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PREFACE

In keeping with the philosophical underpinnings and design of the original book, this third edition has been exten-
sively updated to provide the gynecologic surgeon with a state-of-the-art and practical resource that can be used to 

review or learn about commonly performed surgical procedures in minimally invasive gynecology. To meet the needs 
of both novice and experienced surgeons, the text is engineered to cover the clinical decision-making, key instru-
mentation and technical cascade for each surgical procedure. Wherever possible, discussion is focused on methods to 
optimize outcome and reduce risk. The content in this latest edition has been substantially bolstered by the addition 
of chapters covering vaginal hysterectomy, tissue retrieval in laparoscopic surgery, single port laparoscopy, robotic 
hysterectomy, robotic myomectomy, robotic sacralcolpopexy, radical robotic hysterectomy, and hemostatic agents for 
laparoscopic surgery.

We are very honored that contributors in this edition continue to be established surgeons from the United States 
and abroad. We are deeply grateful for the generous guidance from our mentors and for the courageous pioneers 
throughout the world whose collective endeavors served to legitimize minimally invasive gynecologic surgery. We 
have no doubt that with the advent of robotic surgery and the growing numbers of gynecologic surgeons now 
trained in minimally invasive operative techniques, surgical paradigms will continue to evolve as innovation and truly 
d isruptive technology continue to emerge.

We would like to thank the many members of industry whose support has made our work possible: Cooper 
Surgical, Ethicon Endosurgery, Halt Medical, Karl Storz, and Medtronic.

We are also indebted to the talents of our illustrator and graphic designer, Branko Modrakovic, for his creativity 
and guidance.

Most importantly, we dedicate this latest edition to the tireless permission and support from our wives.

Resad Paya Pasic 
Andrew I. Brill
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Chapter 1

PATIENT PREPARATION
Shan Biscette and Andrew I. Brill

Although laparoscopic surgery is by its very nature 
minimally invasive, it must always be considered to 

be major surgery. Therefore, it is important to carefully 
prepare the patient for surgery both psychologically as 
well as physically. The surgeon must also possess adequate 
training and experience in the operative techniques 
that are necessary to complete the proposed surgical 
procedure in a safe and efficient manner. The decision to 
perform any surgical procedure in a minimally invasive 
fashion must be consistent with the best interests of the 
patient. When indicated by either the patient’s condition or 
surgeon experience, the decision to perform a laparotomic 
alternative can also serve the patient. Primum non nocere!

PATIENT EVALUATION FOR MINIMALLY 
INVASIVE SURGERY
Initial patient evaluation should consider the indications 
and contraindications for laparoscopic surgery. Given 
the variations of surgeon experience as well as surgical 
pathology, there are no hard and fast rules; even the 
term absolute contraindication must be considered as a 
guideline, rather than an admonition.

TRADITIONALLY ESTABLISHED ABSOLUTE 
CONTRAINDICATIONS
There are few absolute contraindications for laparoscopic 
surgery. With the availability of advanced anesthesia 
techniques, even some of these may be considered 
relative.

 • Patients with severe cardiac disease (class IV) may 
not tolerate the deep Trendelenburg positions 
necessary for operative laparoscopy or the variable 
amounts of pneumoperitoneum that are frequently 
required for satisfactory vision and instrument 
movement (see Chapter 4).

 • A hemodynamically unstable patient with the need 
for control of active bleeding is best approached 
by laparotomy. However, many surgeons believe 
that they can rapidly enter an abdomen safely by 
laparoscopy, such as in the midst of a ruptured 
ectopic pregnancy.

 • Intestinal obstruction with distended bowel is best 
approached by laparotomy. However, by adopting 
open laparoscopy techniques for peritoneal entry, 

it may be possible to employ laparoscopy in this 
circumstance.

TRADITIONALLY ESTABLISHED RELATIVE 
CONTRAINDICATIONS
 • Multiple previous abdominal surgeries must be 
considered a possible contraindication, depending on 
both the chosen technique for peritoneal access and 
the experience of the operating surgeon. However, 
utilization of left upper quadrant insufflation 
techniques or open laparoscopy may afford safe 
entry even in the event of multiple previous surgeries 
(see Chapter 5).

 • Morbid obesity may be daunting for the 
inexperienced laparoscopist. However, with the 
use of operative techniques described in Chapter 5, 
patients with body mass index (BMI) as high as 60+ 
often may in fact be candidates for laparoscopy.

 • Pregnancy beyond 5 months’ gestation must be 
approached with a great deal of caution as the 
pelvis is almost completely filled with the gravid 
uterus. Whereas some surgeons have advocated 
gasless laparoscopy techniques for more advanced 
pregnancies, some studies have demonstrated that 
pneumoperitoneal CO2 gas and hypercarbia do not 
adversely affect the fetus.

 • Severe, chronically ill patients may present problems 
for general endotracheal anesthesia. Nevertheless, 
given the judgment of the anesthesiologist, it may 
be possible to cautiously move forward with a 
laparoscopic surgery.

 • If malignancy is a possibility, the outcome should not 
be compromised by the use of laparoscopic surgery. 
If a mass is known to be malignant and the surgeon 
does not have the necessary skills to laparoscopically 
remove it without rupture or dissemination, then 
laparotomy should be the method of choice.

INFORMED CONSENT
Appropriately conducted informed consent should fulfill 
more than the established legal doctrine to address risk 
and benefit. It needs to also be humanistic by addressing 
the significant emotional and social needs of the 
situation. A full understanding of the surgical procedure 
develops personal ownership of the proposed surgery 
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and can help alleviate anxiety before the operation. 
The utilization of exemplary video, still images, plastic 
models, and artwork can be very useful for explaining in 
layman’s terms both the underlying pathology as well as 
the proposed surgery. The patient should be given ample 
time to integrate new information and ask any questions. 
It is always best, if possible, to have a member of the 
family or a close friend present during these discussions. 
Because of nervousness and apprehension, patients 
frequently forget the information that has been explained 
to them, and the support person can then help fill in the 
blanks. The patient should be honestly informed of the 
alternative surgical and nonsurgical methods including 
watchful waiting. She should be told that general 
anesthesia is typically employed, which necessitates the 
use of a tube being placed into her throat which may 
cause soreness. She should be seen preoperatively by the 
anesthesiologist to explain the procedure and risks of the 
selected anesthesia regimen. It can be useful to develop an 
informed consent sheet specific to laparoscopic surgery 
that is written in layman’s language. The anticipated 
position during surgery and the method used to create a 
pneumoperitoneum should be explained. The placement 
and locales of trocars need to be identified, including the 
possibility of injury to underlying bowel, blood vessels, 
or the urinary tract. The general risks of surgery must be 
explained, including transfusion and death. It is important 
to never promise that surgery will be accomplished by 
laparoscopy. Rather, it is better to explain that if surgery 
can be performed by laparoscopy, there will be certain 
comparative advantages including quicker recovery, less 
pain, less infection, and less scarring. She also should 
be informed about the anticipated postoperative course, 
including the degree and nature of any pain that may 
or may not be expected. Importantly, the patient should 
be encouraged to call the office at any hour for nausea, 
vomiting, fever, vexing constipation, or any abdominal 
or pelvic pain that is progressive despite the proper use 
of prescribed analgesics. Any of these symptoms may be 
indicative of a visceral injury.

PREOPERATIVE LABS AND PREPARATION
The patient should be seen within 1–2 weeks of the 
surgery at which time a review of the history and a 
physical exam should be conducted that at least cover 
the following:

 1. Weight
 2. Blood pressure and pulse
 3. Auscultation of the lungs and heart
 4. Palpation of the abdomen for organomegaly and 

hernias
 5. Complete bimanual pelvic examination including 

Papanicolaou smear if indicated

Many hospitals require laboratory tests within 1 or 
2 weeks of the surgical procedure. Most laparoscopy 
requires a minimum of laboratory tests usually consisting 

of only hemoglobin with hematocrit and urinalysis. 
A  coagulation profile may be needed for any patient 
with a history of bleeding problems. Patients who have 
other medical problems may also need further evaluation 
by their general medical doctor who may require other 
laboratory testing, such as a multipanel test.

Patients who are over 40 years old may benefit from a 
chest x-ray if one has not been obtained within the last 
2 years. It is important to review her medicines and to 
inquire about the use of aspirin. Many patients do not 
consider aspirin a drug and neglect to inform the doctor 
of its chronic use. If the patient has been taking aspirin, 
it should be discontinued for 7–10 days prior to surgery.

It is recommended to eat lightly for 24 hours and be 
nil by mouth for at least 12 hours prior to surgery. Recent 
studies have shown that bowel preparation for routine 
gynecologic procedures is not necessary and may have 
little to no benefit in improving visualization or decreas-
ing complications. In cases where pelvic adhesive disease 
is suspected and possible bowel resection is anticipated, 
consideration should be placed on the practice prefer-
ences of potential consulting specialists when deciding 
on bowel preparation.

DAY OF SURGERY
Patient preparation extends beyond the preoperative 
period and well into the day of surgery. Since most lapa-
roscopic surgery is performed on an outpatient basis, it 
is recommended that surgery be started in the morning, 
if possible. The patient is instructed to arrive at least 1.5 
hours prior to surgery to allow adequate time for the anes-
thesiologist to see the patient, and for all laboratory results 
to be checked. Before the patient receives any medication 
for anesthesia, it is important to review the anticipated 
surgery with her and again allow any questions.

Successful and efficient laparoscopy requires attention 
to detail and patient safety. The operating table should 
ideally be placed centrally to allow access to the patient 
by both the surgeons and anesthesiologists; access to 
monitors; and access to surgical equipment and support 
staff (Figure 1.1). The operating table should be appro-
priate for the patient’s size and height to ensure proper 
support of the patient in both the supine and lithotomy 
positions. Although most operating room tables are 
equipped to support a patient weighing ≤500 lbs, it is 
important to also be mindful of the girth and BMI of the 
patient and when indicated give consideration to spe-
cialized bariatric operating room tables that make allow-
ances for the morbidly obese patient.

It is imperative that the patient be correctly posi-
tioned on the operating table at the start of the case 
to allow for access to the abdomen and perineum, but 
most importantly to ensure the safety of the patient and 
operating staff. The lithotomy position allows access 
to the pelvic structures and is the preferred position 
for the majority of laparoscopic gynecologic surgeries. 
Boot stirrups provide physiologic support to the lower 
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extremities; however, care must be taken to avoid pro-
longed instances of hyperflexion of the hip, which can 
lead to varying degrees of femoral nerve injury (Figure 
1.2). Compression of the lateral aspect of the leg can lead 
to peroneal nerve injury, although this is seen more often 
with candy cane stirrups as compared to boot stirrups. 
Gynecologic laparoscopic procedures have been impli-
cated in compartment syndrome due to patients being 
in the lithotomy position for prolonged periods of time; 
care should be given to proper positioning and padding 
of the lower extremities.

In addition to the lithotomy position, most laparoscopic 
gynecologic procedures require the patient to be in a 
head-down tilt (Trendelenburg position) to allow visual-
ization of the pelvic structures. This places the patient at 
risk for slipping in the cephalad direction and is of great 
concern in cases utilizing steep Trendelenburg. Cephalad 
displacement of the patient in this position increases the 
risk of undue compression and stretch on the brachial 
plexus as well as the nerves of the lower extremities and 

can result in injury. The use of antiskid devices such as 
gel pads, egg crate foam, and bean bag positioners can 
potentially decrease the risk of slippage and subsequent 
nerve injury. The egg crate foam and gel pad can be 
placed directly against the patient’s skin to decrease slip-
page, with a surgical sheet placed beneath these devices 
to tuck the patient’s arms (Figure 1.3). The bean bag con-
forms to the patient’s body when it is inflated; therefore, 
it is not always necessary to use extra devices to secure 
the arms in the average size patient (Figure 1.4).

Monitors

Scrub tech.

Assistant

Laparo. equip.

Anesthesia

Surgeon

1.1

90°–120°

60°–170°

1.2

1.3

1.4
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It is important that these devices be securely fastened 
to the bed before tilting the patient. Once the patient is 
properly positioned, the arms should be placed in the 
supine “military” position, padded at all pressure points, 
and securely tucked at the patient’s side. This allows 
the surgeon access to the patient and decreases the risk 
of nerve injury that may occur if the arms are left out-
stretched. Padded arm sleds can be utilized in the obese 
patient to further protect and stabilize the arms if needed 
(Figure 1.5). In obese patients, surgical table expanders 
can be used to make sure that the patient’s arms are 
properly supported (Figure 1.6).

Shoulder braces, body straps, and body restraints 
should be avoided as they may increase the risk of neu-
rovascular injury and are implicated in brachial plexus 
injuries. If the shoulder braces are used, they need to be 
positioned against acromion and not close to the patient’s 
head to avoid brachial plexus injury (Figure 1.7).

An orogastric tube is recommended for decompres-
sion of the stomach in cases of difficult intubation, which 
may lead to gastrointestinal distension; in cases of tro-
car insertions above the umbilicus as is seen in the left 
upper quadrant (Palmer point) entry; and in cases of 
incomplete gastric emptying in instances of emergency 
surgeries. This helps to minimize the risk of stomach 
injury during the initial, blind entry into the abdomen 
with the Veress needle or primary trocar.

The bladder should be drained prior to starting any 
gynecologic laparoscopic procedure. For shorter cases, 

the patient may be asked to void prior to entering the 
operating suite or an intermittent catheter may be used 
to empty the bladder after the vagina and urethra have 
been sterilely prepared. A Foley catheter should be con-
sidered for cases anticipated to last more than 30 min-
utes to allow for continuous emptying of the bladder. 
This step is important to avoid inadvertent bladder injury 
during port placement (especially during placement of a 
suprapubic trocar) and also to allow for adequate visual-
ization of the operative field.

1.5

1.7
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Venous thromboembolic events occur in 15%–40% of 
patients undergoing major gynecologic surgery in the 
absence of thromboprophylaxis—with the most serious 
sequelae being death in some cases involving pulmonary 
embolism.

It is important that proper risk stratification is under-
taken in the perioperative period and that appropriate 
measures are utilized to minimize the risks of thrombo-
embolic events. The procedure type, duration of surgery, 
age of the patient, and presence of other risk factors 
should all be addressed when stratifying risk. No specific 
prophylaxis is needed in patients at low risk for venous 
thromboembolism undergoing procedures anticipated to 
last ≤30 minutes. Mechanical compression devices and/or 
medical prophylaxis are suggested for patients at moder-
ate to high risk of thromboembolism, in accordance with 
current institutional and medical guidelines (Figure 1.8).

Prevention of surgical site infection is an important 
consideration in the preoperative period. Although there 
is no surrogate for proper surgical technique, other 

measures have been shown to augment the efforts of 
the meticulous surgeon in decreasing perioperative 
infection. Antibiotic prophylaxis is recommended before 
gynecologic procedures, when entry into the reproduc-
tive tract is planned or contamination of the peritoneal 
cavity by vaginal contents is anticipated. Antibiotic pro-
phylaxis is not recommended for diagnostic laparos-
copy, tubal occlusion, adnexal surgery, and adhesiolysis. 
Aseptic preparation of the abdomen and vagina are also 
important measures in decreasing surgical site infection. 
Povidone-iodine is typically used in aseptic preparation; 
however, emerging data suggest that chlorhexidine prod-
ucts reduce the bacterial load and have longer residual 
activity compared to povidone-iodine. Additionally, alter-
native solutions may be needed in patients with an iodine 
allergy. Chlorhexidine gluconate–alcohol preparations 
with a lower alcohol content (4%), or sterile saline can 
be used for vaginal preparation in patients with a known 
iodine allergy. Vaginal preparation with chlorhexidine 
gluconate is considered off label in the United States, and 
restrictions on use for this application may be in place at 
certain institutions.

When the surgery is completed and the patient is suffi-
ciently conscious, she is given written instructions regard-
ing follow-up visits and how to take care of herself. The 
instructions should cover when she can bathe (anytime), 
begin to drive (after 24 hours), perform household 
duties, resume intercourse, restart exercise, and return to 
work. Instructions should be carefully worded to explain 
expected postoperative discomfort and how to differenti-
ate it from types of pain that require contact with either 
the surgeon or a designated contact person using a tele-
phone number that is answered 24 hours a day.

Ideally, on discharge, the appropriate instructions are 
in hand and any postoperative analgesics prescribed at a 
designated pharmacy.

SUGGESTED READING
Ballantyne GH, Leahy PF, Modlin IM, eds. Laparoscopic Surgery. 
Philadelphia: W.B. Saunders; 1994.

Fanning J, Valea FA. Perioperative bowel management for gynecologic 
surgery. Am J Obstet Gynecol. 2011;205:309.

Levine RL, Pasic R. Surgical setup for minimally invasive surgery. 
In: Bieber E, San�lippo J, Horowitz I, eds. Clinical Gynecology. New 
York, NY: Elsevier Science; 2006:543–548.

Pasic R, Levine R, Wolfe W. Laparoscopy in morbidly obese patients. 
J AAGL 1999;6:307–312.

1.8



http://taylorandfrancis.com


7

Chapter 2

THE ART OF THE COMPETENT SURGEON: 
ANATOMY AND SURGICAL DISSECTION
Robert Rogers

THE ART OF SURGICAL DISSECTION
The purpose of surgical dissection is to expose vital ana-
tomic structures while safeguarding their normal structural 
and physiologic functions. In doing so, the competent 
surgeon also minimizes any bleeding and discoloration 
of the tissues in the dissection field. The actual progres-
sion of dissection is a purposeful and efficient “millimeter 
by millimeter.” No surgeon can expect his or her surgical 
outcomes to be any better than his or her skills of surgi-
cal dissection. Therefore, by mastering the hands-on skills 
of surgical dissection, the competent surgeon minimizes 
blood loss and surgical complications in his or her patients.

The purpose of these maneuvers is simply to thin, 
stretch, and open the visceral connective tissues and 
any scarring so that the vital structures can be clearly 
identified by sight and/or palpation (Figure 2.1). The 
surgeon must not cut, ligate, or coagulate any tissue 
that he or she cannot see or understand. Therefore, any 
surgical dissection, sharp and blunt, must proceed mil-
limeter by millimeter. The ultimate goal of dissection 
is to reveal the anatomy and not obscure the dissec-
tion field or confuse anatomic appearances. This is only 
accomplished by the bloodless thinning of the connec-
tive tissues in which are embedded the anatomic struc-
tures—therefore, it is necessary to master dissection 
techniques (Table 2.1).

By progressing millimeter by millimeter in his or her 
dissections, the operator achieves four goals. First, the 
surgeon maintains correct orientation and direction of 
dissection. Second, the surgeon has step-by-step control 
of instruments and techniques employed. He or she has 
time to evaluate and change instrumentation, techniques, 
or direction. This is part of the art of the master sur-
geon. Third, the surgeon safely exposes the anatomic 
structures and dissects around them. Fourth, the sur-
geon minimizes blood loss and any injury to a viscus or 
structure by only 1–2 mm. Therefore, significant bleeding 
from a blood vessel or large visceral injury to a ureter, 
the bladder, or bowel should be minimized. Such small 
injuries are easily and quickly repaired in most cases, 
saving much surgical time when compared to repairing 
much larger, more extensive injuries.

The surprising result is that millimeter-by-millimeter 
dissection techniques actually save surgical time and 
increase surgical efficiency since the surgical dissection 
fields are more clearly seen and defined with little blood 
loss. This saves much time in having to look for and 
control bleeding from more aggressive tissue handling 
by the surgeon or from having to take the time to repair 
a large viscus injury.

Laparoscopic technique enables the surgeon to 
achieve better dissection than in open surgery. In lap-
aroscopy, we are working with a laparoscopic camera 
and robust illumination that enable us magnification 
of anatomy and better recognition of tissue planes. 
Another important factor is that CO2 under pressure in 
a closed laparoscopic environment dissects planes and 
enables us to follow the right planes during laparoscopic 
dissection.

The techniques of expert surgical dissection are “grasp 
and tent,” “mm” incisions under direct visual control, 
“push-spread,” “traction-countertraction” (Figure 2.2), 
“gentle wiping/teasing” of tissues, and hydrodissection.

Hydrodissection is the pressurized delivery of ster-
ile fluid into the surgical field in order to tent and thin 
out the underlying connective tissue fibers (Figure 2.3). 
By grasping and tenting the peritoneum or tissue to be 
incised, the operator elevates the tissue away from the 
vital structures lying underneath—ureter, artery, vein, 
bowel, bladder, and somatic nerve. Grasping and tenting 
of the tissues also thins out and stretches the grasped tis-
sue so that the edge of the bowel or a large blood vessel 
can be better seen. A mm incision can be safely made 
without concern for injury to underlying structures. With 
the gentle push-spread (“poke and open”) technique, 
the operator further thins out the embedding connec-
tive tissues and fibrosis to further reveal what structures 
lie therein. This step is further aided by gentle traction 
and countertraction, and tenting before further cutting or 
gentle wiping proceeds. These maneuvers are repeated 
millimeter by millimeter and over and over until the tis-
sues are completely thinned, revealing the vital anatomic 
structures in that anatomic region. Always stay parallel 
to vital structures when performing blunt traction and 
countertraction for tissue exposure.
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Dissection should proceed millimeter by millimeter 
from easy-to-dissect and known areas of anatomy to 
denser, more difficult areas of dissection. Always dissect 
from the known to the unknown. With experience, the 

operator will become conditioned to the sight and feel 
of these safe dissection techniques—they can be effec-
tively used in each region of the pelvis. Wiping must 
proceed gently and millimeter by millimeter to further 
thin the tissues surrounding the structures. Broad blunt 
and quick strokes of wiping may result in uncontrolled 
entry into a viscus or blood vessel. The technique of 
hydrodissection can facilitate dissections in the pelvic 
sidewall and potential spaces, such as the retropubic 
space, vesicovaginal space, paravaginal and pararec-
tal spaces, and rectovaginal space. Hydrodissection 
is especially useful in vaginal surgery when perform-
ing vaginal dissections in the spaces surrounding the 
vagina in preparation for the various reparative vaginal 
procedures.

