterine 
arteries is not clear [19].

 Laparoscopic or Robotic-Assisted 
Radical Trachelectomy

The laparoscopic or robotic-assisted operation 
mimics the abdominal operation. The surgery 
may involve a vaginal step for the excision of the 
specimen after division of the cardinal surgery, 
the placement of cervical cerclage, and for the 
completion of the uterovaginal anastomosis.

 Postoperative Care 
and Complications

A Foley catheter is placed in all patients for 
48 h after the procedure. Postoperative blad-
der function is assessed at day 2 by measur-
ing the post- void residual urine volume. If it 
is higher than 50 mL, the residual urine vol-
ume is  measured after each miction and is 
stopped when obtaining two post-void resid-
ual urine volumes of less than 100 mL or one 
post-void residual urine volume less than 
50 mL. In cases of urinary retention, patients 
are discharged with home self- intermittent 
catheterization.

 Complications and Morbidity

The most common perioperative morbidities 
are bleeding and urinary tract injuries (1.7 and 
1.6%). Postoperative morbidities are lympho-
cytosis, lymphedema, dyspareunia, menstrual 
disorders, and cervical stenosis [20, 21]. 
Cervical stenosis is a specific postoperative 
complication, with incidence of 8.1% in 
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RVT, less than abdominal and laparoscopic 
route [22].

 Oncological Results

A recent systematic review, from Institute 
Gustave Roussy group, Villejuif, France [20], 
analyzed six different fertility-sparing surgery 
approaches for patients with cervical cancer. 
Dargent’s procedure was identified in 1523 
patients from 21 series. The recurrence was 3.8% 
(58/1523), and 24 patients died from the disease 
(1.6%).

In other publications, the 5-year recurrence 
and mortality rates are 2–6% and 1.6–6% [21, 
23–26], comparable to classical radical abdomi-
nal hysterectomy. Another review, with 1293 
radical trachelectomy, identified recurrence risk 
range of 0–16.8% [27]. Hauerberg et al. [28] 
observed 5.1% of recurrence, 10.5% in women 
with adenocarcinoma, and 2.5% in women with 
epidermoid.

The pattern of cancer recurrence in 10/320 
(3.1%) patients treated with RVT was described 
by Mangler et al. [29]. Recurrence appeared at a 
mean time of 26.1 months (3–108), and five 
patients (1.6%) died within 8.8 months (4–15). 
None of the ten patients showed significant high- 
risk factors, which concluded there seems to be 
no pattern in the recurrence after RVT.

 Fertility and Obstetric Outcomes

Speiser et al. [26] suggest possible changes 
caused by surgery that might influence fertility: 
cervical mucus reduced or altered, cervical steno-
sis, adhesions, and reduced blood flow.

The pregnancy rate, determined from series 
with complete data and based on total number of 
patients attempting to become pregnant and the 
number succeeding, is 63%. Pregnancies occurred 
in 487/1523 patients (32%), fetal loss in 103/487 
(21%), and preterm delivery in 104 (21.3%) [20].

According to Speiser et al. [30], most patients 
were not planning a pregnancy after fertility- 
sparing surgery. From 212 patients treated by 
them, only 76 (35.8%) were planning after 

0–5 years follow-up surgery, and 50/76 (65.8%) 
were pregnant. The pregnancy rate for all patients 
was 24% (50/212), but the really important rate, 
which shows the true success, is referred to how 
many patients would like to be pregnant after sur-
gery (65.8%). Fifty women had 60 pregnancies 
and 45 live births (75%).

Second-trimester miscarriage and severe pre-
maturity before 32 weeks are related to trachelec-
tomy. The main reason of preterm delivery is 
premature rupture of the amniotic membranes 
[26, 27, 31].

 Personal Experience

It seems that the first radical trachelectomy in 
Brazil was performed by our group in 2000. Until 
2016, 26 patients were eligible, and 8 were 
excluded (4 by positive sentinel node, 3 by 
involvement of the up cervical channel, and 1 by 
neuroendocrine histology). From 18 patients 
(25–38 years old) with up to 188 months follow-
 up, the survival was 94.4%, and the spontaneous 
pregnancy rate was 83%, with 50% third- 
trimester deliveries and baby at home.

 Careful Pregnancies

A minimum of 3 months seems a good interval 
between surgery and the first attempt to con-
ceive [17].

All pregnancies must be considered high-risk 
pregnancies and the delivery cesarean section be 
done in a reference center with perinatology unit.

During pregnancy, the team of Charles 
University, Prague, recommends cephalosporin 
antibiotics at weeks 16, 20, and 24 and clindamy-
cin vaginal treatment to prevent intraovular infec-
tion at weeks 16 and 20 [17]. Other authors prefer 
prophylactic use of oral metronidazole during 
weeks 15–21 and sexual abstinence during the 
second and third trimesters [32].

Speiser et al. [26] suggest to avoid elective 
dental treatment, by the bacteremia risk; vaginal 
intercourse between 14 and 34 weeks of gesta-
tion, by urinary and vaginal infection risk; and 
digital vaginal examinations.
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Abdominal cerclage should be offered—by 
laparoscopy if not pregnant and by laparotomy if 
pregnant [26].

 Prognostic Factors

Neuroendocrine tumors, tumor size more than 
2 cm, and LVSI are the most important factors 
associated with recurrence and death [14, 25].

The analysis of 1523 patients submitted to 
RVT, those with IB1 tumors more than 2 cm had 
17% recurrent disease, and those with IB1 up to 
2 cm had 4% (p = 0.001) [20].

The LVSI data are more difficult to analyze, 
because some series did not mention this factor. 
From 473 patients with tumors up to 2 cm with 
details on LVSI or not, the recurrence was 5 and 
7% (p = 0.15) [20].

 Follow-Up

Review every 3 months for the first 2 years after 
surgery and then every 6 months for the next 3 
years. After 5 years, annual follow-up [26].

 Conclusion

Fertility-sparing surgery for cervical cancer 
must be offered to patients who desired to 
conceive, with respect to the criteria.

Cervical cancer occurs in young women, 
and they become pregnant more and more 
before age 30. Sonoda et al., from Memorial 
Sloan Kettering Cancer Center, New York, 
identified that 48% of patients who undergone 
radical hysterectomy between 1985 and 2001 
may have been eligible by fertility-sparing 
surgery [6].

RVT with laparoscopic lymphadenectomy 
seems the standard fertility-sparing procedure 
for the cervical cancer patients [11].

Although there are no randomized con-
trolled trials regarding oncological outcomes, 
because it’s not feasible for women who wish 
to preserve fertility, many studies show simi-
lar rates of survival and recurrence in RVT 
compared with radical hysterectomy.
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 Surgical Procedure

The patient is placed in gynecological position, 
with arms along the body, in Allen stirrups, and 
with intermittent pneumatic compression to 
prevent thromboembolism. After a systematic 
survey for extrauterine disease, the patient is 
placed in steep Trendelenburg position 
(Fig. 28.1).

The surgical team consists of the surgeon 
(purple cap), a first assistant (beige-green cap) to 
the left of the patient behind the surgeon, a sec-
ond assistant (red cap), and a scrub nurse (green 
cap) to the right of the patient (Fig. 28.2).

 Description of Surgical Technique

We divide the surgical procedure into two steps: 
the laparoscopic approach and the vaginal 
approach.

 The Laparoscopic Approach

The trocars are placed as follows: one 11 mm in 
the umbilical scar and three 5 mm trocars in the 
suprapubic and the right and left iliac fossa 
(Fig. 28.3).

We always start with the assessment of the 
pelvic lymph nodes. Routinely we have per-
formed sentinel lymph node biopsy. Although 
intraoperative nodal evaluation by frozen section 
is known to have a poor negative predictive value, 
we perform it in order to acknowledge the indica-
tion of chemoradiation prior to performing such a 
challenging procedure as a radical trachelectomy. 
In the final pathology report, these nodes are 
evaluated through pathological ultrastaging 
technique.

Then, we proceed to the systematic pelvic 
lymphadenectomy. This surgical step is standard-
ized and consists of the removal of the lymphatic 
tissues around the external iliac vessels, common 
iliac, anterior hypogastric vessels, and obturator 
fossa. The following are used as anatomical lim-
its: obliterated umbilical artery (medial), genital 
branch of the genitofemoral nerve (lateral), bifur-
cation of the common iliac artery (cranial), cir-
cumflex vein (caudal), and obturator nerve 
(posterior). This procedure can be achieved using 
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a bipolar forceps and scissors, an ultrasonic 
device, or an electrical thermal bipolar sealer/
divider.

The lymph nodes are fixed in alcohol-based 
preparation for better identification and final 
count.

The next step is the dissection and isolation of 
the uterine vessels at the emergence of the inter-
nal iliac artery.

The medial paravesical and pararectal spaces 
are identified by exposing the tissue that divides 
them, the so-called parametrium. At this time of 

surgery, it is possible to visualize the path of the 
inferior hypogastric plexus which is located 2 cm 
posterior to the ureter. The knowledge of this 
structure is crucial in performing a nerve-sparing 
technique (Fig. 28.4).

Isolation and tunelization of the ureter fol-
lowed by the section of the anterior parametrium 
(vesicouterine ligament), lateral parametrium 
(cardinal ligament), and posterior parametrium 
(uterosacral ligament) are performed.

The final step of the laparoscopic approach is 
the accomplishment of the colpotomy.

Fig. 28.1 Patient 
positioning

Fig. 28.2 Surgical team 
positioning in the OR
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 The Vaginal Approach

The istmocervical transition is sectioned with a 
cold scalpel. Another 3 mm deeper layer is sec-
tioned and sent for frozen section. When invasive 

neoplasia is found at this margin, a completion of 
the hysterectomy is performed.

If the frozen section is negative, a cerclage is 
then performed with a number 6 Hegar dilator 
inside the endocervical canal. An endocervical 
device (DUDA®) is sutured in the endocervical 
canal and kept for 30 days to prevent late stenosis 
(Fig. 28.5).

And finally cervicovaginal anatomy is 
restored.

Finally a review of intra-abdominal hemosta-
sis and washings with saline solution is 
performed.

 Results

Twenty-two patients with early-stage cervical 
cancer (IA1 with lymphovascular invasion to 
IB2) were submitted to vaginally assisted laparo-
scopic radical trachelectomy.

One patient received neoadjuvant chemother-
apy, and all the remaining 21 had surgery as pri-
mary treatment. The mean age was 30 years and 
the mean BMI was 23.6 (Table 28.1).

Mean surgical time was 211 min ranging from 
150 to 335 min. There was no conversion to lapa-
rotomy. No patient required completion to radical 
hysterectomy. Mean estimated bleeding was 
56 mL (maximum 300 mL). There was no intra-
operative transfusion. In seven patients (31.8%), 

Fig. 28.3 Trocars’ position

Ureter Obturador Nerve Iliac extern veinUterine Vein

Uterine
Artery 

Hypogastric plexus Iliac intern vein

Psoas muscle

Iliac extern
artery

Fig. 28.4 Anatomical 
landmarks and 
hypogastric plexus in 
relation to the ureter
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the ascending branch of the uterine artery was 
preserved.

Two intraoperative complications occurred, 
the first requiring unilateral salpingectomy and 
the second requiring a ureteral re-implantation 
due to ureteric section at the level of the bladder 
trigone. Both procedures were performed laparo-
scopically (Table 28.2).

The final pathology analysis showed an average 
size of 23.2 mm of the left parametrium (14–37 mm) 
and 23.3 mm of the right parametrium (15–35 mm). 
On average, 16 (5–31) pelvic lymph nodes were 
harvested. In four cases, only sentinel lymph node 
biopsy was performed. The length of hospital stay 
was 1 day in all patients evaluated (Table 28.3).

Regarding the final histology, in eleven cases 
(50%) with squamous cell carcinoma, eight cases 
(36.6%) were adenocarcinoma and three cases 
(13.6%) adenosquamous. Lymphovascular inva-
sion was evidenced in only two cases (9%).

International Federation of Gynecology and 
Obstetrics (FIGO) IB1 stage was the most fre-
quent, found in 14 patients (63.6%).

There was one case of IB2 tumor (4.4 cm). 
There were only three cases of tumors larger than 
2 cm (13.3%) and four patients (18.1%) with 
deep stromal infiltration. Positive pelvic lymph 
nodes occurred in two patients (9%) (Table 28.3).

Four patients (18.1%) required adjuvant treat-
ment. A 33-year-old patient with grade 3 squamous 
cell carcinoma with Lymphovascular invasion 
(ILV) and 1B1 staging (≤2 cm) underwent radical 
trachelectomy and pelvic lymphadenectomy. 
During the surgical procedure, a vaginal cuff of 
1.5 cm and a bilateral parametrial average size of 

Dispositivo “DUDA”

Fig. 28.5 Intracervical 
device to avoid stenosis 
(DUDA®). DUDA®—
Developed in Barretos 
Cancer Hospital

Table 28.1 Demographic and preoperative data (n = 22)

n (%)

Age (years) mean (min–max) 30 (20–38)
Matrimonial status
  Single 11 (50)
  Married 11 (50)
Mean BMIa (kg/m2) (min–max) 23,6 (17–30)
Parity
  0 13 (59)
  1 7 (31,8)
FIGO stage
IA1 + LVSIb 1 (4,5)
IA2 5 (22,7)
IB1 15 (68,1)

aBMI Body mass index
bLVSI Lymphovascular space invasion

Table 28.2 Intra- and postoperative data (n = 22)

N (min–max)

Surgical time (min) 211 (150–335)
Estimated blood loss (mL) 56.5 (20–300)
Right parametrium (mm) 23.3 (14–37)
Left parametrium (mm) 23.2 (10–37)
Pelvic nodes (N) 16 (5–31)

Intraoperative complication (N) (%) 2 (9)
Hospital stay (days) 1
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3 cm were resected. Although the intraoperative 
frozen section  analysis of the margin was negative, 
in the final pathology analysis, although deep stro-
mal invasion was not observed, margins of the 
vaginal cuff and parametrium were found to be 
focally compromised by squamous cell carcinoma. 
We performed an extra-pelvic oophoropexia 
37 days after the first surgical procedure, followed 
by adjuvant radiation therapy with 45 cGy. Despite 
this surgical procedure, this patient presented ovar-
ian failure after treatment and is currently under 
combined hormone replacement therapy to control 
postmenopausal symptoms. In another 27-year-old 
patient with grade 2 squamous cell carcinoma with 
ILV and 1B1 staging (>2 cm), a vaginal cuff of 
2 cm and bilateral parametrial mean size of 2.5 cm 
were resected during the surgical procedure and 
negative margins on frozen section. In the final 
pathology analysis, deep stromal invasion and a 
positive pelvic lymph node were identified (1/29). 
She was submitted to extra-pelvic oophoropexia 
42 days after the first surgical procedure and then to 
four cycles of chemotherapy (cisplatin 75 mg/m2 
and paclitaxel 175 mg/m2, q21). It was an individu-
alized treatment due to strong fertility preservation 
desire and refusal of radiotherapy. This patient is in 
the 54th month of follow-up with no evidence of 
relapse.

The mean follow-up was 29.8 months 
(1–55 months). There were two patients (9%) 

who presented recurrence of the disease. The 
first patient was the patient with IB2 tumor who 
underwent neoadjuvant chemotherapy with no 
response. A radical trachelectomy was per-
formed as an individualized treatment due to the 
patient’s age (20 years) and the patient initial 
refusal to radiotherapy due to a strong fertility 
preservation desire. The recurrence occurred 
7 months after the radical trachelectomy, when 
she was underwent chemoradiation, with dis-
ease progression. She was then submitted to a 
total pelvic exenteration and a new immediate 
relapse coming to die 16 months after the initial 
treatment. The second patient, 36 years old, pre-
sented a squamous cell carcinoma 1B1 without 
lymphovascular space invasion, which relapsed 
10 months after radical trachelectomy with a 
small local recurrence. She underwent a salvage 
hysterectomy a month ago with no evidence of 
relapse.

 Discussion

Radical trachelectomy is a feasible, reproducible 
procedure with similar oncological outcomes 
when compared to radical hysterectomy. The 
minimally invasive approach (laparoscopic or 
robotic), when compared to the traditional open 
surgery, has less intraoperative bleeding, better 
visualization of the intra-abdominal structures, 
shorter hospitalization time, and earlier return to 
daily activities [1–4].

In our series we were able to fully reproduce 
the nerve-sparing technique, standardizing it in 
steps to facilitate its reproducibility/learning 
curve. Our patients had similar characteristics to 
other series with a mean age of 30 years. Current 
data show that over 25% of patients have the 
diagnosis of cervical cancer with less than 
40 years of age [1, 5–8].

Among the criteria for indicating this surgery, 
the most important is the tumor size, preferen-
tially being indicated for lesions smaller than 
2 cm. The most frequent stage in the literature on 
radical trachelectomy is IB1, reaching 71% of 
cases [9–11], which was a similar number found 
in our series (63.3%).

Table 28.3 Final pathology (n = 22)

Variable n (%)

Histology
  Squamous cell carcinoma
  Adenocarcinoma
  Adenosquamous

11 (50)
8 (36.6)
3 (13.6)

Tumor grade
  1
  2
  3

4 (18.1)
12 (54.5)
4 (18.1)

Tumor size (cm)
  ≤2 cm
  >2 cm
  Deep stroll invasion
  LVSIa

  Lymph node metastasis
  Parametrial metastasis

20 (86.7)
2 (13.3)
4 (18.1)
2 (9)
2 (9)
2 (9)

aLVSI Lymphovascular space invasion
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Currently, there are some publications on the 
use of this technique in tumors larger than 2 cm, 
associated or not with neoadjuvant chemother-
apy. However, one should keep in mind the 
increased chance of conversion to radical hyster-
ectomy and a greater chance of adjuvant treat-
ment indication [12, 13]. Tumor size and deep 
stromal invasion are directly related to a worse 
prognosis [1, 14, 15]. In the present study, 13.3% 
of the patients had tumors larger than 2 cm and 
18.1% had deep stromal invasion.

As noted in our series, the absence of immedi-
ate postoperative complications has also been 
reported in other laparoscopic trachelectomy 
studies [15, 16]. In their series of cases, Park JY 
et al. showed 5.1% of intraoperative complica-
tion, which was a conversion to laparotomy due to 
an inferior vena cava lesion [1]. Lu, Q et al., in a 
study of 140 patients operated by the laparoscopic 
technique, had a 0.7% rate of intraoperative com-
plications and 6.4% of postoperative complica-
tions [14]. In the case series of this study, there 
were two (9%) intraoperative complications pre-
viously described. The need of intraoperative 
blood transfusion is a factor that indicates, in most 
cases, intraoperative complication or technical 
difficulty. No patient in this study required blood 
transfusion, with a mean intraoperative estimated 
blood loss of 56.5 mL. However, a study with 79 
patients, operated by the laparoscopic approach 
between 2004 and 2012, presented a rate of 21.5% 
intraoperative transfusion, with a mean of 393 mL 
of intraoperative blood loss [17]. Another recently 
published study also showed a rate of up to 22% 
of intraoperative transfusion [1, 15]. In a review 
by Lu, the mean intraoperative blood loss ranged 
from 85 to 650 mL, with minimal blood transfu-
sion rates [14].

The mean intraoperative time, according to 
the literature, varies from 250 min [1, 18] to 
353 min [14, 19]. In the present case series, the 
mean surgical time of 211 min is considered to be 
below that shown in the literature. There was no 
conversion to radical hysterectomy and/or lapa-
rotomy in any of our cases. When compared to 
the literature data, the completion rate to radical 
hysterectomy due may reach 18.5% [15]. The 
study comparing the completion rate to radical 

hysterectomy in laparotomy versus robotic sur-
gery showed similar results (24% and 33%, 
respectively) [10]. Persson et al. compared radi-
cal vaginal versus robotic trachelectomy and 
demonstrated only one case (7.7%) of comple-
tion to radical hysterectomy due to compromised 
endocervical margin [20].

All patients were discharged between 12 and 
24 h (1 day) after the surgical procedure, which 
was lower than the results published in the litera-
ture, ranging from 4 [21] to 17.5 days [5]. Park 
et al. described an average of 9 days of hospital-
ization (3–28 days) [1]. In the present series, 
there is only one case in which the length of hos-
pital stay was 1 day [15].

The uterine vessel ascending branches were 
preserved in seven cases of this series, probably 
due to the improvement of the technique, since 
this procedure is considered complex and techni-
cally challenging. In the current literature, there 
are few reports of preservation of these branches 
during this procedure [22].

It is currently controversial whether the pres-
ervation of ascending branches of uterine vessels 
may or may not influence the patient’s future fer-
tility. Some studies report that decreased uterine 
vascularization could impair obstetric outcomes 
[23]. However, there are no randomized studies 
evaluating obstetric outcomes comparing the 
impact of preserving the ascending uterine vessel 
branches or not.

It is believe that the effort to preserve the 
ascending branches is beneficial because of a 
study in uterine fibroids comparing two tech-
niques with uterine vessel embolization prior to 
surgery versus laparoscopic myomectomy with-
out definitive ligation of the uterine vessels at the 
origin which showed a better obstetric outcome 
in the later technique [23].

Late complications such as amenorrhea or 
menstrual irregularity and cerclage suture migra-
tion are frequently described in the literature; 
however, the most feared complication that usu-
ally requires a surgical approach is cervical ste-
nosis, with rates of up to 14%. This may be 
related to cervical cerclage and/or failure of the 
use of some antistenosis devices of the endocer-
vical canal [9]. Nick AM et al. observed that 
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when using the device (Smit Sleeve) or Foley 
catheter to try to maintain cervical patency and 
thus increase the chance of spontaneous preg-
nancy, the cervical stenosis rate fell to 0% in 
favor of Smit Sleeve (Nucletron) [10, 24]. In the 
present study, all 22 patients had the first episode 
of regular menstruation in the first month after 
surgery. However, in four patients (18.1%), cer-
vical dilatation due to late amenorrhea after cer-
vical stenosis associated with major dysmenorrhea 
was required. There was one case of cerclage 
suture migration.

With a follow-up rate ranging from 1 to 
55 months, mean 29.8 months, there were two 
cases of tumor recurrence to date. Typically, more 
than 75% of recurrences occur within the first 2–3 
years after initial treatment. This suggests the role 
of a more frequent follow-up during this period 
[25–27]. In published studies evaluating the role 
of minimally invasive surgery, the recurrence of 
the disease ranged from 2.5 to 11% [1, 8, 15]. 
Park et al. demonstrated a direct relationship 
between tumor size and disease recurrence, with a 
recurrence rate of 6% in patients with tumors 
smaller than 2 cm and 20.7% in lesions of 2–4 cm 
[1]. Other studies published so far, in agreement 
with the results of this one, also did not observe 
tumor recurrence after using this surgical tech-
nique, although they also present series with a 
small number of patients [10, 16, 28].

The histological types most frequently found 
in these patients were squamous cell carcinoma 
and adenocarcinoma. In our series of cases, 
36.3% were adenocarcinoma, which differs from 
the current literature, with an average 25% of this 
histology [29]. Most of our cases were squamous 
cell carcinoma (50%), which is consistent with 
studies that demonstrated that 70–75% of cases 
are of the spinocellular subtype [1, 9, 11]. 
However, according to the current literature, the 
number of adenocarcinoma cases has been 
increasing in recent years [30, 31].

Regarding the oncological surgical quality 
pattern that must be respected, two of them 
deserve to be highlighted, namely, the number of 
lymph nodes removed and the size of the parame-
trial tissue resected. Cervical neoplasia is pre-
dominantly disseminated through lymphatic and/

or direct extension [32]. Pelvic lymph node stag-
ing is an important surgical step in the treatment 
of cervical cancer, with lymph node status being 
the main risk factor related to prognosis. The 
technique of pelvic lymphadenectomy is already 
systematized in the literature [33, 34]. In the case 
series of this study, the mean number of lymph 
nodes removed was 16 (5–31). Nick et al. dem-
onstrated that the number of pelvic lymph nodes 
removed was similar by comparing the mini-
mally invasive and laparotomic approaches [10]. 
Also, Kim et al. reported an adequate number of 
pelvic lymph nodes removed (24 lymph nodes) 
via a minimally invasive surgery [15]. Regarding 
the parametrial extension resected, we obtained a 
mean of 23.3 mm on the right and 23.2 mm on 
the left. According to recent publications, the 
laparoscopic or abdominal route of radical trach-
electomy can remove a greater extension of para-
metrial tissue compared to the vaginal route [10].

In the case series of this study, there were two 
patients with positive lymph node in the final 
pathology report. One of them refused to undergo 
radiotherapy because of strong desire to preserve 
fertility. Therefore, she underwent adjuvant che-
motherapy alone. This patient is in the 55th 
month of follow-up without presenting recur-
rence and, at the moment, in treatment to become 
pregnant with assisted reproductive technology.

Case series studies demonstrated rates of 3.8% 
of lymph node metastases, which were not 
detected by intraoperative frozen section [1]. 
Studies evaluating the prognosis of pelvic node 
micrometastases in patients who did not undergo 
adjuvant radiotherapy due to the strong desire for 
gestation showed that this finding did not prove 
to be an independent risk factor for relapse [1].

Regarding the obstetric results, despite the 
three patients who underwent pelvic radiation, 
we had a case of spontaneous pregnancy after 
trachelectomy.

According to recent publications, about half 
of the patients submitted to radical trachelectomy 
are able to conceive only with the aid of assisted 
reproductive techniques [35]. This is an impor-
tant aspect that should be addressed with the 
patient prior to surgery, especially in developing 
countries, where access to assisted reproductive 
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techniques financed by the public health system 
is difficult. Half of the patients in this study do 
not wish to become pregnant at the time, but they 
have preserved their reproductive potential. Nick 
et al. also reported a rate of only 36% of patients 
with gestation after surgery [10].

All the studies on radical trachelectomy, 
regardless of the access route (laparotomic, vagi-
nal, or laparoscopic/robotic), conclude that 
fertility- preserving surgery is feasible, respecting 
the technical-surgical limits of each service and 
with safe oncological results, similar to radical 
hysterectomy. Therefore, radical trachelectomy 
should be suggested as a safe oncologic treat-
ment option in patients with early-stage cervical 
cancer and who wish to preserve fertility.

We are aware of the limitation of our data 
because of the small sample of patients and a 
short follow-up time; however, if more patients 
have the opportunity of being treated by this 
technique, there is a possibility of obtaining more 
reliable oncological and obstetric results.

 Conclusions

Our results demonstrate that the nerve-sparing 
vaginally assisted laparoscopic radical trache-
lectomy technique is feasible and potentially 
reproduced in cancer centers in developing 
countries. In our case series, the low rate of 
intraoperative complications, lower hospital-
ization time, low intraoperative blood loss, 
and satisfactory oncological outcomes dem-
onstrate that this technique should be encour-
aged and stimulated in specialized services in 
the treatment of early-stage cervical cancer.

The oncological safety of this case series 
was demonstrated by the adequate number of 
pelvic lymph nodes removed, surgical mar-
gins status, and extent of resected parametrial 
tissue, when compared to publications with 
larger number of patients.
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Laparoscopic Surgery 
in Endometrial Carcinoma

Natalia R. Gomez-Hidalgo and Pedro T. Ramirez

 Introduction

Endometrial carcinoma is the fourth most com-
mon malignancy and the most common gyneco-
logic malignancy in the United States with about 
60,050 estimated new cases in 2016 and over 
10,470 estimated deaths annually [1]. The prog-
nosis for patients with endometrial cancer 
depends on the stage of the disease. The overall 
5-year survival rate for patients with endometri-
oid type is approximately 75–80% [2–4]. The 
treatment of early endometrial cancer remains 
hysterectomy with bilateral salpingo- 
oophorectomy, with pelvic and para-aortic 
lymphadenectomy based on preoperative and 
intraoperative risk factors. These include histo-
logical subtype, grade, myometrial invasion, cer-
vical involvement, or evidence of extrauterine 
disease [5, 6]. In the past, the standard approach 
in the management of patients with endometrial 
cancer was exploratory laparotomy. However, 
given the documented benefits of minimally 
invasive surgery, such as less blood loss and 
transfusion rates, shorter length of stay, and lower 

rates of postoperative complications, the mini-
mally invasive approach has become the pre-
ferred management in patients diagnosed with 
endometrial cancer.

 Literature Review

Numerous retrospective studies have confirmed 
the benefits of a minimally invasive approach in 
the management of patients with endometrial 
cancer (Table 29.1). At least, nine randomized 
trials (RCTs) comparing laparotomy with lapa-
roscopy, evaluating more than 3500 patients, 
have confirmed the advantages of a laparoscopic 
approach [7].

 Single-Center Randomized Trials

One of the first randomized controlled trials com-
paring laparoscopy to laparotomy in the manage-
ment of endometrial cancer was published by 
Fram [8], and this was a single-center trial that 
compiled 61 patients with stage I endometrial 
cancer. The goal of the study was to evaluate 
operative and postoperative complications: oper-
ative time, lymph node count, and length of hos-
pital stay (LOS). The patients were randomly 
allocated into two groups. The study group con-
sisted of 29 patients who underwent laparoscopic- 
assisted vaginal hysterectomy (LAVH) + bilateral 
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salpingo-oophorectomy (BSO) ± laparoscopic 
pelvic lymphadenectomy (LPLA) (group A). The 
second group was composed of 32 patients who 
underwent surgery via a traditional approach, 
total abdominal hysterectomy 
(TAH) + BSO ± pelvic lymphadenectomy (PLA) 
(group B). The authors found that the rate of 
blood loss in group A was significantly lower 
than in group B (145.5 mL vs. 501.6 mL; 
p < 0.05). The length of hospital stay was also 
shorter in group A (2.3 vs. 5.5 days, respectively; 
p < 0.05). However, the operating time was lon-
ger in group A (136.2 min vs. 101.9 min, respec-
tively; p < 0.05). There was no significant 
difference in the number of lymph nodes obtained 
in both groups (21.3 in group A vs. 21.9 in group 
B; p > 0.05). Complications encountered in the 
laparoscopic group were superficial thrombo-
phlebitis in one patient, urinary tract infection in 
one patient, and vault hematoma in one patient. 
In the laparotomy group, two patients had blad-
der trauma. The authors concluded that the lapa-
roscopic approach was associated with 
significantly less blood loss and shorter hospital-
ization; however, it was also associated with sig-
nificantly longer operative times.

Zorlu et al. [9] evaluated the feasibility of lap-
aroscopy in the management of early-stage endo-
metrial cancer. They reported on a study of 52 
patients with endometrial cancer who underwent 
surgical staging consisting of total hysterectomy, 
bilateral salpingo-oophorectomy with pelvic 
lymph node dissection, and cytology. A total of 
26 patients underwent laparotomy and the 
remaining 26 patients underwent laparoscopic 
surgery. The mean number of harvested lymph 
nodes was 18.2 in the laparoscopic group and 
21.1 in the laparotomic group (p > 0.05). Pelvic 
lymph node metastases were detected in 7.7% of 
the patients in the laparoscopy group and 15.4% 
in the laparotomy group, and the difference was 
not significant. Adjuvant radiotherapy was rec-
ommended to 42.3% of patients in the laparos-
copy group and 38.5% of patients in the 
laparotomy group. Perioperative morbidity was 
higher in the laparotomy group mainly because 
of postoperative wound infection, and the patients 
in the laparotomy group had a longer hospital 

stay. The laparoscopic group had significantly 
shorter hospitalization than did the laparotomy 
group (4.1 vs. 8.2 days; p < 0.05). But the opera-
tive time of laparoscopy was close to that of lapa-
rotomy (155 vs. 144 min; p > 0.05). Wound 
complications occurred in five patients in the 
laparotomy group, of which one was evisceration 
and needed reoperation for closure. Eight units of 
red blood cell were transfused in the laparotomy 
group patients and 6 units in the laparoscopy 
group. The authors concluded that lymph node 
number and detection of lymph node metastasis 
did not differ significantly between laparotomic 
and laparoscopic approaches.

Tozzi et al. [10] reported a prospective, ran-
domized trial comparing survival outcome in 
staging of patients with endometrial cancer. 
Sixty-three patients were allocated to the laparos-
copy arm, and 59 patients to the laparotomy arm. 
Median follow-up for all patients was 44 months 
(range: 5–96 months). Eight patients (12.6%) in 
the laparoscopy group had a recurrence versus 
five patients (8.5%) in the laparotomy group 
(p = 0.65). At median follow-up, disease-free sur-
vival (DFS) and overall survival (OS) in the lapa-
roscopy group and laparotomy group were 87.4% 
versus 91.6% (p = 0.38) and 82.7% versus 86.5% 
(p = 0.33), respectively. Cause-specific survival 
was 90.5% in the laparoscopy group versus 
94.9% in the laparotomy group (p = 0.47). The 
authors concluded that laparoscopy and laparot-
omy had a comparable survival outcome.

Malzoni et al. [11] reported on a series of 159 
women evaluating the feasibility, safety, and 
morbidity of total laparoscopic hysterectomy 
(LPS) and abdominal hysterectomy with lymph-
adenectomy (LPT) for early-stage endometrial 
cancer. The secondary end points of the study 
were to assess the disease-free survival and recur-
rence rate. The mean operative time was 
136 min ± 31 (95% CI 118–181) in the LPS 
group and 123 min ± 29 (95% CI 111–198) in the 
LPT group (p < 0.01). The mean blood loss was 
50 mL ± 12 in the LPS group (95% CI 20–90) 
and 145 mL ± 35 in the LPT group (95% CI 
60–255) (p < 0.01). The mean length of hospital 
stay was 5.1 ± 1.2 in the LPT group and 
2.1 ± 0.5 in the LPS group (p < 0.01). The 
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 conclusion of this study was that laparoscopy is a 
suitable procedure for the treatment of patients 
with early endometrial cancer and it does not 
seem to modify the disease-free survival and the 
overall survival.

Kluivers et al. [12] published a randomized 
trial on recovery and long-term outcomes after 
laparoscopic hysterectomy versus abdominal 
hysterectomy in endometrial cancer patients. The 
main outcome measures were quality of life and 
recovery in the first 12 weeks after surgery. Three 
questionnaires were used in the study: the 
RAND-36, Quality of Recovery-40 (QoR-40), 
and Recovery Index-10 (RI-10). The difference 
between groups in the RAND-36 total score was 
142 units (95% confidence interval (CI) 46; 236) 
in favor of laparoscopic hysterectomy. The con-
clusion of that study was that laparoscopic hys-
terectomy results in better postoperative quality 
of life in the first 12 weeks after surgery when 
compared with abdominal hysterectomy.

 Multicenter Randomized Trials

The most definitive study evaluating the role of 
laparoscopy in patients with endometrial cancer 
was the Gynecologic Oncology Group Study 
LAP2 [13] published in 2009. In this study, 
patients with clinical stage I to IIA uterine cancer 
were randomly assigned to laparoscopy 
(n = 1696) or open laparotomy (n = 920), includ-
ing hysterectomy, salpingo-oophorectomy, pel-
vic cytology, and pelvic and para-aortic 
lymphadenectomy. The main study end points 
were 6-week morbidity and mortality, hospital 
length of stay, conversion from laparoscopy to 
laparotomy, recurrence-free survival, site of 
recurrence, and patient-reported quality-of-life 
outcomes. Laparoscopy was initiated in 1682 
patients and completed without conversion in 
1248 patients (74.2%). The most common reason 
for conversion from laparoscopy to laparotomy 
was poor visibility in 246 patients (14.6%). 
Laparoscopy had fewer moderate to severe post-
operative adverse events than laparotomy (14% 
vs. 21%, respectively; p < 0.0001) but similar 
rates of intraoperative complications, despite 

having a significantly longer operative time 
(median, 204 min vs. 130 min, respectively; 
p < 0.001). Hospitalization of more than 2 days 
was significantly lower in laparoscopy versus 
laparotomy patients (52% vs. 94%, respectively; 
p < 0.0001). Pelvic and para-aortic nodes were 
not removed in 8% of laparoscopy patients and 
4% of laparotomy patients (p < 0.0001). No dif-
ference in overall detection of advanced stage 
(stage IIIA, IIIC, or IVB) was seen (17% of lapa-
roscopy patients vs. 17% of laparotomy patients; 
p = 0.841). The conclusion of this landmark study 
was that laparoscopic surgical staging for uterine 
cancer is feasible and safe in terms of short-term 
outcomes and results in fewer complications and 
shorter hospital stay.

In a subsequent trial published by Mourits 
et al. [14], the authors reported on data collected 
from 21 hospitals in the Netherlands. A total of 
283 patients with stage I endometrioid adenocar-
cinoma or complex atypical hyperplasia were 
randomly allocated (2:1) to the intervention 
group (TLH, n = 187) or control group (TAH, 
n = 96). The primary outcome was major compli-
cation rate (bowel, ureter, and bladder injuries, 
infection, hematoma and hemorrhage, wound 
dehiscence, wound infection, ileus requiring 
intervention, and death), recorded intraopera-
tively and postoperatively until 6 weeks after sur-
gery. The severity of a complication was assessed 
according to the Common Terminology Criteria 
of Adverse Events. The proportion of patients 
with a major complication was 14.6% (27 of 185) 
in the TLH group versus 14.9% (14 of 94) in the 
TAH group (p = 0.95). Secondary outcomes were 
minor complications (pulmonary, urinary tract 
infection, urinary retention, fever, wound infec-
tion not requiring intervention, minor anesthetic 
problems, hemorrhage or hematoma without 
transfusion or intervention), treatment-related 
outcomes, and quality of life (QoL). Treatment- 
related outcomes were the conversion rate, oper-
ating time, blood loss, hospital stay, use of pain 
medication, and resumption of daily activities. 
The proportion of patients with a minor compli-
cation was 13.0% (24 of 185) in the TLH group 
and 11.7% (11 of 94) in the TAH group (p = 0.76). 
The conversion to laparotomy occurred in 10.8% 
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(20 of 185) of patients. TLH was associated with 
significantly less blood loss (p < 0.0001), less use 
of pain medication (p < 0.0001), a shorter hospi-
tal stay (p < 0.0001), and a faster recovery 
(p = 0.002), but it took longer than TAH 
(p < 0.0001). The results of the study showed no 
evidence of a benefit for TLH over TAH in terms 
of major complications (intraoperative or postop-
erative), but TLH was beneficial in terms of a 
shorter hospital stay, less pain, and quicker 
resumption of daily activities.

Janda et al. [15] compared total laparoscopic 
hysterectomy (TLH) with total abdominal hyster-
ectomy (TAH) for stage I endometrial cancer 
(LACE Trial). The primary objective of that 
study was to assess whether TLH resulted in 
equivalent or improved quality of life (QoL) up 
to 6 months after surgery compared with 
TAH. There were 361 participants enrolled in the 
QoL substudy at 19 centers across Australia, New 
Zealand, and Hong Kong; 332 patients com-
pleted the QoL analysis. Patients who had TLH 
reported significantly greater improvement in 
QoL from baseline compared with those who had 
TAH, in all subscales apart from emotional and 
social well-being. QoL over time was analyzed 
by computing change scores between baseline 
measurements and postoperative measurements 
at early (1 and 4 weeks) and late (3 and 6 months) 
time points for each variable. This study reported 
on perioperative parameters. Operating time was 
significantly longer in the TLH group (138 min 
[SD 43]) than in the TAH group (109 min [SD 
34]; p = 0.001). However, the proportion of intra-
operative adverse events was similar between 
groups (TAH 8 of 142 [5.6%] vs. TLH 14 of 190 
[7.4%]; p = 0.53). Postoperatively, twice as many 
patients in the TAH group experienced adverse 
events of grade 3 or higher (33 of 142 [23.2%] vs. 
22 of 190 [11.6%] in the TLH group; p = 0.004). 
Postoperative serious adverse events occurred 
more commonly in the TAH group (27 of 142 
[19.0%]) than in the TLH group (16 of 190 
[7.9%]; p = 0.002). The conclusion of this study 
was that the QoL improvements from baseline 
during early and later phases of recovery, and the 
adverse event profile, favor TLH compared with 
TAH for treatment of stage I endometrial cancer.

In summary, this is the most recent systematic 
review for the treatment of uterine cancers, con-
firming the benefits of laparoscopic surgery: 
shorter hospital stay, lower rate of postoperative 
complications, and comparable oncologic and 
surgical results with longer operating times [7].

 Surgical Technique

There are multiple options when considering the 
technique for the minimally invasive approach in 
patients undergoing surgery for endometrial can-
cer. Here, we provide the details when perform-
ing laparoscopic surgery for standard 
hysterectomy and staging.

The patient is placed in a dorsal lithotomy 
position. It is important to carefully place the 
patient to avoid neurologic injury, provide for 
ergonomic surgeon positioning, and allow ade-
quate access to the vagina, if necessary. At the 
start of the procedure, the table should be in level 
position, with the height lowered to allow for 
relaxed arm positioning for all operators [16].

Gynecologic laparoscopic entry is commonly 
at or through the umbilicus [17]. However, in 
patients with previous surgery with a prior mid-
line incision, one should consider initial entry at 
Palmer’s point as described below. Options for 
entry include any of the following: blind entry 
using a Veress needle, optical trocars for direct 
visualization, or open entry. None of these have 
shown a benefit over the other with regard to 
reducing complication rates, and thus choice of 
entry is often left to surgeon preference. To avoid 
injury to nerves or blood vessels in the abdominal 
wall (notably the ilioinguinal and iliohypogastric 
nerves, superficial and inferior epigastric arter-
ies), the lower quadrant ports are placed approxi-
mately 2 cm medial and 2 cm caudal to the 
anterior superior iliac spine, lateral to the border 
of the rectus muscle [18]. We also advocate for an 
additional 5 mm port in the midline over the 
pubic symphysis. Once the abdomen has been 
insufflated, the patient is placed in steep 
Trendelenburg position, and the pelvis is exposed, 
by mobilizing the bowel to the upper abdomen. If 
pelvic or intra-abdominal adhesions are present, 
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it is important to mobilize the pelvic organs by 
dividing omental, intestinal, or abdominal wall 
adhesions. Restoring normal anatomy allows for 
visualization of important pelvic structures.

At this point, the round ligaments are coagu-
lated and transected. The retroperitoneum is 
entered by extending the incision, on the poste-
rior leaf of the broad ligament superolaterally, 
remaining lateral to both, the infundibulopelvic 
ligament and the iliac vessels. Blunt or sharp dis-
section clears the loose connective tissue overly-
ing the external iliac artery. By following the 
external iliac artery superiorly to its bifurcation, 
the ureter can be identified as it crosses the com-
mon iliac artery. The ureter is left attached to the 
medial or posterior leaf of the broad ligament so 
as not to disrupt its blood supply. To perform the 
salpingo-oophorectomy, the broad ligament 
opening is extended superiorly to the infundibu-
lopelvic ligament. When performing a salpingo- 
oophorectomy, the infundibulopelvic ligament is 
coagulated. The bladder is mobilized off the 
lower uterine segment to prepare for amputation 
of the uterus by a combination of sharp and blunt 
dissection with laparoscopic instruments. The 
anterior leaf of the broad ligament is incised, 
continuing along the line of the vesicouterine 
peritoneal reflection. If perivesicular fat is 
encountered, this indicates proximity to the blad-
der and should guide the surgeon to avoid that 
area. When dealing with difficult bladder adhe-
sions, instruments with cautery should be avoided 
in favor of dissection with laparoscopic scissors 
in order to limit potential thermal damage to the 
bladder. In some cases, the full bladder flap dis-
section can be delayed until after transection of 
the cardinal ligament/uterine vascular complex in 
order to gain access to the plane along the pubo-
cervical fascia.

The uterine vessels are identified and are skel-
etonized by incising the posterior broad ligament 
peritoneum and dissecting away surrounding 
adventitia. After confirming the position of the 
ureter, the uterine vasculature is desiccated at the 
level of the internal cervical os. It is important to 
elevate the uterus in a cephalad direction using 
the uterine manipulator or laparoscopic instru-
ments in order to increase distance from the elec-

trosurgical instrument to the ureter. An incision is 
made in the desiccated uterine vasculature, and 
this area is lateralized to create a discrete vascu-
lar pedicle that can be cauterized safely in the 
event of inadequate hemostasis. A colpotomy is 
made in a circumferential fashion around the cer-
vix, typically using an ultrasonic scalpel or 
monopolar instrument. When using a uterine 
manipulator, the rim is a useful guide. Cephalad 
elevation on the manipulator will help to delin-
eate vaginal fornices and distance the ureter from 
the colpotomy site. The specimen is delivered 
through the vagina. A moist sponge is then placed 
in the vagina. Alternatively, a pneumo-occluder 
device (such as a sterile glove packed with surgi-
cal sponges or plastic bulb) may be placed in the 
vaginal canal to prevent loss of 
pneumoperitoneum.

One of the most important prognostic factors 
for endometrial carcinoma is the presence of 
extrauterine disease, particularly pelvic and para- 
aortic lymph node metastases. Whether to per-
form lymph node assessment is controversial, 
particularly in women presumed to have early- 
stage disease. The use of sentinel lymph node 
(SLN) mapping is becoming increasingly more 
popular in the management of patients with endo-
metrial cancer. SLN mapping entails the injection 
of a radioactive tracer or colored dye (often blue 
or fluorescent green) to locate hot nodes or visu-
alize colored nodes. There are three different 
types of SLN mapping techniques based on site 
of injection: (1) uterine subserosal, (2) cervical, 
or (3) endometrial via hysteroscopy [19, 20].

At Memorial Sloan Kettering Cancer Center 
(MSKCC) [21], the investigators have found that 
a cervical injection is adequate for effective SLN 
mapping. The rationale for using a cervical injec-
tion includes the following: the main lymphatic 
drainage to the uterus is from the parametria; 
therefore, a combined superficial (1–3 mm) and 
deep (1–2 cm) cervical injection is adequate; the 
cervix is easily accessible; the cervix in women 
with endometrial carcinoma is rarely distorted by 
anatomic variations, such as myomas; and the 
majority of early-stage endometrial carcinoma 
patients do not have disease infiltrating and ulcer-
ating the uterine fundal serosa [22]. The colored 
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dye, such as isosulfan blue 1% (lymphazurin), 
methylene blue 1%, patent blue 2.5% sodium 
(Bleu Patente V sodique), or indocyanine green 
(ICG), is injected, while the patient is under anes-
thesia. The 4 mL can be divided into four sepa-
rate injections, one into each quadrant of the 
cervix (1 mL each). However, most centers pro-
pose that a 1 mL injection at 3 and 9 o’clock posi-
tions is ideal for adequate mapping [20].

The routine protocol used for pathologic SLN 
evaluation uses HE staining for the initial exami-
nation; if it is negative, two adjacent 5 nm sec-
tions are cut from each paraffin block at each of 
two levels 50 nm apart. At each level, one side is 
stained with HE and the other with immunohisto-
chemistry (IHC) using the anti-cytokeratin 
AE1:AE3 (Ventana Medical Systems) for a total 
of four slides per block. With this IHC ultrastag-
ing, the pathologist is able to detect an additional 
3–4% of micrometastasis to SLN, which may 
have been missed by routine HE staining [23].

Otherwise, to perform bilateral pelvic and 
para-aortic lymphadenectomy, the following 
steps should be followed:

• The retroperitoneum is accessed by incising 
the peritoneum along the psoas muscle lateral 
to the level of the pelvic vessels. On the left 
side, any adhesions of the sigmoid colon are 
divided sharply.

• The pararectal and paravesical spaces are then 
developed with a combination of sharp and 
blunt dissection. A useful landmark is the 
obliterated umbilical artery, which is usually 
visualized as a discrete fold on either side of 
the bladder. Developing the area between the 
obliterated umbilical artery and the external 
iliac vessels exposes the paravesical space 
medially and the obturator fossa laterally.

• The pararectal space can be developed in the 
area between the ureter medially and the ori-
gin of the hypogastric vessels laterally.

• The pelvic lymph node dissection is then initi-
ated by dissecting the lateral nodal tissue away 
from the psoas muscle. The external iliac ves-
sels can be gently retracted medially; the 
space between the vessels and the psoas mus-
cle is developed. As the dissection is carried 

caudad, the assistant places an instrument into 
the paravesical space for medial retraction. 
The dissection continues until the circumflex 
iliac vein is clearly visualized.

• At this point, the fibrofatty tissue surrounding 
the external iliac vessels is elevated. The 
fibrous sheath overlying the external iliac 
artery is incised in order to mobilize the speci-
men. The surgeon then grasps the specimen 
and retracts it medially.

• Any adhesions to the medial portion of the 
external iliac artery can then be incised. The 
space between the external iliac artery and 
vein is sharply and bluntly developed. Next, 
the tissue adherent to the external iliac vein is 
gently dissected free.

• The surgeon then dissects within the obtura-
tor fossa. The fibrofatty tissue of the lymph 
node bundle is retracted medially, and a plane 
is created underneath the external iliac vein. 
Sharp and blunt dissection is performed 
within the fossa until the obturator nerve is 
visualized; this nerve can be isolated along its 
entire course within the obturator fossa. 
Accessory obturator vessels are often found 
in this space arising from the undersurface of 
the external iliac vein; these can be clipped or 
cauterized only after the obturator nerve is 
clearly delineated and the ureter is safely 
retracted out of the field of dissection. 
Particular care must be taken at the proximal 
aspect of the fossa, where the bifurcation of 
the common iliac artery is found and the 
lymph nodes may be more adherent to the 
hypogastric vessels.

To continue with the para-aortic lymphade-
nectomy, an incision is made in the peritoneum 
over the right common iliac artery and is extended 
cephalad along the aorta to the level of the duo-
denum. Once the bifurcation of the aorta is iden-
tified, the peritoneum over the left common iliac 
artery is incised. The mesentery of the sigmoid 
colon is retracted anteriorly. The areolar tissue 
between the left common iliac artery (and aorta) 
and the mesentery of the sigmoid colon is opened 
with a combination of blunt and sharp dissection 
until the left psoas muscle is identified.
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• The left ureter is also identified and retracted 
laterally so that it is safely out of the field of 
dissection. It is very important to identify the 
inferior mesenteric artery (IMA) prior to start-
ing the lymph node dissection.

• Once adequate exposure has been achieved, 
the surgeon grasps the nodal bundle adjacent 
to either the aorta or proximal left common 
iliac artery and lifts anteriorly while dissect-
ing the plane between the great vessels and the 
lymph nodes that lie adjacent to them. The 
dissection is then extended in a cephalad 
direction with blunt and sharp dissection. To 
remove the right para-aortic nodes, the dissec-
tion is continued laterally over the aorta to 
reach the right para-aortic lymph nodes cover-
ing the inferior vena cava. The right ureter is 
identified and the lymph node bundle over the 
inferior vena cava is then carefully dissected.

• The nodal chain is then transected at the ceph-
alad end near the IMA. The cephalad border 
of dissection remains a topic of debate; how-
ever, most would advocate for a complete dis-
section to the level of the renal vessels. Care 
must be taken to avoid the insertion of the 
right gonadal vein into the vena cava when 
performing the right para-aortic node 
dissection.