HOW TO LEARN DISSECTION TECHNIQUES
In order to learn these dissection techniques and the 
anatomy of specific surgical dissection fields, the student 
of surgery must observe the competent surgeon live in 
the operating room or via a video. When observing, the 
student must ask two important questions: “Where in the 
pelvis is the surgeon operating?” and “Which dissection 
techniques is the surgeon using?” The first question makes 
the learner think of the anatomy contained in the field 
of dissection (next section). The second question makes 
the student concentrate and focus on learning the true 
skills of the competent surgeon. In using this pattern of 
asking himself or herself questions, the less-experienced 
surgeon can prepare his or her eyes to observe and his or 
her mind to concentrate for relevant learning—learning 
that can and will immediately improve the surgeon’s skills 
of tissue dissection used in his or her next surgical pro-
cedure. The student can only learn what his or her mind 
has been prepared to learn, and what his or her eyes have 
been prepared to see and observe and transfer to his or 
her mind.

2.1

2.2

2.3

Table 2.1
DISSECTION TECHNIQUES

“Grasp and tent”
“Millimeter by millimeter”
Small tissue incisions under direct visual control
“Push-spread”
“Poke and open” technique
“Traction-countertraction”
Gentle wiping/teasing of tissues
Always stay parallel to vital structures
Always dissect from the known to the unknown
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The next level in mastering dissection techniques 
involves the student having hands-on experience with 
animals or human cadavers. These dissection techniques 
must be practiced in repetitive and precise exercises 
under the teaching of experienced surgical mentors. 
The student must have his or her mind and eyes actively 
engaged in the precise millimeter-by-millimeter hands-
on practice of each dissection technique alone and in 
sequence. This active practice of expert dissection tech-
niques is immediately transferred to his or her improved 
surgical skills in his or her next live surgical case.

The student of surgical technique must own his or her 
training and have confidence in improvement. The goal 
is to “do no harm to the patient,” and to become a safer, 
more efficient surgeon.

SURGICAL ANATOMY OF THE FEMALE PELVIS
For laparoscopists, surgical female pelvic anatomy is the 
anatomy of surfaces and underlying abdominal and ret-
roperitoneal structures. Surface landmarks on the ante-
rior abdominal wall locate safe areas in which to pass 
laparoscopic trocars to establish ports through which 
laparoscopic instruments can be passed into the pelvic 
cavity to perform the planned surgery. Superficial peri-
toneal landmarks within the pelvis alert the operator to 
key anatomic structures in the retroperitoneal spaces. A 
sure knowledge of surgical and laparoscopic anatomy is a 
requisite for performing laparoscopic dissections that are 
safe for the patient and which achieve the desired goal of 
the surgery. The three-dimensional field of pelvic anat-
omy as seen through the two-dimensional plane of the 
laparoscope is a difficult challenge to master. The diligent 
laparoscopic gynecologist must always study and then 
observe carefully in order to gain this working knowl-
edge. Just as technical skills can be consistently improved 
through frequent and proper practice, so can one’s work-
ing knowledge of gynecologic surgical pelvic anatomy.

The following are discussed in this chapter: the ante-
rior abdominal wall, the presacral space, the area of the 
pelvic brim, the sidewall of the pelvis, the area at the base 
of the broad ligament (cervicouterine junction), the vari-
ous spaces within the pelvis, and the anatomy of the 
retropubic space (space of Retzius).

THE ANTERIOR ABDOMINAL WALL
The various ports needed to perform laparoscopic sur-
gery must traverse the anterior abdominal wall. Thus, 
knowledge of this anatomy is important to avoid a pri-
mary complication of injury to the arteries and veins 
contained therein. Landmarks of interest are the umbi-
licus, the anterior superior iliac spines, and the pubic 
symphysis. In addition, landmarks on the anterior 
abdominal wall assist the laparoscopist in safely plac-
ing trocars in order to avoid injuring deeper vascular 
structures such as the aorta, common iliac vessels, and 
external iliac vessels.

Depending on the habitus and weight of the patient, 
the umbilicus may lie slightly above, at, or below the 
bifurcation of the aorta. In obese patients, the umbilicus 
may be shifted several centimeters below the bifurcation 
of the aorta and commonly lies on top of the right com-
mon iliac artery. In all patients, the left common iliac 
vein covers at least part of the sacral promontory as it 
crosses the midline approximately 3–6 cm inferior to the 
bifurcation of the aorta and is inferior to the level of the 
umbilicus (Figure 2.4). In the thinner patient especially, 
the surface of the anterior  abdominal wall is significantly 
closer to these great vessels.

In placement of lower lateral abdominal trocars, the 
surgeon must avoid lacerating the inferior and/or superfi-
cial epigastric arteries and veins and their branches. The 
inferior epigastric artery and vein travel on the posterior 
surface of the rectus abdominis muscle on its lateral third, 
particularly in the lower quadrants of the abdomen (Figure 
2.5). The superficial epigastric arteries and veins travel 

2.4
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within the subcutaneous tissue of the anterior abdominal 
wall in variable locations lateral to the umbilicus. The 
superficial vessels can usually be seen by transillumina-
tion of the anterior abdominal wall, while the inferior epi-
gastric vessels cannot be seen due to shadowing from the 
rectus abdominis muscles. These latter vessels must be 
identified directly through the laparoscope (Figure 2.6).

Most injuries to these vessels within the abdominal 
wall can be avoided by placing the lateral ports approxi-
mately 8 cm from the midline and 8 cm superior to the 
pubic symphysis. This area also happens to be known 
as McBurney point, which is anatomically located at one-
third of the distance from the anterior superior iliac spine 
along the line from that spine to the umbilicus (Figure 2.7).

SUPERFICIAL PERITONEAL ANATOMY
All laparoscopic procedures must begin with a system-
atic inspection of the surface areas of both the pelvis 
and upper abdomen. Such examinations should not only 

visually document the condition of the pelvic viscera and 
the surfaces within the pelvis, but also include inspec-
tion of the appendix, ascending colon, falciform liga-
ment, liver and gallbladder, omentum, transverse colon, 
stomach, right and left hemidiaphragms, and descending 
colon. The operating laparoscopist must visually search 
for evidence of adhesions, inflammation, endometriosis, 
cul-de-sac fluid, peritoneal studding, tumors, or distor-
tion of any pelvic or abdominal anatomy and structures.

Only through the laparoscope can the operating sur-
geon appreciate the structures on the undersurface of the 
anterior abdominal wall. Running from the dome of the 
bladder underneath a peritoneal fold is the obliterated 
urachus, known as the median umbilical fold. Just lateral 
to the median umbilical fold are the medial umbilical 
folds (Figure 2.8). These are formed by the peritoneum 
covering the obliterated umbilical arteries. Each obliter-
ated umbilical artery, when followed back underneath 
the round ligament into the broad ligament, will lead 
the surgeon to the superior vesical artery, and then back 
to the terminus of the internal iliac artery (Figure 2.9). 
Lateral to the medial umbilical fold is the lateral umbilical 
fold, which is formed by the tenting of the peritoneum 
over the inferior epigastric artery and vein. These latter 
vessels exit the external iliac artery and vein just medial 
to the exit of the round ligament from the body through 
the internal inguinal ring. Direct identification through 
the umbilical laparoscope will allow the laparoscopist to 
place lateral trocars through the anterior abdominal wall 
well lateral to these epigastric vessels.

Anterior traction on the uterus will place the uterosac-
ral ligaments on tension and lead the surgeon to visual-
ization of the ureters in the pelvic sidewall (Figure 2.10). 
The dome of the bladder is a semilunar outline overlying 
the pubic symphysis.

PRESACRAL SPACE
The presacral space is important to laparoscopic sur-
geons performing “presacral neurectomy” for the hopeful 
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alleviation of central and chronic pelvic pain. At this time, 
presacral neurectomy is considered a controversial pro-
cedure (see “Suggested Reading”). The space is bounded 
anteriorly by the parietal peritoneum. Posteriorly it is 
bounded by the periosteum and anterior longitudinal 
ligament over the lower two lumbar vertebrae and the 
promontory of the sacrum. The middle sacral artery and 
a plexus of veins are attached to the posterior bound-
ary of the space. The superior extension of the visceral 
endopelvic fascia in this area embeds fatty areolar tissue, 
presacral lymph nodes and tissue, and visceral nerves 
(Figure 2.11). There is not one presacral nerve but a mul-
titude of finer visceral nerves that have great variability 
in their course and distribution within this space. These 
“presacral nerves” are simply the multiple afferent and 
efferent visceral nerve fibers of the superior hypogastric 
plexus. The right lateral boundary of this space is the 
right common iliac artery and ureter. The left lateral bor-
der is the left common iliac vein and left ureter, as well 
as the inferior mesenteric artery and vein traversing the 

mesentery of the sigmoid colon. Great care must be taken 
by even experienced laparoscopic surgeons in order to 
dissect safely within this space. Damage to the ureter and 
the possibility of massive hemorrhage exist here.

PELVIC BRIM
The pelvic brim region at the location over the sacro-
iliac joint is the important location for the entry of mul-
tiple structures into the pelvic cavity. These structures 
course over the pelvic brim in a vertical manner and 
then rotate in a 90° fashion to form the structures of 
the pelvic sidewall. From the peritoneal surface working 
posteriorly to the sacroiliac joint, the following structures 
are found coursing one over the other: the peritoneum; 
the ovarian vessels in the infundibulopelvic ligament; the 
ureter traversing over the bifurcation of the common iliac 
artery; the common iliac vein; the medial edge of the 
psoas muscle; and in the same plane, the obturator nerve 
overlying the parietal fascia just over the capsule of the 
sacroiliac joint (Figure 2.12). In the same plane as the 
obturator nerve, but more medial, the lumbosacral trunk 
is found coursing from the lumbar plexus of nerves to 
the sacral plexus of nerves that are found overlying the 
piriformis muscle in the pelvis (Figure 2.13). When ligat-
ing the ovarian vessels in the infundibulopelvic ligament, 
the surgeon must lift the infundibulopelvic ligament well 
away from the course of the ureter in order to avoid 
injuring it (Figure 2.14).

THE PELVIC SIDEWALL REGION
Based on avascular planes, the pelvic sidewall con-
sists of three surgical layers. Medially, the first layer is 
the parietal peritoneum with the attached ureter in its 
own visceral fascial capsule. When this peritoneum 
is incised and retracted medially, the ureter comes with 
it (Figure 2.15).

The second surgical layer consists of the internal iliac 
artery and vein and their visceral anterior branches, all 
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enveloped within the surrounding  visceral connective 
tissue containing the lymph tissue and the visceral hypo-
gastric nerves. Figure 2.16 shows three layers of the pel-
vic sidewall 1, 2, 3 on the patient’s right side; A, ureter; 
B, internal iliac artery; C, obliterated umbilical artery; D, 
uterine artery; E, vaginal artery; F, uterine vein; G, obtu-
rator artery; H, obturator nerve; I, external iliac vein; J, 
external iliac artery; K, paravesical space; and L, para-
rectal space.

The third surgical layer consists of the parietal fascia 
over the obturator internus muscle with the obturator 
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artery, nerve, and vein allowed to remain on this muscle. 
However, during obturator space dissections, the nerve 
can be retracted safely medially. In addition, the third 
layer consists of the external iliac artery and vein on the 
medial aspect of the psoas muscle, on top of the bony 
arcuate line of the ilium (linea terminalis).

Blunt dissection by the laparoscopic surgeon easily 
separates the first surgical layer from the second surgi-
cal layer and the second surgical layer from the third 
surgical layer—all in an avascular manner. The second 
surgical layer of the pelvic sidewall can also easily be 
found by tracing the course of the obliterated umbili-
cal artery back to the superior vesical artery within the 
broad ligament, and then back to the terminal root of 
the internal iliac artery. The medial offshoot at this junc-
tion is the uterine artery.

THE BASE OF THE BROAD LIGAMENT
The base of the broad ligament is that anatomic region 
where the cardinal ligament inserts into the pericervical 
ring of endopelvic fascia for upper vaginal suspension. 
It contains the ureter traveling underneath the uterine 
artery in an oblique fashion, approximately 1.5 cm lat-
eral to the side of the cervix (Figure 2.17). This region 
is an important anatomic area where the ureter makes 
a “knee-bend” in order to turn anteriorly and medially 
across the anterolateral fornix of the vagina to enter the 
bladder. This area of the knee-bend is approximately 
2 cm medial and anterior from the ischial spine. This 
area is also called the parametrium (anatomically next 
to the cervicouterine junction). The area located lateral 
to the vagina is called the upper paracolpium.

PARARECTAL SPACE
Posterior to the base of the broad ligament is the para-
rectal space, which is easily developed by dissecting 
the ureter medially toward the rectum, away from the 

internal iliac artery and vein, and posterior to the ori-
gin of the uterine artery. The anterior border of this 
space is the base of the broad ligament. The lateral and 
medial borders are the internal iliac artery and the ure-
ter, respectively. This space also contains the uterosac-
ral ligament laterally as it passes posteriorly toward the 
sacrum (Figure 2.18).

PARAVESICAL SPACE
The paravesical space is found anterior to the base of 
the broad ligament and is bounded medially by the blad-
der and laterally by the obturator internus muscle fascia. 
The paravesical space simply leads into the lateral space 
of Retzius (Figure 2.19). The space within the paravesi-
cal space lateral to the obturator nerve is known as the 
obturator space. Figure 2.20 shows the obturator space 
on the patient’s right side; A, ureter; B, obliterated umbili-
cal artery; C, obturator artery; D, obturator nerve; and E, 
external iliac vein. From this region above the level of the 
obturator nerve, the operating laparoscopic gynecologist 
will harvest the obturator lymph nodes.

2.17

B Uterine artery

UreterA

2.18

B
Uterine artery

UreterA

2.19
Obliterated umbilical A.

Bladder

Cervix

PV PV

PR

Uterine A.

PR

Uterine A.

RV

Ureter

Int. lliac A.



14 PRaCtICal ManUal of MInIMally InvasIve GyneColoGIC and RoBotIC sURGeRy

SPACE OF RETZIUS
The space of Retzius or retropubic space is a potential 
space containing much areolar tissue between the back 
of the pubic bone and the anterior portion of the blad-
der. Surrounding the bladder is a visceral bladder cap-
sule that contains the rich network of perivesical venous 
sinuses that are very fragile and bleed easily when sur-
gery is performed in this space. Centrally over the ure-
thra is the deep dorsal vein of the clitoris that feeds into 
these venous channels. The lateral border of the space 
of Retzius is the obturator internus muscle and its pari-
etal fascia, with the obturator nerve, artery, and vein just 
beneath the bony ridge of the ilium on its anterior border. 
The posterior border (toward the sacrum) is a visceral 
fascial sheath surrounding the internal iliac artery and 
vein and their anterior branches. Remember in the stand-
ing female patient, the internal iliac artery starts at the 
bifurcation at the pelvic brim over the sacroiliac joint and 
travels in a vertical direction along the anterior border of 
the greater sciatic foramen down toward the ischial spine.

The floor of the space of Retzius is simply the pubo-
cervical fascia inserting into the lateral fascial white line. 
The fascial white line (arcus tendineus fasciae pelvis) 
is a thickening of the parietal fascia overlying the leva-
tor ani muscles and travels from the pubic arch straight 
back to the ischial spine. Just anterior to this fascial 
white line is a more variable and thinner thickening of 
the  parietal fascia overlying the obturator internus mus-
cle called the muscle white line (arcus tendineus levator 
ani). The muscle white line is the origin of the levator 
ani muscles from the lateral and posterior aspects of 
the pubic bone in a curvilinear fashion back toward the 
ischial spine that meets with the fascial white line. Figure 
2.21 shows a dissected space of Retzius: A, pubic bone 
and Cooper’s ligament; B, internal obturator muscle; C, 
bladder; D, pubocervical fascia.

When working in this space and performing a para-
vaginal defect repair or a Burch retropubic colposuspen-
sion through the laparoscope, the surgeon must clear the 

areolar tissue off the white glistening pubocervical fascia 
before placing sutures directly into its thickness, which is 
attached to the underlying vaginal epithelium.

THE VESICOVAGINAL SPACE
The vesicovaginal space is found between the ante-
rior surface of the vagina and the posterior aspect of 
the bladder down to the trigone. This space is bordered 
laterally by the bladder “pillars” that allow for the pas-
sage of the inferior vesical arteries, veins, and ureter to 
the bladder (Figure 2.22). This space is important to the 
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surgeon performing a hysterectomy since he or she must 
incise through the vesicouterine peritoneal fold in order 
to mobilize the bladder off the lower uterine segment 
and upper third of the vagina. This potential space is 
created by dissecting between the visceral fascial coat 
around the bladder and the pubocervical fascia, found 
on top of the cervix and anterior vaginal wall, down to 
the level of the trigone. Care must be taken not to dissect 
too vigorously and laterally to avoid injury to the ureter 
and vasculature found within the bladder pillars.

RECTOVAGINAL SPACE
The rectovaginal space is bounded superiorly by the cul-
de-sac peritoneum and the uterosacral ligaments, laterally 
by the iliococcygeus muscles of the levator ani, posteri-
orly by the visceral fascial capsule surrounding the ante-
rior surface of the rectum, and anteriorly by the visceral 
fascial capsule surrounding the posterior aspect of the 
vagina. The rectovaginal septum is found just behind the 
vagina, somewhat adherent to it and yet dissectable away 
from it (Figure 2.23). The rectovaginal fascia is more and 
more commonly being used for repair of rectoceles.

DISSECTION OVER THE PSOAS MUSCLE TO 
HARVEST LYMPH NODES
The anatomy of the pelvic brim has already been dis-
cussed. The pelvic brim is also important for the surgical 
oncologist for harvesting pelvic lymph nodes from around 

the external iliac artery and vein. This area is entered 
by tenting up and opening the peritoneum between the 
round ligament and the infundibulopelvic ligament, and 
then, extending the incision superiorly in a millimeter-by-
millimeter progression. The external iliac artery and vein 
can be visualized on the medial aspect of the psoas mus-
cle and are surrounded by the lymphatic chain of nodes 
enveloped in the yellow, fatty areolar connective tissue. 
The external iliac artery and vein most commonly do not 
have any branches in this area. This fact is important to 
know when performing a pelvic lymphadenectomy pro-
cedure. The first branch is the deep circumflex iliac vein, 
which represents the lower border (near the inguinal 
ligament) of the external iliac node dissection. Parallel 
and lateral to the external iliac artery and vein on the 
surface of the psoas muscle is the genitofemoral nerve. 
Care should be taken not to injure this sensory nerve 
when removing nodes in the area. Figure 2.24 shows the 
patient’s right side (A, external iliac vein; B, external iliac 
artery; C, psoas muscle; D, genitofemoral nerve).

AFTERTHOUGHT ON YOUR TRAINING 
AS A SURGEON
Own your training. Teach yourself how to learn from 
your surgical mentors and from surgical videos. Ask 
yourself the important questions concerning the anat-
omy in the field of dissection and in identifying the 
individual techniques of tissue handling and dissec-
tion. Answer those questions to yourself. Appreciate 
the directed flow of purposeful anatomic dissections. 
Always remember that the only purpose of surgical dis-
section is to thin and open visceral connective tissues 
and scar fibrosis. This process reveals the anatomic 
structures embedded within in a safe manner. Tissue 
dissections by the competent surgeon are clean and ele-
gant. The anatomy is clearly demonstrated in a blood-
less field. The expert surgical operator is known for his 
or her millimeter-by-millimeter dissection techniques 
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and low rates of surgical complications. Learn, prac-
tice, and master these essential components of safe and 
efficient surgery. Your surgical successes are directly 
proportional to your working knowledge of surgical 
anatomy and your hands-on expertise in tissue dis-
sections. Be disciplined, be caring, and evolve into an 
expert surgeon. This chapter gives you that essential 
guidance and learning.
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Chapter 3

INSTRUMENTATION AND EQUIPMENT
Resad Paya Pasic and Andrew I. Brill

GENERAL ROOM SETUP
The setup should be designed to optimize efficiency 
using the team concept. The team usually consists of 
the surgeon, a first assistant, a scrub nurse, and a circu-
lating nurse. The most recent addition to the traditional 
team is the biomedical technician. He or she may not be 
required for the entire case, but it is helpful if the techni-
cian is in attendance at the start, as well as intermittently, 
and at the end of the case. The technician should be 
trained and skilled in the use of all electronic equipment, 
the video camera, laser equipment, and other electronic 
supplies, and be able to possess on-site troubleshooting 
skills. Since operative endoscopy is completely depen-
dent on high-tech equipment, all should be thoroughly 
checked prior to the start of each case.