 Special Points of Interest

 Obesity

The greatest risk factor for endometrial cancer is 
obesity. Nearly two-thirds of women in the 
United States are either overweight or obese, and 
over 6% are morbidly obese (body mass index 
≥40 kg/m2) [24, 25]. Obesity has been shown to 
be a significant risk factor for endometrial cancer 
and is associated with approximately 40% of all 
cases [4–8]. Peritoneal access restrictions and 
difficulty accessing the pelvic organs and per-
forming adequate lymphadenectomy are associ-
ated with a proportional increase in conversion 
rate to laparotomy with increasing BMI. Increased 
blood loss, increased rate of wound infection and 
dehiscence, and increased risks of thrombosis 

and pulmonary embolism associated with lapa-
rotomy in obese patients encourage the use of 
laparoscopic surgery.

In a study by Tinelli et al. [26], the investiga-
tors demonstrated the advantages of laparoscopy 
versus laparotomy for treatment of obese women 
with early-stage endometrial cancer. Seventy- 
five obese patients with BMI >35 kg/m2 and clin-
ical stage I endometrial cancer underwent 
hysterectomy and bilateral salpingo- 
oophorectomy; all patients underwent systematic 
pelvic lymphadenectomy by laparoscopy (mean 
BMI of 38 ± 7.3 kg/m2 or laparotomy (mean BMI 
of 39 ± 8.1 kg/m2). In all cases, the laparoscopic 
procedures were successfully completed without 
conversion to laparotomy. The authors concluded 
that laparoscopy can be considered a safe and 
effective therapeutic procedure for managing 
early-stage endometrial cancer in obese women 
with a lower complication rate, lower surgical 
site infection, and postoperative hospitalization 
compared to laparotomy.

In another study, Bouwman et al. [27] evalu-
ated the association between body mass index 
(BMI), perioperative complications, and out-
comes in endometrial cancer (EC) patients. 
Patient characteristics, surgical complications, 
and intra- and postoperative outcomes were eval-
uated across BMI groups: BMI <30 kg/m2, BMI 
≥30 kg/m2, and BMI ≥40 kg/m2. In total, the 
authors identified 627 women, of which 514 were 
included; 249 patients had a BMI <30 kg/m2, 195 
women had a BMI of 30–39.9 kg/m2, and 70 
women were morbidly obese (BMI ≥40 kg/m2). 
Obese women (BMI ≥30 kg/m2) had significantly 
more postoperative surgical complications, 
including wound complications and antibiotics 
use. The authors concluded that laparoscopic sur-
gery may well prevent the majority of postopera-
tive complications in this group of patients and 
should therefore be the favored approach.

 Conversion Rates

In the GOG-LAP2 study [13], one of the end 
points of the study was conversion from 
 laparoscopy to laparotomy. There were 434  
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participants (25.8%) randomly assigned to lapa-
roscopy who required conversion to laparotomy 
to complete the procedure. Poor exposure was 
cited in 246 patients (14.6% of patients randomly 
assigned to laparoscopy arm, or 56.7% of the 
converted group) as the reason to convert from 
laparoscopy to laparotomy. Cancer requiring lap-
arotomy for resection was the reason for conver-
sion in 69 patients (4.1%). Excessive bleeding 
was cited as the reason for conversion in 49 
patients, and other reasons for conversion were 
equipment failure (n = 10) or other cause (n = 70). 
Failure to successfully complete laparoscopy was 
greater with increasing age (odds ratio [OR] 
1.27; 95% CI, 1.14–1.42 for a 10-year increase in 
age; p < 0.0001), increasing BMI (OR1.11; 95% 
CI, 1.09–1.13 for a one-unit increase in BMI; 
p < 0 0.0001), and metastatic disease (OR 2.54; 
95%CI, 1.90–3.41; p < 0.0001). All subgroups 
demonstrated increased estimated risk with 
increasing BMI.

 Port-Site Metastasis

Port-site metastasis is an uncommon complication 
of laparoscopy, occurring in 1–2% of all oncol-
ogy-related laparoscopic surgeries [28–33]. 
However, the exact incidence of port-site metasta-
sis is not known. Ramirez et al. [30] reviewed all 
reported cases of laparoscopic port-site metastases 
in patients with gynecological malignancies and 
the potential etiologies as well as options for pre-
vention. Two hundred forty-eight laparoscopic 
surgery procedures were performed during the 
study period. The median follow-up time for all of 
the patients was 8 months (range, 1–33). Port-site 
metastases were detected in 2 of the 181 patients 
(1.1%). Seventy-one percent of port-site recur-
rences (15 of 21) were isolated to a tissue- 
manipulating port. The authors concluded that the 
rate of port-site metastasis after laparoscopic sur-
gery in women with gynecologic cancer is low and 
similar to the rate for laparoscopic procedures.

Zivanovic et al. [28] described the rate of lapa-
roscopic trocar-related subcutaneous tumor 
implants in women with underlying malignant 
disease.

Laparoscopic procedures were performed in 
1694 patients with a malignant intra-abdominal 
condition. Port-site metastases were documented 
in 20 of 1694 patients (1.2%). Of these, 15 
patients had a diagnosis of epithelial ovarian or 
fallopian tube carcinoma, 2 had breast cancer, 2 
had cervical cancer, and 1 had uterine cancer. 
Nineteen of 20 patients (95%) had simultaneous 
carcinomatosis or metastases to other sites at the 
time of port-site metastasis. The conclusion from 
that study was that the rate of port-site tumor 
implantation after laparoscopic procedures in 
women with malignant disease is low and almost 
always occurs in the setting of synchronous, 
advanced intra-abdominal, or distant metastatic 
disease.

 Oncologic Outcomes

The published recurrence and survival results of 
the GOG-LAP2 study [13] demonstrate that the 
laparoscopic approach does not adversely affect 
the overall survival, recurrence-free survival, 
recurrence rate, or the patterns of recurrent dis-
ease [34]. Thus, comprehensive surgical staging 
of endometrial cancer can be performed laparo-
scopically with a negligible difference in recur-
rence rates (estimated difference at 3 years, 
1.14%). In conclusion, longer follow-up is ongo-
ing to determine whether there are differences in 
recurrence and survival between laparotomy and 
laparoscopy groups [35].

 Robotic Surgery

Since its FDA approval for gynecologic proce-
dures in 2005, robotic-assisted surgery rapidly 
gained acceptance by surgeons as an effective 
tool for the staging of uterine malignancies. In 
the setting of endometrial cancer, robotic surgery 
reduces perioperative and postoperative compli-
cations, particularly abdominal wound complica-
tions, while maintaining adequate pelvic and 
para-aortic lymph node retrieval counts, overall 
survival, and recurrence rates when compared 
with open surgery.
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To goal of this section is to summarize com-
parative studies describing clinical outcomes of 
robotic-assisted surgeries compared with tradi-
tional laparoscopic or laparotomy techniques for 
the treatment of endometrial cancer. A systematic 
review that included eight studies with a total of 
1591 patients, robot-assisted laparoscopic endo-
metrial carcinoma staging was compared with 
conventional laparoscopy and laparotomy [36]. 
Patients underwent total hysterectomy, bilateral 
salpingo-oophorectomy, and lymphadenectomy 
(robotic 589, laparoscopic 396, and laparotomy 
606). The advantages of robotic procedures were 
mainly in comparison with laparotomy. Blood 
loss was significantly lower with robotic surgery 
than laparotomy (an average of 186 mL less) and 
conventional laparoscopy (an average of 86 mL 
less, a difference that is unlikely to be clinically 
significant). The rate of transfusion was not sig-
nificantly reduced compared with either laparot-
omy (OR 0.3, 95% CI 0.1–1.2) or conventional 
laparoscopy (OR 0.5, 95% CI 0.1–2.2). The rate 
of wound and other complications (stroke, ileus, 
lymphedema, nerve palsy, acute renal failure, 
lymphocyst, urinary retention) were significantly 
reduced for robotic surgery compared with lapa-
rotomy (wound, OR 0.1, 95% CI 0.04–0.4, and 
other complications, OR 0.3, 95% CI 0.1–0.6), 
but not conventional laparoscopy. The primary 
disadvantage of robotic procedures was longer 
operative duration (an average of 89 min longer 
than laparotomy). The conclusions of that study 
were that the perioperative clinical outcomes for 
robotic and laparoscopic hysterectomy appear 
similar with the exception of less blood loss for 
robotic cases and longer operative times for 
robotic and laparoscopy cases.

Recently, the complications and charges of 
robotic vs. laparoscopic vs. open surgeries in 
morbidly obese patients treated for endometrial 
cancer were compared by Chan et al. [36]. Of 
1087 morbidly obese (BMI ≥40 kg/m2) endome-
trial cancer patients (median age, 59 years; range, 
22–89), 567 (52%) had open surgery (OS), 98 
(9%) had laparoscopic (LS) surgery, and 422 
(39%) had robotic surgery (RS). A total of 23% 
of OS, 13% of LS, and 8% of RS patients experi-
enced an intraoperative or postoperative compli-

cation, including blood transfusions, mechanical 
ventilation, urinary tract injury, gastrointestinal 
injury, wound debridement, infection, venous 
thromboembolism, and lymphedema 
(p < 0.0001). RS and LS patients were less likely 
to receive blood transfusions compared to OS 
(5% and 6% vs. 14%, respectively; p < 0.0001). 
The median lengths of hospitalization for OS, 
LS, and RS patients were 4, 1, and 1 days, respec-
tively (p < 0.0001). Median total charges associ-
ated with OS, LS, and RS were $39,281, $40,997, 
and $45,030 (p = 0.037), respectively. In mor-
bidly obese endometrial cancer patients, mini-
mally invasive robotic or laparoscopic surgeries 
were associated with fewer complications and 
less days of hospitalization relative to open sur-
gery. Compared to laparoscopic approach, 
robotic surgeries had comparable rates of com-
plications but higher charges.

Park et al. [37] compared the recurrence and 
survival outcomes in women who underwent 
either robotic or open surgical procedures to 
treat endometrial cancer. A total of 936 patients 
were included in the study. Of those, 350 patients 
had robotic-assisted surgery and 586 had lapa-
rotomy. Both groups were comparable in terms 
of age, race, body mass index, and comorbid 
conditions. The laparotomy group had signifi-
cantly more patients with grade 2–3 tumors, 
non- endometrioid histology, and stage III–IV 
disease. In a multivariate analysis, surgical 
approach was not an independent prognostic fac-
tor for intraoperative complications, but robotic 
surgery was associated with decreased postop-
erative complications and readmission rate. 
Median duration of follow- up was 30 months in 
the robotic cohort and 42 months in the laparot-
omy cohort. Estimated 3-year progression-free 
survival was 90.9% for the robotic group and 
78.3% for the laparotomy group (p < 0.001), and 
estimated 5-year overall survival was 89.1% for 
the robotic group and 79.5% for the laparotomy 
group (p < 0.001). The conclusion for the study 
was that robotic staging for endometrial cancer 
compared to laparotomy is associated with less 
postoperative morbidity without compromising 
short-term recurrence rates or survival 
outcomes.
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To date, there have been no prospective ran-
domized control trials comparing laparotomy, 
laparoscopic, and robotic-assisted laparoscopic 
staging procedures for treatment of uterine 
malignancies. Four meta-analyses, evaluating 
2913 robotic, 2196 laparoscopic, and 1219 
laparotomy- treated patients, indicate similarities 
with laparoscopy in most categories, except for 
reduced blood loss and fewer conversions to lap-
arotomy in robotic surgeries [35, 38–40]. Robotic 
and traditional laparoscopic surgery have 
improved outcomes compared to laparotomy in 
terms of blood loss, blood transfusions, periop-
erative and postoperative complications, wound 
infection, postoperative pain, shorter recovery 
time, and decreased length of hospital stay. 
Moreover, recent cost analysis studies indicate 
that the shorter operating times and the efficien-
cies gained with robotic surgical experience may 
translate into significant reductions in operating 
room costs [41, 42].

 Summary

A minimally invasive approach should be consid-
ered the surgical treatment option of choice in 
endometrial cancer patients. Robotic platform 
overcomes some of the limitations of standard lap-
aroscopic instrumentation and increases the acces-
sibility of gynecologists to minimally invasive 
techniques. With evolving techniques of laparo-
scopic surgery, the accumulation of clinical experi-
ence, and continuous improvement of laparoscopic 
instruments, complication rates will likely continue 
to decrease, and the efficacy of laparoscopic treat-
ment for uterine malignant tumors may be superior 
to that of the traditional laparotomy.
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 Introduction

In developed countries, ovarian cancer is the 
second most frequent cancer of the female geni-
tal tract and is certainly the most lethal [1]. The 
incidence and the mortality related to this neo-
plasm have significantly increased over the last 
decades, and it will certainly constitute a major 
healthcare problem in the near future [2]. It is 
estimated that 125,000 women worldwide die 
each year due to this condition [3]. Despite a 
number of screening efforts, approximately 75% 
of patients are diagnosed with advanced forms 
of the disease (advanced ovarian cancer, AOC) 
[4]. In fact, surgery represents the cornerstone of 
treatment for this condition, and diverse studies 
have clearly demonstrated that achievement of 
complete cytoreduction (no macroscopic residual 

tumor) has a substantial impact on survival [5, 6].  
Unfortunately, due to the magnitude of disease 
dissemination, only in about 20–50% of the 
patients with AOC is primary optimal debulk-
ing surgery technically possible [4, 6, 7]. In this 
scenario, alternative strategies such as neoadju-
vant chemotherapy (NACT), leading to higher 
rates of adequate resection, may be beneficial 
to a number of patients who are initially consid-
ered inoperable [4, 8]. The recent introduction 
into clinical practice of NACT for AOC, coupled 
with the development of modern technology and 
an increased number of skilled laparoscopic sur-
geons, has created a more favorable scenario for 
endoscopic debulking, at least in selected cases. 
However, there is currently a notorious paucity 
of data regarding the feasibility and oncologic 
safety of this new strategy.

Operative treatment for gynecologic tumors 
has historically been performed via laparotomy. 
Over the last decades, minimally invasive surgery 
has progressively gained popularity in this par-
ticular field. Indeed, laparoscopy significantly 
reduces procedure-related morbidity [9]. On the 
other hand, several important oncologic concerns 
have limited the widespread use of laparoscopy 
especially in ovarian cancer, such as possible port 
site metastasis, peritoneal tumor dissemination, 
inadequate staging, and a questionable quality of 
cytoreduction [10]. Particularly in the case of 
AOC, the magnitude of cancer spread in the 
 peritoneum and visceral organs has discouraged 
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and intimidated surgeons from performing endo-
scopic debulking surgery. Therefore, in contrast 
to other gynecologic malignancies, the use of 
laparoscopy in this pathology has frequently 
been viewed with skepticism and considered the 
ultimate boundary for the method.

Meaningful considerations will ensure that the 
patient benefits from the laparoscopic surgery 
while avoiding the undue morbidity and without 
compromising the long-term survival. Key points 
in ovarian cancer treatment include the indication 
and feasibility of the laparoscopic surgery for 
cancer, the cost and benefit of laparoscopy in 
ovarian cancer for the patients and surgeons, and 
the survival and recurrent outcome of the treat-
ment. These points are discussed as follows.

 Important Issues Regarding the Use 
of Endoscopy in Ovarian Cancer

 Does Rupture or Spill from the Cyst 
Matter?

A concern of laparoscopic cancer surgery is cyst 
rupture and tumor spillage during operation, 
which may result in potential unfavorable prog-
nosis and affect the overall survival. The rate of 
cyst rupture in laparoscopy has been reported as 
6–27%, which is supposed to be higher than lapa-
rotomy as a risk of tumor spillage, although the 
data are not conclusive [11–14]. An earlier study 
indicated that a ruptured cyst was associated with 
a reduced 5-year survival in stage I epithelial 
ovarian cancer [15]. However, subsequent stud-
ies have shown that intraoperative cyst rupture is 
not associated with reduced survival. Some 
authors showed that there was a statistically sig-
nificant reduction in survival in the group whose 
cyst ruptured before surgery compared with the 
group with intraoperative cyst rupture [15–19]. A 
recent retrospective analysis of 1545 patients 
with stage I disease found that intraoperative cyst 
rupture had an independent unfavorable prognos-
tic effect on disease-free survival (hazard ratio, 
1.64; 95% confidence interval, 1.07–2.51; 
p = 0.002) [20]. One of the major chances in the 
latest 2014 FIGO ovarian, fallopian tube, and 

peritoneal cancer staging system was the differ-
entiation among diverse oncological situations 
such as intraoperative tumor rupture, surface 
involvement by tumor cells, or presence of 
malignant cells in the ascites or peritoneal wash-
ings that warrants a stage of IC. Presently, it is 
classified as follows [21]:

– IC1: Surgical spill
–  IC2: Capsule ruptured before surgery or tumor on 

ovarian or fallopian tube surface
–  IC3: Malignant cells in the ascites or peritoneal 

washings

 Does Pneumoperitoneum Cause 
the Acceleration of Spread 
of Malignant Cells?

The peritoneal organ has several biologic func-
tions, including immunoregulation, inflamma-
tion, fibrinolysis, angiogenesis, and remodeling 
processes [22]. Surgical trauma results in meso-
thelial cell damage and triggers an inflammatory 
response [23]. Endoscopic procedures introduce 
new components in the abdominal cavity, such as 
increased abdominal pressure, CO2 gas, and 
decreased intra-abdominal temperatures. These 
entities induce alterations in peritoneal integrity 
and physiology, causing local hypoxia, acidosis, 
and hypofibrinolysis [24]. The final consequence 
of this process is a considerable attenuation of the 
inflammatory response [22]. A number of studies 
utilizing animal models have demonstrated an 
impaired immune function of the peritoneum 
when exposed to elevated pressures and to insuf-
flation gases. Consequently, a more favorable 
environment is created for tumor cell implanta-
tion in the nontraumatized peritoneum.

A unique immunological microenvironment is 
a marked characteristic of the peritoneal cavity. 
As a first line of defense, the local macrophages 
and neutrophils (polymorphonuclear neutrophils) 
are of major importance in protecting the organ. 
Air exposure triggers a higher transmigration 
(from blood to peritoneum) and decreases apop-
tosis of polymorphonuclear neutrophils in the 
face of CO2 exposure [25, 26]. The minimally 
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invasive character of laparoscopic surgery 
reduces the surgical insult to the peritoneum and 
probably provokes a reduced antigenic exposure 
to the cell-mediated immunological system [27]. 
Conversely, one may speculate if the massive 
exposure of the peritoneum during open proce-
dures to different antigenic agents may create a 
local “immunological boost” and, consequently, 
a more hostile environment for tumor dissemina-
tion. The immune interaction between the tumor 
and its environment is a key factor for impeding 
cancer progression and dissemination. Differently 
from other pathologies, the peritoneal organ has a 
supreme importance in the clinical course of 
ovarian cancer. If a reduced inflammatory reac-
tion may be beneficial for the surgical treatment 
of a number of benign and malignant conditions 
due to the lower formation of adhesions, in cases 
of ovarian cancer, it may have negative oncologic 
consequences.

The duration of the procedure is certainly an 
important component of peritoneal immunopro-
tection. Probably, the peritoneal alterations dur-
ing brief endoscopic interventions in AOC 
(diagnostic or staging/scoring laparoscopies) are 
not intense enough to determine significant 
changes in prognosis, as previously demonstrated 
in a number of publications. On the other hand, 
longer peritoneal and tumor exposure to high 
pressures, CO2, lower temperatures, intense illu-
mination, and dissection seems to be decisive in 
cases of cytoreductive procedures.

 Is the Incidence of Port Site 
Metastasis Significantly Increased?

The occurrence of intraperitoneally cancer dis-
semination and/or abdominal wound (port site) 
metastases after laparoscopic procedures has 
been reported by numerous authors [20, 28–41]. 
The incidence of port site metastasis has been 
reported to range from 0 to 16% in a variety of 
cancers, which seemed no higher than that with 
laparotomy. However, port site metastasis could 
be an isolated occurrence or as part of a dissemi-
nated state, and the presentation of a port site 
metastasis after cancer laparoscopy varies from a 

few days to several years. Prognosis of patients 
with port site metastasis after cancer laparoscopy 
varies widely according to sites of origin and 
histology.

Establishment of port site metastasis needs the 
presence of seeds and appropriate soil. Various 
possible mechanisms have been postulated as the 
cause of port site recurrence, such as advanced 
malignancy, direct contamination of cancer cells 
following extensively unprotected manipulation 
or presence of ascites, gas leak around port sites 
in the pressure of pneumoperitoneum (chimney 
effect), and tissue acidosis in the use of carbon 
dioxide. Increased traumatic injuries at the port 
site or predilection of tumor cell growth in the 
subcutaneous tissue may facilitate such process, 
since borderline malignant tumors can harbor 
sole abdominal wall implants without poor out-
come. Some procedures to minimize the risk of 
port site implants have been recommended, 
including:

 1. Using wound protectors
 2. Minimizing tumor manipulation
 3. Anchoring ports to prevent dislodgment
 4. Avoiding carbon dioxide leakage and sudden 

deflating
 5. Using gasless laparoscopy
 6. Irrigating and suctioning abdomen, instru-

ments, and ports before removal
 7. Using heparin or 0.25–1% povidone-iodine 

solution to irrigate wounds and abdomen
 8. Excising trocar sites and deliberate closure 

of all abdominal layers including the perito-
neum after laparoscopy or postoperative port 
site radiation

 9. Resuming to definitive surgery or chemo-
therapy early

 10. Using 5-fluorouracil, topical taurolidine, or 
intraperitoneal endotoxin

Despite the vast amount of literature on this 
issue, solid evidence, however, is lacking on 
the effectiveness of preventive interventions 
[42, 43].

For ovarian malignancy, the real incidence of 
port site metastasis is not known, but there is 
more than 44 cases reported in the English 
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 language literature [44, 45]. In an earlier study of 
patients of ovarian cancer in stage III and IV 
exclusively, 6 deaths were noted in 7 (86%) who 
had abdominal wall metastases as compared with 
63 deaths in 137 (46%) who had no wound 
tumors [34]. However, the difference did not 
achieve significance because of the small sample 
size. Another study reported that by defining the 
breakpoint at 17 days, the prolonged interval of 
staging laparotomy after initial laparoscopic sur-
gery was an independent prognostic factor for the 
stage of disease [38]. A later series also found a 
significant correlation between the development 
of port site implants and the longer interval 
before the start of chemotherapy or cytoreductive 
surgery; however, this study concluded that the 
presence of port site implants (n = 9) did not sig-
nificantly impact the outcome [39]. Generally, 
most of the reports involved small case numbers 
and limited follow-up periods; the true incidence, 
mechanism, and long-term prognosis of these 
patients are still unclear.

 Application of Laparoscopy 
in Different Oncological Scenarios

Surgery for ovarian cancer is the mainstream of 
oncological therapy and is classically performed 
via laparotomy. Standard debulking/cytoreduc-
tive procedure must at least include hysterec-
tomy, bilateral salpingo-oophorectomy, pelvic 
and para-aortic lymphadenectomy, omentectomy, 
and resection of all suspicious lesions on the peri-
toneal surface. Major objective of the interven-
tion is to obtain no macroscopic residual tumor. 
Taking into consideration that these patients 
often have relevant medical comorbidities, mini-
mally invasive surgery has been shown to be a 
proper, if not preferred, alternative to the tradi-
tional approach, since some standard surgical 
principles are respected. It may significantly 
reduce procedure-related morbidity and expedite 
recovery especially in this patient population [9]. 
In addition, image magnification, improved dis-
section in critical areas, the possibility of per-
forming concomitant procedures, a shorter 
hospital stay, reduced blood loss, a reduction in 

the need for postoperative analgesics, and earlier 
initiation or continuation of chemotherapy are 
also potential advantages of the endoscopic tech-
niques [9, 10, 46]. On the other hand, several 
important oncologic concerns have limited the 
widespread use of laparoscopy in ovarian cancer 
surgery. Possible inadequate staging or debulk-
ing, port site metastasis, iatrogenic tumor rup-
ture, and potential cancer cell dissemination are 
frequent causes for fierce debate among special-
ists worldwide [47, 48].

Despite several oncologic and technical lim-
itations, there have been an increasing number 
of publications in recent years about the use 
of laparoscopic techniques in ovarian cancer. 
Presently, the potential roles of endoscopy in 
ovarian cancer surgery may be divided into 
four categories according to the clinical stage 
of the disease:

 (A) Laparoscopic evaluation, diagnosis, and 
staging of apparent early ovarian cancer, 
including the operative evaluation of suspi-
cious adnexal tumors

 (B) Laparoscopic diagnosis and assessment to 
determine whether the patient is suitable 
for upfront debulking surgery or for neoad-
juvant chemotherapy in advanced ovarian 
cancer

 (C) Laparoscopic upfront cytoreductive surgery 
or postneoadjuvant chemotherapy in 
selected advanced ovarian cancer cases

 (D) Laparoscopic reassessment or second-look 
operation and resection of the isolated 
recurrences

 (A) Laparoscopic Evaluation, Diagnosis, and 
Staging of Apparent Early Ovarian Cancer, 
Including the Operative Evaluation of 
Suspicious Adnexal Tumors

The difficulties to confirm an initial ovarian 
cancer are the unspecific presentation in its early 
stage, the lack of a reliable preoperative diagnos-
tic criteria, and the low prevalence of the malig-
nancy in the general population (about 30–50 
cases per 100,000 women) [49, 50]. A number of 
series of laparoscopic management of suspicious 
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adnexal tumors have been published in the litera-
ture. In a series of 1011 patients operated by 
laparoscopy, four ovarian cancers were revealed 
intraoperatively in 1209 adnexal masses ranging 
from 2 to 25 cm in size, and an Austrian survey 
found an incidence of 6.5 unexpected ovarian 
cancer in 1000 women with adnexal mass man-
aged by laparoscopy [51]. Another French sur-
vey found 78 cases of malignant ovarian cysts 
out of 5307 ovarian lesions treated by laparos-
copy (1.47%), in which 18 of the 78 cases 
(0.34%) were ovarian cancers and the remaining 
60 were borderline tumors [52]. A recent review 
concluded that the unexpected ovarian malig-
nancy  was estimated to be 1% or less in pre-
menopausal patients under strict selection 
criteria; however, in postmenopausal patients, 
this rate rises to 3.0% [53]. Therefore, the rate of 
unexpected malignancies depends mostly on the 
selection criteria used. Certainly, laparoscopy is 
the method of choice for the definitive diagnostic 
and evaluation of clinically suspicious adnexal 
masses [9–13] (Figs. 30.1 and 30.2).