The circulating nurse is the main coordinator of the 
team, and he or she will be responsible during the pro-
cedure for running the video, checking suction and irri-
gation equipment, and generally providing support and 
maintaining the steady rhythm of the operating team.

The operating room setup requires an operating 
table that can be placed in deep Trendelenburg posi-
tion. It must have rails that will accommodate the stir-
rups, shoulder braces, and other possible equipment. 
Most gynecologic surgeons perform laparoscopy from 
the left side; however, this is an individual idiosyncrasy 
that started when laparoscopy was performed without a 
camera and therefore required holding the laparoscope 
with one hand while leaving the right to manipulate 
instruments. Generally, if the surgeon is right handed, 
then he or she should stand on the patient’s left side in 
order to introduce the Veress needle and trocars with 
the dominant and more ergonomic hand. In the ideal 
operating room (OR), to decrease the floor clutter and 
to allow more room for lasers, fluid monitors, and other 
large equipment, monitors and most electronic equip-
ment may be suspended from the ceiling using overhead 
mechanical booms along with all gas lines and electric 
outlets. To increase efficiency, many of the commands in 
the modern ORs can be voice operated and controlled 
by the surgeon’s voice with the help of the Hermes sys-
tem (Stryker Endoscopy, Santa Clara, California) or OR1 
(Karl Storz Endoscopy, Tuttlingen, Germany) (Figure 3.1). 
This technology uses electronic control systems to inte-
grate devices and environmental components of the OR, 

including overhead mounting systems, lighting, operat-
ing room tables, endoscopic equipment, cameras, image 
capture systems, and information networks. It brings all 
of these technologies under the direct control of the sur-
gical team.

Ideally, two monitors would be available with one to 
each side of the legs; however, if only one monitor is 
available, it should be between the legs.

The back table should hold all of the handheld instru-
ments that may be needed during the case. They should 
be grouped in an orderly manner just as the back table is 
arranged during open surgery. A Mayo stand can either 
be placed between the legs or adjacent to a leg with the 
equipment that will be frequently exchanged during the 
procedure (i.e., suction irrigator, scissors, and several dif-
ferent types of graspers).

VIDEO IMAGING AND CAPTURING
Modern video cameras are based on the solid-state micro-
processor chip. Historically, there were one- or three-
chip cameras with a head that attaches to the eyepiece 
of the laparoscope and connects to the camera control-
ler by a cable. The signal is then fed into the monitor 
to display the image. The quality of the video display 
advances along with technology. It is important to under-
stand that the composite image on the video monitor 
is related to both the resolution of the camera and the 
monitor. If one has a resolution capability of 750 lines 
and the other 500 lines, it is only possible to visualize at 
the lower level. High-definition endoscopic video cam-
eras have now become conventional in most ORs. The 
HDTV camera and widescreen monitor have more than 
twice the number of scanning lines (180p) than the frame 
of conventional videos, making the images clearer and of 
higher resolution. Most of the currently marketed cam-
eras utilize HD technology with 180p resolution. High-
definition systems may prove quite useful in diagnosing 
endometriosis and early metastatic spread.

The Spies camera system (Karl Storz) features a new 
three-chip camera head technology providing unique and 
brilliant imaging with excellent color rendition and details 
in full HD. An optical zoom guarantees magnification of 
the viewed image without a loss in quality. The Spies 
Clara automatically identifies and brightens dark areas in 
video images for enhanced illumination, and the Spies 
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Chroma intensifies color contrast of the video so that 
differentiation of tissue is enhanced. The Spies Spectra 
makes it easier to differentiate between tissue types and 
allows recognition of the finest tissue structures by filter-
ing out the bright red portions of the visible spectrum and 
expanding the remaining color portions (Figure 3.2).

Another type of video camera system consists of a 
combination telescope and camera, which are fully inte-
grated with a camera chip mounted at the distal end of 
the laparoscope (EndoEye video laparoscope, Olympus 
Surgical America, Orangeburg, New York) (Figure 3.3). 
This configuration eliminates the use of optical lenses 
by directly transmitting a digital image from the chip at 
the distal tip.

The 4K is the latest standard for digital cinema and 
computer graphics resolution. Comparative advan-
tages include higher image definition quality, a more 
detailed picture, better fast-action, and larger projection 
surface visibility. The 4K format was named because it 
has approximately 4000 pixels of horizontal resolution. 

Standard 1080p and 720p resolutions were named to 
describe vertical resolutions. The new standard renders 
more than four times higher image definition than 1080p 
resolutions, for example (Figure 3.4).

No perusal of instrumentation would be complete 
without looking even further into the future. It is recog-
nized that there are some limitations to using the two-
dimensional view of the surgical field. Depth perception 
potentially helps surgeons to develop their hand-eye 
coordination and to more efficiently perform advanced 
laparoscopic tasks such as laparoscopic suturing. The 
Olympus 3D Imaging System Videoscope (Olympus 
Surgical America, Orangeburg, New York) produces a 
bright, natural three-dimensional (3D) image that pro-
vides up to 100° of articulation in all directions, enabling 
observation of the entire peritoneal cavity. The articulat-
ing, chip-on-tip design and dual optical channels enable 
anatomical views in 2D and 3D that are simply not pos-
sible with traditional laparoscopes (Figure 3.5).

Video capturing has also become an important part 
of supplying documentation for record keeping. A high-
definition capture system such as the AIDA (Karl Storz 
Endoscopy) (Figure 3.6) is designed to capture and route 
the high-definition images without loss of quality. This 
equipment allows the surgeon to document his or her 
cases on several types of media, such as CD or DVD, as 
well as route pictures directly to a printer or to the elec-
tronic medical record.

3.1

3.2
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UTERINE MOBILIZATION
Most laparoscopic surgery is expedited by the use of a 
good uterine manipulator. It may be the most impor-
tant ancillary tool for the laparoscopic surgeon. This 
device should ideally be able to rotate, antevert, and 
retrovert the uterus depending on the anatomical needs 
of the procedure. If a standard uterine manipulator is 
not available, one may insert a uterine sound or dilator 
high into the fundus and then attach it with surgical 
tape or sterile rubber bands to a tenaculum previ-
ously placed on the anterior lip of the cervix. There 
are many types of commercial manipulators that are 
reusable, such as the Hulka Uterine Elevator (Richard 
Wolf Medical Instruments, Vernon Hills, Vermont), 
Pelosi (Apple Medical Corp., Bolton, Massachusetts), 
and the Valtchev Uterine Mobilizer (Konkin Surgical 
Instruments, Toronto, Canada). Partially disposable 
manipulators, such as the Rumi (Cooper Surgical, 
Shelton, Connecticut), have disposable tips that are 
available in different lengths from 6 cm to 12 cm along 
with a sized disposable cup used to delineate the vagi-
nal fornices and an inflatable balloon to occlude the 
vagina after culdotomy (Figure 3.7). Completely dispos-
able manipulators, such as the Vcare (ConMed Corp., 
Utica, New York) or Cooper Surgical Delineator, can 
also be adjusted for the length of the tip and has oppos-
ing in-line plastic cups to mechanically occlude the 
vagina for culdotomy. These manipulators also typically 
have the ability to chromopertubate. The tips of these 
devices are usually held in place by a small distal bal-
loon that may be inflated with sterile fluid after being 
properly positioned in the uterine cavity.

INSUFFLATION INSTRUMENTS
The various techniques of insufflation are addressed 
in Chapter 5. Most techniques utilize a Veress needle. 
These spring-loaded needles are available as reusable, 
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partially disposable, or completely disposable instru-
ments. It is a delicate instrument that has a sharp outer 
sleeve and contains an inner sleeve with a dull tip on a 
spring mechanism that retracts back when a resistance is 
encountered. Without resistance, the dull tip springs for-
ward to protect intraabdominal structures from the sharp 
tip (Figure 3.8). If the reusable needle is sharpened fre-
quently, it is as functional as, and certainly less expensive 
than, the disposable type. The disposable Veress needle 
has an advantage in always being sharp, which enhances 
its use. The spring mechanism should be checked prior 
to insertion, even with the disposable instruments.

INSUFFLATORS
There are multiple insufflators on the market. The ideal 
insufflator can deliver rapid, accurate flow rates of CO2 
gas up to 15 L/min. However, it is obvious that the gas 
flow supplied at the outlet of the machine is not what 
is delivered intraabdominally owing to the diameter 
and the distance of the connecting tube. In actual mea-
surements, the true amount delivered at the end of the 
tube may be only 60%–70% of the capable flow rate of 
the insufflator. Gas flow through a 5 mm trocar may be 
severely restricted whenever a laparoscopic instrument 
is placed through this port. Some insufflators such as 
the Thermoflator (Karl Storz Endoscopy, Tuttlingen, 
Germany) (Figure 3.9) have heating capability to warm 
the gas, thus decreasing the intraabdominal hypothermic 
effect of cold CO2 gas and decreasing fogging of the dis-
tal lens of the laparoscope. The Insuflow device (Lexion 
Medical, St. Paul, Minnesota) is relatively inexpensive 
equipment that can be attached to the insufflator that 
will both hydrate and warm the gas.

The UHI-4 Insufflator (Olympus) provides a near 
smoke-free environment during laparoscopic sur-
gery. When paired with a dedicated device, the 
insufflator automatically initiates suction while simul-
taneously delivering compensatory CO2 whenever the 
Thunderbeat (Olympus) or Gyrus (Olympus) device is 
activated (see these devices described in Chapter 6; see 
also Figure 3.9).

AirSeal (Surgiquest) is a novel and integrated access 
system for laparoscopic and robotic surgery that stabi-
lizes the pneumoperitoneum while providing continuous 
smoke evacuation and valve-free access to the abdominal 
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cavity. This is made possible by the high-flow, pressure-
sensing capabilities of the Tri-Lumen Filtered Tube Set 
and the Access Port, which are the key elements of this 
system and come in 5, 8, and 12 mm sizes. Moreover, 
the Access Port does not contain any valves like con-
ventional trocars, which prevents smudging of the lens 
and allows improved tissue removal from the abdominal 
cavity (Figure 3.10).

The basic information that should be supplied by the 
readout of the insufflator is

 1. Insufflation pressure
 2. Intraabdominal pressure
 3. Insufflation volume per minute
 4. Total amount of gas used (the least important)

ABDOMINAL ACCESS INSTRUMENTS
An entire chapter could be used to address this highly 
debated issue. There are several categories in which all 
of the instruments may be grouped:

 1. Disposable or reusable
 2. Open or closed technique
 3. Mini entry techniques or direct view

DISPOSABLE OR REUSABLE
The argument of disposable versus reusable equipment 
may be focused on trocars and sheaths. The traditional 
disposable trocars have become popular mainly because 
the tips are always sharp, thus requiring a much smaller 
force to achieve penetration than the reusable instru-
ments. The shield that springs out over the tip after 
entry into the abdominal cavity plays little, if any, role 
in safety. Providing significantly improved abdominal 
wall retention while ensuring minimum penetration into 
the operative field, the Kii Fios Advanced Fixation trocar 
manufactured by Applied Medical comes in 5 and 12 mm 

diameters. The trocar sheet is equipped with the bal-
loon that can be inflated with 10 mL of saline to secure 
it in place and prevent sliding of the trocar out of the 
abdominal wall. A retention disk slides down to maintain 
the sleeve position in the abdomen, securing the tro-
car in place and virtually eliminating unintentional dis-
placement or forward migration while providing pressure 
on the incision site, which potentially reduces port-site 
bleeding (Figure 3.11).

There has been a continuing area of contention 
regarding the style of the trocar tip in reusable instru-
ments. Some surgeons favor the pyramidal tip, while oth-
ers extol the virtues of the conical tip. Most trocars today 
use the pyramidal-style tip. There are advantages to 
each, but sharpness is of most importance in the closed 
technique. Reusable trocars and sheaths have a distinct 
economic advantage; however, the necessity of frequent 
sharpening and cleaning may offset the savings.

Trocars are available in many sizes, from 3 mm up 
to 12 mm and greater. Most standard laparoscopy is 
performed using a 10 or 12 mm umbilical port for the 
laparoscope and 5 mm lower abdominal ports for the 
secondary instruments. There are even smaller trocars 
that may be used for 3 mm instruments.

OPEN OR CLOSED TECHNIQUE
Most closed-technique instruments have sharp tips, which 
may potentially injure bowel or large blood vessels. One 
alternative is to use a Hasson cannula while performing 
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the open technique invented by Dr. Harrith Hasson (see 
Chapter 5). This instrument requires opening into the 
peritoneal cavity prior to the insertion of the sheath and 
does not develop a pneumoperitoneum prior to its use 
(Figure 3.12). The use of vision-directed trocars such as 
the Endopath bladeless trocar, a disposable instrument 
(Ethicon Endosurgery, Cincinnati, Ohio) (Figure 3.13), is 
a hybrid that combines a bit of each technique. Another 
innovation using visual access is the EndoTIP device, which 
is a reusable threaded port that dilates the tissue as it is 
threaded in (Karl Storz Endoscopy, Culver City, California) 
(Figure 3.14). With each of these methods, a 10 mm 0° 
laparoscope is inserted into the trocar, and as the trocar is 
advanced through the abdominal wall layers, the passage 
into the abdomen is constantly monitored, and thus, dam-
age to bowel or blood vessels may be avoided.

More recently, a larger and disposable single-port can-
nula to be used transumbilically was introduced to the 
gynecologic armamentarium providing improved cosme-
sis and potentially accelerated healing by removing the 
need for lower abdominal ports. The GelPOINT access 
platform (Applied Medical, Rancho Santa Margarita, 

California) is exemplary and provides a flexible, airtight 
fulcrum to facilitate triangulation of standard laparo-
scopic instrumentation (Figure 3.15).

LIGHT SOURCE
An adequate light source is absolutely essential for per-
forming laparoscopic surgery, as it is important to have 
good illumination in order to obtain image clarity and 
true colors. A 250 W halogen or xenon light source 
provides excellent light intensity. The temperature of 
6000°K obtained from xenon provides true white light 
that enhances visualization to permit recognition of 
pathologic changes (Figure 3.16). A fluid light cable that 
connects the light source with the laparoscope may pro-
vide optimal light transmission. The fiberoptic light cord 
should be handled with care, since the fibers within the 
housing may be broken if the cord is kinked or dropped. 
If there is a decreased light transmission, one end of 
the light cord can be held up to a room light, and by 
looking at the other end, it is possible to assess whether 
a significant number of fibers are broken. Due to the 
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concentrated light intensity at the end of the light cable, 
a significant amount of heat is produced. Therefore, the 
end of the light cable should not be placed on drapes or 
allowed contact with the skin of the patient in order to 
prevent possible burns.

OPTICS (LAPAROSCOPES)
It is important to obtain as panoramic a view as possible, 
allowing the operator to coordinate proper placement 
of the instruments. Often the surgeons do not realize 
the magnification afforded by laparoscopy. Indeed, the 
magnification is one of the many advantages of this tech-
nique. The lenses in the scope enable magnification up 
to six times depending on the distance between the end 
of the scope and the object. At 3 cm from the tip to the 
object, the magnification is ×4 and at 4 cm it is ×6.

Angle of view: Whereas laparoscopy is still commonly 
conducted with a 0° view (i.e., looking straight ahead), 
it may be advantageous to have an angle of vision typi-
cally at 30° to facilitate visual access and to provide a 
more panoramic view of the pelvis. This may be par-
ticularly helpful during removal of large uterine fibroids 
and sacrocolpopexy. For laparoscopes with an angled 
view, the direction of vision is always pointing oppo-
site the light post. There are also operative laparoscopes 
available with an operating channel for the insertion of 
instruments or laser beam (Figure 3.17).

ELECTROSURGICAL GENERATORS
Electrosurgical generators are designed to produce a 
high-frequency electric energy in either a monopolar or 
bipolar output (see Chapter 6). Generators have the abil-
ity to deliver the energy in either a coagulation/blend 
(modulated/interrupted) or cutting (nonmodulated/con-
tinuous) waveform. Some generators have an ammeter 
to permit either visually or by sound the monitoring of 
the current flow. This is important because it informs the 

surgeon when complete desiccation of the tissue when 
sealing a Fallopian tube during sterilization has occurred 
(see Chapters 6 and 8). Some instruments have built-in 
circuitry to detect insulation failure or capacitative cou-
pling. The generator may be connected to various instru-
ments including scissors, graspers, needles, and bipolar 
forceps (Figure 3.18).

OPERATIVE INSTRUMENTS
The instruments used during operative laparoscopy may 
be divided into the following groups:

 1. Graspers—traumatic or atraumatic
 2. Cutting instruments
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 3. Hemostatic ligating and cutting devices
 4. Staplers, bipolar graspers, ultrasonic energy 

instruments, bipolar vessel sealing instruments, 
ligation and suturing equipment

 5. Morcellating and tissue retrieval instruments
 6. Irrigation-suction instruments
 7. Lasers
 8. Specialty instruments (sterilization and 

mini-instruments)

A complete book would be needed to describe all of 
the various instruments produced by a myriad number 
of companies. Therefore, only examples of instruments 
will be described.

All graspers, whether atraumatic or traumatic, may be 
found in a variety of diameters and lengths. They usually 
range from 3 to 11 mm; however, the most commonly 
used graspers are 5 mm in diameter and 33 cm long. 
Longer instruments (44 cm) are designed to pass down 
the channel of operating scopes. Handles are generally 
of two basic types—those that will lock (box lock type) 
and handles that are not locked (Figure 3.19). The non-
locking handles are best used on dissecting-type instru-
ments. The tips vary in design depending on their use. 
Some have very rounded tips that are extremely dull, and 
the inside of the jaws are also blunt with rounded ridges. 
This style of instrument is best used for mobilization of 
the bowel and the fallopian tubes (Figure 3.20) and may 
be referred to as atraumatic. The authors prefer using the 
atraumatic grasper with locking handle and long jaws by 
Aesculap (Tuttlingen, Germany) (Figure 3.21). The best 
way to determine whether an instrument is atraumatic is 
to grasp the web space between the thumb and forefin-
ger to register undue discomfort. If absolutely pain free, 
it may be considered atraumatic (Figure 3.22). The more 
pronounced and sharp the ridges in the jaw, the more 
traumatic the instrument. This type of instrument should 
only be used on tissue that will be removed or on tissue 
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not expected to bleed (Figure 3.23). It does afford a stron-
ger hold on tissue than the atraumatic type.

Cutting instruments are usually scissors. Laparoscopic 
scissors may be found in a multitude of forms: straight 
or curved or hooked and may be reusable or disposable. 
Some are designed with semidisposable tips that may 
be replaced after a number of uses or if they become 
dull. No matter which scissor is used, the most important 
aspect is having a sharp instrument (Figure 3.24).

Providing improved cosmetics without technical 
compromise, 3.5 mm mini-laparoscopy instruments by 
Karl Storz that include both reusable 3.5 mm trocars 
and a recently introduced 3.5 mm bipolar forceps, can 
be safely utilized during appropriately chosen cases 
(Figure 3.25). Pediatric laparoscopy has also necessitated 
a need for smaller instruments. Small trocar sheaths 
for 3 mm instruments may be used, but there are even 
smaller  instruments such as the mini-retractor set and 
grasping instruments. The need for small instruments 

has also been fueled by the desire to produce improved 
cosmetics and less postoperative incisional pain.

Comprehensively reviewed along with all other cur-
rently employed energy-based surgical modalities in 
Chapter 6, monopolar electrical energy may be delivered 
to tissue using a laparoscopic scissors for simultaneous 
coagulation and tissue cutting. Ultrasonic energy may be 
used either in the form of a cutting blade alone, or as a 
combination ligating-cutting device that not only incises 
the tissue, but also coagulates for reliable hemostasis. 
The use of bipolar electrosurgery is a safe, inexpensive, 
and reliable modality to control either potential or active 
bleeding (Figure 3.26). The ROBI reusable laparoscopic 
bipolar grasper by Karl Storz is available with flat or 
Haeney-type jaws and provides exceptional desiccation 
without significant tissue sticking (Figure 3.27). The intro-
duction of advanced bipolar devices provides simultane-
ous coagulation and cutting of vessels up to 7 mm with 
demonstrably less lateral thermal damage. The major 
types of lasers that are currently used for gynecologic 

3.23

© 2016 KARL STORZ Endoskope

3.24

3.25

3.26



26 PRaCtICal ManUal of MInIMally InvasIve GyneColoGIC and RoBotIC sURGeRy

surgery are the CO2, argon, KTP-532, and the Nd-YAG 
(neodymium-yttrium, aluminum, garnet). Each of these 
has various indications that are not within the purview 
of this chapter. The basic instruments that supply these 
different energy sources are fairly large, expensive, and 
require specific training in their use (Figure 3.28).

The initial popularity of linear stapler/cutter instru-
ments to secure and cut vascular pedicles has waned 
with the introduction of bipolar ligating devices. These 
stapling devices may now be found in a variety of styles 
and are useful for rapid cutting of tissue while simulta-
neously firing a double row of titanium staples for the 
control of bleeding. The stapler fits through a 12 mm 
trocar sleeve. The staplers are disposable and use dis-
posable cartridges that have either 48 or 54 titanium 
staples depending on which company manufactured the 
stapler. The staple line is approximately 37 mm with a 
cut line of 33 mm (Ethicon Endosurgery) (Figure 3.29). 
Another stapler is the Endo GIA Universal Multifire (Tyco 
Healthcare Inc., Princeton, New Jersey). which is also a 

single-use stapler that rotates 360° and can be reloaded 
and fired multiple times. For bleeding control, another 
useful instrument is the Endoscopic Rotating Multiple 
Clip Applier Ligaclip Allport (Ethicon, Endosurgery Inc., 
Cincinnati, Ohio) that is loaded with 20 medium/large 
titanium ligating clips (Figure 3.30).