In cases of confirmed malignancies, all the 
minimally necessary procedures can be safely 
performed by endoscopy. Several retrospective 
and case series reports have demonstrated the 
feasibility and safety of a laparoscopic approach 
to the management of early-stage ovarian cancers 
[53–55]. These studies show laparoscopy to be 
associated with several perioperative benefits 
such as decreased blood loss, shorter hospital 
stay, and faster return of bowel function without 
compromising safety. Importantly, retrospective 

evidence in early ovarian cancer also suggests 
similar recurrence rates after laparoscopic and 
open staging procedure, suggesting that the lapa-
roscopic technique does not compromise the out-
come of early-stage ovarian carcinoma [54, 55].

 (B) Laparoscopic Diagnosis and Assessment 
to Determine Whether the Patient Is 
Suitable for Upfront Debulking Surgery 
or for Neoadjuvant Chemotherapy in 
Advanced Ovarian Cancer

As previously mentioned, the mainstay of 
treatment for advanced ovarian cancer is optimal 
cytoreduction, followed by platinum-based com-
bination chemotherapy. Optimal cytoreduction, 
to microscopic disease, is certainly associated 
with best survival rates [56, 57]. To assess the 
resectability of advanced ovarian cancer, patient 
selection should be done with a view to either 
optimal primary cytoreductive surgery or neoad-
juvant chemotherapy (NACT) followed by inter-
val debulking operation. With the objective to 
better identify candidates to each of the above 
cited therapy strategy (upfront surgery versus 
NACT), Fagotti et al. (2006) developed a score 
based on laparoscopic findings that can more 
accurately predict potential suboptimal cytore-
duction than radiology methods [58]. The ratio-
nales behind this procedure are to increase the 
rates of optimal cytoreduction, to avoid unsuc-
cessful laparotomies, and, consequently, to expe-
dite the initiation of neoadjuvant chemotherapy.

The analyzed parameters during staging lapa-
roscopy are the following:

Fig. 30.1 Suspected adnexal mass arising from the left 
ovary. Histology confirmed a primary ovarian carcinosar-
coma restricted to the organ (stage I)

Fig. 30.2 Ovarian carcinoma (left side) with peritoneal 
carcinosis in the Douglas pouch (FIGO stage II)
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• Omental cake
• Peritoneal carcinosis
• Diaphragmatic carcinosis
• Mesenteric retraction
• Bowel infiltration
• Stomach infiltration
• Liver metastases

Each parameter receives 0 (no disease) or 2 
(presence of disease), and the operability predic-
tive index is the sum of points for all seven 
parameters.

Interpretation:

• The minimum predictive index: 0.
• The maximum predictive index: 14.
• The higher the score, the less likely that the 

patient will be optimally debulked at defini-
tive surgery.

• The authors observed that patients with 
score ≥ 8 cannot be optimally operated in 
100% of the cases. Conversely, in cases of 
score under 4, a complete cytoreduction can 
be obtained in 78% of the patients (Figs. 30.3, 
30.4, 30.5, 30.6, and 30.7).

 (C) Laparoscopic Upfront Cytoreductive Sur
gery or Postneoadjuvant Chemotherapy 
in Selected Advanced Ovarian Cancer  
Cases

The frequent impossibility of performing 
adequate debulking surgery due to either clinical 
or technical reasons has motivated some authors 
to investigate the use of NACT. The rationale 
behind this strategy is to achieve a reduction in 

Fig. 30.3 Ovarian cancer with multiple metastases in the 
small intestinal loops and mesenteric retraction

Fig. 30.4 Massive peritoneal carcinosis and bowel metas-
tasis in the upper abdomen

Fig. 30.5 Detection of peritoneal nodes in the area of the 
right diaphragm

Fig. 30.6 Infiltration of the small omentum (bursa omen-
talis) in the gastric lesser curvature

Fig. 30.7 Laparoscopic view of an omental cake
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tumor size and peritoneal dissemination that 
would consequently elevate the probability of 
achieving complete tumor resection with less 
morbidity. For example, up to 30% of these 
patients may present a complete pathological 
response [7]. Although the results of a meta- 
analysis involving 835 patients suggested that 
this approach was associated with worse onco-
logic outcomes, recent randomized clinical trials 
have demonstrated that NACT followed by inter-
val debulking surgery is at least non-inferior to 
the standard therapy [4, 7]. From the surgical 
perspective, shrinkage in tumor volume is the 
key factor for the implementation of minimally 
invasive techniques in AOC. The operative 
results obtained by Favero et al. (2015) and 
Guell Alletti et al. (2016) demonstrate that lapa-
roscopic cytoreduction is technically feasible. 
Potential clinical and operative complications 
associated with previous chemotherapy are not 
relevant [59, 60]. Although there are a limited 
number of publications that have specifically 
analyzed the impact of NACT on laparoscopic 
procedures, abdominal surgery in this situation 
may be more difficult and associated with rele-
vant morbidity. Empirically, one may say that 
the magnitude of the procedure is directly asso-
ciated with increased risks. However, in the 
available series we observed unequivocal advan-
tages, such as a short hospital stay and low blood 
loss, coupled with an operating time and compli-
cation rates that were acceptable. Additionally, 
potential psychological and aesthetic benefits 
associated with laparoscopy must be taken into 
consideration.

On the other hand, some authors are con-
cerned about the oncological results obtained by 
laparoscopy. Favero et al. (2015) have observed a 
marked higher mortality rate (20% versus 0%) 
and a shorter chemotherapy-free interval among 
patients endoscopically operated [59]. Important 
concerns about the application of laparoscopy in 
this scenario include inadequate staging and 
tumor resection in difficult areas, most noticeably 
in the upper abdomen. One might argue that the 
inferior oncological results obtained by laparos-
copy are due to overlooked and unresected 
lesions in regions of limited access (posterior 
diaphragm or retrohepatic area) and the fact that 
these cases were yet considered R0. Moreover, 

laparoscopy induced changes in peritoneal physi-
ology that certainly has a major importance for 
the inferior results, as previously described and 
discussed.

In fact, this type of procedure should be con-
sidered only in highly selected cases. In our opin-
ion, negativity of CA-125 and CT scans without 
signs of peritoneal carcinomatosis and tumors in 
critical areas are good predictors of endoscopic 
optimal cytoreduction. Certainly, larger prospec-
tive trials are needed to confirm the observed 
results.

 (D) Laparoscopic Reassessment or Second 
Look Operation and Resection of the Iso
lated Recurrences

In the last decades, second-look operation 
was suggested as part of the therapeutic triage 
of patients with advanced ovarian cancer sub-
mitted to standard oncological treatment (sur-
gery and chemotherapy) to confirm the absence 
of residual disease. More recently, with the 
incorporation into clinical practice of the neoad-
juvant chemotherapy concept, laparoscopy can 
be used to access the tumor response and reeval-
uate the possibility of interval debulking previ-
ously to an explorative laparotomy. This 
procedure is only performed in clinical trials or 
in selected cases with uncertain clinical response 
to initial therapy. The rationales behind this 
interventional are to optimize the chemotherapy 
agents, accelerate the implementation cytore-
ductive surgery, or even avoid unsuccessful 
laparotomies in cases of poor response. Similar 
results have been reported regarding the effi-
cacy of laparoscopy compared to laparotomy in 
assessing the pelvic and upper abdomen in these 
cases [61].

The role of secondary cytoreduction surgery 
for advanced ovarian carcinoma is debatable. 
Recently, several authors suggested some cri-
teria such as isolated recurrence, the lack of 
ascites, and optimal debulking on the primary 
surgery as indications for secondary debulking 
[62, 63]. In these selected cases, laparoscopic 
secondary cytoreduction has been reported 
with acceptable results with regard to the effi-
cacy and the outcomes [64–67] (Figs. 30.8, 
30.9, and 30.10).
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 Conclusion

As early-stage ovarian cancer is rarely diag-
nosed preoperatively, most are encountered 
incidentally during laparoscopic operation for 
benign adnexal mass. In the past, conversion 
to laparotomy was recommended to ensure an 
optimal staging and to avoid the presence of 
potential residual disease. However, recent 
advancement in technology offers different 

options of minimally invasive techniques to 
enable surgeons to manage patients with 
early-stage ovarian cancer. In this circum-
stance, endoscopic surgery is at least onco-
logically non-inferior to laparotomy [6, 9], 
but it may be beneficial in terms of invasive-
ness and leads to faster recovery that poten-
tially expedites the initiation of adjuvant 
chemotherapy.

Fig. 30.8 Tumor regression after NACT (three cycles) in the upper abdomen (liver and diaphragm)

Fig. 30.9 Response to NACT (three cycles) with a massive regression of the peritoneal carcinosis

Fig. 30.10 Tumor regression after NACT (three cycles) in the pelvis
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Some disadvantages of laparoscopic sur-
gery for ovarian cancer could exist and should 
be considered before the operation, including 
the difficulty to remove large ovarian masses, 
inability to examine the full extent of the 
intestines, potential risk of cancer dissemina-
tion due to tumor rupture or manipulation, and 
possible trocar site metastasis. However, some 
spillage preventive measures can be used in 
cases of suspicious adnexal mass without a 
histological diagnosis of ovarian cancer, such 
as removal of the entire tumor without frag-
mentation and its exteriorization through pro-
tective pouches. If ovarian malignancy is 
diagnosed during an operation, adequate irri-
gation of povidone solution and closure of the 
peritoneum and all layers of abdominal wall at 
port site is recommended. If ovarian malig-
nancy is diagnosed days after laparoscopy, 
standard laparotomic cytoreductive surgery 
should include the excision of all port sites.

The implementation of endoscopic deb-
ulking surgery for advanced ovarian cancer, 
despite the perspective of shorter recovery 
time, availability of increased number of 
skilled laparoscopic surgeons, team approach 
in well-equipped operating rooms, and incor-
poration of advanced medical technology 
including robotic surgery, according to the 
current literature, must be only developed in 
a context of clinical trial. On the other hand, 
laparoscopic staging to evaluate operability 
and to define the most adequate upfront treat-
ment (surgery versus NACT) is progressively 
gaining popularity, and it is presently consid-
ered an integral part in the management of 
AOC.
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Sentinel Node in Gynecological 
Cancer

Cecilia Escayola Vilanova and Denis Querleu

 Introduction

Sentinel node biopsy has profoundly reshaped both 
therapeutic and diagnostic approaches to gyneco-
logical cancers. While it is undeniable that the sen-
tinel node procedure has simplified the surgical 
treatment and significantly reduced the morbidity 
of it, it has also been proven that sentinel node 
leads to a more accurate staging and therefore to a 
better planning of adjuvant treatment. Nowadays, 
sentinel node biopsy is the standard of care in 
breast cancer and vulvar cancer and strongly rec-
ommended in cervical cancer and endometrial can-
cer due to the new imaging technologies.

 Sentinel Node in Endometrial 
Cancer

 Introduction

Endometrial cancer is the most common gyneco-
logical cancer in developed countries, the inci-
dence being 13.6 per 100,000. Almost all cases 

are diagnosed in women >50 years. Only 4% of 
those with endometrial cancer are younger than 
age 40. Eighty percent of cases are early stage 
(stage 1) with a high overall survival rate. The 
presence of nodal disease changes the stage of 
this cancer and negatively impacts survival rate.

Endometrial cancer has been classified into 
two types: type 1 which develops in the pres-
ence of high levels of unopposed estrogen and 
is normally detected at an early stage (endome-
trioid adenocarcinoma, 90% of cases) and type 
2 (non- endometrioid, such as serous, clear cells, 
undifferentiated carcinomas, carcinosarcomas, 
malignant mixed Mullerian tumors, comprising 
10% of cases), less hormonally dependent and 
more often detected at an advanced stage. Each 
type has different genetic alterations. In addi-
tion, based on the definitive pathological study, 
three at-risk groups have been established: low 
risk (type 1, stage IA grade 1 or 2), intermediate 
risk (type 1, stage IA grade 3, or stage IB grade 
1 or 2), and high risk (type 1 stage IB grade 3 or 
type 2). In cases of hereditary endometrial can-
cer (HNPCC, Lynch syndrome), the proportion 
of type 2 is higher than in sporadic cases. Factors 
such as obesity, polycystic ovary syndrome, nulli-
parity, and long-term use of unopposed estrogens 
for hormone replacement therapy correlate posi-
tively with the risk of endometrial cancer [1–3]. 
According to this classification and following the 
European guidelines, patients at low risk should 
undergo simple hysterectomy without adjuvant 
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treatment; patients at intermediate risk should be 
treated with hysterectomy, pelvic and para-aortic 
lymphadenectomy, and adjuvant brachytherapy 
to decrease vaginal recurrence; and patients at 
high risk should be surgically treated like patients 
with epithelial ovarian cancer plus radiotherapy 
and chemotherapy in certain cases.

 Sentinel Node Biopsy Versus 
Lymphadenectomy

Endometrial cancer is staged according to the 
International Federation of Gynecology and 
Obstetrics. The affectation of the lymphatic 
nodes makes up part of the staging and therefore 
has a direct relation with adjuvant treatment. 
However, lymphadenectomy involves complica-
tions such as vascular or nerve injury, deep vein 
thrombosis, lymphocysts, lower leg lymph-
edema, and lymphangitis. It also increases surgi-
cal time, blood loss, and the rate of conversion 
from laparoscopy to laparotomy to complete the 
correct staging. These complications may nega-
tively affect survival and quality of life in the 
numerous patients for whom the procedure will 
ultimately have been of minimal or no benefit. 
The application of the sentinel node technique 
will decrease the morbidity of the lymphadenec-
tomy, giving an added plus in diagnostic accu-
racy, which places it halfway between systematic 
lymphadenectomy and the omission of lymph 
node dissection. Without doubt it would improve 
quality of life in low-risk patients, decreasing as 
well morbidity in those who are obese and of 
advanced age, and therefore more prone to com-
plications, and also help to identify nodal metas-
tases in uncommon locations, leading many 
groups to propose sentinel node mapping and 
ultrastaging [4–6].

The growing popularity of the sentinel node 
biopsy in endometrial cancer is essentially based 
on its low morbidity and high negative predictive 
value. The rate of detection of sentinel nodes is 
directly related to anatomic factors, technique 
used, site of injection, and tracers employed. The 
only prospective study evaluating the feasibility 
of SN in endometrial cancer is the French multi-

center study SENTI-ENDO [7]. One hundred 
thirty-three patients with stage I-II endometrial 
cancer were enrolled. Patients underwent SN 
biopsy via cervical dual injection with techne-
tium and patent blue, followed by systematic pel-
vic node lymphadenectomy. The results showed 
that both sensitivity and negative predictive value 
were 100% when the hemipelvis was considered 
as the unit of analysis.

 Technique of Sentinel Node 
Detection

Within the application of the sentinel node, three 
main issues need to be addressed. First of all, there 
are two different techniques for the detection of 
the SN based on the site of injection: cervical and 
subendometrial via hysteroscopy. In contrast to 
cervical and vulvar cancer in which tumors are 
much more accessible, localization of the tumor in 
the uterus remains a challenge. The lymphatic 
pathways of the uterus are extremely complex. 
While the principal lymphatic channels of the 
uterus follow the course of the uterine vessels to 
the iliac nodes, tumors located in the fundus can 
potentially drain into the para-aortic nodes follow-
ing the gonadal vessels. The hysteroscopic injec-
tion requires a learning curve and familiarity with 
hysteroscopic skills, and it is a more time-consum-
ing technique. The simplicity of the cervical injec-
tion as well as its excellent detection rate makes it 
the most accepted. The main concern regarding it 
is the supposedly lower detection rate of para-aor-
tic nodes when compared to the hysteroscopic 
injection. In a prospective nonrandomized study, 
the authors showed that the combined superficial 
and deep cervical injection is the easiest way and 
accurate enough for patients with stage I endome-
trial cancer [8]. In order to adopt cervical injection 
as a reliable technique for accurately detecting 
sentinel nodes in patients at high-risk endometrial 
cancer, a properly designed validation study must 
be undertaken.

The second point to be addressed is the tracers 
used to detect sentinel nodes. The best results are 
obtained through the combination of technetium-
 99 injected into the cervix prior to the surgery 
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with an intraoperative cervical injection of blue 
dye. In the study of Abu-Rustum et al., 42 patients 
with stage I endometrial carcinoma were enrolled 
[9]. Preoperative lymphoscintigraphy detected 
sentinel nodes in 71% of patients, whereas intra-
operative detection was possible in 86%. The 
sensitivity in all the patients who had a sentinel 
node identified was 100%. Nevertheless, the use 
of these two tracers has some pitfalls. Regarding 
blue dye, allergic reactions although uncommon 
can appear, and as a general rule, dyes are mainly 
used to detect superficial lymph nodes. 
Concerning the radiolabeled colloid, its use 
requires a nuclear medicine unit not uniformly 
available in all hospitals. More recently, fluores-
cent organic molecules have been introduced in 
order to overcome the pitfalls encountered with 
the aforementioned tracers. Jewell et al. con-
ducted a study aimed to assess the detection rates 
of sentinel nodes using indocyanine green (ICG) 
and near-infrared fluorescence imaging for uter-
ine and cervical cancer [10]. Two hundred 
twenty-seven patients were enrolled and with the 
majority of them diagnosed with grade 1 or 2 
endometrial cancer. ICG was diluted in 20 cc of 
aqueous sterile water and then injected into the 
cervix prior to the surgery. The overall detection 
rate was 95%, and the bilateral detection one was 
79%. Moreover, the authors proved that the addi-
tion of blue dye injection did not achieve higher 
detection rates, rendering it unnecessary.

 Intraoperative Evaluation and  
Low-Volume Disease

The third point is the ultrastaging which will detect 
a higher number of patients with low- volume dis-
ease which would have probably been missed 
through routine hematoxylin and eosin (H&E) 
assessment, the clinical significance of which are 
still unclear. Low-volume metastatic disease 
includes a focus of metastatic tumor measuring 
>0.2 mm and <2 mm defined as micrometastases 
and isolated tumor cells which includes cluster or 
single cells <0.2 mm. Sentinel node protocol 
involves cutting two adjacent 5-m sections at each 
of two levels, from each paraffin block lacking 

metastatic carcinoma on routine H&E. At each 
level, one slide is stained with H&E and the other 
with immunohistochemistry using the anti-cyto-
keratin AE1/AE3. A recent retrospective study 
including 508 patients successfully mapped 
showed that ultrastaging detected an additional 23 
patients with low-volume disease in the sentinel 
nodes [11]. Among these 23 patients, 19 had iso-
lated tumor cells and 4 had micrometastases. In 
this study lymphatic mapping was performed 
using blue dye superficial and deep injection. The 
authors also proved that the incidence of ultrast-
age-detected metastases can be correlated to the 
depth of myoinvasion stating that sentinel node 
ultrastaging can be spared in patients without 
myoinvasion. This study proves that these patients, 
according to the protocols, should not have under-
gone a complete lymphadenectomy and conse-
quently would not have received adjuvant 
treatment. Another retrospective study including 
103 patients with low- or intermediate-risk endo-
metrial cancer analyzed the role of sentinel node 
biopsy in the staging of the disease. The results 
showed that 12 patients with presumed preopera-
tive low-risk disease and 7 with intermediate-risk 
were upstaged by definitive histology [12]. A sub-
analysis of the prospective multicenter study 
SENTI-ENDO [5] proved that preoperative lym-
phoscintigraphy detected a higher rate of aberrant 
drainage especially in the para-aortic area.

Intraoperatively, the diagnosis is more accu-
rate using frozen section, but the sensibility is 
low, principally due to micrometastasis and iso-
lated tumor cells. New techniques using a one- 
step nucleic acid amplification (OSNA) assay are 
currently under study in order to obtain a swifter 
and more reliable diagnosis of the sentinel node. 
Nagai et al. analyzed primary tumor samples 
from 200 patients with endometrial cancer [13]. 
The results showed that an OSNA assay using 
cytokeratin 19 mRNA was applicable for detec-
tion of lymph node metastases in patients with 
endometrial carcinoma. OSNA assays require 
less time for analysis than immunohistochemis-
try, which is time-consuming and inapplicable 
for intraoperative diagnosis.

The importance of adhering to a sentinel node 
mapping algorithm was highlighted in the recent 
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study of Barlin [14]. Their algorithm included 
peritoneal and serosal evaluation and washings, 
excision of all mapped sentinel nodes and removal 
of all suspicious nodes regardless of mapping, and 
a side-specific pelvic lymphadenectomy when 
there was no mapping in one hemipelvis. The 
study included 498 patients who received blue 
dye (superficial and deep) cervical injection and 
underwent sentinel node mapping. At least one 
sentinel node was identified in 81%. When apply-
ing it to the algorithm, the false- negative rate 
dropped from 15 to 1.9%. It has to be stressed that 
sentinel node mapping must be applied to patients 
with apparent stage I endometrial cancer, know-
ing that the risk of isolated para-aortic nodes with 
negative pelvic nodes remains between 1 and 3%. 
It is worth mentioning that this rate could possibly 
decrease if we take into account that sentinel node 
ultrastaging improves the detection of low-vol-
ume disease that until now has been undetected by 
routine histologic examination.

In order to evaluate clinic and pathological 
factors that may influence overall survival in 
patients with endometrial cancer, Barlin et al. 
conducted a classification and regression tree 
(CART) analysis [15]. They reviewed data from 
1920 patients who had at least 1 lymph node 
removed. Their results proved that in the case of 
endometrial cancer, the two factors that really 
matter are the final stage and grade, but not the 
total number of nodes removed.

 Sentinel Node in Cervical Cancer

 Introduction

Cervical cancer is the third most common malig-
nancy in women worldwide. Half of those with 
invasive cervix carcinoma are diagnosed prior to 
age 35. There are large differences in incidence 
between developed and underdeveloped countries, 
and it constitutes the leading cause of cancer mor-
tality in recent years, surpassing breast cancer. In 
developed countries its incidence has stabilized 
over recent years, being approximately 7.2 cases 
per 100,000 inhabitants/year. Worldwide, over 
500,000 die annually from this type of cancer.

Cervical cancer is the only gynecological can-
cer that is clinically classified according to the 
FIGO score. The incidence of positive nodes 
increases with FIGO stage and varies from 
5–19% in stage I to 34–70% in stage IV. Despite 
lymph node affectation being one of the most 
important prognostic factors, lymph node metas-
tasis is not included in the classification. 
Moreover, lymph node status is essential to 
address adjuvant treatment.

 The Lymphatic Drainage

The most common pattern of spreading of cervi-
cal cancer is by direct local extension and lym-
phatic embolization. Direct extension usually 
represents involvement of the parametria, cardi-
nal ligaments, and, in cases with large-volume 
tumors, the mid and distal third portion of the 
vagina. The main lymphatic drainage of the cer-
vix is through the lateral channels to the external 
iliac, hypogastric, obturator, and common iliac 
nodes (Fig. 31.1). There are also anterior lym-
phatic channels that pass behind the bladder and 
terminate in the external iliac lymph nodes and 
posterior lymphatic channels that pass through 
the uterosacral ligaments and terminate in the 
common iliac, subaortic, para-aortic, and supe-
rior rectal nodes. Three major para-aortic lymph 
node chains can be identified: the left one that 
lies to the left of the aorta, the aorto-caval one 

Fig. 31.1 Blue dye in the cervix, the right and left lateral 
lymphatic channels, and the right pelvic nodes
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that lies between the aorta and the vena cava, and 
the right one that lies to the right of the cava. 
Involvement of para-aortic nodes without pelvic 
node metastases can be possible through the pos-
terior trunks.

Surgery in cervical cancer has evolved over the 
last decades, becoming less radical with the pass-
ing of time. Currently the gold standard for initial 
stages is radical hysterectomy with bilateral pel-
vic lymphadenectomy. This treatment strategy, 
despite achieving excellent survival rates, is also 
associated with numerous complications. Patients 
often present dysfunctions of the lower urinary 
track, sexual dysfunctions, and  disorders of the 
intestinal motility associated with autonomic 
nerve damage following a conventional radical 
hysterectomy. Lymphadenectomy is associated 
with short- and long-term morbidities such as 
lymphedema, vascular injury, lymphocyst forma-
tion, prolonged surgery, increased blood loss, and 
venous thromboembolism. The appearance of 
surgical laparoscopy in the 1990s allowed the 
determination of lymph node metastases in sev-
eral neoplastic diseases, reducing mortality with 
respect to laparotomy [16]. Despite this, compli-
cations persist in both the short and long term 
derived from lymphadenectomy, complications 
that can seriously worsen in the case of posterior 
administration of radiotherapy [17].

However, the rate of metastatic affectation of 
the pelvic nodes in early stages is 7% in the case 
of IA2 and around 20% in IBI [18], which is why 
many unnecessary lymphadenectomies are per-
formed without direct benefit. This data has led 
the scientific community to investigate the appli-
cation of sentinel node biopsy in cervical cancer 
from the late 1990s [19]. Since its application in 
other tumors such as in melanoma and breast and 
vulvar cancer, a great scientific interest has been 
generated with regard to performing sentinel 
node determination in cervical cancer [20–23]. 
The benefits are clear with respect to complete 
lymph node dissection, achieving more accu-
rate detection of small metastases [11, 24], the 
identification of uncommon drainages [25], and 
consequently an improved decision management 
of the patient’s disease. Several articles reinforce 
the application of this technique [26–28], but 

nevertheless the determination of sentinel node 
in cervical cancer has not been included among 
the recommendations in early-stage cervix can-
cer management.