The traditional surgical use of suturing and ligation 
requires some special materials and equipment. Simple 
ligation is possible through the use of loop ligation as 
introduced by Dr. Kurt Semm. This requires an Endoloop 
(Ethicon Endosurgery Inc., Cincinnati, Ohio) that is a pre-
formed, looped slipknot available in a variety of suture 
materials and suture sizes (Chapter 7). Endoscopic sutur-
ing can be accomplished using a variety of needles and 
suture materials. The techniques will not be addressed 
in this chapter; however, some of the instruments that 
may be required are needle drivers and knot pushers. 
The revolutionary introduction of barbed sutures such 
as V-Loc (Covidien), a unidirectional suture system with 
shallow barbs that are circumferentially distributed, and 
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Stratafix (Ethicon), a double-wedged bidirectional sys-
tem with spiral anchoring. Both systems facilitate wound 
closure by distributing the forces more evenly along the 
suture line, eliminating dead space by preventing slip-
page, and obviating the need to secure with a surgical 
knot (Figure 3.31).

There are many different types and sizes of needle 
drivers. Basically, differences are either in the type of 
handle or tips. A large number of laparoscopic surgeons 
prefer the pistol grip type of handles. Choosing a lapa-
roscopic needle driver should ultimately depend on its 
personal handedness and perceived level of ergonomic 
advantage (Figure 3.32).

For many years, the “Holy Grail” of laparoscopy was 
the most effective method for removing mass tissue from 
the peritoneal cavity. Presently the two methods of tis-
sue removal are either through tissue morcellation or by 
use of a sac, or some combination of both. The ideal 
method has to be safe and efficient and prevent spillage 
within the abdomen. A retrieval system plays a vital role 
in laparoscopic surgery. To supply this system, it may be 
necessary to use some type of extraction sack. The spec-
imen bag must be used in the removal of ovarian tissue 
that has a possibility of neoplasia in order to obviate the 
dissemination of possible malignant cells and prevent 
spillage during removal of a benign teratoma. It is nec-
essary that a removal bag be very strong so that it may 
resist breakage in the face of a large force in pulling it 
through a small opening. The sack also should be easily 
deployed within the abdomen and be capable of holding 

a mass larger than 10 cm. Newer bags are equipped with 
self-opening and self-closing mechanisms that facilitate 
easy removal of tissue. There are several bags on the 
market, such as the Inzii retrieval systems (Applied 
Medical, Rancho Santa Margarita, California). The Cook 
LapSac (Cook Urological, Spencer, Indiana) is a very 
strong bag made of nylon with a polyurethane coating; 
however, it is more difficult to place specimens inside 
of it (Figure 3.33). In response to concerns about the 
accidental dissemination of a uterine sarcoma, several 
manufacturers have produced larger and more resilient 
bags for tissue containment morcellation under directed 
laparoscopic view.

There are several motorized morcellators that effi-
ciently remove mass tissue from the peritoneal cav-
ity. The Rotocut Morcellator (Karl Storz Endoscopy, 
Tuttlingen, Germany) (Figure 3.34) does not require the 
trocar sheath and comes in 12 and 15 mm diameter. LINA 
Xcise (Lina Medical Formervangen 5, DK-2600 Glostrup, 
Denmark) is a cordless laparoscopic morcellator that 
is fully disposable, easy to handle, and effectively and 
safely morcellates all tissue (Figure 3.35).

Irrigation and aspiration are necessary for operative 
laparoscopy, because without a clear surgical field, the 

3.33

3.31

All rights reserved. Used with permission of Medtronic.

© 2016 KARL STORZ Endoskope

3.32



28 PRaCtICal ManUal of MInIMally InvasIve GyneColoGIC and RoBotIC sURGeRy

surgeon is blind. Irrigation is used to clear away debris, 
blood, blood clots, and char that may be produced by 
electrosurgery or laser treatment. The ideal irrigator must 
produce enough hydraulic pressure to disrupt clots and 
assist in hydrodissection. The hand-controlled valve 
should easily operate both the suction and irrigation. It is 
important that it be usable with a large enough channel 
so that large clots may be removed rapidly without clog-
ging the instrument. If the probe tip is to be used for suc-
tioning near the bowel, small holes near the tip are useful 
to avoid pulling the bowel into the probe. There are sev-
eral different types of instruments with varied pumps 
to deliver the fluid for irrigation, such as Endomat (Karl 
Storz Endoscopy, Tuttlingen, Germany) (Figure 3.36). The 
disposable suction/irrigator made by Striker Endoscopy 
is gaining in popularity. It uses a battery-operated dis-
posable pump that is attached to the irrigation fluid bag, 
and provides excellent fluid pressure (Figure 3.37).

Single-port laparoscopic instruments are described in 
Chapter 28.

Instruments that are unique to sterilization may be 
used either through secondary trocars or through the 
8 mm channel of an operating laparoscope. The three 
most commonly used instruments are the Hulka Clip 
Applicator (Richard Wolf Medical Instruments, Vernon 
Hills, Illinois), the Filshie Clip Applicator (Avalon Medical 
Corp., Williston, Vermont), or the Fallope Ring Applicator 
(Circon Corp., Santa Barbara, California). Their use will 
be described in Chapter 8.

Although not part of a basic equipment list, robotics 
are the look of the future. Presently the use of robotics is 
limited in general gynecology, although there is increasing 
interest especially in gynecologic oncology (see Chapters 
32–36). The most used device is the DaVinci Surgical 
System (Intuitive Surgery, Mountain View, California). This 
equipment consists of three parts: a surgeon’s console, a 
video electronics tower, and the robotics’ tower that sup-
ports three robotic arms. The surgeon sits at the com-
puter console viewing a virtual operative field through a 
3D imaging system. His or her hands are inserted into a 
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“master” that translates the motions of the surgeon’s hands 
into motions of the robotic arms, which hold two surgical 
instruments and a video telescope. The hand-like surgical 
instruments move with 7° of freedom and 2° of axial rota-
tion. The surgeon’s feet activate several pedals that control 
various aspects of the robot’s movements (Figure 3.38).

Despite the fact that new instruments are being 
invented and introduced at a steady pace, the surgeon 
must be aware of all basic instrumentation currently 
available and be familiar not only with their function, but 
how to assemble and troubleshoot their use. The onus 
for equipment choice and function are solely that of the 
operating surgeon.
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Chapter 4

ANESTHESIA IN LAPAROSCOPY
Laura Clark

Many surgical procedures dictate the management of 
anesthesia. The procedure of laparoscopy creates its 

own subset of factors unique to the procedure itself. The 
impact of laparoscopy on the human body went relatively 
unnoticed in its infancy because the majority of cases 
initially were laparoscopic tubal sterilizations performed 
in a relatively short time on young, healthy individuals.

Barring complications, these individuals could adjust 
quite well to the changes that occur during laparoscopy. 
Only when the technique expanded, both in use and type 
of operations, was the full impact apparent. Presently, lap-
aroscopic operations are frequently longer, and the popu-
lation may have other disease processes and may even 
be elderly. This subset of patients has not been able to 
compensate as well as young, healthy patients, and the 
true impact of these physiologic changes is being delin-
eated. This expansion has been a useful and productive 
development, but as shown later in this chapter, the choice 
of laparoscopy versus an open procedure is made by the 
physiologic impact of the laparoscopy on the individual 
patient during the operative procedure and not only on 
the physical factor of surgery without a major incision.

Anesthesia must accomplish amnesia, analgesia, and 
maintenance physiologic processes to maintain homeo-
stasis during the surgery. Laparoscopic procedures may 
produce physiologic changes secondary to the proce-
dures required to accomplish visualization of the anat-
omy in order to complete the surgery without opening 
the abdomen.

The creation and maintenance of a pneumoperito-
neum in the Trendelenburg position are unique require-
ments of gynecologic laparoscopic surgery and produce 
responses that have specific impact on the physiology of 
the patient. How the patient responds depends on the 
initial health of the individual and what compensatory 
mechanisms the patient can maintain. The impact on the 
patient can be minor to severe. Complications can occur 
inherent to the milieu that must be created to success-
fully operate.

The major task of the anesthesiologist and surgeon 
is to recognize that anesthetic issues related to laparo-
scopic surgery exist and must be recognized. Awareness 
of these issues allows good outcomes, even in high-risk 
patients, comparable to those of low-risk patients. The 
anesthesiologist and surgeon working in concert with 
good communication will avoid or promptly recognize 
potential complications that can occur.

PHYSIOLOGIC CHANGES
The patient responses resulting during laparoscopy can 
be divided into mechanical and physiologic. Mechanical 
changes are a result of the physical pressure of superin-
flating the abdominal cavity and the challenges to the 
system from being placed in steep Trendelenburg posi-
tion. Physiologic changes are a result of the absorption of 
CO2 and the neurohormonal response to the procedure.

The respiratory and cardiovascular systems are the 
primary systems involved. However, hepatic, gastrointes-
tinal, renal, and cerebral changes have been described. 
These changes can range in severity from unnoticed to 
severe depending on the initial condition of the patient. 
A detailed preoperative assessment is imperative in the 
compromised patient when laparoscopic surgery is an 

LAPAROSCOPY CAN BE BENEFICIAL

 • Less pain
 • Early mobilization
 • Short to no hospitalization

VERY SICK PATIENTS MAY NOT BE 
CANDIDATES

 • Cannot compensate for changes that 
occur during laparoscopy

CHANGES

 1. Mechanical
 2. Physiological

Cardiovascular and respiratory systems are 
the most involved.
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option. For this reason, some severely ill patients are not 
candidates for laparoscopy even though the operation is 
possible by this method.

MECHANICAL EFFECTS

CARDIOVASCULAR
Pneumoperitoneum
Just as one might expect, there is a mechanical pressure 
effect on the large vessels from the pneumoperitoneum. 
Aortic compression will increase systemic vascular resis-
tance (SVR) coupled with inferior vena cava and intraab-
dominal vessel compression, causing an initial brief 
increase in preload. This is short lived but results in a 
decrease in preload and, thus, in a decrease in cardiac 
output. The greater the intraabdominal pressure, the 
more pronounced these effects become on the patient. 
The compression of intraabdominal vessels is minimally 
decreased with insufflation pressures between 7 and 
12 mm Hg if the patient is adequately hydrated. There 
is a direct correlation between intraabdominal pres-
sure and perfusion. Any incremental increase in pres-
sure must be justified as cardiac output, and impact to 
perfusion of internal organs may suffer. Pressure near 
25 mm  Hg should be avoided for any length of time 
due to a significant decrease in perfusion at this level. 
However, elevated pressures for a short period of time 
during placement of the initial port are usually well tol-
erated. Effects at any pressure will be pronounced in 
the patient with hypovolemia. It is important to main-
tain adequate intravenous fluids during the operation to 
augment perfusion pressure and venous return during 
pneumoperitoneum.

If deterioration is seen, it is prudent to communicate 
with the anesthesiologist and decrease the insufflation. 
Improvement is often achieved with a small decrease in 
pressure without affecting operating conditions. The act 
of inflating the abdomen and the ensuing distension may 
stimulate the vagus nerve resulting in marked bradycar-
dia requiring vagolytic drugs.

PATIENT POSITION
Most gynecologic operations are accomplished in the 
Trendelenburg position. Elevation of the lower body and 
the head-down position will cause an initial increase in 

venous return by an increase in the preload as the lower 
limbs are elevated. This has minimal detrimental impact 
on the healthy patient.

For the compromised patient, this can present as an 
overload to the heart and precipitate or worsen exist-
ing congestive heart failure. Interpretation of pressures 
from a Swan-Ganz or central venous catheter should be 
interpreted with caution and may not be reliable in this 
position.

PULMONARY
The effects of laparoscopy in the supine position are 
limited to a decrease in compliance and a possible 
increase in peak airway pressure. These are usually not 
a problem except in the obese patient. The effects of 
Trendelenburg on the respiratory system can be severe 
in all patients, but the possibility of serious compromise 
is magnified in the obese or those with asthma or other 
pulmonary disease. These effects may be so critical 
that the patient cannot be adequately ventilated in this 
position.

The compression of the viscera in the Trendelenburg 
position can cause the diaphragm to move cephalad 
(Figure 4.1). This may increase the work of ventilation 
resulting in increased airway pressure, decreased com-
pliance, decreased vital capacity (VC), and decreased 

IVC and aortic compression
Increased SVR
Increased preload followed by

 • Decreased preload
 • Decreased CO2
 • Increased or no change heart rate

A small decrease in intraabdominal pres-
sure may be all that is needed to improve 
hemodynamics.

Try to avoid unnecessary Trendelenburg.

4.1
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functional residual capacity (FRC). Even in healthy 
patients, these can be changed by as much as 50%.

The endotracheal tube may become endobronchial 
with the Trendelenburg position. The endotracheal 
tube does not actually move, but the movement of the 
abdominal contents forward may cause the tube to 
favor one bronchus or actually enter the bronchus creat-
ing a one-lung ventilation scenario. This also causes an 
increase in the peak airway pressure and a picture simi-
lar to Trendelenburg itself. One should not assume the 
position is responsible, but should listen to both lungs 
once the position is assumed and at any time during the 
operation that a drop in oxygen saturation occurs. Once 
two-lung ventilation is assured, and barring other physi-
ologic effects, a decrease in intraabdominal pressure and 
a decrease in severity of Trendelenburg may result in 
improvement.

PHYSIOLOGIC CHANGES

PULMONARY
Carbon dioxide is absorbed into the bloodstream in a 
variable manner. Hypercapnea may increase moderately 
or profoundly and is thought to be due primarily to the 
absorption of CO2 rather than decreased mechanical ven-
tilation. The increase may occur early and become fairly 
steady state in most patients with an increase in minute 
ventilation of 30%. If compensatory mechanisms are not 
available to the patient because of other organ system 
disease, a significant acidosis can develop.

This trend can be observed to some degree from end-
tidal CO2 monitoring but is not reliable. There can be a 
significant difference in the end-tidal and arterial values. 
Arterial trends may be monitored with frequent arterial 
samples from an arterial line in very long cases or in 
medically compromised patients. The ability to eliminate 
CO2 varies widely and may persist for several hours. It is 
not uncommon to see elevated hemidiaphragm in a post-
operative x-ray. The absorption is greater if the insuffla-
tion has occurred in the subcutaneous or extraperitoneal 

tissue; thus, a larger increase in CO2 in the arterial system 
should be expected.

The anesthesiologist will increase the minute ventila-
tion to help compensate for this change, but such increases 
may not be successful in ill patients. The patient could be 
placed in a severely acidotic state. Since this is temporary, 
bicarbonate use would outlast the operation and usually 
is not considered an option. This possibility must be con-
sidered, as the condition of some patients may not toler-
ate this situation even on a temporary basis. Respiratory 
status should also be considered. One study suggests that 
a forced expiratory volume of less than 70% or a diffusion 
defect less than 80% would identify patients at risk.

CARDIOVASCULAR

Physiologic effects on the cardiovascular system are pri-
marily related to the establishment of a pneumoperito-
neum and the intravascular absorption of carbon dioxide. 
Cardiovascular effects may or may not be apparent initially 
on monitoring systems and vary according to the patient’s 
inherent condition. Initial changes depend on preexisting 
conditions and on the ability of the patient to compensate.

Absorption of carbon dioxide occurs immediately 
and can affect the pH and lead to significant changes 
in the arterial blood gas after a variable amount of time 
depending on the condition of the patient. After 60–120 

Pulmonary effects include the following:

↓ Compliance
↑ Airway pressure
↓ FRC
↓ VC

Be alert for endobronchial intubation when 
patient is placed in Trendleburg

Need to increase minute ventilation by 30% 
or more.

Arterial line may be necessary to monitor 
pH in patients who would not need one in an 
open procedure.
↓ pH could be severe.
Two IVs are recommended

If FEV is <70% or diffusion capacity is <80%, 
the patient may not be a candidate for laparo-
scopy.

CARDIOVASCULAR

↑ SVR
↑ Shunt
↓ or ↑ Mean Arterial BP
↓ or No change in HR
↓ CO2
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minutes, the storage mechanism for carbon dioxide can 
be impacted. The body can store up to 120 L of CO2. 
Baseline adult CO2 production is then augmented by 
absorption of carbon dioxide from the abdomen. This 
can lead to a pH of 7.1 or lower in longer cases or com-
promised patients.

Hypercapnea, PaCO2 of 45–50 mm Hg is “normal” dur-
ing this operation and may result in sympathetic stimula-
tion. The initial effect is an increase in blood pressure, 
heart rate, and cardiac output. One study comparing 
nitrogen to CO2 insufflation found a decrease in stroke 
volume and tachycardia that did not occur with nitro-
gen. These direct effects on the cardiovascular system 
are felt to be directly due to acid-base pH changes due to 
absorption of carbon dioxide.

While under anesthesia, the normal mechanism of 
increasing minute ventilation is accomplished by the 
anesthesiologist through the manipulation of ventilator 
settings. Changing minute ventilation can only accom-
modate minor absorption of carbon dioxide. The body’s 
compensatory mechanisms of maintaining acid-base are 
primary. A PaCO2 of 60 may be unavoidable and can 
cause severe acidosis, arrhythmias, and severe myocar-
dial depression. Although time dependent, this can occur 
at variable times in compromised patients. Preexisting 
conditions must be considered when selecting candi-
dates for laparoscopy. Certainly, this class of patients has 
a significant propensity to develop cardiac compromise 
requiring diligent monitoring by the anesthesiologist and 
a low tolerance by the surgeon to convert to an open 
procedure. Frequent blood gases should be obtained to 
monitor the patient’s status, because end tidal CO2 often 
does not correlate with arterial levels.

Acid-base changes resolve over time after release of 
the carbon dioxide at the end of the operation. Every 
effort should be made to minimize residual carbon diox-
ide in the abdomen, because hemodynamic effects will 
persist in the recovery room until normal acid-base bal-
ance returns.

OTHER SYSTEMS
Arrhythmias are very common, occur early, and therefore 
are not thought to be due to the presence of increased 
CO2. Other than arrhythmias secondary to intubation, 
bradycardia most often occurs during insufflation due to 
distension of the peritoneum, vagal stimulation, or trac-
tion on viscera. They can manifest in patients without a 
history of cardiac disease. Although all types of arrhyth-
mias have been reported and can occur, life-threatening 

arrhythmias are rare. While ectopy is common, asystole 
is very rare and most often associated with severe com-
plications such as gas embolism, and severe hypoventila-
tion, hypertension, and acidosis.

Although usually transient, arrhythmias should be 
treated if the underlying cause is known. Most often an 
anticholinergic drug such as Robinul or atropine, and 
slowing or stopping insufflation, will restore sinus rhythm.

PREOPERATIVE ASSESSMENT
The preoperative assessment of the patient is imperative 
for the successful outcome of any surgical procedure. In 
laparoscopy this is twofold. Obviously, any patient will 
have a better outcome if his or her medical condition is 
optimized. The surgeon and the anesthesiologist should 
assess the patient’s condition as soon as the operation is 
planned, so that adjustments may be made to improve 
her condition and optimize her medical status prior to 
surgery. This is more important in the aging and elderly 
patient but should not be overlooked in the younger 
patient as well. Asthma or uncontrolled hypertension 
may have ramifications that can be magnified by lapa-
roscopy and should, therefore, be well controlled. Many 
more elderly patients are now being placed on angioten-
sin-converting enzyme (ACE) inhibitors to optimize their 
cardiac status. These drugs should be stopped the day 
before surgery to minimize hypertension at the time of 
anesthesia induction. All other cardiac medication, other 
than diuretics, which can be administered at the discre-
tion of the anesthesiologist during the procedure, should 

Swan-Ganz is not reliable in Trendelenburg.
May need transesophageal echocardiography 
(TEE) to monitor a compromised patient.

OTHER SYSTEMS

 • ↓ Glomerular filtration rate
 • ↑ Gastric pH
 • ↓ Splanchnic flow

*Pre-op visit: goal—to optimize the medical 
condition:

 • Perform history and physical
 • Order lab tests
 • Modify treatment regimens
 • Identify cardiovascular disease
 • Optimize congestive heart failure
 • Order pulmonary function tests, if 
indicated

* Recommend holding ACE inhibitors the day 
of surgery—continue other medications.
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be maintained. All these issues can be addressed with a 
timely preoperative visit to the anesthesiologist.

The preoperative visit is vital to the success of a tubal 
sterilization in which the patient and her physicians have 
elected to accomplish with monitored anesthesia, a sedated 
and conscious patient without general anesthesia. This is 
not a widely accepted method, and the surgeon and the 
anesthesiologist need to communicate with each other con-
cerning the acceptability of each patient for this method. 
Several conditions must be met for the procedure to be 
successful. If steep Trendelenburg is required the patient 
should be informed of the likelihood of facial edema so that 
they are not alarmed. While optimum fluid management 
can decrease the edema it rarely can be totally eliminated.

MONITORED ANESTHESIA CARE
Although not as widely accepted as a common clinical 
practice, short procedures such as tubal sterilizations can 
be performed with a sedated but arousable patient with 
proper precautions.

Some anesthesiologists will not perform monitored anes-
thesia care (MAC) for this procedure, citing concern for the 
airway, patient comfort, and the ability to ensure adequate 
respiration in the Trendelenburg position. This also holds 
true for a regional technique, although spinal, epidural, and 
monitored anesthesia care has been used in this procedure. 
Many general surgeons also have reservations in perform-
ing this procedure without general anesthesia.

The surgeon must be efficient and adept at handling 
tissue gently, and adequately anesthetize the tissue with 
local anesthesia. The anesthesiologist must be able to 
sedate the patient adequately without losing the patient’s 
protective reflexes. An informed, motivated patient is the 
best choice for this technique.

We have performed large numbers of these proce-
dures in this manner with highly successful outcomes 
and pleased and satisfied patients. To be successful, this 
method requires more work and preplanning on the part 
of the surgeons and anesthesiologists. The main factor 
that would exclude the patient as a candidate for this 
procedure is morbid obesity because of the technical dif-
ficulties involved in each aspect of the operation. In the 
preoperative clinic visit, each patient is shown a video 
detailing all aspects of the procedure, which uses such 
phrases as “when the gas enters your abdomen you will 
feel as if you are pregnant” and “when your head is low-
ered it feels like you are standing on your head.”

Trendelenburg positioning may be duplicated on the 
stretcher prior to surgery to make sure the patient is com-
fortable with that position (Figure 4.2). Some surgeons 
require more Trendelenburg angle than others, which 
may exclude this method for certain patients for whom 
the excessive tilt is uncomfortable. The ability to accept 
this position is usually the most common limiting factor 
for the patient.

The video of the procedure is extremely important 
because the patient becomes a participant in the pro-
cedure, and her understanding of every aspect is vital 
to the successful outcome. The patient is instructed that 
she will receive sedation by the anesthesiologist as she 
wishes, but it should be emphasized that there are aspects 
she may be aware of but that should not be painful. The 
pressure of the gas in her abdomen and insertion of the 
trocar are the main stimulating events. If the sensation 
is disturbing, a small release in pressure usually makes 
the patient more comfortable without compromising the 
visualization of the surgical field. During insertion of the 
Veress needle or trocar, the surgeon can time the inser-
tion by observing the movement of the abdomen with 
respiration. No attempt is made to coerce the patient or 
give her unrealistic expectations, but if she is told of the 
likelihood of these sensations ahead of time, the patient 
can make an informed decision during surgery.

4.2

ANESTHETIC CHOICES

 1. Monitored anesthesia
 2. Regional
 3. General

Surgeon must be reasonably efficient with 
short duration of operative times for MAC 
to be successful.

 • A video of the procedure is very important 
to inform the patient of what to expect.



36 Practical Manual of MiniMally invasive GynecoloGic and robotic surGery

An important adjunct to the clinic visit is the clinic 
nurse. She helps to explain the procedure in her own 
words and past experiences are shared. Her adeptness 
at quickly establishing a rapport with the patient is vital 
as an additional source of information. She will also 
accompany the physician to the operating room, which 
greatly enhances continuity of care and an atmosphere 
of patient trust.

Given a motivated, knowledgeable patient, a safe and 
successful operation will depend on the skills of the sur-
geon and anesthesiologist. Enough volume and proper 
deposition of local anesthetic must be utilized. A para-
cervical block facilitates the tenaculum placement on the 
cervix. A uterine manipulator that can be used to per-
form transuterine hydrotubation is placed into the cervix.

The skin of the abdomen in the umbilical region is 
infiltrated with 1% lidocaine, usually with a small gauge 
needle initially (Figure 4.3). A 22-gauge spinal needle 
may follow, as its length is needed in a four-quadrant 
pattern to anesthetize the skin and subcutaneous tissue. 
It takes at least 15–20 cc of lidocaine to be adequate. The 
22-gauge spinal needle is then inserted into the fascia, 
and approximately 10 cc of local anesthetic is depos-
ited directly into the fascia. This should permit insertion 
of the Veress needle and trocar. At this stage, 20 cc of 
0.5% xylocaine is infused through the uterine manipula-
tor (Figure 4.4). After ensuring entry into the abdomen, 
lidocaine is dripped into each tube under direct visu-
alization (Figure 4.5). This usually takes 10 cc per tube.

The anesthesiologist will provide sedation according 
to the patient’s needs. Occasionally, some patients will 
watch the procedure on the monitors, although this is 
uncommon. Preoperative anxiolytics titrated with mid-
azolam is usually adequate. Speech may begin to slur 
or a slight disinhibition may be observed. Occasionally, 
50 µg of fentanyl is needed to augment the sedation. 
While the monitors are being attached, a propofol drip is 
started at 25 µg/kg/min. This allows a blood level to be 

achieved gradually over time so that a bolus is not neces-
sary prior to the beginning of surgery. It is important to 
maintain a level of sedation where patients are arousable 
but sedated. This is usually accomplished with a combi-
nation of midazolam, fentanyl, and propofol. Usually a 
propofol drip is the primary sedating agent with fentanyl 
given only as necessary. One method is a combination of 
50 mg (1 cc) of ketamine to 50 cc (500 mg) of propofol for 
the maintenance infusion. If this method is chosen, very 
little fentanyl is necessary. The amount of ketamine is so 
small that dysphoria is not encountered. The ketamine, 

4.4

4.3

BIS INDEX RANGE

100 Awake
 • Responds to normal voice

80 Light/Moderate Sedation
 • May respond to loud commands or 
mild prodding/shaking

60 General Anesthesia
 • Low probability of explicit recall 
 • Unresponsive to verbal stimulus

40 Deep Hypnotic State
20  • Burst Suppression
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however, provides some augmentation of analgesia and 
sedation with no respiratory depression. In addition to the 
usual monitors for general anesthesia, end-tidal CO2 mon-
itors as well as a BIS monitor are useful. This information 
will help monitor sedation levels and respiratory pattern 
without disturbing a sedated patient. It must be stressed 
that verbal communication should always be possible to 
assure the presence of adequate airway reflexes. The BIS 
levels for this type of anesthesia are somewhat patient 
variable, but are usually in the 75–85 range.

The anesthesiologist must be prepared at any time to 
intubate the patient and proceed with general anesthesia. 
This could be for surgical or anesthetic reasons such as 
complications or discomfort. The continuing communi-
cation between the surgeon and the anesthesiologist will 
allow the optimum conditions to be achieved for all parties.

GENERAL ANESTHESIA
General anesthesia is by far the most common method 
of anesthesia for laparoscopy. In an adequately prepared 
patient, laparoscopy has greatly accelerated the recovery 

process. All of the routine monitors should be employed 
for this procedure.

In elderly patients, or during a prolonged procedure, 
an arterial line pressure monitor may sometimes be help-
ful to determine acid-base status. Other invasive moni-
tors are used as the patient condition warrants.

General anesthesia for laparoscopy should always be 
accompanied by endotracheal intubation to ensure pro-
tection of the airway secondary to increased intraabdom-
inal pressure and the Trendelenburg position.

After the airway has been secured and the endo-
tracheal tube position is confirmed, an orogastric tube 
should be inserted for decompression of the stomach 
prior to instrumentation of the abdomen. This minimizes 
the risk of puncturing the stomach in addition to emp-
tying it to help minimize nausea and vomiting during 
recovery.

General anesthesia can be accomplished by the intra-
venous or inhalation method. The use of N2O varies 
by anesthesiologist. Its effects on nausea and possible 
increased bowel distension are controversial. It has been 
reported that if the procedure lasts longer than 30 min-
utes, there is enough N2O to support combustion.

If the patient gives a positive history of nausea, elimi-
nation of N2O, as well as the use of antiemetics may 
be of some benefit. The use of 80% oxygen may also 
reduce nausea and vomiting and decrease the incidence 
of wound infections. Routine use of antiemetics is not 
indicated. A muscle relaxant that does not require rever-
sal may also improve the chances of eliminating nausea 
during recovery. The use of propofol for induction and 
as the primary anesthetic, or as an adjunct to decrease 
the amount of inhalation agent, will also help to pre-
vent nausea and vomiting and provide a quick recovery. 
However, in high-risk patients, treatment with an anti-
emetic, dexamethasone 4–8 mg, and Reglan or droperi-
dol may be beneficial.

Different antiemetics used postoperatively in the recov-
ery period may also be considered if nausea becomes a 
problem during that time.

4.5

 • Electrocardiogram (ECG), 3–5 lead 
depending on the patient’s condition

 • Blood pressure
 • Oxygen saturation
 • End-tidal CO2
 • Inspiratory and end-tidal anesthetic agent 
concentrations

 • BIS monitor
 • Esophageal stethoscope
 • Muscle twitch monitor

Nitrous oxide can be used for shorter 
procedures.
A high concentration of oxygen has been 
shown to decrease the incidence of nausea 
and vomiting.
Propofol has also been shown to decrease 
nausea and vomiting.
Suspect subcutaneous infiltrations with 
large increases in end-tidal CO2.
Postoperative ventilation may be required in 
severe cases.
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Ventilation can be challenging in the steep 
Trendelenburg position. As previously mentioned, some 
hypercarbia can be expected and usually can be man-
aged with an increased respiratory rate. If hypoxia 
despite PEEP and alteration of ventilator settings or very 
high pressures are necessary for ventilation, the patient 
may benefit from less Trendelenburg or less insufflation 
pressure. Good communication between surgeon and 
anesthesiologist is essential in this situation.

With the advent of suggamadex recent articles have 
introduced the possibility of less insufflation pressure 
(7–8 mm) with maintenance of a deep neuromuscular 
blockade till the end of the case rather than letting the 
neuromuscular blockade be moderate as the procedure 
progresses. Bruintjes found that deep neuromuscular 
blockade improved surgical space conditions during lap-
aroscopic surgery and reduced postoperative pain scores 
in the postanesthesia care unit (Bruintjes et al. 2011).

Other articles have related lower insufflation to 
decreased referred pain. While not all studies have been 
positive and whether maintenance of deep blockade 
leads to fewer intraoperative complications, improved 
operating conditions or lower opioid requirements and 
a better quality of recovery, will be further delineated in 
future studies.

COMPLICATIONS

PULMONARY EMBOLISM
Pulmonary embolism, although rare, is possibly due to 
the venous stasis that may occur from the obstruction of 
flow secondary to the pneumoperitoneum. Even minimal 
insufflation values of 12 mm Hg can result in venous sta-
sis that is not affected by external compression devices. 
Pulmonary embolism should always be considered in the 
differential diagnosis of cardiac compromise.

PNEUMOTHORAX, PNEUMOMEDIASTINUM, AND 
PNEUMOPERICARDIUM
Intraperitoneal gas may find its way through openings in 
the diaphragm and esophageal hiatus that are congenital 
or surgically created inadvertently. Any interruption in the 
falciform ligament may also allow access for movement 
of gas and unwanted accumulation in the mediastinum. 
Opening of pleural peritoneal ducts, as in ascites, may 
also lead to the accumulation of gas in the mediastinum 
or to pneumothorax. Pneumothorax is the most common 
of the three and can also occur from positive pressure 
ventilation. Pleural tears may also occur iatrogenically. 
End-tidal CO2 will increase unless the pneumothorax 
is from a spontaneous cause. Tension pneumothorax is 
a possibility if the pneumothorax goes unrecognized. 
Whatever their origin, this must be recognized as quickly 
as possible. Risk factors include end-tidal CO2 greater 
than 50 mm Hg and duration of operation greater than 
200 minutes.

Recognition of increasing airway pressure is the earli-
est sign. Blood pressure may not decrease until some 
time has passed. End-tidal CO2 and PaCO2 will increase 
much sooner than blood pressure changes. Oxygenation 
itself may or may not be affected. Auscultation will reveal 
decreased breath sounds. The surgeon may be asked to 
look at the diaphragm for uncoordinated motion on one 
side. Tension pneumothorax should always be consid-
ered as a possibility. Other common causes such as migra-
tion of the endotracheal tube into one bronchus may 
be possible. Treatment consists of identifying the cause 
and supporting the patient by increasing the pressure 
in the alveoli to decrease the tendency for compression. 
Utilizing positive end-expiratory pressure, increasing the 
minute ventilation, and oxygen concentration will usu-
ally result in an improvement. If the patient tolerates this 
and improves, chest tube placement is not required, and 
spontaneous resolution usually occurs within 60 minutes 
of release of abdominal gas.

If N2O is used, it should be stopped, and ventilator 
settings should be adjusted. Communication with the 
surgeon to reduce intraabdominal pressure as much as 
possible, and careful observation of the patient should 
correct the situation without thoracentesis. Limiting the 
intraabdominal pressure to the lowest possible levels 
will decrease the incidence. The most helpful monitor in 
this situation is transesophageal echocardiography.

PNEUMOMEDIASTINUM
Accumulation in these areas is rare in gynecologic pro-
cedures and occurs most often with retroperitoneal lapa-
roscopy. These usually resolve spontaneously within 3–4 
days. Pneumopericardium can be life threatening if large 
but should not be an isolated event.

Limiting the intraabdominal pressure to the lowest pos-
sible levels will decrease the incidence. The most helpful 
diagnostic tool is transesophageal echocardiography.

SUBCUTANEOUS EMPHYSEMA
Subcutaneous emphysema occurs as CO2 dissects 
through peritoneal defects into the subcutaneous tis-
sue. SQ emphysema can be seen on CT and ultrasound 
frequently. It can be subclinical or can range to moder-
ate or severe with compromise of the physical airway or  

Gas follows openings in the diaphragm and 
esophageal hiatus or pneumothorax.
An increase in airway pressure with decrease 
in cardiovascular status is seen.
This resolves with release of intraabdominal 
gas.
Limit pressure to lowest possible levels.
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physiologically effect the carbon dioxide concentration. 
Any increase in end-tidal CO2 that does not respond 
to increased minute ventilation should lead to suspi-
cion of subcutaneous emphysema. A correlation exists 
with more than six ports and prolonged operative time. 
The patient should be physically observed and exam-
ined and preferably not totally covered with drapes. If 
crepitus and swelling of the tissue are seen, the case 
should be converted to open or aborted. The patient 
should be monitored after the procedure because 
absorption of carbon dioxide may cause hypoventila-
tion due to a decreased respiratory drive and may even 
require mechanical ventilation. Depending on the level 
of arterial CO2, the patient will often need mechanical 
ventilation until the CO2 levels return to normal. This 
usually resolves within 24 hours or less depending on 
the severity.

GAS EMBOLISM
Gas embolism may occur from direct insufflation into 
a vessel or organ from direct needle or trocar place-
ment. There appears to be an increased incidence dur-
ing hysteroscopy more than laparoscopy. The volume 
of gas necessary to produce symptoms is 25 mL/kg of 
CO2 as opposed to 5 mL/kg of air. It usually occurs 
at the beginning of surgery, so insufflation techniques 
that assure the surgeon of proper placement of the 
Veress needle are important. The Veress needle allows 
no more than approximately 2–3 L/min to be infused 
due to the diameter of the needle. If proper technique 
is used, then it is not necessary to limit the flow to 1 L/
min. However, the patient is always watched carefully 
during initial insufflation. Signs of embolism include 
tachycardia, arrhythmias, hypotension, millwheel mur-
mur, and ECG signs of right heart strain. End-tidal 
CO2 may be decreased due to the decrease in cardiac 
output. Aspiration of gas, foamy blood from a central 
venous line, or air bubbles demonstrated on TEE will 
provide definitive diagnosis. To help reverse the symp-
toms, deflate the abdomen with the patient placed in 
the head down and left lateral position trying to keep 
as much CO2 as possible in the right atrium, administer 
100% oxygen, and aspirate as much gas as possible. 
Although gas embolism may be fatal, rapid diagnosis 
and treatment are highly successful as long as blood 
pressure is supported.

POSTOPERATIVE RECOVERY AND THE 
TREATMENT OF POSTOPERATIVE PAIN
A significant advance in the treatment of postoperative 
pain has occurred with the implementation of multi-
modal analgesia. Multimodal therapy is based on the 
concept that multiple receptors transmit pain, and there 
is no one drug that acts at all receptors. In addition, with 
an insult such as surgery, numerous humoral factors are 
released in the blood. A local anesthetic block will not 
address those factors although a block may decrease 
the level of their release. More and more evidence 
substantiates that the overuse of one modality such as 
opioids will only increase the incidence of side effects 
and not the amount of pain relief. The World Health 
Organization and many other organizations promote a 
step-wise approach to pain therapy. The initial phar-
macology should consist of nonsteroidal anti-inflam-
matory drugs (NSAIDs), if not contraindicated, and 
acetaminophen. Intravenous formulations of both have 
recently been U.S. Food and Drug Administration (FDA) 
approved. Since a significant component of the pain 
from surgery results from the incision or incisions in the 
abdominal wall, local anesthetic solutions have been 
utilized as a component of multimodal therapy. They 
should be the first line of therapy followed by adjunct 
opioids such as short-acting agents for moderate pain. 
For severe pain, the addition of long-acting opioids is 
warranted. Local anesthetic infiltration is applicable at 
any level. Ketorolac and COX-2 inhibitors are helpful 
adjuncts for the treatment of pain and will decrease the 

AIR (GAS) EMBOLISM

Increased incidence with hysteroscopy but 
can occur with laparoscopy.
Signs: Increased heart rate, Decreased blood 
pressure, Arrhythmias, Millwheel murmur, 
ECG signs of right heart strain

NAUSEA AND VOMITING

Prophylactic treatment not indicated unless 
positive risk factors or history
Multi-modal analgesia to minimize opioid use

 • Metoclopramide
 • Antiemetic of choice
 • Prompt treatment if it occurs
 • Small amounts of steroids and Benadryl 
may help

 • Allow enough time to expel as much gas as 
possible

Treatment: Must act quickly to avoid severe 
complications or death: Head down, Left lat-
eral position, 100% oxygen, Aspirate gas from 
central line, Support blood pressure with 
isotopes
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amount of opioids needed. Transdermal scopolamine 
and Benadryl may also be of benefit. At the time of skin 
closure, 60–80 mg of Toradol may avoid postoperative 
cramping.

Other adjuncts to consider are gabapentin or pregaba-
lin, ketamine in small doses intraoperatively, magnesium, 
or alpha-agonists. A transition from intravenous to oral 
occurs when the patient’s condition warrants. As uter-
ine pain has a significant prostaglandin component, anti-
prostaglandins are quite effective in this population and 
should be a component whenever possible.

Postoperative nausea and vomiting can be significant 
problems. A positive history should be treated with pre-
ventive measures. Metoclopramide will help to empty the 
stomach preoperatively. Careful suctioning of the oro-
gastric tube prior to emergence will relieve the stomach 
distension that may have occurred intraoperatively. For 
patients with a positive history, an antiemetic and 4 mg 
dexamethasone prior to emergence is indicated as well 
as a propofol-based anesthetic. Prompt treatment in the 
recovery room with antiemetics and a steroid will usually 
prevent a continuing problem. A multimodal treatment of 
pain will prevent total dependence on opioids and thus 
lessen the propensity for nausea and vomiting. Allowing 
enough time for as much gas as possible to escape the 
abdomen is an important and often neglected step in 
providing patient comfort.

A lidocaine-ropivacaine drip on the fallopian 
tubes will greatly decrease the pain of tubal ligation. 
Preemptive analgesia by local infiltration of the skin 
prior to instrumentation is a useful adjunct if done with 
a long-acting anesthetic in combination with lidocaine. 
Many maneuvers have attempted to decrease shoulder 
pain. Instillation of a long-acting anesthetic may help this 
condition in some patients. Some studies show that if the 
insufflation gas is heated and hydrated, the incidence of 
shoulder pain decreases.

Recently there has been an increasing application of 
local injection in the plane that is created between the 
transversus abdominis and the internal oblique muscle. 
The transversus abdominis plane (TAP) block has the 
advantage of no catheter site in contrast to the currently 
used multiport catheter and elastomeric pump. This 
technique can be used for any surgery involving the 
abdominal wall, including bowel surgery, cesarean sec-
tion, appendectomy, hernia repair, umbilical surgery, and 
gynecological surgery.

Innervation of the anterolateral abdominal wall arises 
from the anterior rami of spinal nerves T7-L1. Branches 
from the anterior rami include the intercostal nerves 
(T7-T11), the subcostal nerve (T12), and the iliohypogas-
tric and ilioinguinal nerves (L1). These give rise to lat-
eral cutaneous and anterior cutaneous branches as they 
become more superficial. The intercostal nerves T7-T11 
exit the intercostal spaces and run in the neurovascular 
plane between the internal oblique and the transversus 
abdominis muscles. The subcostal nerve (T12) and the 
ilioinguinal and iliohypogastric nerves (L1) also travel 
in the plane between the transversus abdominis and 
internal oblique, innervating both of these muscles. The 
branches of T7-T12 continue anteriorly from the trans-
versus plane to pierce the rectus sheath and end as 
anterior cutaneous nerves (Figure 4.6). A combination 
of a TAP and rectus sheath injection or a subcostal TAP 
injection will provide coverage for above and below the 
umbilicus. It must be noted that this is a somatic block 
only and will not provide visceral coverage. Thus, this 
is an additional indication for a multimodal regimen.

A TAP block can be performed by the surgeon under 
laparoscopic guidance or by the anesthesiologist under 
ultrasound. El-Dawlatly demonstrated in laparoscopic 
cholecystectomy patients that the ultrasound method 
allowed for exact placement, and the perioperative opi-
oid consumption was substantially reduced (Figure 4.7).