 Localization of Sentinel Nodes

Different aspects must be evaluated. Firstly, we 
know that in cervical cancer, around 10% of the 
sentinel nodes are not found in regions usually 
explored during systematic lymphadenectomy 
[25, 29]. In a multicenter prospective study aimed 
to detect unexpected drainage pathways con-
ducted by Bats et al., 145 patients diagnosed with 
early-stage cervical cancer were included [30]. 
Whereas 80.6% of the sentinel nodes were found 
in common areas, up to 5.1% of patients had sen-
tinel nodes only in uncommon ones. Another pro-
spective study including 211 patients [31] showed 
that 16.6% of them presented at least 1 sentinel 
node in uncommon regions such as the common 
iliac, the presacral, and the para-aortic region. 
The determination of these nodes permits to 
diagnose more precisely the extent of the disease 
and to consequently design a better treatment 
strategy.

 Technique of Sentinel Node 
Detection

Secondly, sentinel node detection techniques have 
shown to be feasible and effective. We have evi-
dence supporting this fact thanks to two prospec-
tive clinical trials, SENTICOL I and AGO study 
group [26, 28].The French prospective multi-
center study enrolled 139 patients with early cer-
vical cancer. Almost all patients received the 
combined technique, preoperative technetium- 99 
lymphoscintigraphy, and patent blue injection, 
followed by laparoscopic lymph node mapping, 
sentinel node biopsy, and complete pelvic lymph-
adenectomy. Sentinel nodes were detected in 
97.8% of patients, whereas bilateral detection was 
achieved in 76.5%. In the second study included 
507 patients, and all underwent lymph node 
detection after injection with T-99 m the day 
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before surgery, blue dye after induction of anes-
thesia, or a combination of both. The highest 
detection rate of 93.5% was achieved when the 
combined technique was used. Furthermore, pre-
operative sentinel node detection by lymphoscin-
tigraphy achieves low detection rates compared to 
intraoperative lymphatic mapping, but can pro-
vide the surgeons with valuable information by 
identifying unusual drainage basins [30]. The tim-
ing of the administration of radiocolloid varies 
according to the protocol employed, being long 
(day prior to surgery), short (a few hours before), 
or ultrashort (when the patient is asleep in the 
operating room). One of the problems with this 
detection technique is that not all centers have 
access to a nuclear medicine unit, so its applica-
tion is fairly limited and costly. In addition, the 
patient and sanitary personal are exposed to radia-
tion, even though the doses are quite small. The 
risks for patients in combined detection tech-
niques are mainly due to allergic reactions, 
although these are very infrequent.

In uterine and cervical cancers, sentinel node 
detection must be bilateral. A failed mapping in 
one of the hemipelvis must be followed by a side- 
specific lymphadenectomy. In order to improve 
the ability to detect sentinel nodes and overcome 
certain pitfalls, new imaging approaches are 
emerging. Over the last years, sentinel node 
detection in gynecological pathologies with indo-
cyanine green (florescent determination using 
special infrared cameras) has proven to be just as 
effective as the combined technique, as well as 
being less costly [32–34]. A study conducted by 
Jewell et al. analyzed the detection rate of senti-
nel nodes using indocyanine green (ICG) and 
near-infrared fluorescence imaging for uterine 
and cervical cancers [10]. Two hundred twenty- 
seven patients were enrolled in which ICG was 
injected prior to the start of the surgery. The over-
all detection rate of the sentinel node was 95% 
and 79% if bilateral.

The sentinel node procedure was developed in 
order to identify the first lymphatic drainage of 
tumors and therefore avoid a lymphadenectomy 
reducing its morbidity. Thus, the determination 
of the sentinel node must have a high sensitivity 
and a false-negative rate of almost zero. This is 

achieved with the identification of sentinel nodes 
in both sides of the pelvis. The only prospective 
study using sentinel node ultrastaging conducted 
to date is the French study SENTICOL I, aimed 
to assess the reliability of the SN biopsy [26]. 
The results showed an overall sensitivity of 92%, 
but among the patients with bilateral sentinel 
node detection, none had a false-negative result 
yielding a sensitivity of 100%. The largest retro-
spective study on sentinel node in patients with 
cervical cancer was conducted by Cibula et al. 
and enrolled 645 patients [35]. For the whole 
group of patients, sensitivity was 91% whereas 
for the subgroup of bilateral detection was 97%. 
Their results confirmed those shown in the 
French study.

 Pathologic Evaluation and Low- 
Volume Disease

Without doubt one of the great advantages of the 
determination of the sentinel node is the possibil-
ity of a more exhaustive study of the nodes with 
respect to the lymphatic system. As in other 
pathologies, the concept of macrometastases 
(≥2 mm), micrometastases(<2 mm y > 0.2 mm), 
and isolated tumor cells (≤0.2 mm) has appeared 
in cervical cancer. The prognostic significance of 
micrometastases in cervical cancer is still a mat-
ter of concern. Two studies have been published 
addressing this issue [35, 36]. The first one was a 
multicenter retrospective study including 645 
patients. Sentinel node ultrastaging allowed the 
detection of 14.7% patients with macrometasta-
ses, 10.1% with micrometastases, and 4.5% with 
isolated tumor cells (ITCs). Data from the study 
showed that patients with micrometastases had a 
significantly reduced overall survival, compara-
ble to those with macrometastases, whereas no 
prognostic significance was linked to ITC. The 
second one used data from the same patient pop-
ulation to assess whether pelvic lymphadenec-
tomy improved the survival of patients with 
micrometastases in the SN. The results confirmed 
that in patients with low-volume disease in  
the sentinel node, survival was improved when 
more than 16 non-sentinel nodes were removed.  
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In order to clarify whether adjuvant radiotherapy 
could achieve the same results in patients with 
positive lymph nodes not surgically removed, a 
prospective clinical trial must be performed.

The third striking aspect of the sentinel node 
procedure is the intraoperative selection of 
patients in order to determine the best treatment 
option. Unfortunately, several studies have 
shown that there exists a significant rate of intra-
operative false negatives (sensitivity of only 
20%), involving harm to the patient [31, 37, 38]. 
In a prospective study aimed to compare 2 meth-
ods of detection for the SN, 211 patients with 
early-stage cervical cancer were included [31]. In 
the group of patients with bilateral SN detection, 
frozen section showed a false-negative rate of 
41.7%, missing seven cases of micrometastases, 
two of ITC, and one of macrometastases. The 
French study confirmed that intraoperative exam-
ination of SN by frozen section has a poor diag-
nostic value [37]. Seventeen cases of false 
negatives were detected in 15 patients, including 
4 macrometastases, 4 micrometastases, and 9 
ITCs. In a more recent study including 225 
patients, the intraoperative examination of the 
sentinel node showed a poor sensitivity, missing 
8 macrometastases, 18 micrometastases, and 8 
ITCs [38]. Moreover, the results showed that 
false-negative rate was higher in patients with 
bigger tumors and in those with lymphovascular 
space involvement.

The immunohistochemical technique cannot 
be performed at the moment of surgery, due to 
which many cases of nodal metastases (princi-
pally macrometastasis and isolated cells) are not 
identified at that moment. To solve this problem, 
new techniques of molecular diagnosis are 
emerging. A recent study aimed to detect HPV- 
mRNA in lymph nodes in 54 patients with HPV- 
positive cervical cancer has been published [39]. 
The findings showed that HPV-mRNA was 
detected in four patients with otherwise negative 
sentinel nodes, resulting in a sensitivity of 100%. 
It should be mentioned that similar diagnostic 
techniques already exist for other tumors, as, for 
example, one-step nucleic acid amplification 
(OSNA) in breast cancer. This molecular tech-
nique has also been tested in cervical cancer 

using cytokeratin 19 messenger RNA [40]. 
Okamoto et al. published the results of their study 
which assessed 239 lymph nodes from 59 patients 
using this technique. The authors pointed out that 
OSNA could detect lymph node metastases as 
accurately as standard histopathological tech-
niques. Moreover, OSNA is easy to perform and 
rapid enough to be done during surgery, com-
pared to immunohistochemistry technique which 
is time-consuming, difficult, and costly.

Another option would be to design a two-step 
therapeutic strategy that first seeks identification 
and resection of the SN and later, with the results 
of deferred analysis through immunohistochem-
istry, indicates the most adequate surgical proce-
dure, thus avoiding cases of false negatives 
during the intraoperative test.

 Sentinel Node in Vulvar Cancer

 Introduction

Vulvar cancer is the fourth most common gyne-
cological cancer, accounting for 5% of all malig-
nancies of the female genital tract. The majority 
of cases are squamous cell carcinoma (SCC), fol-
lowed by melanoma and sarcoma. SCC can be 
classified into two main groups. The first one is 
associated with human papillomavirus (HPV) 
infection that causes vulvar intraepithelial neo-
plasia, predominantly found in younger patients 
and mainly manifested as a wart. The second one 
found in older women, HPV-negative, keratiniz-
ing type, is associated with lichen sclerosus. 
Women suffering from VIN III will develop inva-
sive vulvar cancer in 80% of the cases if they 
remained untreated.

Vulvar cancer is staged by the FIGO system of 
staging and TNM. Both systems are very similar 
and classify it based on the size of the tumor, the 
affectation of lymph nodes, and the presence of 
distant metastases. Approximately, 80% of the 
patients are diagnosed at an early stage. Lymph 
node metastases are the most important prognos-
tic factor, followed by histology, size, and age. 
Data from the SEER (Surveillance, Epidemiology, 
and End Results) program showed in a recent 
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study [41] that compared to women <50 years, 
women 50–64 had a twofold risk of death, women 
65–79 years had a fourfold higher risk of death, 
and those >80 years had a sevenfold higher risk 
of death.

Due to the absence of anatomical barriers, the 
spread of vulvar cancer is as follows: first into the 
contiguous organs, vagina, urethra, and anus, 
then to the regional lymph nodes, and finally to 
distant organs by hematogenous spread. The 
lymphatic system is so complex and rich that any 
of the nodal groups may be involved at the time 
of presentation. Because vulvar carcinoma 
spreads primarily to the lymphatic system, the 
standard of care of patients with early stage con-
sists of complete excision of the tumor with 
selective inguinal-femoral lymphadenectomy. 
This surgical procedure has significant short- 
term and long-term morbidity such as wound 
breakdown, infections, negative effects on body 
image and sexual function, prolonged hospital-
ization, and lymphedemas. However, only 10% 
and 27% of patients with stage I and II disease, 
respectively, will have lymph node metastases 
[42]. The remaining group of patients will not 
benefit from a complete lymphadenectomy but 
will suffer the consequences of having it. 
Conversely, only 30% of the patients having 
three or more unilateral nodal metastases are esti-
mated to be alive at 5 years [43]. Among patients 
with stage III, 60–80% have groin lymph node 
metastases, and a great majority will have a 
recurrence in the first year after initial treatment. 
In 1986, the GOG group published the results of 
a randomized study that compared radiation ther-
apy versus pelvic node resection in patients with 
invasive SCC of the vulva and positive groin 
nodes after radical vulvectomy and bilateral 
groin lymphadenectomy [44]. Pelvic irradiation 
therapy proved to be superior to pelvic node 
resection in particular for women with either 
clinically suspected or fixed ulcerated nodes or 
with two or more pathologic positive groin nodes. 
These results changed the landscape of vulvar 
cancer treatment in patients with groin node 
metastases. More recently, in 2009, Kunos et al. 
published the results of a randomized controlled 
trial aimed to report long-term survival and  

toxicity of radiation therapy compared with pelvic 
node resection for node-positive vulvar cancer 
patients [45]. The authors enrolled 114 patients 
with primary invasive SSC of the vulva that were 
amenable to radical vulvectomy and bilateral 
inguinal lymphadenectomy. The results showed 
that radiation after radical vulvectomy and ingui-
nal lymphadenectomy significantly reduced local 
relapses and decreased cancer-related deaths. In 
multivariable analyses 20% nodal positivity 
remained highly statistically significant for 
recurrence- free survival, cancer-related death, 
and overall survival. Improvements in radiation 
techniques such as intensity-modulated radiation 
therapy (IMRT) have shown promising results, 
thus reducing unnecessary doses to the bladder, 
rectum, and small bowel [46].

 Sentinel Node Detection

In breast cancer and melanoma, the sentinel node 
procedure has shown a low false-negative rate and 
a low nodal recurrence rate, in addition to a lower 
morbidity, an improved quality of life, and a 
shorter hospital stay. In 2008, the results of the 
Groningen International Study on Sentinel nodes 
in Vulvar cancer (GROINSS-V) were published. 
Since then, the surgical treatment of patients with 
vulvar cancer has changed dramatically, and SN 
biopsy has been incorporated in the standard of 
care for these patients in many institutions. This 
was the first study on the application of the SN 
procedure in early-stage vulvar cancer and was 
conducted by Van der Zee [47]. It was a multi-
center prospective observational study using 
radioactive tracer and blue dye in patients with 
squamous cell cancer (less than 4 cm), with a 
depth of invasion more than 1 mm and without 
clinically suspicious inguinal-femoral lymph 
nodes. When the sentinel node was found to be 
negative at pathologic ultrastaging, no lymphade-
nectomy was performed. Their results showed a 
low groin recurrence rate (3% in multifocal 
 disease, 2.3% in unifocal disease) and a disease- 
specific survival rate of 97% at 3 years. Treatment-
related morbidity is also worthy of mentioning. In 
the short term, patients who underwent sentinel 
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node removal alone had less wound breakdown, 
less cellulitis, and shorter hospital stay, compared 
to patients who underwent inguinal-femoral 
lymphadenectomy. In the long term, recurrent 
erysipelas and lymphedema of the legs were less 
frequent among patients who had a negative sen-
tinel node and skipped the lymphadenectomy. 
The authors concluded that the sentinel node pro-
cedure performed by a high- quality controlled 
multidisciplinary team should be part of the stan-
dard treatment in selected patients with early-
stage vulvar cancer. Recently, the same authors 
published the long-term follow- up of those 
patients focusing on local recurrences and sur-
vival. Isolated groin recurrence rate was 2.5% for 
SN-negative patients and 8% for SN-positive 
patients, at 5 years [48]. Disease- specific 10-year 
survival was 91% for SN-negative patients and 
65% for SN-positive patients. On the other hand, 
local recurrence rate for SN-negative patients was 
24.6% and 36.4% at 5 and 10 years, respectively. 
For SN-positive patients, local recurrence rate 
was 33.2% and 46.4% at 5 and 10 years, respec-
tively. These results reveal that a large proportion 
of patients will develop local recurrence regard-
less of SN status.

In 2012, Levenback et al. reported the results 
of the GOG-173 protocol, a prospective multi- 
institution validation trial to determine whether 
sentinel node biopsy could replace inguinal- 
femoral lymphadenectomy [49]. Two previous 
GOG studies had failed to demonstrate the superi-
ority of a less radical surgery or radiotherapy 
toward full inguinal-femoral lymphadenectomy. 
In 1992, members of the GOG randomized 58 
patients with SCC and nonsuspicious inguinal 
nodes to receive either lymphadenectomy or groin 
radiation. The study was closed prematurely due 
to an excessive number of groin relapses in the 
groin radiation group [50]. Also in 1992, the GOG 
published the results of a prospective study aimed 
to evaluate a modified radical hemivulvectomy 
with an ipsilateral superficial lymphadenectomy 
in patients with clinical stage I vulvar cancer. The 
authors found a significant increased risk of recur-
rence when compared to patients treated with 
radical vulvectomy and bilateral inguinal-femoral 
lymphadenectomy [51].

In the study of Levenback, 452 patients under-
went lymphatic mapping [49]. Among them, 418 
had at least 1 sentinel node identified and were 
suitable for evaluation. The incidence of lymph 
node metastases was 31.6%. More specifically, in 
patients with tumors between 2 and 3.9 cm in 
size, the rate of lymph node metastases was 
26.4%. Patients with tumors up to 6 cm had a rate 
of 40.9%. Regarding the false-negative predic-
tive value, it was 2% for women with tumors 
smaller than 4 cm and 7.4% for those with tumors 
4–6 cm.

 Technique of Sentinel Node 
Detection

Regarding which is the best technique for senti-
nel node identification, the combination of blue 
dye and radiocolloid is thought to help learners 
become familiar with the procedure and to 
shorten the learning curve. Sutton et al. [52] pub-
lished a study of cost-effectiveness of sentinel 
lymph node biopsy vs inguinal-femoral lymph-
adenectomy in vulvar cancer showing that the 
combination of 99mTc, blue dye, and ultrastag-
ing was found to be the most effective strategy 
based on the outcome of survival free of morbid-
ity for 2 years.

Preoperative planar lymphoscintigraphy in 
patients with vulvar cancer can serve as a useful 
adjuvant tool in sentinel node biopsy planning 
[53]. It can help to identify the location of senti-
nel nodes and whether lymphatic drainage is uni-
lateral or bilateral. Tumors not involving the 
midline but <2 cm from the midline with unilat-
eral lymphoscintigraphy drainage are at low risk, 
for contralateral nodal metastases lymphadenec-
tomy may be avoided. The risk of contralateral 
lymph node metastases increases as the lesion 
approaches the midline.

Some form of preoperative imaging such as 
CT, sonography, PET, or MRI, to rule out grossly 
involved lymph nodes, is of vital importance 
as missing metastases in the lymph nodes have 
fatal consequences. Literature regarding which 
of these preoperative examinations is the best 
for the surgical planning is scarce. In a recently  
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published Danish prospective study [54], pre-
operative CT scanning was evaluated as a use-
ful tool in the preoperative management of 
patients with vulvar cancer. The results showed 
that CT scan did not significantly change the ini-
tial surgical treatment plan and was inaccurate 
compared to the sentinel node examination of 
the local nodes. The authors concluded that CT 
scan may delay treatment and adds unnecessary 
costs. Another review aimed to correlate PET-CT 
staging prior to planned radical vulvectomy and 
inguinal- femoral lymphadenectomy. The sensi-
tivity was 50%, the specificity was 100%, posi-
tive predictive value was 100%, and the negative 
predictive value was 57.1%. The poor sensitivity 
encountered made PET-CT unsuitable as a sub-
stitute for staging lymphadenectomy [55]. Some 
years earlier, in 2013, a retrospective study was 
performed with 60 patients in order to evaluate 
ultrasonography as a predictor of inguinal lymph 
node involvement. The results showed that ultra-
sonography correctly predicted the presence or 
absence of inguinal node metastases in 86% of 
the cases [56]. Other retrospectives studies [57, 
58] have showed similar results.

The sentinel node technique has some disad-
vantages. Conventional methods for detecting 
sentinel nodes include the use of radioisotope 
and blue dye which achieves high detection rates 
but exposes the patient to ionizing radiation and 
requires a nuclear medicine unit not always avail-
able in all clinics. Moreover, blue dye has a rapid 
transit and losses visibility in dense fat. Near- 
infrared (NIR) fluorescence imaging with indo-
cyanine green has been tested for sentinel node 
procedure in different malignancies. Indocyanine 
green (ICG) is a negatively charged, tricarbocya-
nine dye that rapidly binds to plasma proteins, is 
excreted by the liver, and is not nephrotoxic. 
After illumination by a near-infrared ray, ICG in 
the blood generates a near-infrared fluorescence 
of 800–850 nm wavelength. The near-infrared 
light can maximally penetrate 1 to 2 mm of soft 
tissue. Recently, a prospective pilot study was 
conducted in order to assess the feasibility of 
NIR in gynecological cancers [59]. The results 
showed a 100% sentinel node detection rate and 

maximum specificity and sensitivity following 
the learning curve and dose optimization. In the 
case of vulvar cancer, percutaneous detection of 
inguinal sentinel nodes prior to surgical incision 
reduced SLN detection times. The fluorescence 
could be visualized as early as 6 minutes postin-
jection. Two other pilot studies have demon-
strated the feasibility of NIR fluorescence for 
sentinel node biopsy in patients with vulvar can-
cer [60, 61] (Fig. 31.2).

To conclude, sentinel node biopsy in vulvar 
cancer is a safe procedure that should be per-
formed in carefully selected patients, with small 
tumors (less than 4 cm) and unifocal disease, 
without suspicion of pathological nodes either at 
clinical examination or on imaging and, above 
all, by an experienced team. Patients with lesions 
within 2 cm of the midline or that cross the mid-
line should undergo bilateral sentinel node proce-
dure. When a sentinel node is not identified 
intraoperatively, a complete lymphadenectomy 
should be performed. Furthermore, patients with 
a history of groin surgery, with multifocal dis-
ease, or who previously received radiotherapy of 
the vulva should be excluded as they may have 
disrupted lymphatic drainage.

 New Imaging Technologies 
to Detect Lymph Node Invasion

Image tests have been studied to determine nodal 
status, avoiding surgical staging. As a general 
rule, transvaginal ultrasound and/or magnetic  

Fig. 31.2 Sentinel node fluorescence
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resonance is used to assess local tumor extension, 
while PET-CT or CT alone assesses lymph node 
metastases and distant spread. In the case of 
PET-CT, the ability to detect metastatic lymph 
nodes is limited by lymph node size. The most 
accepted criteria for diagnosing nodal involve-
ment is a short-axis diameter greater than 
8–10 mm. A prospective study including 30 
patients with endometrial cancer and 15 with cer-
vical cancer aimed to evaluate the accuracy of 
18F-fluorodeoxyglucose PET-CT in detecting 
pelvic and para-aortic lymph node metastases; the 
results showed a low sensitivity of 50% [62]. New 
emerging modalities are appearing in order to 
improve diagnostic performance. Diffusion- 
weighted MRI (DWI) is a functional imaging 
technique whereby the contrast is derived from 
the random motion of water molecules within bio-
logical tissue [63]. In a retrospective study includ-
ing 47 patients with endometrial cancer, DWI 
magnetic resonance proved to be accurate in 
assessing myometrial invasion [64]. Another 
study proved that body DWI images were useful 
in the detection of pelvic lymph nodes in patients 
with gynecological malignancies [65]. 
Furthermore, DWI-MRI can be a useful alterna-
tive for patients who are allergic to contrast agents 
or at risk of nephrogenic systemic fibrosis [66].

Selman et al. conducted a systematic review 
including 72 studies in order to determine the 
diagnostic accuracy of magnetic resonance imag-
ing (MRI), computed tomography (CT), positron 
emission tomography (PET), and sentinel node 
biopsy in the detection of lymphatic spreading in 
patients with cervical cancer [67]. The authors 
found that PET and SN biopsy were significantly 
better methods for detecting lymph node involve-
ment. MRI and CT showed a low rate of sensitivity 
(55.5% and 57.5%, respectively). A review pub-
lished by Gouy et al. showed that PET has high 
sensitivity for detecting extrapelvic organ metasta-
ses, but its ability to detect small-volume metasta-
ses (especially those ≤5 mm) was very 
disappointing. In their study, the proportion of 
negative para-aortic PET nodes proven to be posi-
tive in histological analysis was 12%. This false- 
negative rate reached 22% among patients with 

positive pelvic PET nodes [68]. In the study of 
Leblanc et al. [69], 125 patients with locally 
advanced cervical cancer were included. Among 
patients with pathologically proven para-aortic 
metastases, 66.7% of them had a negative 
PET-CT. Therefore, until the results of ongoing tri-
als are reported, no conventional imaging seems 
powerful enough to substitute surgical staging 
when PET is deemed negative. New imaging tech-
niques are emerging to overcome these pitfalls.

A new lymph node-specific contrast agent 
composed of ultrasmall particles of iron oxide 
(USPIO) has proved to increase the sensitivity of 
MRI in the prediction of lymph node metastases 
without losing specificity [70]. These particles 
are administered intravenously and taken up by 
macrophages resulting in a marked loss of signal 
intensity. However, this contrast agent has been 
withdrawn by the manufacturer pending further 
validation. It is highly likely that new contrast 
agents will appear in the future providing the cli-
nician with valuable information in planning the 
optimal surgical treatment.

 Conclusions

The role of lymphadenectomy in endometrial 
cancer remains controversial. There are cur-
rently no prospective randomized studies that 
demonstrate the efficacy in sentinel node 
determination in endometrial cancer or long-
term results with respect to survival. 
Therefore the relapse risk present in the case 
of solely applying sentinel node in endome-
trial adenocarcinoma remains unknown. 
Sentinel node technique has also heightened 
the debate about whether, in the presence of 
tumoral disease, a complete lymphadenec-
tomy must be performed or if adjuvant treat-
ment with radiotherapy would be enough. 
There exists no current scientific evidence as 
to the benefit of lymphadenectomy in these 
cases, but it is evident that sentinel node 
increases the detection of nodal metastases, 
mainly due to micrometastases and isolated 
tumor cells, and we should consequently 
adapt the treatment in these patients. Further 
studies are warranted in order to address the 
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safety of the procedure in oncologic terms as 
well as the significance of low-volume dis-
ease. The results of an ongoing randomized 
study comparing sentinel node biopsy to cur-
rent French initial staging protocols in early-
stage endometrial cancer at intermediate and 
high risk of recurrence will be decisive 
(NCT02598219).

All the literature published to date pro-
vides substantial evidence confirming the 
utility of SN application in cervical cancer, 
but the reality is that only a few groups world-
wide employ it without performing a system-
atic lymphadenectomy. The interminable 
doubt is whether lymphadenectomy has a 
therapeutic role or not. Leblanc et al. proved 
that patients with minimal para-aortic nodal 
involvement treated with extended-field 
radiotherapy had similar survival as patients 
without nodal metastases [41]. These patients 
with nodal metastases less than 5 mm would 
have probably been missed by PET. It appears 
possible that the future lies in the new imag-
ing methods as well as the determination of 
prognostic factors based on the genomic state 
of the tumor. Furthermore, the currently 
ongoing controlled studies will hopefully 
answer whether sentinel node biopsy can 
replace complete lymphadenectomy.

The ongoing multicenter observational study 
GROINSS-V II will help the medical commu-
nity to see how effective surgery and/or radia-
tion therapy is in the treatment of vulvar cancer. 
The primary objective of the study is to investi-
gate the safety of replacing complete inguinal-
femoral lymphadenectomy by adjuvant 
radiotherapy in early-stage vulvar cancer in 
patients with a sentinel node metastases ≤2 mm. 
An interim analysis revealed high rates of groin 
recurrences among patients with sentinel node 
metastases higher than 2 mm. The study was 
therefore modified so that patients with negative 
SN are observed, patients with SN metastases 
≤2 mm receive radiation alone, and patients 
with SN metastases >2 mm undergo an ingui-
nal-femoral lymphadenectomy. The results are 
expected to be released in 2017.
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Complications of Laparoscopy

Jamal Mourad, Stephanie Henderson, 
and Javier Magrina

 Introduction

Since its inception more than a century ago when 
Dr. Hans Christian Jacobaeus performed the first 
laparoscopy on a human patient [1], laparoscopy 
and minimally invasive surgery have transformed 
medicine in a quest to continuously evolve by 
improving diagnostic capabilities and offering 
management of complex ailments in a variety of 
different specialties. Gynecologists pioneered the 
specialty of minimally invasive surgery and are 
credited with its wide acceptance. This move-
ment was fueled by the need to reduce morbidity 
and mortality related to surgical procedures. For 
example, in the eighteenth century, hysterecto-
mies had a reported mortality rate of 70%, but 
with significant advances in aseptic techniques, 
use of antibiotics and anesthesia, and minimally 
invasive technique, mortality rates today are less 
than 0.02% [2].

It is important to be able to classify and define 
complications in a clear and concise manner. 
Although there is some variation in the literature, 
the most commonly accepted definition of com-
plication is “an unintended and undesirable event 

or condition during or following medical inter-
vention, to such an extended disadvantage to the 
patient’s health condition that adjustment of med-
ical intervention is necessary, and/or irreparable 
damage has occurred” [3]. Overall complication 
rates for gynecologic laparoscopy have remained 
at <1% for several decades [4–7] with an overall 
mortality rate of 3.33 per 100,000 patients [5].

This chapter is designed to discuss possible 
complications related to laparoscopic surgery 
from the time of abdominal access to the postop-
erative period. Mastery of surgical technique, 
superior anatomical knowledge, and a continuous 
quest to improve are essential tools for all sur-
geons, while prevention remains the most impor-
tant factor in avoiding complications. Early 
recognition and management of complications in 
a timely, safe, and efficient fashion is the key to 
overcoming the pitfalls of laparoscopy.

 Complications from Abdominal Wall 
Entry and Port Placement

Complications occurring during abdominal wall 
entry are among the more common causes of sur-
gical injury during laparoscopy. Prospective 
studies have shown that up to one-third to one- 
half of complications occur at time of abdominal 
entry [5, 8, 9], occurring with an incidence of 
1.1–5.5 per 1000 cases [6, 10, 11]. Many tech-
niques have been described for abdominal wall 
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entry including closed (Veress) entry, open 
(Hassan) entry, direct entry, direct visualization 
entry, and radially expanding entry. Retrospective 
and prospective studies have shown no signifi-
cant differences in major complication rates 
between each entry technique; thus there is no 
clear consensus as to the superior method of lapa-
roscopic entry into the peritoneal cavity [12], and 
entry technique should be determined by surgeon 
training and experience. Regardless of entry 
approach, there are innate risks associated with 
the surgical requirement for introduction of tro-
cars through the anterior abdominal wall. The 
most common complications associated with 
abdominal wall entry include failure to gain 
abdominal entry, extraperitoneal insufflation, gas 
embolism, abdominal wall vessel and nerve 
injury, bowel injury, bladder injury, and major 
vascular injury [13].

 Failure to Gain Entry

Failed entry seems to be most likely in the closed 
(Veress) entry technique with rates as high as 
0.06% [12] and is more common in the setting of 
previous abdominal surgery with subsequent 
adhesive disease. A failed entry site should rou-
tinely be inspected to assess for injury. If bile, 
stool, or blood returns at placement of the Veress 
needle or initial trocar, the device should be left 
in place, and alternative access gained immedi-
ately. If entry fails but there is no complication, 
access can be reattempted at the same site [14]. 
Alternative access type (laparoscopic or open 
laparotomy) should be based on the surgeon’s 
ability to perform corrective procedures and 
degree of bleeding if a vascular injury is sus-
pected (see section “Major Vascular Injury” 
below).

 Extraperitoneal Insufflation

Extraperitoneal insufflation, or inadvertent cre-
ation of an air pocket external to the peritoneal 
layer, is an uncommonly reported complication 

of laparoscopy, occurring with a frequency of 
0.001–0.59% of laparoscopic cases [13], although 
it is probably underreported because of its lim-
ited clinical significance. It is most likely to occur 
with a closed abdominal entry technique [15, 16] 
when entry into the peritoneal cavity is not visu-
ally confirmed prior to flow of carbon dioxide 
(CO2) for establishment of pneumoperitoneum. It 
can result in difficult or failed abdominal entry or 
poor operative visualization after identification 
and correction because of the distention of sub-
cutaneous tissue the anterior abdominal wall. 
Mild to severe subcutaneous emphysema is also 
a known complication, and subcutaneous emphy-
sema can extend into the labia, scrotum, legs, 
chest, head, and neck when gas tracks along the 
prefascial planes [17]. It presents as crepitus 
under the skin or slowly rising CO2 level intraop-
eratively and typically resolves within 1–2 days 
[18]. Severe subcutaneous emphysema, while 
rare, is associated with serious complications 
such as pneumothorax, pneumomediastinum, 
pneumopericardium, and hypercarbia [19, 20]. 
These outcomes may be a result of direct ascen-
sion of extraperitoneal gas or a result of passage 
of gas through congenital defects of the dia-
phragm [21]. These complications are more 
likely in the setting of longer operative time 
(>200 min), higher maximum measured end-tidal 
CO(2), greater number of surgical ports (>6), and 
older patient age (>65 years) [22].

 Gas Embolism

Carbon dioxide is the best gas for pneumoperito-
neum insufflation as it is nontoxic, nonflamma-
ble, colorless, highly soluble, easily buffered in 
the blood, and rapidly excreted through the lungs 
[19, 21]. Subclinical carbon dioxide embolism is 
common, occurring with a frequency of 100% in 
a recent study using continuous transesophageal 
echocardiography during total laparoscopic hys-
terectomy [23]. However, clinically relevant car-
bon dioxide embolism is an uncommon, often 
fatal risk of laparoscopic surgery that results 
from direct entry of the gas into a vein, artery, or 
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solid organ [24]. The incidence of clinically sig-
nificant carbon dioxide embolism is rare, ranging 
from 0.001 to 0.59% [25–27] but with a mortality 
rate of 28.5% [28]. Gas embolism usually occurs 
during or soon after insufflation and presents as 
sudden onset of tachycardia or bradycardia, sys-
temic hypotension, cyanosis, arrhythmia, or 
asystole [24].

When a carbon dioxide embolism is suspected 
based on timing of cardiovascular collapse, a 
series of steps must be immediately initiated 
[24]:

 1. The surgeon should discontinue carbon diox-
ide insufflation.

 2. The anesthesiologist should discontinue 
nitrous oxide and ventilate with 100% oxygen 
to improve ventilation perfusion mismatch 
and hypoxemia.

 3. The patient should be positioned in steep 
Trendelenburg and left lateral decubitus posi-
tion to allow gas to rise to the apex of the right 
atrium (RA) and prevent entry into the pulmo-
nary vasculature.

 4. The surgical team should initiate cardiopul-
monary resuscitation with:
 (a) Aggressive volume expansion to increase 

central venous pressure
 (b) Administration of inotropic agents and 

vasopressors to maintain cardiac output
 (c) Placement of a central venous or pulmo-

nary artery catheterization for aspiration 
of gas from the RA or right ventricle (RV)

 5. If available, consider cardiopulmonary bypass 
and/or hyperbaric oxygen therapy.

 Abdominal Wall Vascular Injury

Abdominal wall injury occurs with an incidence 
of 0.52% and most often involves laceration of 
the deep inferior and superficial epigastric ves-
sels during lateral port placement [9]. Serious 
complications are rare but can lead to transfu-
sion, hematoma, abscess formation, and reopera-
tion to control bleeding [29]. Lateral port 
placement should be carefully chosen to avoid 

these vessels with both direct laparoscopic trans-
peritoneal visualization of the path of the inferior 
epigastric vessels deep to the muscle and fascia 
along the abdominal wall, transillumination of 
the superficial epigastric vessels, and a thorough 
understanding of the anatomic relationship of 
these vessels along the anterior abdominal wall. 
Cadaveric dissection, imaging series, and intra-
operative mapping studies have shown that the 
inferior epigastric vessels branch from the exter-
nal iliac lateral to the medial umbilical ligament 
and medial to the round ligament and then travel 
along the anterior abdominal wall 4–8 cm from 
the midline [30–32]. This distance becomes more 
lateral, up to 11 cm from the midline, in obese 
patients and under insufflation [32]. The “safe 
zone” is generally considered to be >8 cm from 
the midline at a level superior to the anterior 
superior iliac spine (ASIS). Choosing appropri-
ate insertion sites based on an understanding of 
abdominal wall anatomy may minimize the risk 
of vessel injury; however, because of anatomic 
variation, strategies for managing abdominal 
wall vessel injury are required [29].

Abdominal vessel injury may present as ooz-
ing or dripping along the shaft of the trocar into 
the abdominal cavity or may not become appar-
ent until a port is removed because of the tam-
ponading effect of both the trocar and the 
pneumoperitoneum. If bleeding is identified, 
electrocautery may be sufficient to control super-
ficial bleeding. However, the injured vessels may 
retract from the incision, so if bleeding persists, 
alternative techniques should be immediately 
employed. A Foley catheter may be inserted 
through the port site, inflated, and placed on gen-
tle traction for 24 h to tamponade the site. 
Alternatively, suture ligation of the proximal and 
distal ends of the vessel may be required. This 
can be accomplished in several ways: (1) trans-
abdominally, placed 1 cm away from the skin 
edge with through-and-through sutures (to be 
removed 12–24 h later); (2) transabdominally 
with extension of the skin incision, exploration of 
the incision and deep U-stitches; or (3) laparo-
scopically with a fascial closure device used 
within the trocar site [18].
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 Abdominal Wall Nerve Injury

Abdominal wall nerve injury is an uncommon 
but recognized complication of laparoscopic sur-
gery. Ilioinguinal and iliohypogastric nerve 
injury has been reported in up to 3.7% of proce-
dures performed through Pfannenstiel incisions 
[33] but occurs with low frequency in laparos-
copy. This is because the ilioinguinal and iliohy-
pogastric nerves enter the abdominal wall inferior 
and medial to the ASIS [34], an uncommon loca-
tion for placement of ports in gynecologic lapa-
roscopy. Thus, abdominal wall surgical sites 
inferior and medial to the ASIS increase the risk 
for abdominal wall nerve injury and entrapment 
[35] and should be avoided.

 Intraoperative Complications

 Major Vascular Injury (MVI)

A major vascular injury (MVI) is defined as lac-
eration of the aorta, inferior vena cava, or the iliac 
vessels. Fortunately, the incidence of MVI at the 
time of laparoscopy is low and ranges from 0.1 to 
6.4 per 1000 procedures; however, the mortality 
rate from these events approaches 12.5% [21]. 
Most vascular injuries occur at the time of intra-
peritoneal access and are related to insufflation of 
the abdomen with a Veress needle (39%) or place-
ment of the primary trocar (37.9%) [36]. MVI can 
also occur during operative laparoscopy, espe-
cially in more complex procedures that require 
retroperitoneal dissection of vessels and lymph 
nodes. Most MVIs are arterial in nature involving 
the aorta or common iliac. Injury to these vessels 
can lead to severe hemodynamic changes due to 
voluminous blood loss in a very short period of 
time. The most commonly affected vein is the 
inferior vena cava [37].

In a review of nearly 30,000 gynecologic lapa-
roscopic procedures, it was noted that the sur-
geon’s experience was correlated with the overall 
complication rate but not with the incidence of 
MVI [5]. This emphasizes the importance of 

awareness of possible complications regardless 
of the surgeon’s level of expertise. Prevention 
remains the best recipe: understand the pathol-
ogy, study the relevant anatomy, review risk fac-
tors, and plan the surgical approach carefully 
prior to entering the operating room.

Immediate recognition of MVI is a key step to 
improve outcomes. Identification of free blood in 
the abdominal cavity is appreciated with larger 
lacerations of one of the major vessels; however, 
MVIs may not be immediately recognized due to 
retroperitoneal containment of hemorrhage. In 
these circumstances, hemodynamic changes may 
be noted by the anesthesiologist first. A thorough 
understanding of physiologic/hemodynamic 
changes that take place during a hemorrhagic 
event, and clear and immediate communication 
with all members of the surgical team, is crucial to 
improve patient outcomes and survival. 
Identifying a retroperitoneal hematoma, dark 
venous blood pooling in the abdomen, or bright 
red pulsatile blood should alert the surgeon that an 
MVI has occurred (Fig. 32.1), and steps to iden-
tify the injury, secure the blood vessel, and control 
the bleeding should be taken immediately.

It is important to remain calm and help your 
team understand the urgency of the situation. 
Immediately notify anesthesia and nursing to 
prepare for resuscitation efforts, emergency lapa-
rotomy, and massive transfusion protocols. 
Vascular and/or trauma consultants should be 
called to assist as soon as a MVI is identified. 
Once your team is appropriately briefed on the 
urgent nature of the event, proceed with a midline 
laparotomy, and apply direct pressure to the 
bleeding site with dry sponges. It is also helpful 
to have your assistant apply manual compression 
of the aorta at the level of the esophageal hiatus 
to decrease blood flow to the injury site. If the 
site of injury is easily identified, maintain direct 
pressure on the injured vessel until the vascular 
surgeon arrives. If a vascular surgeon is not avail-
able, pack the abdomen tightly with multiple dry 
laparotomy sponges, and close the abdomen 
under tension. Initiate emergency transport to a 
tertiary medical center.

J. Mourad et al.



367

 Bowel Injury

Injury to the intestinal tract remains low with an 
incidence of 0.03–0.18% of all patients undergo-
ing laparoscopic surgery [38], while the inci-
dence in gynecological procedures seems to be 
higher, ranging from 0.06 to 0.65% [18]. 
Immediate recognition and management of 
bowel injury is essential to decrease morbidity 
and mortality associated with this type of injury. 
Mortality rates from bowel injury at the time of 
laparoscopy approach 2.5–5% [21], and in cases 
of delayed diagnosis, mortality rates approach 
28% [18]. Since most bowel injuries are not 
immediately diagnosed, a worsening postopera-
tive course complicated by pain, fever, leukocy-

tosis, and eventually peritonitis and sepsis should 
prompt immediate concern and action.

Bowel injury often is a result of a puncture 
wound with a Veress needle or primary trocar at 
the time of abdominal wall entry, but it can also 
take place during adhesiolysis or with the use of 
electrosurgical instruments. Approximately 50% 
of all bowel injuries occur at the time of intra-
peritoneal access, and the vast majority occur in 
patients who have had prior surgery or adhesive 
disease.

The key factors in minimizing the likelihood 
of bowel injury are surgical planning, superior 
knowledge of surgical anatomy, thorough under-
standing of the pathology at hand, and respect  
for the tissue. Intraoperative injury should be 
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Fig. 32.1 Relationship 
of the ureter to pelvic 
vasculature. Note the 
course of the ureter as it 
descends over the pelvic 
brim over the bifurcation 
of the common iliac. 
Once it enters the deep 
pelvis, the ureter travels 
on the lateral aspect of 
the uterosacral ligament 
to then penetrate the 
base of the broad 
ligament. It then passes 
under the uterine 
artery—“bridge over 
water”—traveling 
medially over the 
anterior vaginal fornix 
before it enters the 
trigone
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immediately recognized and managed. Bowel 
injury at the time of Veress needle insertion 
should be suspected when one of the following 
signs is present: high intra-abdominal pressure 
(>10 mmHg), aspiration of fecal material, mal-
odorous smell, or asymmetric distention of the 
abdomen. Routine inspection of the point of entry 
at time of laparoscopy, a thorough survey of the 
abdomen and pelvis, as well as the use of intraop-
erative bowel integrity test, also called a “flat tire” 
test when sigmoid injury is suspected, are impor-
tant tools to aid in recognition of bowel injury. 
The intraoperative bowel integrity test can be eas-
ily accomplished by filling the pelvis with water 
and introducing air into the rectum. The proximal 
colon can be obstructed with a blunt instrument 
while introducing air from the distal end. The 
presence of air bubbles is diagnostic of a sigmoid 
perforation. Once an intraoperative bowel injury 
is recognized, repair should take place without 
delay. The abdomen should be copiously irrigated 
and intravenous antibiotics initiated. The entire 
length of the bowel should be inspected to ensure 
no occult injury exists. The repair will be deter-
mined by the type, location, and size of the injury. 
Injury can be classified as mechanical (needle or 
trocar) or thermal (electrosurgical) and can be 
located in the small or large bowel.

Small needle puncture wounds may be man-
aged expectantly, but larger defects need to be 
repaired. It is acceptable to perform the repair 
laparoscopically if the surgeon has the expertise 
and the procedure is technically feasible [39]. 
Small injuries can be repaired primarily; large lac-
erations may require segmental resection. 
Colostomy should only be used in the presence of 
gross contamination and/or advanced peritonitis as 
prophylactic colostomy has been shown to increase 
morbidity without an improvement in anastomotic 
leaks. Superficial lacerations involving the serosa 
or submucosal layers can be oversewn with a 
delayed absorbable suture in a single layer. Deeper 
lacerations need to be closed in two layers: close 
the mucosa, submucosa, and muscularis in one 
layer using a delayed absorbable suture, and fol-
low with interrupted silk sutures including the sub-
mucosa to the serosa. Repairs should always be 
closed transversely to avoid luminal strictures.

Unrecognized bowel injury offers a tremen-
dous increase in morbidity and mortality for the 
patient. Immediate evaluation of postoperative 
complaints of pain, fever, nausea, and vomiting is 
an essential first step. While an unrecognized 
bowel laceration will usually present within the 
first or second postoperative days, an unrecog-
nized bowel thermal injury may not present until 
7–10 days postoperatively. While symptoms can 
vary from very mild and nonspecific to severe 
pain, fever, and ultimately sepsis, it is crucial to 
critically evaluate all postoperative complaints 
with an elevated degree of suspicion. Initial eval-
uation always includes a thorough history and 
physical exam, laboratory evaluation, and imag-
ing via computed tomography with oral contrast. 
If the diagnostic tests are inconclusive but clini-
cal findings are suspicious for bowel injury, a 
diagnostic laparoscopy should be considered.

 Urologic Injuries

Injuries to the urinary bladder and ureter occur at 
a frequency of 0.02–1.7% of gynecologic lapa-
roscopic procedures [21]. As previously dis-
cussed, prevention, recognition, and early 
management of injury are essential to optimize 
outcomes and minimize morbidity. Failure to 
recognize bladder or ureteral injury at the time 
of surgery will inevitably lead to postoperative 
complications, peritonitis, fistulas, and impaired 
renal function.

Injury to the bladder occurs at a much higher 
frequency than injury to the ureters. Types of 
injury vary depending on complexity of the pro-
cedure and surgical experience. The most com-
mon type of bladder injury is perforation of the 
bladder with a Veress needle or placement of 
suprapubic trocars. Simple steps to minimize 
injury to the bladder include bladder decompres-
sion with a Foley catheter prior to surgical inci-
sions and placement of accessory ports under 
direct laparoscopic guidance. Needle punctures 
and small lacerations can be managed conserva-
tively; however, larger lacerations (>10 mm) 
should be repaired in two layers using a delayed 
absorbable suture. Integrity of the repair should 
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be confirmed by backfilling the bladder and 
observing for leakage. A Foley catheter should 
be kept in place for at least 7 days for complex 
injuries or those located near the bladder trigone. 
Thermal injury to the bladder can occur when 
dissecting the bladder from the lower uterine seg-
ment. This is more common when dense adhe-
sions are present from prior cesarean sections or 
in the presence of advanced endometriosis in the 
anterior cul-de-sac. Meticulous surgical tech-
nique that includes releasing the bladder from a 
lateral to medial approach, utilizing sharp dissec-
tion instead of electrocautery, and avoiding blunt 
dissection techniques will help prevent bladder 
injury.

Ureteral injuries are infrequent but are asso-
ciated with due to tremendous morbidity. The 
ureter can be inadvertently transected, crushed, 
devascularized, or burned intraoperatively. Risk 
factors for ureteral injury during laparoscopy 
include surgeon inexperience, large fibroids, 
large adnexal mass, severe adhesive disease, and 
endometriosis. Most ureteral injuries happen at 
the level of the cardinal ligament or infundibu-
lopelvic ligament but may also occur at the lat-
eral border of the uterosacral ligament, ovarian 
fossa, and ureteric canal. Understanding the 
course of the ureter as it descends over the pel-

vic brim over the bifurcation of the common 
iliac is essential to prevent injury (Fig. 32.2) and 
for intraoperative mapping. Once the ureter 
enters the deep pelvis, it travels on the lateral 
aspect of the uterosacral ligament to then pene-
trate the base of the broad ligament. It then 
passes under the uterine artery—“bridge (uter-
ine artery) over water (ureter)”—traveling 
medially over the anterior vaginal fornix before 
it enters the bladder. Radiologic studies [40] 
demonstrated that the ureter can be located as 
close as 5 mm from the cervix. Careful dissec-
tion, gentle handling of tissue, and thorough 
knowledge of pelvic anatomy will help reduce 
and prevent ureteral injury. Visualization of the 
ureter is imperative prior to desiccation and 
transection of tissue. If the surgeon is unable to 
visualize the ureter vermiculating transperitone-
ally, a retroperitoneal dissection should be car-
ried out to expose the ureter. Mobilizing the 
bladder in a caudad fashion away from the cer-
vicovaginal junction, skeletonizing the uterine 
arteries, and developing a posterior peritoneal 
reflection will also protect the ureters and blad-
der. Cephalic displacement of the uterus allows 
for lateral deviation of the ureters, effectively 
increasing the distance between the ureters and 
the cervicovaginal junction.

Fig. 32.2 The Pink Pad 
from Xodus Medical 
products is placed over 
the OR table and 
secured in place with 
Velcro straps. The 
drawsheet facilitates 
tucking of the arms and 
patient transfer after 
procedure is completed. 
The pad is intended for 
direct contact with 
patient’s skin to 
eliminate sliding during 
the procedure
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If a ureteral injury is suspected, prompt evalu-
ation should be undertaken. The surgeon should 
inspect the ureter as it courses down the pelvic 
side wall and enters the bladder. Presence of ver-
miculation does not rule out injury. If a partial or 
complete transection is identified, extravasation 
of urine will confirm the diagnosis. When needed, 
intravenous indigo carmine can be administered 
to facilitate visualization of the injured area. 
Ureteric crush injuries and complete obstruction 
of the ureter by either suture ligation or sealing 
devices will be identified more readily at the time 
of cystoscopy by observing a lack of ureteral 
efflux on the injured side. Treatment of intraop-
eratively recognized ureteral injury is determined 
by the type and severity of the injury and its ana-
tomical location. Most commonly, a urologist is 
consulted to aid in the repair of the ureter. As a 
rule, it is always preferable to reimplant the ure-
ter rather than to anastomose it due to a lower risk 
of complications with this approach. It also 
always more favorable to mobilize the bladder to 
reach the ureter than to mobilize the ureter to 
reach the bladder, since the latter may result in 
ureteral ischemia. By dividing the peritoneum on 
both sides of the bladder, the bladder can easily 
reach the end of a transected ureter at the level of 
the pelvic brim. Severe thermal and crush injuries 
to the ureter require resection of the affected area 
and reanastomosis or reimplantation of the result-
ing segments.

The great majority of bladder injuries are rec-
ognized intraoperatively, but similar to bowel 
injury, ureteric damage is not always diagnosed 
at the time of surgery, leading to significant 
delays in management and increased morbidity 
to the patient. Postoperative complaints of fever, 
nausea, vomiting, pain, hematuria, abdominal 
distention/ascites, voiding dysfunction, and leak-
age of fluid form the incision sites or vagina 
should immediately raise a concern for a delayed 
diagnosis of ureteral or bladder injury. These 
complications often manifest themselves postop-
erative day 2–7 but can present as late as 33 days 
postoperatively [41]. Immediate evaluation 
should be undertaken to determine if an injury 
has occurred, where it is located, and what the 
severity is. A renal ultrasound may be performed 

to identify the presence of hydronephrosis, ure-
teral dilation, or urine ascites in the abdomen. A 
urogram (computed tomography) with contrast 
and a retrograde pyelogram are also effective 
imaging modalities. Once the diagnosis is made, 
establishment of renal drainage is essential either 
via percutaneous nephrostomy tubes, ureteral 
stents, Foley catheter, or a combination of these 
three methods. Supportive treatment should be 
initiated by evacuation of urinoma/ascites, anti-
biotics if needed, and surgical repair when patient 
is stable. Bladder injuries can be accompanied by 
ureteral injuries, and the latter must be ruled out. 
The reverse is also true: bladder injuries must be 
ruled out in the presence of ureteral injuries.