Petersen did a retrospective review of seven randomized 
controlled trials encompassing surgical procedures that 
included large bowel resection with a midline abdominal 
incision, cesarean delivery via the Pfannenstiel incision, 
abdominal hysterectomy via a transverse lower abdominal 
wall incision, open appendectomy, and laparoscopic cho-
lecystectomy. These studies demonstrated clinically signif-
icant reductions of postoperative opioid requirements and 
pain, as well as some effects on opioid-related side effects 
(sedation and postoperative nausea and vomiting).

In 2012, Johns’ systematic review of nine studies 
found that TAP block reduces opiate requirements within 

TREATMENT OF PAIN

TAP block /infiltration of ports
Multimodal analgesia—IV/PO acetamino-
phen, NSAID, pre-gabalin, ketamine intraop 
infiltration of mesosalpinx

4.6 T9

T10 Lateral branch of 10th
thoracic nerve

Lateral branch of 
iliohypogastric nerve

Rectus abdominus
muscleT11

T12

L1
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the first 24 and 48 hours postoperatively. This was the 
first meta-analysis to show a decrease in the incidence 
of postoperative nausea and vomiting with using TAP 
blocks. The TAP block continues to develop as far as 
applications, and at this time the best approach and dose 
have not been determined.

Pather looked at their experience in 61 successive 
cases of total laparoscopic hysterectomies. Women with 
a TAP block had a significantly shorter length of stay 
(1.45 versus 2.20 days, P = .014), lower total periopera-
tive and postoperative opioid use (12 versus 19 mg in 
morphine equivalents, P = .014; 11 versus 21 mg, P = .05) 
when compared with those without a TAP block. Total 
opioid use significantly correlated only with a TAP block 
(P = .005).

Although complications have been reported, they are 
rare and consist of puncture of the abdomen, bowel, 
pneumothorax, and much more rare puncture of the 
liver. Hematoma can also occur. Most complications were 
associated with the older landmark approach rather than 
the more commonly used ultrasound approach in today’s 
practice. There were no complications related to a TAP 
block in their study.

Sleep apnea and obesity goals of decreasing total 
opioids for improved management postoperatively are 
often challenging. Matthes reports an opioid-free sin-
gle-injection laparoscopic cholecystectomy in a case 
reporting bilateral TAP blocks given after induction of 
anesthesia and multimodal analgesia.

However, the duration is governed by the local anes-
thetic, which is typically 10–12 hours with analgesia occa-
sionally demonstrated to be a few hours longer. The usual 
current dosage is 30 cc of 0.25% bupivacaine bilaterally. 
An additional amount may be necessary for the subcostal 
or the rectus sheath. The aforementioned studies were 
using a long-acting local anesthetic such as bupivacaine.

A long-acting bupivacaine liposome incorporated into 
a DepoFoam agent, Exparel (Pacira Pharmaceuticals), 

was FDA approved for infiltration in 2012. Trials and 
use of this agent in TAP blocks are increasing due to 
the duration of action to exceed 48–72 hours. The obvi-
ous advantages of an extended duration and no need for 
catheters presents a more mobile patient and perhaps 
a decrease in morbidity. Trials are currently underway 
and more needs to be done before the approximate dose 
and efficacy are known. The initial results are promising. 
Cohen looked at the economic impact in open colectomy 
patients and demonstrated less opioid consumption and 
a decrease in the median length of hospital stay from 4.9 
to 2.0 days in a liposomal bupivacaine-based multimodal 
analgesic regimen versus standard opioid-based regimen.

The transversus abdominis plane has an excellent 
safety profile with a wide application. The TAP is appli-
cable to open and laparoscopic gynecologic procedures. 
As more studies are being completed and with the devel-
opment of longer-acting local anesthetics, the TAP block 
will be increasingly applied for its outstanding clinical 
utility and its advantageous for optimal pain treatment in 
the postoperative gynecological patient.

SUMMARY
Laparoscopy has shown obvious benefits to the patient 
and will continue to develop as better instruments, 
greater experience, and more knowledge about the 
effects on the body are further elucidated. As this occurs, 
our ability to apply this technique with greater expertise 
will improve patient morbidity and provide anesthetic 
challenges to supply a physiologic milieu in the pres-
ence of a myriad of physiologic variations caused by this 
procedure.
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Chapter 5

CREATION OF PNEUMOPERITONEUM AND 
TROCAR INSERTION TECHNIQUES
Thomas G. Lang and Resad Paya Pasic

The patient is placed in a dorsolithotomy position with 
the buttocks extended up to the end of the table. 

The thighs should be flexed (120°) to allow good lapa-
roscopic instrument manipulation (Figure 5.1). Attention 
should be given to proper positioning of the patient’s legs 
and feet to avoid peroneal nerve injury during lengthy 
procedures. Shoulder braces may be used to make the 
steep Trendelenburg position possible during surgery. If 
shoulder braces are used, they should be securely placed 
over the acromion to avoid possible nerve injury. A bean 
bag can also be used to effectively maintain the patient’s 
position during steep Trendelenburg position. It is advis-
able that both arms be tucked along the patient’s body in 
an adducted fashion to provide more space for the sur-
geons and to prevent brachial plexus injury. This is very 
helpful, especially if the monitor is positioned between 
the patient’s legs, to permit the surgeon more backward 
mobility and to assume a comfortable and ergonomic 
posture during surgery. If monopolar electrosurgery 
is to be used, a dispersive electrode must be properly 
placed over the patient’s thigh, in full surface contact. 
The bladder should be emptied to minimize potential 
injury during ancillary trocar placement; straight blad-
der catheterization may be performed for short proce-
dures, whereas a Foley catheter is necessary for longer 
procedures.

After placement of a cervical tenaculum within the 
anterior cervical lip, a uterine manipulator is inserted 
transcervically into the uterine cavity to manipulate the 
uterus during the procedure (Figure 5.2). Manipulators 
with a capability for tubal lavage and that permit the 
instillation of dilute indigo carmine dye for chromop-
ertubation may be used. If the patient does not have 
a uterus, or is pregnant, a moistened sponge stick, EA 
sizer, or Lucite rod can be substituted by placing into the 
vagina to push the vaginal vault and cul-de-sac upward. 
A rectal probe, moistened sponge stick, or open ring 
forceps can be used to manipulate the rectum to help 
identify the anterior rectal wall and rectovaginal septum 
during extensive laparoscopic dissections in this area of 
the pelvis.

Chlorhexidine is applied to the abdominal area 
extending from the nipple line to the pubic symphysis, 
and povidone iodine is used in the vagina from the pubic 
symphysis to the inner thighs. The patient is draped with 

leggings and a laparoscopy sheet. If extensive surgery 
is likely to be performed, and bowel manipulation or 
injury anticipated, as in the case of extensive adhesions 
or endometriosis, it is advisable to administer a mechani-
cal bowel preparation prior to surgery. The use of a 
nasogastric or orogastric tube prior to the establishment 
of the pneumoperitoneum is suggested if the left upper 
quadrant insufflation technique is used to minimize the 
risk of gastric injury. Prophylactic antibiotics are not rou-
tinely used but can be administered if an increased risk 
of infection is plausible.

CREATION OF PNEUMOPERITONEUM
Creation of a pneumoperitoneum and the insertion of 
a Veress needle and primary trocar are the most criti-
cal steps when performing laparoscopy. Common sites 
of Veress needle and trocar insertion are shown in 
Figure 5.3.

Extraperitoneal insufflation is one of the most com-
mon complications of laparoscopy regardless of body 
weight and is responsible for technical failures that fre-
quently lead to abandonment of the procedure.

There are four subgroups of patients who can present 
problems during the development of the pneumoperito-
neum during laparoscopy:

 1. Obese patients
 2. Very thin patients
 3. Patients with scars from previous abdominal 

surgeries
 4. Patients with failed insufflation

The abundant abdominal wall and intraabdominal fat 
of obesity decrease tactile sensation and pose difficulty 

 • Lithotomy position with extended 
buttocks

 • Shoulder braces
 • Foley catheter in the bladder
 • Uterine manipulator
 • Nasogastric tube
 • Return electrode
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for the standard transumbilical Veress needle insertion 
and establishment of a pneumoperitoneum. Higher insuf-
flation pressures may be encountered in these patients.

Extra caution is required with very thin patients, since 
the abdominal wall lies very close to the retroperitoneal 
vascular structures.

The presence of abdominal scars increases the pos-
sibility of omental or bowel adhesions to the abdominal 

wall, which may interfere with the successful develop-
ment of the pneumoperitoneum, and may lead to bowel 
injury. Bowel and other intraabdominal structures have 
great motility and are resistant to needle puncture unless 
they are fixed to the abdominal wall by some pathologic 
process.

In patients with failed insufflation or preperitoneal 
insufflation, it becomes difficult to enter the peritoneal 
cavity since the peritoneum is peeled off and an artifi-
cial space is created by trapped CO2 gas that prevents 
reentry of the Veress needle into the peritoneal cavity 
(Figure 5.4). Therefore, in these cases, an alternative 
insufflation site should be chosen.

TRANSUMBILICAL INSUFFLATION
The umbilical area is the most common site for Veress 
needle placement. Carbon dioxide or nitrous oxide (N2O) 
are most often used for insufflation, since room air is 
not very soluble in blood and may cause embolism if it 

VERESS NEEDLE TECHNIQUES

 • Transumbilical placement
 • Left upper quadrant placement
 • Palmer’s point
 • Ninth intercostal space
 • Transuterine placement

5.1

5.2

5.3

Veress needle

Trocar

5.4
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enters a blood vessel. CO2 is preferred for most laparo-
scopic surgery, and N2O is often used for laparoscopy 
under local anesthesia.

A skin incision of about 1.2 cm may be made using 
a number 11 scalpel blade at the umbilical area (Figure 
5.5). The Veress needle should be inspected and checked 
before insertion (make sure that all moving parts are 
freely mobile). The valve on the Veress needle should 
be placed in open position during insertion to allow the 
air to enter the abdominal cavity as the tip of the needle 
advances. This will prevent possible creation of nega-
tive pressure caused by lifting of the abdominal wall that 
may hold the bowel close to the abdominal wall. When 
the valve is open, it will also immediately alert the sur-
geon of a major blood vessel injury.

The operating table with the patient should be 
placed in an unaltered supine position. The needle is 
then typically inserted at a 45° angle (with respect to 
the patient and also to the floor when flat) at the mid-
line and directed toward the uterine fundus (Figure 
5.6). Placing the patient in Trendelenburg position 
prior to the insertion of the Veress needle and primary 

trocar changes the position of the major retroperito-
neal vessels, and places them in the path of the nee-
dle and the trocar, which, in turn, places the patient 
at greater risk of major vascular injury. The 45° angle 
of Trendelenburg is added to the surgeons’ perceived 
45° angle of needle placement, making the position of 
the needle vertical to the retroperitoneal blood vessels 
(Figure 5.7).

Lifting the abdominal wall prior to needle insertion 
is favored by many surgeons (Figure 5.8), while some 
insert directly into the abdomen using gentle traction 
without abdominal wall elevation. Others use towel 
clips to grasp and lift the abdominal wall at the time of 
Veress needle insertion, especially for patients of both 
very low and higher BMIs. Depending on abdominal 
wall thickness, the angle of insertion may vary from 45° 
to 90°. In obese patients, the angle of insertion should 
be close to 90° to minimize the chance for preperito-
neal insufflation. If proper intraperitoneal placement of 
the needle is not attained, one more attempt should be 

Careful selection of the insufflation tech-
nique and the insufflation site should be 
chosen for each patient.

5.5
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90°
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considered before choosing an alternative site. There are 
a number of tests that may help ensure proper needle 
placement and avoid possible complications during the 
insufflation procedure.

 1. Hanging drop test: attaching an open syringe filled 
with saline to the Veress needle and observing 
the drop of saline while negative intraabdominal 
pressure is created by lifting the anterior abdominal 
wall (Figure 5.9)

 2. Intraabdominal insufflation pressure (Figure 5.10)
 3. Aspiration and sounding test, using an aspiration 

needle on the syringe (Figure 5.11)

Although these tests might be of some value in deter-
mining proper needle placement, many operators rely 
primarily on the intraabdominal insufflation pressure 
and flow volume to ensure proper intraperitoneal needle 
placement.

 • Check the Veress needle before insertion
 • Check the starting pressure if mechanical 
insufflators are used

 • Place the patient in flat position
 • Make the skin incision of about 1.5 cm
 • Insert the needle in midline position at a 
45° angle while pulling on the abdominal 
skin to form a countertraction

5.8

5.9

5.11

5.10
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Initial intraabdominal insufflation pressure should not 
exceed 10 mm Hg, and it is the most reliable parameter 
for monitoring insufflation and proper needle placement. 
If the initial insufflation pressure exceeds 10 mm Hg, the 
Veress needle is most likely in the preperitoneal space or 
has entered an intraabdominal viscus or omentum, and it 
should be repositioned or withdrawn. Since lateral move-
ment of the needle tip may in fact widen an inadver-
tent laceration in an underlying blood vessel or loop of 
bowel, it should be withdrawn vertically. If the surgeon is 
uncertain that the needle is not placed intraperitoneally, 
the Veress needle should be withdrawn and reinserted 
before too much preperitoneal emphysema has devel-
oped. During insufflation, other clinical signs such as 
disappearance of liver dullness and symmetric distension 
of the lower abdomen can be observed. During the pro-
cess of insufflation, the slow rise in the intraabdominal 
pressure compared with the insufflated volume of gas 
should be monitored. If the intraabdominal pressure rises 
quickly over 14 mm Hg, before 1.5–2 L of gas are insuf-
flated, the suspicion of preperitoneal or viscus insuffla-
tion may be assumed. If the needle is properly placed, 
the peritoneal cavity is insufflated with 3–6 L of CO2, 
depending on the patient’s intraperitoneal volume. After 
insufflating about 1.5–2 L of CO2, intraabdominal pres-
sures will begin to rise. Insufflation should be continued 
until the pressures reach at least 20–25 mm  Hg. Since 
the abdominal cavity is a closed space and its volume 
varies from patient to patient, insufflation pressure is a 
better indicator of adequate peritoneal insufflation and 
distension than the volume of gas used. When the insuf-
flation pressure reaches 20–25 mm Hg, distension of the 
abdominal cavity should be adequate for safe insertion 
of the trocar, and the needle should be withdrawn. Using 
higher intraabdominal pressure at the outset provides 
greater proprioception for peritoneal entry and increases 
the underlying distance between the large vessels and vis-
cera. Figure 5.12 represents the distance from the trocar 
tip as it pierces the abdominal wall to the retroperitoneal 
structures at 15 mm Hg and at 25 mm Hg. Notice that the 
distance from the tip to the retroperitoneal structures is 
much greater if the abdomen is insufflated to 25 mm Hg. 

After the trocar is inserted, the pressure on the insuffla-
tor should be set at approximately 14–15 mm Hg.

ALTERNATIVE SITES AND TECHNIQUES
An alternative site for needle placement can be selected 
if the umbilical area is deemed unsuitable for insertion.

SUBCOSTAL INSUFFLATION TECHNIQUE
Insertion of the Veress needle through the subcostal 
space in the left midclavicular line is a safe alternative 
to transumbilical insufflation. A small stab skin incision 
is made in the left midclavicular line just beneath the 
rib cage. A Veress needle is placed at a 90° angle and 
pushed into the abdominal cavity. No abdominal wall 
elevation is performed. Three distinct pops of the needle 
can be felt as the needle advances toward the peritoneal 
cavity through the anterior and posterior layers of the 
rectus sheath as well as the peritoneum. Whereas the first 
two pops typically progress in rapid sequence, a notable 
delay in the third pop is not uncommonly encountered 
secondary to the stretching and final release of the pari-
etal peritoneum. The abdominal wall is usually thin in 
this area, no more than 3–4 cm (Figure 5.13). If the ini-
tial intraperitoneal pressure is higher than 10 mm  Hg, 
the needle should be slightly withdrawn 1–2 cm and the 
pressure rechecked, as the needle tip may be lodged 
against the underlying omentum.

 • If the insufflation pressure is above 
10 mm Hg withdraw the needle and repeat 
the same procedure at the proximal end of 
the umbilical incision

 • If high pressure is obtained again, 
withdraw the needle and consider an 
alternative puncture site

 • If dealing with a morbidly obese patient 
or patients with scars from previous 
abdominal surgeries, an alternate primary 
insufflation site may be considered

SUBCOSTAL APPROACH

 • Make a small stab incision in the 
midclavicular line, just below the costal 
margin, on the patient’s left side.

 • Insert the Veress needle at a 90° angle.

5.12
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The left upper quadrant is easily accessible and is usu-
ally free of underlying intraabdominal adhesions. This area 
is generally safe for needle and trocar insertion, because 
the rib cage provides adequate tension and prevents the 
downward displacement of the abdominal wall. This 
approach works well for patients after failed transumbili-
cal insufflation. It can be used as a primary route in obese 
patients, and for patients who have undergone previous 
abdominal surgeries with suspected adhesions below the 
umbilical area, regardless of type of prior incision.

Moreover, subcutaneous emphysema is rarely encoun-
tered when insufflating in this space. Spleen injury is 
unlikely during a midclavicular and subcostal insertion, 
whereas the left lobe of the liver may rarely be in harm’s 
way. To help avoid liver injury, the Veress needle should 
be directed caudally, at an angle slightly less than 90°.

In a patient with suspected abdominal adhesions, 
upon successful insufflation, the Veress needle is with-
drawn and a 5 mm trocar is inserted through the same 
space (Figure 5.14). Through this trocar sleeve, a 5 mm 
scope is introduced, and the umbilical area is inspected 
for the absence of adhesions. If the umbilical area is free 
of adhesions, a 10 mm trocar is inserted into the perito-
neal cavity under direct vision.

OPEN TECHNIQUE
The majority of complications associated with a laparo-
scopic procedure occur at time of entry. There is cur-
rently no clear consensus on the safest mode of entry. 
A recently updated Cochrane review revealed a reduc-
tion in the incidence of failed entry with the use of an 

open-entry technique compared to closed entry. Further, 
a reduction in the incidence of failed entry, reduced 
risk of extraperitoneal insufflation, and reduced omen-
tal injury were seen with direct as compared to Veress 
 needle entry. However, this review found no evidence 
that any single technique or instrument helped to 
reduce the occurrence of vascular and/or visceral injury. 
Ultimately, choice of entry should be based on surgeon 
preference, experience, and comfort level.

OPEN TECHNIQUE
 • Make a 2–3  cm horizontal incision in the 
umbilical area. Use Kelly Clamps and “S” 
shaped retractors to dissect tissue to 
the fascia. When fascia is visualized, use a 
scalpel to incise the fascia.

 • Place one “0” Vicryl suture to each side of 
the fascial incision.

 • Continue dissection of the abdominal 
wall layers with Kelly clamps and scissors 
until the peritoneal cavity is reached.

 • Once the peritoneal cavity is entered, 
place the blunt trocar with the conical 
obturator into the abdominal cavity. The 
length of the trocar can be adjusted by 
sliding the conical obturator along the 
trocar.

 • Anchor the Vicryl sutures around cleats 
on the conical obturator, to fix it to the 
abdominal wall.

 • Attach the insufflation tubing to the 
trocar insufflation port.

 • Remove the blunt trocar from the trocar 
sleeve and insert the laparoscope.

 • Three pops of the needle are usually felt.
 • If initial pressures are too high, pull the 
needle backward. It may be stuck in the 
omentum.

5.13 5.14
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Open laparoscopy (Hasson technique) is a popu-
lar technique among many gynecologists and general 
surgeons. It is very useful for some patients, particu-
larly those suspected of having adhesions from previ-
ous surgeries or who are pregnant. The open technique 
utilizes a small 2–3 cm umbilical skin incision (Figure 
5.15). Peritoneal entry with this method is predicated 
on the sequential identification and separation of all 
fundamental layers of the abdominal wall including the 
peritoneum. The open laparoscopy trocar set contains 
a 10 mm cannula, blunt trocar, and a conical obtura-
tor that plugs off the abdominal skin incision (Figure 
5.16). The dissection is performed into the abdomen 
with Kelly clamps and special “S”-shaped retractors. 
After the abdominal fascia is visualized and incised, 
two 0-Vicryl™ sutures are placed into the fascia to sup-
port and hold the blunt trocar that is inserted into the 
abdominal cavity after the incision is carried through 
the peritoneum. Gas is insufflated directly through the 

cannula, and a blunt trocar is replaced with the laparo-
scope (Figures 5.17 and 5.18).

Reported to have a comparatively lower risk for retro-
peritoneal vascular injury, this technique may be safer than 
using a blind, Veress needle or trocar insertion; however, 
its application may not similarly prevent bowel injuries. 
Open laparoscopy can be especially difficult to perform 
in a morbidly obese patient, because one must penetrate 
8–10 cm of adipose tissue before reaching the fascia and 
then the peritoneal cavity through a small skin incision.

DIRECT TROCAR INSERTION
Some surgeons prefer to use direct trocar insertion as 
their preferred method for primary peritoneal access. 
This technique should ideally be reserved for thinner 
patients with a flaccid anterior abdominal wall, as it is 
difficult to grasp and elevate the abdominal wall suf-
ficiently in more obese patients. Using this technique, a 

5.15
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small incision is made in the umbilical area, the abdomi-
nal wall is lifted with one hand, and a trocar is pushed 
with the dominant hand into the potential space of the 
abdominal cavity. Insufflation tubing is attached to the 
trocar, and the laparoscope is inserted (Figure 5.19).

Direct trocar insertion may also present a problem for 
surgeons with smaller hands because it requires signifi-
cant strength and force to lift the abdominal wall and 
push the trocar into the peritoneal cavity. Although the 
availability of direct vision trocars may enhance the safety 
of insertion, it does not preclude proper technique. The 
disposable visual access (optical) trocars are used to gain 
peritoneal access either directly or after Veress needle 
insufflation. The 5 or 10 mm laparoscope is placed into 
the trocar sheath, and the trocar is pushed with twist-
ing motion into the abdominal cavity (Figure 5.20). The 
layers of the abdominal wall are sequentially visualized 
as the trocar is advanced through the abdominal wall. 
Overall, the procedure is quite safe and reliable. A reus-
able trocar made by Karl Storz using the Archimedian 
principle to work like an auger can also be used to enter 

the peritoneal cavity under direct vision. The trocar is 
simply screwed into the abdominal wall without any 
pushing. Under direct vision, the abdominal wall is pro-
gressively lifted and pulled up with each turn of the tro-
car until the tip enters the abdominal cavity (Figure 5.21).

TRANSUTERINE INSUFFLATION
This method enables easy and safe access to the peri-
toneal cavity, bypassing transabdominal entry of the 
Veress needle in obese patients. Transuterine insufflation 
is a useful modality in patients with a large abdominal 
panniculus, because the peritoneal cavity can be easily 
entered via the transcervical route and then through the 
uterine fundus (Figure 5.22).

This technique is simple and safe. It should not be 
considered in patients with large uterine fibroids and 
patients who are candidates for chromopertubation, 
since the hole in the uterine wall created by the Veress 
needle may facilitate the escape of the dye and prevent 
uterine distention.

5.215.19

5.20

DIRECT TROCAR PLACEMENT

 • Blind direct trocar placement
 • Direct vision trocars

TECHNIQUE

 • Make a 1.5 cm umbilical incision
 • Lift the anterior abdominal wall with the 
left hand

 • Insert the trocar with the right hand 
aiming toward the uterus

 • Connect the tubing and begin the 
insufflation
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With the patient in a moderate Trendelenburg posi-
tion, a speculum is placed in the vagina. The anterior 
cervical lip is grasped with an atraumatic grasper, and 
the uterus is pulled forward to straighten its axis. The 
uterine cavity is sounded to obtain information on the 
size and direction of the cavity. A long Veress needle is 
passed through the cervix into the uterine cavity until 
slight resistance is felt when the needle reaches the fun-
dus. The needle is then pushed through the uterine fun-
dus until it reaches the peritoneal cavity, detected by a 
pop of the needle as it advances through the uterus. The 
peritoneal cavity is then insufflated with CO2. Somewhat 
higher initial insufflation pressures, up to 15 mm  Hg, 
can be encountered initially with this method. As the 
abdominal cavity is being insufflated, the pressures 
begin to drop. After the abdomen has been success-
fully insufflated, the patient is placed in a flat position, 
and the trocar can then be inserted transumbilically or 

through the left upper quadrant. This technique should 
be considered in obese patients and whenever failed 
transabdominal entry has resulted in significant preperi-
toneal insufflation.

INSERTION OF THE VERESS NEEDLE USING 
THE TOWEL CLIP TECHNIQUE
When using this technique, towel clips are placed into 
the umbilicus which is everted; a 10 mm incision is then 
made along the base. The Veress needle and the trocar 
are then inserted in the abdominal cavity at a 90° angle 
while elevating with the towel clips (Figure 5.23).

TROCAR PLACEMENT
Extra insufflation of the peritoneal cavity to 25 mm Hg 
will create enough elevation and resistance against the 
peritoneum for safe insertion of the trocar.

The trocar and sheath are held between the middle 
and index fingers with the hub of the trocar against the 
palm of the hand. With wrist motion, the trocar is usu-
ally advanced with the dominant hand at a 45° angle 
in midline position toward the hollow of the sacrum. 
The other hand rests on the abdomen, holding the trocar 
sheath between the index finger and the thumb to act as 
a safeguard to prevent excessive penetration of the tro-
car through the abdominal wall (Figure 5.24). The trocar 
sheath is slightly wider than the trocar tip, and it may 

5.22
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TRANSUTERINE APPROACH:

 • Insert the vaginal speculum.
 • Grasp the anterior cervical lip with the 
tenaculum and pull it forward.

 • Sound the uterine cavity using uterine 
sound.

 • Grasp the long Veress needle with sponge 
forceps and introduce the needle through 
the cervix into the uterine cavity. Apply 
pressure to perforate the fundus.

 • Connect the tubing, and turn the 
insufflation on. Higher pressure in the 
range of 15–20 mm Hg is expected.

 • Insert the trocar and remove the Veress 
needle under direct laparoscopic vision.
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get caught in the fascia. As the force is applied to the 
trocar, its tip may be pushed too far into the abdomen, 
as the trocar sheath passes the resistance of the fascia. 
Therefore, some type of safeguard mechanism should be 
applied on the trocar to avoid its excessive penetration. 
Alternatively, the index finger is extended along the shaft 
of the trocar to act as a brake (Figure 5.25). Depending 
on the abdominal wall thickness, the angle of insertion 
may vary from 45° to 90°. In obese patients, the angle of 
insertion should be close to 90° (Figure 5.26).

There is no need to lift the abdominal wall dur-
ing the trocar insertion after proper insufflation. If the 
abdominal cavity has been insufflated to a pressure of 
25 mm Hg, the volume of gas is sufficient to stabilize the 
abdominal wall for safe insertion of the trocar. Once the 
trocar is inserted into the abdominal cavity, the obturator 
is removed, and the trocar sheath is held in place. The 
hiss of escaping gas can be heard by depressing the flap 
valve. This is a comforting sound as it assures the sur-
geon that the trocar is in the proper locale.

Most laparoscopic surgeries can be performed using 
5 mm accessory trocar sleeves, but if a linear stapler or 
laparoscopic morcellator are to be used, a 12 mm trocar 
is inserted usually in the midline or umbilical position. 
Ancillary trocars should be inserted under direct vision 
(Figure 5.27). The upper margin of the bladder should 
be identified, and a Foley catheter should help avoid 
accidental bladder perforation. A suprapubic site in the 
midline is most commonly utilized, while right and left 
lower quadrant sites above the pubic hairline and lateral 

 • Extensive insufflation of the peritoneal 
cavity—the more the better.

 • Angle of insertion is usually 45°–60°.
 • Use a safeguard mechanism during trocar 
placement.

 • Before placing ancillary trocars, inspect 
the inside abdominal wall for the presence 
of adhesions.

 • Gently tap the area with the index finger, 
where the puncture is planned, and look 
for the indentation of the abdominal wall 
through the laparoscope.

 • Look for blood vessels by turning 
the room lights off and illuminating 
the area on the abdominal wall with the 
laparoscope from inside.

 • Make a small 5 mm skin incision in the area 
clear of blood vessels.

 • Introduce the trocar sleeve under 
laparoscopic vision, aiming toward the 
posterior cul-de-sac.

 • Repeat the same procedure for each 
ancillary port.

5.26
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to the deep epigastric vessels are commonly added to 
perform more complex procedures. The abdominal wall 
may be transilluminated by the laparoscope at the site 
of the lateral secondary trocar placements in order to 
demarcate and avoid the superficial epigastric blood ves-
sels. This technique is useful but cannot be relied on to 
locate the inferior epigastric vessels, especially in obese 
or dark-skinned patients. The authors prefer to place the 
ancillary 5 mm ports higher, approximately at the level 
of the umbilicus, about 8–10 cm lateral to the umbilicus. 
Placing the ancillary ports in higher positions provides 
a greater capacity to manipulate tissue, especially for 
removing a large fibroid uterus. Finger-tapping the skin 
from above can identify the area of trocar placement, and 
a small skin incision should be made before the trocar 
sleeve is inserted. The trocars should be placed perpen-
dicular to the abdominal wall making sure that they do 
not slide tangentially along the abdominal wall. This is 
especially important in very obese patients where trocars 
often slide out of the peritoneum if they have not been 
placed properly at the 90° angle. If inadequate insuffla-
tion places the trocar tip close to the bowel, the pressure 
on this trocar should be intermittently released while it is 
twisted until reaching the peritoneal cavity. If an ancillary 
trocar is already placed, a grasper can be inserted into 
the peritoneal cavity and used to elevate the abdominal 
wall to assist placement of an additional trocar. If only 
one hand is used to insert a secondary trocar, the index 
finger should be extended along the shaft as a safeguard 
against deep penetration.

TERMINATION OF THE LAPAROSCOPIC 
PROCEDURE
At the end of the laparoscopic procedure, the abdomi-
nal cavity should be inspected for absence of bleeding or 
retroperitoneal hematoma during reduced intraperitoneal 
pressure. All ancillary trocars should then be sequentially 
withdrawn under direct laparoscopic vision to ensure 
hemostasis. The patient is placed in a flat position, as 
much gas as possible is allowed to escape, and the lapa-
roscope is then removed. Typically, a certain amount of 
gas remains trapped in the peritoneal cavity, which can 
irritate the peritoneum, creating discomfort and minor 
pain referred to the shoulder area for up to 2 weeks post-
operatively. Abdominal gas should be relieved by gentle 
pressure on the lower abdomen with the valve opened 
to allow escape. The surgeon may ask anesthesia at this 
time to give the patient two large breaths to facilitate more 
complete gas removal. The trocar sheath is removed with 
the valve open to prevent room air from entering the 
abdominal cavity, aided by keeping gentle pressure on 
the abdominal wall close to the trocar site while pulling 
the trocar sleeve with the other hand. If any difficulties 
were encountered during Veress needle or primary trocar 
placement and/or significant omental or bowel adhesions 
were noted during the laparoscopic procedure, the umbili-
cal trocar should be withdrawn under direct laparoscopic 
guidance to ensure that the bowel was not injured during 
peritoneal access. Generally speaking, any fascial incision 
greater than 5 mm should be closed to prevent hernia for-
mation. For routine trocar site closure, a 0 absorbable suture 
is used to approximate deep fascia, and 4-0 is used for the 
skin (Figure 5.28). Several devices are available for closure 
of the fascia and peritoneum under direct vision, such as 
the Endoclose (Tyco Healthcare, Norwalk, Connecticut, or 
Carter-Thomason, CooperSurgical, Trumbull, Connecticut) 
(Figure 5.29). In order to prevent the risk for small bowel 
obstruction from a Richter hernia, closure must include 
both fascial and peritoneal defects.

5.27

Always inspect the abdominal cavity for the 
absence of bleeding, hematoma, or bowel 
injury before withdrawing the laparoscope.

 • Check for hemostasis before terminating 
the laparoscopic procedure.

 • Withdraw the ancillary trocars under 
direct laparoscopic vision to check for 
hemostasis.

 • If more attempts were made before 
establishing adequate pneumoperitoneum, or 
if umbilical adhesions are observed, 
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During any laparoscopic surgery, the procedure should 
be properly documented. Visual documentation using 
digital image capture and prints at the outset and peri-
odically thereafter serve to memorialize the procedure 
and provide invaluable reference for both the patient and 
future pelvic surgeons.
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withdraw the trocar slowly before releasing 
the pneumoperitoneum to check for possible 
bowel injuries. If no abnormalities are 
observed, reinsert the trocar sleeve, and 
release the pneumoperitoneum.

 • Close all fascial incisions of 1 cm and 
greater using absorbable suture.

 • For 5 mm incisions, only skin closure is 
performed.
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Chapter 6

ENERGY SYSTEMS IN LAPAROSCOPY
Andrew I. Brill

ELECTROSURGERY
Electricity is produced when valence electrons are freed 
from atoms of conductive materials. When these elec-
trons are set in motion in the same direction an electric 
current (I) is produced, that is measured in amperes. 
Opposite charges on the ends of the conductor cause 
the electrons to flow in one direction toward the posi-
tive terminal. The difference in potential between the 
positive and negative poles provides the electromotive 
force (voltage) to drive the current through the conduc-
tor (Figure 6.1).

Current that flows in one direction through a circuit 
is called direct current (DC). When alternating current 
(AC) flows through a circuit, the movement of electrons 
reverses direction at regular intervals, which is expressed 
as cycles per second (Hertz). Since the effects of current 
on the load are all that is important, the periodic reversal 
of current flow does not undo its work.

The amount of current that flows through a circuit is 
determined by the electromotive force (voltage) across 
the circuit and the resistance that circuit provides to the 
current. Resistance (R) is the difficulty that a material 
presents to the flow of electrons and is measured in 
Ohms. Resistance of biologic tissues varies depending 
on the water content. It is very high in desiccated tis-
sue, moderate in lipid-rich adipose tissue, and very low 
in vascular tissue. Resistance for alternating current is 
expressed as impedance due to the induction of addi-
tional resistive phenomena (inductance) that include the 
effects of imploding electrostatic fields and the oppo-
sitional electromotive force of out-of-phase magnetic 
fields.

Current is directly proportional to the voltage and 
inversely proportional to the resistance, as expressed by 
Ohm’s law:

 I V R= /  

Therefore, greater resistance requires greater voltage, 
and with a fixed resistance, greater voltage creates greater 
current. When the switch of an electric circuit is left open 
(i.e., when the resistance is infinite), as when keying an 
electrosurgical electrode without tissue contact, it is logi-
cal that the energy source will work at maximum voltage. 
This means that an electrosurgical generator produces 
the highest voltage across the electrode when it is acti-
vated remotely from the tissue surface without current 
flow. In order to better understand the basic principles of 

the electric current, the analogy of the electric current to 
the water flow is presented in Figure 6.2.

Power is the rate of doing work and is expressed in 
watts (W). It represents the total quantity of electrons 
moved and the pressure gradient against which the 
movement occurred, as expressed by

 W I V= ×  

Inserting Ohm’s law:

 W I2 R and W V2 R= × = /  

Therefore, power to tissue increases as a function of 
both the square of the voltage and the square of the 
current.

The ratio of voltage-to-current is primarily responsible 
for the electrosurgical effects on tissue.

Other important factors are time (duration of current 
application) and power density. The power density rep-
resents the amount of energy applied per unit of surface 
and time, and can be represented in the following way:

 
Power density

Power output Time

Surface
=

/

 

This equation shows that if time is kept constant, 
power density depends on the wattage and surface of 
the active electrode. Change in power density can be 
achieved by changing the power output, or by changing 
the contact area. Indeed, to maximize power density, we 
use higher energy output and a small contact electrode 
(Figure 6.3).

PRINCIPLES OF ELECTROSURGERY

CURRENT
Using current that reverses its direction periodically, elec-
trosurgery is exclusively performed with high-frequency 

GREATER VOLTAGE
↓

GREATER FORCE
↓

GREATER RISK
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alternating current. The frequency with which current 
changes direction is measured in cycles per second or 
Hertz (Hz). Since electrosurgery relies only on the effects 
of current on the load ( tissue), this periodic reversal 
does not undue the tissue effects. Normal household 
current has a frequency of 60 Hz (cycles per second). 
Low-frequency alternating current causes tetanic neu-
romuscular activity by rapidly reversing depolarization 
of neuromuscular tissue (faradic effects). These effects 
do not occur at frequencies greater than 100,000 cycles 
per second (Hz), where the net positional change of cel-
lular ions is minimal. Justifiably then, electrosurgery is 
typically performed using alternating currents ranging 
between 500,000 Hz and 3 million Hz (Figure 6.4).

BIPOLAR AND MONOPOLAR MODES
Bipolar electrosurgery utilizes two terminals of equal 
size that are extremely close by virtue of being situated 
across from one another at the end of an electrosurgi-
cal instrument. Rather than the patient being part of the 
electric circuit, the current is only conducted by the tis-
sue restricted between the distal electrodes (Figure 6.5). 
In monopolar electrosurgery, current is passed through 
the body by applying two differently shaped electrodes 
at distant locations of the body. Since the surgical elec-
trode is much smaller than the return electrode, tissue 
effects are moderated by substantially different current 
densities (Figure 6.6).

WAVEFORMS
Although most contemporary electrosurgical generators 
have front panel controls that are labeled “cut,” “blend,” 
and “coag,” these terms are not necessarily related to 
actual tissue effects. The variety of choices simply reflects 
different degrees of waveform modulation (damping) that 
can be incrementally produced by the generator’s solid-
state circuitry. Modulation is the periodic interruption of 
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current flow (Figure 6.7). The “cut” mode of the generator 
produces an unmodulated (undamped) pure sine wave 
with a relatively low peak voltage. The “coag” mode pro-
duces the most modulated waveform that correspond-
ingly has the highest peak voltage. Therefore, for equal 
power settings, increasing waveform modulation (i.e., 
switching from “cut” to “blend” to “coag”) causes the 
peak voltage to proportionally increase, i.e., energy must 
be conserved (Figure 6.8).

GROUNDING
A fundamental understanding of grounding is neces-
sary to practice monopolar electrosurgery with safety. 
A ground is any form of conductive connection between 
an electric circuit and earth. Since the earth has an infi-
nite capacity to absorb electric charges, any electrically 
charged object connected to the earth will equalize its 
potential difference with the earth.

THE DISPERSIVE ELECTRODE PAD
Although the dispersive electrode pad provides a path-
way of low impedance for returning current to the gener-
ator, its misapplication can result in catastrophic thermal 
insult that is usually undetected at the time of injury. 

The rules for proper usage seek to minimize imped-
ance while providing the greatest surface area for current 
return. Impedance is primarily minimized by choosing 
a site with adequate water content for conduction. Areas 
of skin with hyperkeratosis or hair and those that over-
lie dense fat deposits (e.g., buttocks) should be avoided, 
while hair-free or shaved skin over larger muscles is pre-
ferred (e.g., upper thigh). Impedance is further reduced by 
choosing a site as close as possible to the active electrode 
(Figure 6.9). The surface area of the return electrode must 
be large enough to permit the  returning current to be 
widely dispersed. Tissue heating is intimately related to 
current density; current density is inversely related to the 
square of the surface area, and the rise in tissue tempera-
ture is directly proportional to the square of the current. 
Therefore, small decrements in the surface area between 
the dispersive pad and the skin can dramatically result in 
injurious thermal effects to the underlying tissues. A large 
surface area is guaranteed by a uniform and unalterable 
application. Areas with bony prominences are prone to 
movement on patient repositioning (such as the back and 
buttocks) and should be avoided. Since the edge of the 
dispersive electrode pad closest to the active electrode 
tends to concentrate the current, the longer edge of the 
pad should be placed toward the operative site.

6.5

HF-generator

Isolated

Bipolar electrode

6.6
Monopolar electrode

HF-generator

Active
electrode

Neutral
electrode

6.7
6000v.

Modulated
(”coagulating”)

Current on
10% of time

0

90% 90%
10% 10%10%

90%

6.8

Cut desiccate
1000 volts

Fulgurate
5000 volts Blend 3, desiccate

2000 volts
+

+

0

0–

–

+

0

–



58 PRaCtICal ManUal of MInIMally InvasIve GyneColoGIC and RoBotIC sURGeRy

ELECTRODE MONITORING SYSTEMS
Contemporary electrosurgical generators are equipped 
with an automatic alarm and a shutdown mechanism 
that activates when the connection between the gen-
erator and the return electrode is not intact. However, 
this does not monitor the adequacy of contact between 
the surface of the grounding pad and the patient. Since 
the impedance to the flow of current via the dispersive 
electrode is quite small until most of the pad has peeled 
away, any drop in electrosurgical effectiveness should 
alarm the surgeon to check the application of the dis-
persive electrode.

Valleylab (Boulder, Colorado), originally introduced 
a return electrode monitoring (REM) system that moni-
tors the dispersive pad’s connection to the generator and 
the degree of contact with the patient. The dispersive 
pad is split into two functional halves; a small current 
is generated to flow through the first half, through the 

contiguous skin and tissue, and then via the other half 
to return to the generator, which electronically monitors 
the local impedance (Figure 6.10). If the impedance is 
exceeded by separation from the skin, then the circuit 
is opened, and an alarm is sounded. This innovation in 
dispersive pad technology completely eliminates the risk 
of thermal damage from an unpeeled electrode.

TISSUE EFFECTS OF ELECTROSURGERY
Owing to the impedance, electric energy when applied 
to the tissue is transferred to thermal energy, and the tis-
sue effect of this thermal energy directly depends on the 
temperature inside of the tissue and the time required 
to reach that temperature (Figure 6.11). Electrosurgical 
energy produces three distinct effects on tissue: cutting, 
fulguration, and desiccation.

By varying the rate and extent of the thermodynamic 
effects of electric current in biological tissue, high-fre-
quency electrosurgery is used to cut and/or coagulate. 
Although the efficiency of hemostasis is related to the 
depth of coagulation, it is of paramount importance that 
no more tissue suffers thermal damage than is absolutely 
necessary. The art of electrosurgery is balancing between 
the need for absolute hemostasis and the least amount of 
deep coagulative necrosis.