 Neuropathic Injury

The incidence of nerve injury after gynecologic 
surgery is low and approaching 2% [42], but the 
consequences are high, often leading to minor 
discomfort and paresthesias, but occasionally, 
depending on the type and severity of the injury, 
to loss of motor function and permanent disabil-
ity. Neuropathic injuries can happen at any time 
during the operative period, from the time the 
patient is positioned in preparation for surgery to 
the moment anesthesia is reversed and the patient 
is transferred to the recovery room. In an other-
wise uncomplicated surgery, when the patient 
complains of postoperative pain, paresthesias, 
loss of sensation, or motor weakness, you should 
be suspicious of a nerve injury. In addition to 
direct injury, such as transection, entrapment, or 
thermal injury during the operative portion of the 
procedure, the surgeon must be cognizant of the 
possibility of compression or stretching from 
patient positioning or patient shifting during the 
procedure.

Most gynecological laparoscopic procedures 
require positioning the patient in the lithotomy 
position and some degree of Trendelenburg. Steep 
Trendelenburg (>30°) is an independent risk factor 
for brachial plexus injury [21], while prolonged 
operative time (>4 h), obesity, and frequent patient 
repositioning during surgery add significant risk 
for neuropathic injury. Most commonly, the  
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femoral, sciatic, and peroneal nerves are involved 
when a lower extremity nerve injury is suspected 
after a procedure in the lithotomy position and the 
mechanism of injury is often due to compression 
of the nerve involved.

Clinical presentation will generally allow for 
identifying which nerve is involved. For exam-
ple, if a patient presents with weakness without 
pain of the quadriceps resulting in difficulties 
with walking and climbing stairs, suspicion of a 
femoral nerve injury should be considered. A 
femoral nerve injury is usually due to compres-
sion against the inguinal ligament with severe 
hyperflexion of the leg. This can also happen as 
the femoral nerve is stretched when the leg is 
externally rotated and/or abducted at the hip. 
When the patient presents with posterior leg pain 
and weakness radiating from buttocks to leg, a 
sciatic nerve injury is usually the culprit. A sci-
atic nerve injury can occur with stretch injury 
with high lithotomy position when the knee is 
straightened in the stirrups and from direct com-
pression of the nerve during long procedures. 
When a patient presents with a foot drop and 
weakness or numbness of the dorsal part of the 
foot, a peroneal nerve injury is to blame. This is 
usually a result of compression of the lateral por-
tion of the knee against the stirrup.

As with any other type of complication, pre-
vention is infinitely better than remediation. The 
surgical team should take all necessary steps to 
identify patients at risk for neuropathic injury, 
especially the morbidly obese, complex proce-
dures that may extend beyond 4 h, patients with 
arthritic deformities that may preclude from 
appropriately positioning the extremity, and 
patients with preexisting neuropathies. A thor-
ough history and detailed physical examination 
should be documented preoperatively with evalu-
ation of preexisting conditions and, if necessary, 
have a neurological consultation and assessment 
prior to surgery. Once in the operating room, the 
surgeon is ultimately responsible for positioning 
the patient and ensuring that there are no pressure 
points or variations of malpositioning that may 
lead to nerve injury. This responsibility is of par-
amount importance, and it should not be dele-
gated to another member of the team. Upper 

extremities can be protected by tucking the arms 
in the military position. Eliminate the possibility 
of any pressure points by padding the elbows, 
wrists, and hands. When possible, avoid pro-
longed (>4 h) lithotomy position and shoulder 
braces. If the circumstances allow, consider repo-
sitioning of the patient when the operative time is 
approaching 4 h. This will allow for temporary 
relief and decompression of affected nerves and 
an opportunity to better position the patient if 
shifting or migration on the table has occurred.

Another important step in prevention of injury 
during surgery is avoidance of steep (30–45°) 
Trendelenburg. Prior to transferring the patient to 
the OR table, a foam pad is secured on to the 
table with Velcro straps, and a drawsheet is 
placed to allow for tucking of the arms and also 
for transferring the patient to the transport bed 
after the procedure is completed (Fig. 32.2). The 
pad is intended for direct contact with patient’s 
skin to eliminate sliding during the procedure 
effectively eliminating the need for beanbags and 
shoulder braces.

When nerve injury is recognized, supportive 
treatment should be initiated with physical ther-
apy and medications targeted to decrease neuro-
pathic pain such as tricyclic antidepressants and 
anticonvulsants. Nerve tissue recovers at a slow 
pace, and it takes approximately 3–4 months to 
regenerate. Patience and reassurance will go a 
long way. Referral to a neurologist should be 
considered if symptoms are severe and refractory 
to conservative therapy.

 Morcellation-Related Injury

With the advancement of minimally invasive sur-
gery, industry innovation, and the introduction of 
efficient mechanical morcellation devices, the 
number of complex procedures that could be 
completed in a minimally invasive manner 
increased tremendously. The evolution from uti-
lizing scalpels laparoscopically to manual mor-
cellation devices to electric mechanical power 
tools facilitated tissue extraction but introduced a 
new dimension of surgical risk. Reports of vis-
ceral and vascular injury [43] in addition to the 
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potential risk of seeding of benign or malignant 
cellular tissue during open power morcellation 
have led to a reevaluation of the use of these 
devices. Disclosure of possible risks and written 
informed consent are essential when considering 
any tissue morcellation in the peritoneal cavity as 
small fragments left behind during the process 
can lead to significant morbidity in the form of 
pain, infection, parasitic leiomyomatosis, and the 
potential for seeding malignant tissue. When 
faced with the challenge of selecting a minimally 
invasive approach for a patient with a large mass, 
ruling out the possibility of malignant disease is 
imperative. Every effort needs to be made to not 
increase morbidity and mortality to favor a mini-
mally invasive approach. For example, recent 
literature from Japan [44] suggests that using 
multiple predictors for the preoperative identifi-
cation of patients at risk for leiomyosarcoma are 
important tools in the formulation of a preopera-
tive sarcoma score and include imaging studies 
(TVUS and MRI), endometrial biopsy, and serum 
LDH levels. In addition, when performing a lapa-
roscopic hysterectomy, every effort should be 
made to remove the specimen intact through the 
vagina or a minilaparotomy site. When morcella-
tion is an option for extraction of large specimens 
in a minimally invasive approach, containment of 
tissue throughout the procedure is recommended. 
Many techniques and tools have been described 
and utilized for tissue extraction. Recently, the 
US Food and Drug Administration (FDA) 
approved the first tissue containment system for 
use with certain laparoscopic power morcellators 
to isolate uterine tissue that is not suspected to 
contain cancer. Regardless of the tools or tech-
niques used for tissue extraction, appropriate 
documentation of informed consent and a detailed 
description of the procedure must be included in 
the operative report.

 Postoperative Complications

 Port Site Infection

Port site infection is a type of surgical site infection 
(SSI) subsequent to a laparoscopic surgery and that 

presents within 1 month of the operative procedure 
[45]. Wound infections after laparoscopic surgery 
are uncommon in the setting of preoperative antibi-
otics, sterile technique, and hemostasis but are 
more likely to occur in patients with history of 
nicotine use, diabetes, steroid administration, obe-
sity, cancer, or malnutrition. When infections 
develop, they present in the typical manner with 
localized erythema, induration, warmth, and drain-
age over the laparoscopic port site. Some patients 
may have systemic evidence including fever and 
leukocytosis. Necrotizing fasciitis is characterized 
by copious drainage and devitalized subcutaneous 
tissue and fascia. Port site infections are most com-
mon in the umbilical port, correlated with larger 
trocar sites and specimen extraction. Superficial 
infections, typically presenting as erythema and 
warmth, can easily be treated with local wound 
care and antibiotics. Deep infections, typically pre-
senting as fluctuance or purulent discharge, require 
exploration, irrigation, packing, and, if indicated, 
mechanical debridement.

 Port Site Herniation

Post-laparoscopy port site herniation occurs with 
an incidence of 0.21–5.4% [46–48]. These her-
nias are most likely to occur when large ports 
(≥10 mm) are used, such as for single-site proce-
dures [49]. The most important risk factors for 
development of hernia include older age, higher 
body mass index, preexisting hernia, bladed tro-
car design, trocar diameter ≥ 10 mm, increased 
duration of surgery, multiple ancillary ports and 
extension of the port site for specimen extraction, 
stapling, or single-site surgery. Hernia develop-
ment has been reported for 5 and 7 mm port sites 
as well as ≥10 mm port sites that underwent pri-
mary fascial closure.

Port site herniation typically presents with the 
presence of an intermittent or continuous inci-
sional bulge at the site of a previous laparoscopy 
port. This may be a cosmetic concern or may 
cause varying degrees of pain but is typically 
worsened by exertion or Valsalva. Patients can 
also present with clinical signs of bowel obstruc-
tion or infarction such as nausea, vomiting, 
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abdominal distention, persistent pain, fever, 
tachycardia, and electrolyte imbalance. This can 
occur several years after a laparoscopic surgery 
and may have higher incidence the more remote 
the patient is from the incident surgery [48]. 
When port site hernia is identified following lap-
aroscopy, the site should be repaired. Often a 
laparoscopic, simple suture repair is sufficient for 
port site hernias, but surgical repair should be 
individualized based on clinical status, size, and 
location of defect.

 Postoperative Shoulder Pain

Postoperative shoulder is commonly attributed to 
irritation along the peritoneal undersurface of the 
diaphragm resulting in a referred pain phenome-
non commonly seen in postoperative surgical 
patients. This occurs because the diaphragm is 
innervated by left and right phrenic nerves which 
carry sensory and motor neurons from spinal cord 
levels C3–C5. When the sensory component of 
the phrenic nerve is activated by retained insuffla-
tion gas, blood, or irrigation fluid or by stretching 
of the nerve from pneumoperitoneum or pressure 
from abdominal organs in Trendelenburg posi-
tion, the nerve sends afferent signals that are pro-
cessed in the dorsal horn of cervical segments 
3–5. Sensory axons from the shoulder converge in 
the same dorsal horns, and the body misinterprets 
the afferent signals arising from the phrenic nerve 
as arriving from the shoulder. This convergence is 
thought to be the basis for referred pain [21]. The 
process is self- limiting and management is reas-
surance and symptomatic care.
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for paraovarian/paratubal cyst, 166–168
without puncture, 165, 166

endoscopic bag, 169–171
intraoperaive assessment

extracystic evaluation, 162
intracystic evaluation, 162–165

laparoscopic surgery, 157, 159, 160

laparotomy, 171
preoperative assessment

ADNEX model, 158
anamnesis and physical examination, 158
CT and MRI, 159
factors, 158
IOTA group, 158
tumors biomarkers, 159
ultrasound, 158, 159

puncture, 171
surgical technique

intraoperative evaluation, 161, 162
patient positioning, 160
peritoneal cytology, 162
pneumoperitoneum creation, 160, 161
port placement, 161

Beta-adrenergic receptors, 62
Bilateral aortic lymphadenectomy, 277
Bilateral cysts, 94
Bilateral endometriomas, 126
Bilateral oophorectomy, 150
Bilateral pelvic lymphadenectomy, 277, 327, 349
Bilateral salpingectomy, see Salpingectomy
Bilateral salpingo-oophorectomy (BSO), 150, 154, 

321–323
Biografts, 204
Bipolar desiccation process, 6, 8
Bladder dissection, 270, 277, 279
Bladder endometriosis, 88, 96, 97, 115
Bladder injuries, 370
Bladder pillar, see Anterior parametrium
Bogros’ space, 49
Bowel and fallopian tube endometrioses, 93
Bowel deep infiltrative endometriosis, 92
Bowel endometriosis, 98

anastomotic fistula, 98
colorectal endometriosis, 97
deep infiltrative endometriosis, 92
definition, 112
differential diagnosis, 97
discoid resection, 112, 113
intestinal involvement, 97
intestinal segmental resection, 98
medical management, 97
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Bowel endometriosis (cont.)
mucosal skinning, 112
multifocality and multicentric involvement, 97
parameters, 97
postoperative complications, 98
radical approach, 112
recurrence rate, 98
segmental resection, 113, 114
shaving, 112, 113
superior rectal artery, 98
surgical techniques, 97
symptoms, 97
vaginal NOSE, 114

Bowel endometriotic nodules, 68
Bowel evacuation’s mechanism, 63
Bowel function scores, 68
Bowel injury, 291, 367, 368
Bulky endometriosis lesions, 80
Burch colposuspension, 208–210, 218, 219, 221
Burch procedures, 221

C
Carbon dioxide embolism, 364, 365
Cardinal ligaments, 64, 133
Cell-mediated immunological system, 335
Cervical cancer, 241

chemoradiation, 265
clinical laparoscopic staging, 248, 249
early stages, 265
FIGO stages, 247
imaging modalities, 248, 249
incidence, 247, 265
laparoscopic surgical staging, 249–251
locally advanced disease, 248
lymph node metastases, incidence of, 251, 252
overall survival, 247
patient-related factors, 247
pelvic lymphadenectomy, 265
radiation, 265
radical abdominal hysterectomy, 265

Cervical injection, 326, 346
Cervicovaginal peritoneum, 279
Cesarean births, 181
Cesarean scar defect (CSD), see Isthmocele
Champagne effect, 80–82
Chocolate cyst, 94
Circumferential culdotomy, 12
Coelomic epithelium, 94
Colorectal endometriosis, 94, 97
Colorectal resection, 20, 97, 98
Colpocleisis, 207, 208
Colpotomy, 11, 12, 280
Computed tomography (CT), 159, 248
Computer-enhanced telesurgery, see Robotic-assisted 

laparoscopic surgery
Culdotomy, 2, 11, 12
Cystectomy, 171

after puncture, 164, 165
ovarian endometrioma, 167, 168

for paraovarian/paratubal cyst, 166–168
without puncture, 165, 166

Cystoscopy, 13
Cystourethroscopy, 197

D
da Vinci robotic system, 270
da Vinci Xi robotic systems, 276
da Vinci® Surgical System, 143
Dargent’s procedure, 308
De novo stress incontinence, 208
Debulking, 243, 298, 333, 336–339
Deep endometriosis (DE)

anal manometry, 109
clinical examination, 108
complications, 117
definition, 106
epidemiology, 106
hypogastric nerves, 57
infertility, 106–108
magnetic resonance imaging, 108
Müllerianosis, 105
parametrium

anterior, 55
lateral, 55
posterior, 55, 56

pelvic plexus, 57–58
pelvic spaces

Bogros’ space, 49
lateral Latzko’s Paravesical Space, 49–50
lateral pararectal space, 50–51
medial pararectal space, 52
medial paravesical space, 51, 52
rectovaginal septum, 52, 53
retropubic (Retzius’ space), 48–49
retrorectal space, 52

pelvic splanchnic nerves, 57
pelvis

cornus uterinus, 47
hypogastric artery, 47
iliococcygeus muscle, 45, 46
ischiococcygeus muscle, 45, 46
paravesical space, 47
presacral fascia, 46
pubococcygeus muscle, 45, 46
retropubic (Retzius’) space, 47
sacral promontorium, 46
Sampson’s artery, 47
transperitoneal profiles, 46
umbilical (or obliterated) artery, 46
wide extensive infiltration pattern, 46

peritoneal surfaces
broad ligament, 48
rectouterine fold, 48
vesicouterine fold, 47

postoperative care, 116, 117
Sampson’s hypothesis, 105, 106
SHP, 57
stages, 106
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surgical treatment, 112
bowel (see Bowel endometriosis)
ovarian, 110
peritoneal, 110
patients groups, 109
posterior cul-de-sac, 111
urinary, 115, 116
vaginal, 112

symptoms, 106–107
types, 106
ultrasound mapping, 108
urodynamics, 109
ureter, 54
uterine artery, 53

Deep infiltrating nodule, 85
Deeply infiltrating endometriosis (DIE), 61, 79, 81, 86, 

91–93, 96
advanced-stage, 20
clinical presentation, 19
EEA sizers, 21
extensive ureterolysis, 20
Fornix presenter, 21
outcome measures, 21
ovarian cystectomies, 20
posterior vaginal resections, 20
prevalence, 19
rectovaginal septum, 20
robotic instruments, 21
robotic-assisted laparoscopic colorectal resection, 20
surgical resection, 20
symptom, 19
2-0 V-Loc™ barbed suture, 21
unilateral/bilateral uterosacral ligament resection, 20

DeLancey level III, 200
Discoid resection, 112, 113
Doppler sonography, 159
Dyspareunia, 95

E
Endometrial carcinoma

bilateral salpingo-oophorectomy, 321
cervical involvement, 321
complications, 323
conversion rates, laparoscopy to laparotomy, 328
extrauterine disease, 321
5-year survival rate, 321
grade, 321
gynecologic malignancy, 321
histological subtype, 321
laparoscopic surgery

anatomic variations, 326
blunt and sharp dissection, 326, 327
cephalad elevation, manipulator, 326
complication rates, 324
gynecologic laparoscopic entry, 325
harvested lymph nodes, 323
hospitalization, 324
infundibulopelvic ligament, 326
intraoperative adverse events, 325

minimally invasive approach, 325
pelvic lymph node metastases, 323
postoperative adverse events, 324, 325
postoperative quality of life, 324
prognostic factors, 326
quality of life and recovery, 324
randomized trial, 324
treatment-related outcomes, 324
uterine vasculature, 326
wound complications, 323

management, 321
minimally invasive approach, 321, 322
myometrial invasion, 321
obesity, 328
pelvic and para-aortic lymphadenectomy, 321
port-site metastasis, 329
postoperative complications, 321
preoperative and intraoperative risk factors, 321
prognosis, 321
randomized controlled trials, 321
surgical staging, 323, 329
treatment, 321

Endometrioma, 93, 107.
See also Ovarian endometriomas (OEs)

Endometrioma stripping technique, 111
Endometriosis

ASRM system, 91
definition, 91
diagnosis

clinical manifestations, 92
deep infiltrative endometriosis, 91, 92
magnetic resonance imaging, 93–94
transvaginal ultrasonography, 92, 93

ovarian endometriosis cysts, 91
peritoneal, 91
prevalence, 91
staging system, 91
surgical management

bladder, 96, 97
bowel, 97, 98
ovarian endometrioma, 94, 95
rectovaginal, 95–96

symptoms, 91
treatment, 91

Endometriosis fertility index, 91
Endometriosis nodule, 87
Endometriosis surgery, 80–88

intraoperative management, 79
patient language

arrow, 82–86
black spots, 86, 87
champagne effect, 80–82
fatty tissue, 88

postoperative management, 80
preoperative management, 79
surgical treatment, 80

Endometriotic cysts, 94
Endometriotic infiltration, 52, 67
Endometriotic nodule, 68, 97, 111
Enterocele, 200
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Exogenous barrier methods, 142
Extraperitoneal insufflation, 364
Extraperitoneal laparoscopic paraaortic node dissection

extraperitoneal space, 287, 288
gonadal veins, 290
ilio-latero-aortic node, 288
inframesenteric dissection, 289
interaortocaval nodes, 290
latero-aortic nodes, 288
left renal vein, 288
lympho-hemostasis, 289
nerve preservation, 290
patient and staff positioning, 287
postoperative care, 289
pre-aorto- and interaortocaval nodes, 288, 289
pre-vascular and latero-cavo-iliac nodes, 289
skin incision, iliac fossa, 287

F
Fertility-preserving surgery, 238, 318
Fertility-sparing surgery, 261, 308, 309
Fibrotic sequelae, 188
Functional ovarian cysts, 94

G
GelPoint system, 33
Genital prolapse, 208, 210, 213

occult stress incontinence, 210
symptomatic stress incontinence, 209, 210

Gore-Tex®, 142
Groningen International Study on Sentinel nodes in 

Vulvar cancer (GROINSS-V), 352
Gubbini’s mini-resectoscope, 186
Gynecologic laparoscopy

abdominal vessel injury, 365
abdominal wall entry, 363, 364
abdominal wall injury, 365
abdominal wall nerve injury, 366
anatomical knowledge, 363
carbon dioxide embolism, 364, 365
complex ailments, management of, 363
diagnostic capabilities, 363
extraperitoneal insufflation, 364
failed entry site, 364
gas embolism, 364
prevention, 363
surgical technique, 363

H
Hemostasis, 82, 132, 165, 166, 244, 257, 291
High-grade serous carcinoma, 152
Holy plane of Heald, 52
Human papillomavirus (HPV), 231, 351
Hysterectomy, 149, 153

advantage, 24
+/− EEA sizer, 26
laparotomy, 24

LH, 24
RALH, 24–26
robotic instruments, 26
2-0 V-Loc™ barbed suture, 26
uterine manipulator, 26

Hysteropexy, 205
mesh, 207
sacral, 207
sacrospinous, 206
uterosacral, 206
vaginal mesh, 207

Hysteroscopy, 137, 184

I
Iliococcygeus muscle (ilio-CM), 46
Inferior hypogastric nerve, 62
Inferior hypogastric plexus, 62
Inferior mesenteric artery (IMA), 286, 288, 289, 294, 

299–301
Inguinofemoral lymphadenectomy, 235
Integral theory, 218
Interaortocaval nodes, 285
Interceed®, 142
International Ovarian Tumor Analysis (IOTA) group, 158
Intestinal endometriosis, 68, 97
Intestinal segmental resection, 98
Intramural fibroids, 141, 144
Intrapelvic nerves

cardinal ligaments, 64
lateral paracervix, 64, 65
pararectal spaces, 64
presacral space, 64
superficial paracervix, 65

Intrinsic sphincteric deficiency (ISD), 218, 221–223
Ischiococcygeus muscle (ischio-CM), 46
ISD, see Intrinsic sphincteric deficiency (ISD)
Isthmocele, 186–189

definition, 182
diagnosis, 183, 184
pathogenesis of, 182, 183
in symptomatic patients

complications, 188
directed biopsy, 188
epithelial re-colonization, 189
materials and methods, 186, 187

symptomatology, 183
symptoms, 182
treatment, 185, 186

K
Kelly sutures, 196
Kissing ovaries sign, 93, 95
Koh-Efficient colpotomizer, 18

L
Laparo-endoscopic single-site surgery (LESS)

advantages, 39
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AirSeal port, 33
assistant grasper instrument, 36
camera placement, 35, 36
candidate selection, 35
capacitive coupling, 38
core principles, 31, 32
disadvantages, 39
ENDOCONE, 34
extracorporeal morcellation, 37, 38
GelPoint system, 33
hysterectomy vs. conventional laparoscopy, 39
learning curve, 38
noncommercial ports, 34
omega incision, 32
operating electrosurgical instrument, 37
perioperative outcomes, 39
port orientation, 35
primary outcome measures, 39
retroperitoneal surgery, 39
robotic-assisted LESS, 40
set up and instrumentation, 34–35
SILS Port, 33
single-incision laparoscopy, 39
suturing, 38
target zone, 38
traction-countertraction, 38
TriPort, 33, 34
vertical skin incision, 32
X-CONE, 33, 34

Laparoscopic cerclage, 176–178
history, 175
materials, 175, 176
mersilene tape, 177

adjustment, 178
cutting, 178
knots, 178
lock ends, 178
twist correction, 177
verification, 177

needle anterior exit, 177
needle entry point, 177
peritoneum closure, 178
post-surgery, 178
pre-operative care, 175
surgical room and patient position, 175
uterine vessels, 176
vesico-uterine peritoneum, incision of, 176

Laparoscopic endometrioma excision, 6
Laparoscopic hysterectomy (LH)

abnormal uterine bleeding, 5
bipolar desiccation process, 6
case analysis, 6
clinical background, 5–6
definition, 5
EndoGIA, 8
first record, 6
preoperative preparation

bladder mobilization, 10–11
colpotomy, 11, 12
culdotomy, 12

cystoscopy, 13
exploration, 10
incisions, 10
laparoscopic vaginal vault closure, 12
morcellation, 12
retroperitoneal dissection, 10
skin closure, 13–14
underwater examination, 13
upper uterine blood supply, 11
ureteral dissection, 10
uterine vessel ligation, 11
vaginal preparation, 10

suture, 8–9
TLH

development of, 6–8
endometriosis, with uterine preservation, 9
laparoscopic vaginal vault closure, with vertical 

uterosacral ligament suspension, 9
uterine vessel ligation, 9

Laparoscopic lymphadenectomies in gynecologic 
oncology, 294, 295

Laparoscopic myomectomy (LM), 140–142
vs. abdominal approach, 21
advantages, 137
gold standard approach, 21
fertility and pregnancy rates, 144
instrumentation and suture, 139, 140
limitations

complications and conversion, risk of, 140, 141
reducing postoperative adhesions, 141, 142

vs. minilaparotomic myomectomies, 137
minimizing blood loss, 138, 139
port placement, 138, 139
power morcellation, 144
robotic-assisted laparoscopic myomectomy, 143
single vs. multi-port, 142, 143
timing, 137, 138
uterine rupture, 144, 145

Laparoscopic neuronavigation (LANN) technique, 61, 
65–67

Laparoscopic oophorectomy, 6
Laparoscopic partial cystectomy, 88, 115
Laparoscopic pelvic lymphadenectomy (LPLA), 70, 261, 

305, 306, 323
Laparoscopic radical hysterectomy

advantages, 266
blunt dissection, 267
complications, 266, 271
description, 265
5-year disease-free survival, 271
under general anesthesia, 266
hemostasis under intraperitoneal pressure, 269
intraoperative and postoperative complications, 271
long-term survival, 271
oncological outcomes, 266
operative time, 271
para-aortic lymph node dissection, 266
peritoneal cavity, 266
peritoneal reflection, 267
post-procedure cystoscopy, 270
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Laparoscopic radical hysterectomy (cont.)
procedure cost, 272
prophylactic antibiotics, 266
rectovaginal space, 268
splanchnic (parasympathetic) nerves, 268
surgical modalities, 267
surgical outcomes, 271
uterine artery, 268
uterine manipulator’s cervical cap, 269
vaginal cuff closure, 270
vaginal margin incision, 269
vesicovaginal and vesicouterine spaces, 268

Laparoscopic radical trachelectomy vaginal-assisted 
nerve sparing

adjuvant treatment, 314
amenorrhea, 316
anatomical landmarks and hypogastric plexus, 313
case studies, 317
cerclage suture migration, 316
deep stromal invasion, 315, 316
demographic and preoperative data, 314
disease recurrence, 315, 317
dysmenorrhea, 317
histological types, 317
inferior vena cava lesion, 316
intra- and postoperative data, 314
intracervical device, 314
intraoperative bleeding, 315
intraoperative blood transfusion, 316
intraoperative complications, 314, 316, 318
laparoscopic approach, 311
menstrual irregularity, 316
neoadjuvant chemotherapy, 313, 316
oncological outcomes, 315
oncological safety, 318
oncological surgical quality pattern, 317
pathology analysis, 314, 315
patient positioning, 312
pelvic lymph node, 315
postoperative complications, 316
primary treatment, 313
radical hysterectomy, 313
reproducibility/learning curve, 315
salvage hysterectomy, 315
small local recurrence, 315
spontaneous pregnancy after trachelectomy, 317
surgical procedure, 311
surgical team positioning, 312
trocars’ position, 313
tumor recurrence, 317
tumor size, 315–317
ureteral re-implantation, 314
uterine vascularization, 316
uterine vessel ascending branches, 316
vaginal approach, 313

Laparoscopic sacral hysteropexy, 207
Laparoscopic sacrocolpopexy (LSC), 26, 27, 203, 204
Laparoscopic surgery, 331

endometrial carcinoma (see Endometrial carcinoma)
recurrence and survival outcomes, 329–331

with robotic-assisted surgeries, 330
Laparoscopic/robotic paravaginal repair, 197–199
Laparoscopic-assisted vaginal hysterectomy (LAVH), 

321
Laparoscopic-vaginal radical hysterectomy (LAVRH), 

259–262, 270
history, 257
increasing radicality, 262
laparoscopic preparation, 258
lymph node dissection, 257
modified/class II radical hysterectomy, 258
pelvic lymphadenectomy, 258
pneumoperitoneum, 258
requirements, 258
Schauta Sine Utero, 262
Schautheim, 262
tailoring radicality

fertility-sparing surgery, 261
paracervical (parametrial) lymphadenectomy, 261, 

262
type A vaginal surgeries, 261

type B1 radical hysterectomy, 258
vaginal step, 260

bladder pillar, 259, 260
pararectal space, 259
peritoneal incision, 259
rectovaginal ligaments, 259
vaginal cuff, 257, 259
vesicouterine ligament, 260
vesicouterine septum, 259

Lateral cervical ligaments, see Cardinal ligaments
Lateral Latzko’s paravesical space, 49–50
Lateral paracervix, 64, 65
Lateral parametrial vessels, 278
Lateral parametrium, 49–52, 55, 58, 277, 278, 307
Lateral pararectal space, 50–51
Lateral rectal ligaments (LLR), 56
Lateral transperitoneal approach, 287
Latero-aortic nodes, 286
Latero-vascular and interaortocaval nodes, 284
Latero-vascular nodes, 283
Latzko’s space, see Lateral pararectal space
LAVRH, see Laparoscopic-vaginal radical hysterectomy 

(LAVRH)
LeFort colpocleisis, 205
Local radical resection, 232, 233, 235
Locally advanced disease, 248
Locus minoris resistenciae, 185
Lower urinary tract (LUT), 62
Lumbosacral trunk (LST), 69
Lymph node dissection, 233, 240, 241, 243, 328
Lymph node metastatic disease, 306
Lymphadenectomy, 284
Lymphatic pathways of the uterus, 346
Lymphostasis, 284
Lympho-venous anastomoses, 286

M
Magnetic resonance imaging (MRI), 159
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Major vascular injury (MVI), 366
Manchester procedure, 206
Marshall-Marchetti-Krantz (MMK) procedures, 218, 219
Medial pararectal space, 52
Medial paravesical space, 51, 52
Membrane syndrome, 181
Mesh hysteropexy, 207
Mesometrium, 240
Mesorectum-sparing sigmoidectomy, 62
Mesoureter, 240
Midline plication, 200, 201
Mid-urethral slings (MUS), 217, 219, 220
Minilaparotomic myomectomies, 141

vs. laparoscopic myomectomy, 137
power morcellation, 144

Minimally invasive gynecology, 1, 2
for hospitals, 3
laparoscopic hysterectomy, 1
laparoscopic surgery

development of, 2
history of, 1

minimally invasive concept, 1, 2
scientific societies, participation of, 2, 3

Minimally invasive surgery (MIS), 297
Morcellation, 133, 371, 372
Mucosal skinning, 112
Müllerianosis, 105
Myomectomy, 22, 143, 144

cytotec/vasopressin, 24
diagnosis, 21
fertility and pregnancy reates, effects on, 144
interceed, 24
laparoscopic myomectomy (see Laparoscopic 

myomectomy)
laparotomy, 21
robotic instruments, 24
robotic-assisted laparoscopic myomectomy

barbed suture, 143
operative and perioperative outcomes, 143
single-site, 143, 144
versus laparoscopic myomectomies, 143
vs. abdominal myomectomies, 143

2-0 V-Loc™ barbed suture, 24
uterine fibroids, 21, 137
uterine manipulator, 24

N
Narrowed introitus, 132
Native tissue repairs, 196
Natural orifice specimen extractions (NOSE), 114–115
Needle suspension procedures, 219
Negrar method, 62
Neoadjuvant chemotherapy, 233
Nerve-sparing, 61, 65–73, 269, 275, 278

in radical endometriosis surgery
bowel endometriotic nodules, 68
endometriotic infiltration, 67
inferior hypogastric plexus, 66
intestinal endometriosis, 68

non-touch technique, 67–68
pelvic splanchnic nerves, 65
somatic nerves, 67

radical gynecologic procedures, 61
radical hysterectomy, 65
in radical pelvic oncologic procedures

hypogastric nerve, 72
hypogastric nerves, 71
inferior hypogastric plexus, 72
lumbosacral plexus, 69–70
para-aortic trunk, 70
pelvic splanchnic nerves, 71
superior hypogastric plexus, 70
Yabuki’s space, 73

Neuropathic injuries, 370, 371
New crosslinked hyaluronan (NCH), 142
Nodal resection, 286
Nodulectomy, 68, 73
Non-Touch technique, 67–68

O
Okabayashi’s pararectal space, see Medial pararectal 

space
One-step nucleic acid amplification (OSNA)  

assay, 347, 351
Ovarian cancer

BRCA mutation, 151
complications, 150
cytoreduction, 333
diagnosis, 333
disease dissemination, 333
endoscopic debulking surgery, 334, 341
endoscopy

abdominal wound (port site) metastasis, 335
cancer progression and dissemination, 335
chemotherapy/cytoreductive surgery, 336
cyst rupture and tumor spillage, 334
cytoreductive procedures, 335
immunological microenvironment, 334
inflammatory response, 334
intraperitoneally cancer dissemination, 335
local macrophages and neutrophils, 334
peritoneal immunoprotection, 335
staging laparotomy, 336
surgical trauma, 334

fallopian tubes, 150, 151
female genital tract, 333
incidence, 333
laparoscopy applications

bowel metastasis, 338
categories, 336
chemotherapy, 336, 340
debulking surgery, 338, 339
debulking/cytoreductive procedure, 336
disadvantages, 341
image magnification, 336
implementation cytoreductive surgery, 339
laparoscopic secondary cytoreduction, 339
mesenteric retraction, 338
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Ovarian cancer (cont.)
neoadjuvant chemotherapy, 337
oncologic and technical limitations, 336
operability predictive index, 338
optimal cytoreduction, 337
optimal debulking, 339
parameters, 337
perioperative benefits, 337
peritoneal carcinosis, 337, 338, 340
peritoneal nodes, 338
platinum-based combination chemotherapy, 337
procedure-related morbidity, 336
secondary cytoreduction surgery, 339
small omentum infiltration, 338
staging and tumor resection, 339
suspicious adnexal tumors, 336, 337
therapeutic triage of patients, 339
tumor regression after NACT, 340

mortality, 333
neoadjuvant chemotherapy, 333
operative treatment, 333
peritoneal tumor dissemination, 333
physiopathology of, 149
port site metastasis, 333
procedure-related morbidity, 333
quality of cytoreduction, 333
salpingectomy, 153, 154

hysterectomy, 153
normal female internal genitalia anatomy, 153
type 2 ovarian cancer, 152

staging, 333
STIC, 149, 151, 152
treatment, 333, 334
tubal ligation, 152
type 1 carcinomas, 151
type 2 carcinomas, 151
with unilateral salpingo-oophorectomy, 2

Ovarian cortex, 94, 121, 124, 125, 164, 165, 167
Ovarian cystectomy, 84, 123, 163–165
Ovarian endometriomas (OEs), 94, 95, 121, 123–127, 

167, 168
detrimental effect, 122
infertility, 121
IVF/ICSI outcomes, 122
limitation, 122
negative impact, 122
occurence, 121
origin, 121
ovarian reserve markers, 121
spontaneous ovulation rates, 122
surgical resection

ablative surgery, 121, 123
bilateral endometriomas, 126
histologic markers, 125
IVF/ICSI outcomes, 125, 126
ovarian cystectomy/stripping, 121, 123
recurrence, 127
risks of conservative management, 126
serum marker, 124
sonographic markers, 125
three-step procedure, 123

symptoms, 121
theoretical negative effect, 122

Ovarian endometriosis, 8, 95, 110
Ovarian endometriosis cysts, see Ovarian  

endometriomas (OEs)
Ovarian reserve markers, 121
Ovariolysis, 167

P
Pagano’s urethrotome, 186
Para-aortic lymphadenectomy, 327
Paraaortic lymph node dissection, 266, 292, 293

aging, 293
anatomical variations, 292

congenital anomalies, IVC, 292, 293
kidney variations, 293
renal arteries, 292
renal polar arteries, 292
retro-aortic left renal vein, 292
ureter variations, 293

aortic bifurcation and promontory, 289
azygo-lumbar vein, 288
bowel injury, 291
carcinomatosis, 293
chemotherapy, 283
dissection patterns, 294
in endometrial carcinoma, 283
extended-field radiation therapy, 283
extraperitoneal approach, 283, 289, 294
fixed node, 291
gynecologic oncology, 295
hemorrhage, 291
indications, 294, 295
instrumentation, 284
interaortocaval space, 292
left renal polar artery, 292
lymph leakage, 291
lymphatic complications, 293
lymphostasis, 291
morbid obesity, 293
ovarian carcinomas, 283
patient and trocar positioning, 287
pelvic chemoradiation, 283
primary tumor management, 283
radiation-induced bowel damage, 294
retroaortic left renal vein, 292
retroperitoneal dissection, 293
single-port approach, 294, 295
staging technique, 283
surgical radioprotection, advanced cervix cancer, 294
transperitoneal, 286
trocar placement, 285
ureter necrosis, 292
ureter stenosis, 292

Para-aortic lymphadenectomy, 327
Paraaortic node anatomy, 283, 284
Paracervical (parametrial) lymphadenectomy, 238, 243, 

261, 262
Paracervix (parametrium), 72, 278
Parametrial resection, 279
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Parametrium, 55, 56
anterior, 55, 241, 243
definition, 239
dorsal, 243
lateral, 55
posterior, 241

anatomic studies, 56
caudad structure, 56
cranial structure, 56
definition, 55
laterocaudal structure, 56
TME, 55

Paraovarian/paratubal cyst, 166–168
Pararectal space (PRS)

lateral, 50, 51
medial, 52

Parasympathetic neural pathways, 61
Paravaginal tissues, 279
Paravesical space (PVS)

lateral, 49, 50
medial, 51–52

Parietal pelvic fascia, 45
Partial trachelectomy, 205
Pelvic and aortic lymphadenectomy, 275
Pelvic floor

efferent innervation, 63
fecal continence and evacuation, 63
LUT, 62
parasympathetic signals, 63
rectal and vesical proprioception, 63
sympathetic innervation, 63

Pelvic lymph node dissection, 268
Pelvic lymph node staging, 317
Pelvic lymphadenectomy, 69, 258, 346

pelvic wall dissection, 267
right pelvic sidewall dissection, 267

Pelvic organ prolapse (POP)
anterior compartment

anterior colporrhaphy with meshes/grafts, 197, 
200

laparoscopic/robotic paravaginal repair, 197–199
native tissue repairs, 196
vaginal paravaginal repair, 196, 197

colpocleisis, 207, 208
concomitant continence procedures, 208–211
laparoscopic surgery, advantages of, 195
middle compartment

apical prolapse, 202
hysteropexy, 205
LSC, 203, 204
mesh hysteropexy, 207
native tissue hysteropexy procedure, 205, 206
RSC, 205
sacral hysteropexy, 207
sacrocolpopexy, 203
sacrospinous hysteropexy, 206
SSLS, 202
USLS, 202, 203
uterosacral hysteropexy, 206
vaginal mesh hysteropexy, 207

pelvic reconstructive surgery, 195

posterior compartment
anatomic considerations, 200
graft and mesh augmentations, 201
midline plication, 200, 201
perineal insufficiency, 200
sacrocolpopexy with extension of posterior mesh, 

201
site-specific posterior vaginal repair, 201
symptoms, 200
transanal repair of rectocele, 202

symptoms, 195
vaginal approaches, 195

Pelvic plexus (PP), 57–58
Pelvic spaces

Bogros’ space, 49
lateral Latzko’s paravesical space, 49–50
lateral pararectal space, 50–51
medial pararectal space, 52
medial paravesical space, 51, 52
rectovaginal septum, 52, 53
retropubic (Retzius’ space), 48–49
retrorectal space, 52

Pelvic splanchnic nerves (PSN), 51, 56, 57, 61–68
Pelvic sympathetic pathway, 61
Pelvic vasculature, 367
Pelvis

cornus uterinus, 47
hypogastric artery, 47
iliococcygeus muscle, 45, 46
ischiococcygeus muscle, 45, 46
paravesical space, 47
presacral fascia, 46
pubococcygeus muscle, 45, 46
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Sampson’s artery, 47
transperitoneal profiles, 46
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Pericervical ring, 196
Perineal insufficiency, 200
Peripheral nervous system, 62
Peritoneal cancer staging system, 334
Peritoneal carcinomatosis, 171
Peritoneal endometriosis, 91, 110
Peritoneal surfaces

broad ligament, 48
rectouterine fold, 48
vesicouterine fold, 47

Piver-Rutledge-Smith classification, 238, 239
Pontine micturition center (PMC), 63
Port site infection, 372
Posterior intravaginal sling technique, 201
Posterior parametrium

anatomic studies, 56
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cranial structure, 56
definition, 55
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TME, 55

Post-laparoscopy port site herniation, 372
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Post-menstrual abnormal uterine bleeding  
(PAUB), 182, 183, 186

Postoperative shoulder pain, 373
Presacral fascia, 46, 52, 64, 66, 68
Presacral node resection, 286
Preventive marsupialization, 289
Pubococcygeus muscle (pubo-CM), 46

Q
Querleu-Morrow classification, 240–243

laterally extended resection
Cibula two-dimensional adaptation, 242, 243
D1 resection, 242
D2:D1 plus resection, 242
lymph node dissection, 240, 243

paracervix
minimal resection of, 241
transection at junction with internal iliac vascular 

system, 242
transection, at ureter, 242

R
Radiation rectitis/enteritis, 294
Radical abdominal hysterectomy, 308
Radical endometriosis surgery

bowel endometriotic nodules, 68
endometriotic infiltration, 67
inferior hypogastric plexus, 66
intestinal endometriosis, 68
non-touch technique, 67–68
pelvic splanchnic nerves, 65
somatic nerves, 67

Radical hysterectomy, 237, 241
adverse effects, 237
anatomical nomenclature, 239–241
cervical cancer treatment, 275
classification, 265
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curative effect of surgery, 237
IA2-IIA1 stages, 265
parametrium resection, 265
Piver-Rutledge-Smith classification, 238, 239
Querleu-Morrow classification (see Querleu-Morrow 
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uterus resection, 265

Radical pelvic oncologic procedures
hypogastric nerves, 71, 72
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lumbosacral plexus, 69–70
para-aortic trunk, 70
pelvic splanchnic nerves, 71
superior hypogastric plexus, 70
Yabuki’s space, 72

Radical vaginal trachelectomy (RVT), 257
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cancer recurrence, 308
cephalosporin antibiotics, 308

clinical staging, 306
cone biopsy, 306
fertility preservation, 306, 308
fertility-sparing surgery, 308
history, 305
indications, 306
Kocher’s forceps, 306
with laparoscopic lymphadenectomy, 309
perioperative morbidities, 307
postoperative bladder function, 307
postoperative complications, 307
pregnancies, 308
preterm delivery, 308
prognostic factors, 309
rectovaginal ligament, 306
sentinel node, 306
urinary retention, 307

Rectal deep infiltrative endometriosis, 93
Rectal pillar, see Posterior parametrium
Rectoceles, 200–202
Rectovaginal deep infiltrating endometriosis, 88
Rectovaginal endometriosis, 95
Rectovaginal fascia defect, 201
Rectovaginal septum (RVS), 20, 52, 53
Rectovaginal space dissection, 278
Retroperitoneal lymphadenectomies, 302
Retropubic (Retzius’ space), 48–49
Retropubic slings, 220, 221
Retropubic urethropexy, 218, 219
Robot docking, 18
Robotic- assisted sacrocolpopexy (RASC), 27
Robotic extraperitoneal approach, 294
Robotic gynecology, 19–21
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clinical presentation, 19
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outcome measures, 21
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prevalence, 19
rectovaginal septum, 20
robotic instruments, 21
robotic-assisted laparoscopic colorectal resection, 

20
surgical resection, 20
symptom, 19
2-0 V-Loc™ barbed suture, 21
unilateral or bilateral uterosacral ligament 
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hysterectomy, 24
myomectomy, 22

laparotomy, 21
LM, 21
RALM (see Robotic-assisted laparoscopic 

myomectomy (RALM))
uterine fibroids, 21

patient positioning, 18
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port placement, 18, 19
robot docking, 18, 19
sacrocolpopexy, 26, 27
uterine manipulator, 18, 20

Robotic laparoscopy, 17
Robotic radical hysterectomy

advantages, 270, 275
ambulation, 280
cervical cancer treatment, 270
cervical stromal invasion, 276
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cost, high, 270
drawbacks, 270
endometrial cancer treatment, 276
5-year survival of cervical cancer, 272
indications, 276
intraoperative outcomes, 272
laparoscopic and laparotomy approach, 275
long-term randomized controlled trials, 272
oncologic outcomes, 271
paracervical resection, 275
patient set up, 276
postoperative visit, 280
preoperative chemoradiotherapy, 275
procedure cost, 272
robotic port placement, 271
robotic scissors, 271
safety and feasibility, 271
surgical outcomes, 271
surgical steps and technique, 275
surgical technique, 270
treatment modalities, 275
trocar position, 276

Robotic sacrocolpopexy (RSC), 205
Robotic-assisted laparoscopic myomectomy (RALM)

vs. abdominal myomectomies, 22, 143
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barbed suture, 143
da Vinci robot, 22
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vs. laproscopic myomectomy, 22, 143
operative and perioperative outcomes, 143
pregnancy outcomes, 23
pregnancy rate, 23
preterm delivery rates, 23
short-term benefits, 22
single-site, 143, 144
symptom recurrence, 23

S
Sacral hysteropexy, 207
Sacrocolpopexy (SC), 26–27, 201, 203
Sacrospinous hysteropexy, 206
Sacrospinous ligament suspension (SSLS), 202
Salpingectomy, 133, 134, 153, 154

hysterectomy, 153
issue, 154
normal female internal genitalia anatomy, 153
type 2 ovarian cancer, 152

Sampson’s hypothesis, 105
Schauta Sine Utero, 262
Schautheim technique, 262
Secondary infertility, 183
Second-trimester miscarriage, 308
Self-retaining vaginal retractor system, 132
Sentinel lymph node (SLN) mapping, 326
Sentinel node biopsy

allergic reactions, 347
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cervical and subendometrial through hysteroscopy, 

346
in cervical cancer

complications, 349
detection techniques, 349, 350
FIGO stage, 348
immunohistochemical technique, 351
intraoperative selection of patients, 351
lymphadenectomy, 346, 349
lymphatic embolization, 348
metastatic affectation of pelvic nodes, 349
para-aortic nodes, 349
surgery in, 349
systematic lymphadenectomy, 349
therapeutic strategy, 351
ultrastaging, 350

cervical dual injection with technetium, 346
clinic and pathological factors, 348
detection of, 346
in endometrial cancer, 345, 346
hysteroscopic injection, 346
image tests, 354, 355
lymph node-specific contrast agent, 355
preoperative lymphoscintigraphy, 347
surgical treatment, 355
techniques, 346
ultrastaging, 347
validation study, 346
in vulvar cancer

bilateral inguinal lymphadenectomy, 352
bilateral sentinel node procedure, 354
disadvantages, 354
female genital tract malignancies, 351
FIGO system of staging, 351
GOG-173 protocol, 353
inguinal lymphadenectomy, 352
inguinal-femoral lymphadenectomy, 353
intensity-modulated radiation therapy, 352
lymphatic mapping, 353
lymphatic system, 352
preoperative planar lymphoscintigraphy, 353
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radical vulvectomy, 352
randomized controlled trial, 352
standard of care of patients, 352
surgical procedure, 352
technique, 353
TNM staging, 351
treatment-related morbidity, 352
unilateral nodal metastases, 352
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Sentinel node fluorescence, 354
Sepracoat®, 142
Seprafilm®, 142
Sepraspray®, 142
Serous tubal intraepithelial carcinomas (STIC), 149
Shaving technique, 112, 113
Single- port extraperitoneal approach, 294
Small needle puncture wounds, 368
Somatic nervous system, 63
SprayGel®, 142
Squamous cell carcinoma (SCC), 351
Stark technique, 182
Stress urinary incontinence (SUI)

Burch colposuspension, 209
cost of, 217
de novo, 208
definition, 217
diagnosis and examination, 218
mechanism, 217, 218
occult, 208, 210
preoperative, 208
treatment options
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bulking agents, 224
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mid-urethral slings, 219
needle suspension procedures, 219
radio-frequency and laser therapy, 224
retropubic urethropexy, 218, 219
retropublic slings, 220
single-incision slings, 223
stem cell injections, 224
TO or RP slings, selection of, 224
TO/RP slings, selection of, 225
transobturator approach, 220, 221

TVT, 209
Stripping technique, 94, 123
Subserosal fibroids, 141, 145
SUI, see Stress urinary incontinence (SUI)
Superficial endometriotic lesions, 110
Superficial paracervix, 65
Superficial thrombophlebitis, 323
Superior hypogastric plexus (SHP), 57, 64
Superior rectal artery, 98

T
Table-mounted camera system, 132
Tamoxifen, 205
Tension-free vaginal tape (TVT), 220–222
TNM staging system, 231
TOT, see Transobturator technique (TOT)
Total abdominal hysterectomy (TAH), 323, 325
Total laparoscopic hysterectomy (TLH), 87, 325

development of, 6–8
endometriosis, with uterine preservation, 9
laparoscopic vaginal vault closure, with vertical 

uterosacral ligament suspension, 9
uterine vessel ligation, 9

Total mesorectal excision (TME), 55

Total vaginal hysterectomy (TVH), 5
Traditional posterior colporrhaphy, 200, 201
Transabdominal cerclage method, 175
Transobturator technique (TOT), 220, 221
Transperitoneal laparoscopic paraaortic  

node dissection, 283
patient and staff positioning, 284
procedure, 285, 286
trocar placement, 284

Transperitoneal para-aortic lymphadenectomy (TPAL) 
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bleeding, 302
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limitations, 298
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low weight heparin prophylaxis, 300
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patient performance status, 300
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peritoneal cavity, 297
peritoneal incision, 299
postoperative complications, 301
preoperative imaging, 299
prognostic factors, 297
surgical equipment and team  
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surgical specimens, 300
surgical staging, 302
therapeutic benefit, 302
thermal injuries, 301
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total blood loss, 300
tumor stage and biology, 300
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Transumbilical open technique, 276
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Transurethral urinary drainage, 96
Transvaginal ultrasonography, 92, 183
TriPort, 33, 34
Tumor biomarkers, 159
Tumor management, primary, 283
TVT, see Tension-free vaginal tape (TVT)

Index



387

Type I macroporous monofilament synthetic 
polypropylene mesh, 204
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Ultrasonography, 184
Ultrasound

benign ovarian tumors, 158, 159
mapping, 108
transvaginal, 21, 92–94

Unilateral salpingo-oophorectomy, 2
Ureteral dissection, 10, 279
Ureteral endometriosis, 54
Ureteral injuries, 117, 369
Ureteral tunnel dissection, 279
Urinary endometriosis, 115, 116
Urodynamics, 107, 109, 218
Urologic injuries, 368–370
USTV, 188
Uterine fibroids, 137

by age, 21
diagnosis, 21

Uterine vessel ligation, 9, 11
Uterosacral hysteropexy, 206
Uterosacral ligament suspension (USLS), 202, 203, 278

V
Vaginal cuff closure, 280
Vaginal endometriosis, 112

Vaginal hysterectomy (VH)
abdominal, 131
anterior dissection and entry, 133
completion procedure, 134
due to genital prolapse, 131
elliptical incision, 132
hemostasis, 132
laparoscopic, 131
narrowed introitus, 132
posterior cul-de-sac and entry, 132
robotic-assisted, 131
self-retaining vaginal retractor system, 132
table-mounted camera system, 132

Vaginal mesh hysteropexy, 207
Vaginal paravaginal repair, 196, 197
Vasopressin, 139
Vesicouterine ligament dissection, 279
Vessel-sealing device (VSD), 132, 134, 269
Vulvar carcinoma
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incidence of, 231
local radical resection, 232, 233, 235
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vulva, anatomy of, 232
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