CUTTING (ELECTROSECTION)
The cutting of tissue occurs when there is sufficient  voltage 
(at least 200 V) between the electrode and the tissue to 
produce an electric arc, which concentrates the current to 
specific points along the tissue surface. The open circuit 
creates an electric field that ionizes the intervening air. 
An avalanche of colliding and accelerating charged ions 
forms a plasma cloud that gives off light and sound as the 
ions pass to lower energy states to produce an electric arc 
(Figure 6.12). The extremely high current density delivered 
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by the arc rapidly superheats the cellular water to tempera-
tures greater than 6000°C. Explosive cellular vaporization 
ensues secondary to the production of highly disruptive 
pressure (steam occupies six times the volume of liquid 
water!) and acoustic forces. Arcing is then enhanced by an 
envelope of steam vapor that becomes instantly ionized. 
The use of the unmodulated “cut” waveform helps sustain 
this envelope by producing an uninterrupted current that 
continuously maintains the same pathways for arc forma-
tion. However, since the “cut,” “blend,” and “coag” outputs 
all provide peak voltages greater than 200 V, any genera-
tor setting can be utilized to perform electrosection. In 
any case, tissue contact eliminates the steam envelope and 
abolishes the cutting arc.

In general, the depth of coagulation along the cut 
edges increases with increasing voltage and length or 
intensity of the electric arcs. Therefore, an unmodulated 
“cut” waveform produces a cut with the least amount 
of coagulative necrosis, whereas waveforms with greater 
modulation and higher peak voltages (i.e., higher “blend” 
and the “coag” settings) result in substantially larger 
zones of coagulation (Figure 6.13).

When using conventional electrosurgical generators, 
the smallest volume of coagulation during electrosection 
is assured by employing the thinnest possible electrodes 
(i.e., edge rather than surface), using the unmodulated 
“cut” waveform with low peak voltage, and cutting as 
rapidly as possible using a single pass of the electrode. 
Deeper coagulation occurs when opposite parameters 
are applied. A higher “blend” (i.e., blend two or three) or 
the “coag” waveform may be selectively employed during 
the electrosection of highly vascular tissues (e.g., leio-
myoma) to provide a significant measure of hemostasis 
along the cut margins.

A new breed of electrosurgical generators, such as 
the Force Triad (Medtronic) (Figure 6.14), incorporate 
automatic control circuits to ensure that the intensity of 
the electric arcs and the output voltage are kept con-
stant (constant voltage generator). This makes the depth 

of coagulation relatively independent of the cutting rate 
and depth, as well as the magnitude of the output cur-
rent. Thus, the distance of coagulation remains con-
stant regardless of the magnitude of the output current. 
With this type of equipment, the operator can move the 
electrode as quickly or slowly as desired and at any angle 
without significantly affecting the depth of coagulation.

DESICCATION AND COAGULATION
Contact of tissue with the surface of an active electrode 
leads to conduction of current with a low current den-
sity (Figure 6.15). Resistive heating is produced by the 
high-frequency agitation of intracellular ionic polarities. 
As the tissue is slowly heated to temperatures above 50°C 
and maintained, irreversible cellular damage is initiated 
by deconfiguration of regulatory proteins followed by 
the denaturation of cellular proteins (white coagulation). 
Further heating to 100°C leads to complete evaporation 
of cellular water (desiccation), hemostasis secondary to 
the contraction of blood vessels and the surrounding tis-
sues, and conversion of collagens to glucose that has 
an adhesive effect between the tissue and electrode. 
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Temperatures above 200°C cause carbonization and 
charring. The prudent application of monopolar electro-
surgery to tissue is continuously moderated by monitor-
ing for the terminal evanescence of steam formation and 
tissue whitening; tissue charring and smoke are indica-
tive of overzealous coagulation.

Until the tissue reaches a temperature of 100°C and is 
completely desiccated, the rise in tissue temperature is 
directly proportional to the tissue resistance (degree of 
desiccation), time of current flow, and the square of the 
current density. Therefore, temperature change is more 
rapid at superficial depths and evolves more gradually 
with larger surface electrodes.

As the tissue is progressively desiccated, current flow is 
moderated by a zone of electrically insulated steam vapor 
that forms between the electrode and tissue. The flow of 
current will eventually cease based on the output volt-
age. At lower voltages using the unmodulated “cut” wave-
form, the coagulative process continues until the tissue is 
entirely dried out (soft coagulation). Continued application 
of current after completion of the evaporative phase leads 
to tissue adherence. Therefore, soft coagulation should 
ideally be terminated at the time of vapor formation.

At higher voltages when using modulated waveforms 
(especially with smaller electrodes and higher current 
densities), the vapor layer and desiccated tissue are punc-
tured by electric arcs (forced coagulation) causing fur-
ther coagulation until the coagulum is so thick it cannot 
be penetrated. Tissue becomes carbonized, sticky, and 
precariously unstable. This results in deeper coagula-
tion at the expense of greater force, intense arcing, and 
increased temperature generation (Figure 6.16).

During soft coagulation, the lower voltage of the “cut” 
waveform heats the tissue more slowly so heat can flow into 
deeper tissue layers. Hence, it can be said that soft coagu-
lation is more effective coagulation. Since the reduction 
of abnormal uterine bleeding after endometrial ablation is 
related to the degree of destruction of the basalis layer and 
superficial myometrium, it can be formally argued that the 

unmodulated “cut” waveform should be used during hys-
teroscopic electrocoagulation of the endometrium.

In consideration of all the physical parameters that 
govern the behavior and effects of high-frequency alter-
nating electric current in biological tissue, laparoscopic 
monopolar electrosurgery should ideally be performed 
using the unmodulated “cut” waveform for cutting and 
deep coagulation of tissue. Any electrode configured with 
both a flat surface and an edge (e.g., spatula electrode or 
electrosurgical scissors) can be used as an all-purpose 
electrosurgical tool with this waveform. The concentra-
tion of current at the edge or tip of the electrode provides 
arcing and hemostatic cutting of tissue. Blunt dissection, 
tissue traction, coaptation of small blood vessels, and 
contact coagulation can all be effectively accomplished 
using the flat surface (Figure 6.17).

FULGURATION
Electric arcs generated by modulated waveforms with 
higher peak voltages (fulguration) can superficially 
coagulate a broad surface of tissue with open vessels 
as large as 2 mm (Figure 6.18). Current modulation 
allows the steam envelope to dissipate between the 
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interruption of sparks, causing the electric arcs to strike 
the tissue surface in a widely dispersed and random 
fashion, thereby preventing tissue cutting. Although the 
higher voltage sparks are larger and create broad areas 
of charring (to >500°C) and tissue destruction, current 
flow is limited to  the superficial tissue layers due to 
rapid desiccation and the buildup of tissue resistance. 
Fulguration is relatively useless in the presence of a wet 
surgical field due to the diffusion of current by saline-
rich blood.

Teleologically then, the only selective indication for 
using the highly modulated “coag” waveform during 
monopolar electrosurgery is for the superficial coagulation 
of tissue along a large surface area. Exemplary needs for 
fulguration during laparoscopic surgery include the myo-
metrial bed after myomectomy, the base of the  ovarian 
cortex after cystectomy, and the oozing veins enwrapping 
Cooper ligament during colposuspension. Since thermal 
effects are kept quite superficial by the rapid surface des-
iccation, fulgurative current is the best choice to superfi-
cially electrocoagulate areas of endometriosis over vital 
structures such as the bladder and ureter.

The argon beam coagulator (ABC) is a true fulgurating 
electrosurgical device that utilizes the flow of argon gas 
through an electrode device to form a comparatively lon-
ger bridge of electric arcs to the tissue. This gas is easier 
to ionize than air, allowing the electric arcs to create a 
more uniform surface coagulation effect. The high flow 
of gas (4 L/min) displaces oxygen and nitrogen as well as 
pooled blood, which focuses the effective surface area, 
and reduces the formation of smoke, carbonization, and 
tissue buildup on the tip of the electrode.

PROBLEMS OF MONOPOLAR 
ELECTROSURGERY DURING 
LAPAROSCOPIC SURGERY
Contrary to the open surgical environment during lap-
arotomy, the bulk of most instruments and nearly all 

surrounding intraabdominal structures are not visualized 
during any laparoscopic procedure. Furthermore, nearly 
all of the potential conductors during laparoscopic elec-
trosurgery are also out of the surgeon’s field of view. 
Intended and unintended couriers of direct or induced 
currents include the abdominal wall, metallic trocar 
sheaths and instruments, the operating laparoscope, con-
tiguous visceral tissues, and the active electrode (which 
is the only part of the circuit under view!) (Figure 6.19). It 
comes as no surprise that most accidental electrosurgical 
burns during laparoscopic surgery are undetected at the 
time of injury.

INSULATION FAILURE
Insulation failure occurs secondary to breaks or holes 
in the insulation caused by physical abruption during 
use (such as during passage through an incompletely 
engaged trumpet cannula) or during normal reprocess-
ing procedures. Completely intact insulation (especially 
on disposable instrumentation) can be breached by very 
high voltage (e.g., during open circuit activation or using 
a modulated “coag” waveform). Any break or breach in 
insulation may provide an alternate pathway for the flow 
of current. If the defective portion of insulation contacts 
tissue during electrode activation, an electric arc will 
bridge directly from the electrode through the defect to 
this tissue (Figures 6.20 and 6.21). Thermal damage will 
occur if the current density is high enough to signifi-
cantly heat the tissue. Since these defects are usually out 
of the field of view, this type of injury usually occurs 
undetected at the time of insult.

Insulation failure can be minimized by periodically 
inspecting the insulation covering of all laparoscopic 
electrodes (especially at the shoulder) for small cracks 
and defects. Disposable monopolar electrodes should not 
be reused. The risk of high voltage can be eliminated 
by using the unmodulated “cut” waveform, and avoiding 
open circuit activation.
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DIRECT COUPLING
Direct coupling of current occurs when an activated 
electrode makes unintended contact with another metal 
object in the area of the surgical field. Accidental elec-
trode contact with a suction-irrigator probe, the operat-
ing laparoscope, or a metal cannula creates an alternate 
pathway that is normally conducted up through a metal 
trocar to the abdominal wall and back to the dispersive 
electrode. However, if any of these devices are isolated 
from direct contact with the abdominal wall by an insu-
lator (e.g., plastic cannula or self-retaining device), the 
current may take an alternate pathway through a point 
of contact with adjacent tissue (Figure 6.22). Again, if the 
current density is high, thermal damage may occur.

Direct coupling can be avoided by never activating 
the generator when the electrode is touching or in near 
proximity to another metal object in the surgical field.

CAPACITIVE COUPLING
Capacitance is the property of an electric circuit to store 
energy. Any device that creates capacitance is called 

a capacitor. A capacitor exists whenever two conduc-
tors that have different potentials are separated by an 
insulator. A difference of potential or voltage will exist 
between two conductors that have differing numbers of 
free electrons (an overall negative charge on the con-
ductor with excess, and a positive charge on the elec-
tron-deficient conductor). Although separation by an 
insulator prevents the flow of electrons between these 
conductors, the potential difference nevertheless creates 
an attraction or electrostatic force between them. This 
force results in an electric field and creates a reservoir 
of stored energy. When an alternating current flows 
through a circuit, the applied voltage and flow of current 
periodically change direction. This means that a capaci-
tor with alternating current is continuously “charged” 
in alternating directions. With each reversal of current 
flow, the energy of the stored electric field is discharged. 
Although no actual current flows through the capaci-
tor, the charged current from capacitance completes the 
circuit and in essence conducts the alternating current. 
Since the amount of capacitance is directly proportional 
to the voltage, capacitance is greatest during open circuit 
activation and with a highly modulated current such as 
the “coag” waveform.

Capacitive coupling is the induction of stray current 
to a surrounding conductor through the intact insulation 
of an active electrode. In fact, all of the necessary ingre-
dients for the localized genesis of capacitance are pro-
vided by an activated monopolar electrode that is passed 
through a conductive sheath.

Two conductors of differing potentials, the active elec-
trode and the metal sheath (e.g., trocar sheath, working 
channel of an operating laparoscope, or irrigator-aspira-
tor probe), are separated by the insulation of the elec-
trode (Figures 6.23 and 6.24). On activation, up to 80% of 
the generator current is induced on the metal sheath by 
capacitance. Normally this stray current is safely returned 
to the dispersive electrode by conduction through the 
large area of contact between the metal trocar sheath 
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and the abdominal wall. The magnitude of capacitance is 
greater with higher voltage, smaller cannulas, and longer 
electrodes. Furthermore, the induced current will persist 
until the electrode is deactivated or it is conducted via an 
alternate pathway.

If the metal trocar sheath is attached to the abdominal 
wall by a nonconductive plastic device (e.g., hybrid tro-
car [metal/plastic] or plastic self-retaining screw device), 
the induced current becomes electrically isolated from 
the abdominal wall. Contact between the cannula and a 
visceral structure provides an alternate pathway for the 
stray current to discharge (Figure 6.25). Significant ther-
mal damage will occur if the current density is suffi-
ciently concentrated by a small area of contact. A similar 
phenomenon of capacitive coupling and isolation of cur-
rent may occur during activation of an electrode placed 
through the working port of an operating laparoscope 
that is isolated from the abdominal wall by an all-plastic 
cannula. In either case, the thermal injury is usually out 
of the surgeon’s field of view.

Capacitance is minimized by using an unmodulated 
“cut” waveform and avoiding open circuit activation (i.e., 
minimizing voltage). An all-metal system will suffice 
for the safe conduction of capacitively coupled current 
back to the dispersive electrode. Hybrid cannula systems 
(mixtures of plastic and metal) should not be used to 
house monopolar electrosurgical devices.

BIPOLAR ELECTROSURGERY
During monopolar electrosurgery, a high density of elec-
trons leave the active electrode and are ultimately dis-
persed over the broad surface of a return electrode pad. 
The current returns to the generator after the electrons 
pass through the patient via a myriad of variably conduc-
tive pathways.

Bipolar technology consolidates an active electrode 
and a return electrode into an electrosurgical instrument 
with two small poles (e.g., tines of forceps or blades of 
scissors) (Figure 6.26). Rather than coursing through the 
patient, the flow of alternating current is symmetrically 
distributed through the tissue between the poles, revers-
ing direction every half cycle. This eliminates the risk 6.24
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of capacitive coupling and alternate current pathways. 
Power requirements are significantly less than with mono-
polar surgery due to the current concentration between 
the poles. Therefore, an unmodulated “cut” waveform 
with low peak-to-peak voltage is the generator output 
during bipolar electrosurgery (Figure 6.27). These fac-
tors typically limit the thermal effects to desiccation and 
coagulation of tissue. Laparoscopic scissors and shears 
depicted as bipolar cutting devices are usually mechani-
cal cutting devices that simultaneously desiccate at the 
edge of the cutting electrodes. Using advanced solid-state 
technology, true bipolar electrosurgical cutting can be 
accomplished using two more recently introduced bipo-
lar cutting electrodes paired to a dedicated low-voltage 
electrosurgical generator. The 5 mm PK Cutting Electrode 
(Olympus America) consists of a retractable active needle 
electrode paired with a return electrode collar near the 
distal tip. Tissue cutting is generated when both elec-
trodes are placed in contact with tissue and then drawn 
across the tissue surface during activation. More recently, 
a Plasmaspatula 5 mm cutting-coagulation spatula elec-
trode and a J-hook were introduced that consist of con-
ductive surfaces that can be manipulated and keyed to 
either cut or coagulate tissue (Figure 6.28). Using bipolar 
electric current, these devices deliver an ionized corona 

of energy, which instantly vaporizes tissue entering its 
margins of active force. The low thermal mass of the ion-
ized electrons contains the spread of tissue desiccation 
and coagulation. Since the PK electrosurgical genera-
tor produces a low-voltage output, the high impedance 
posed by very desiccated or fatty tissues may preclude 
vaporization by either of these novel bipolar electrodes.

Bipolar electrosurgery is used for laparoscopic tubal 
sterilization by sequentially grasping and desiccating the 
midportion of the fallopian tube and adjacent mesosal-
pinx with the Kleppinger forceps. Failure of this method 
usually results from incomplete destruction of the tubal 
lumen with persistent viability of the endosalpinx. 
Complete desiccation is best ensured by including the 
vascular portion of the tube in the forceps, coagulating at 
least 3 cm of contiguous areas along the ampullary por-
tion of the tube, using relatively low power (25 W) and 
an inline ammeter to ensure that the tissue is completely 
desiccated (Figure 6.29).

The localization of current between the poles of the 
instrument during bipolar electrosurgery offers several 
distinct advantages. Thermal damage is generally limited 
to a discrete volume of tissue. The bipolar forceps can be 
used to coapt and thermally weld blood vessels. The con-
centrated current and small distance between the poles 
makes it possible to desiccate tissue that is immersed in 
fluid. The apparent disadvantages of this modality arise 
when open blood vessels are retracted or tissue pedicles 
are very thick.

Although the flow of current and primary thermal 
effects is restricted to the tissue between the poles, this 
does not remove the risk of thermal effects to tissue that 
is distant from the operative site. In fact, the net ther-
mal effects are also governed by the physical parameters 
described during monopolar electrosurgery. The applica-
tion of bipolar current leads to the gradual desiccation of 
the intervening tissue. The rate of tissue coagulation at 
any given power is moderated by the applied surface area 
of the poles, the thickness of the pedicle, the formation 
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of a vapor layer between the poles and tissue, and the 
evanescing degree of tissue hydration. Impedance is 
maximal when the vapor phase is abolished as the tissue 
is completely desiccated. If the current is further applied 
and maintained more than several seconds, a second-
ary thermal bloom occurs to surrounding tissues from a 
correspondingly rapid rise in tissue temperature. Thus, 
tissues at some distance from the operative site may 
undergo subtle but irreversible thermal damage (e.g., the 
pelvic ureter during overzealous bipolar desiccation of 
the uterine artery).

During laparoscopic surgery, other than tubal ster-
ilization, the spread of thermal damage during bipolar 
desiccation should be minimized by terminating the flow 
of current at the end of the vapor phase, cooling the sur-
rounding tissues with irrigating solution, applying current 
in a pulsatile rather than continuous fashion, avoiding 
the use of an inline ammeter to determine the endpoint 
of desiccation, and securing vascular pedicles by using 
a stepwise process that alternates between partial desic-
cation and incremental cutting. The smallest depth of 
coagulative necrosis will occur when the sides or tips of 
a slightly open forceps are used to lightly “paint” the tis-
sue surface for directed hemostasis (Figure 6.30).

TAKING THE JUDGMENT OUT OF BIPOLAR 
ELECTRODESICCATION
Rather than using the judgment of the surgeon to assess 
the thermal endpoint during bipolar desiccation, newer 
bipolar devices can now think for you. The latest advance 
in bipolar electrosurgery is the introduction of three novel 
ligating-cutting devices that minimize electromagnetic 
force by delivering electric energy as high-current and 
low-voltage output. Once tonal feedback from a dedi-
cated generator confirms complete desiccation of the tis-
sue bundle, the pedicle is cut by advancing a centrally set 
mechanical blade. By directly responding to incremental 
increases in tissue resistance during coaptive desiccation, 

total energy delivery with these devices is dramatically less 
than conventional bipolar systems (300 V versus 1200 V!). 
Comparatively then, carbonization, tissue sticking, smoke, 
incomplete desiccation, and lateral thermal damage are 
all significantly reduced with these new devices. All pro-
duce sufficient energy and vascular coaptation to reliably 
seal both ovarian and uterine arteries.

Relying on the breakthrough that vessel wall fusion 
can be achieved using electric energy to denature col-
lagen and elastin in vessel walls to reform into a per-
manent seal, the 5 and 10 mm LigaSure Laparoscopic 
Vessel Sealing Device (Medtronic) applies a high coap-
tive pressure to the compressed tissue bundle during the 
generation of tissue temperatures under 100°C; hydrogen 
cross-links are first ruptured and then denature resulting 
in a vascular seal that has high tensile strength. These 
laparoscopic instruments for vessel sealing and divid-
ing come in a number of distal configurations includ-
ing blunt, Maryland, dolphin, and multifunctional, which 
also provide electrosurgical cutting using conventional 
monopolar current (Figure 6.31).

The second device, the 5 and 10 mm PK Cutting 
Forceps (Olympus Surgical America, Orangeburg, New 
York), utilizes advanced solid-state generator software to 
deliver pulsed energy with continuous feedback control. 
The cycle stops once it senses that tissue response is 
complete; the cool-down phase ensures collagen, and 
elastin matrix reforms without tissue fragmentation. 
Electric energy delivery in this fashion results in more 
uniform tissue heating and in less average and total 
energy delivery when compared to conventional bipolar 
systems (Figure 6.32).

A third device, the 5 mm EnSeal Laparoscopic Vessel 
Fusion System (Ethicon Endosurgery, Cincinnati, Ohio) 
is an innovative bipolar instrument that for all practical 
purposes displaces the command of the electrosurgical 
generator into the 3 and 5 mm distal jaw materials avail-
able for this instrument.

6.30
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This “smart electrode” contains a set of plastic jaws 
embedded with nanometer-sized spheres of nickel that 
conduct a locally regulated current. Tissue temperatures 
never exceed 120°C due to the progressive generation 
of resistance in the plastic jaws. With this device, des-
iccation is facilitated by simultaneously advancing a 
mechanical blade that both cuts and squeezes the tis-
sue bundle to eliminate tissue water. Reducing tissue 
water during heating at the coaptive interface further 
addresses lateral thermal spread by reducing the pro-
duction of percussive steam during tissue desiccation 
and vaporization. The newest version of this device 
articulates up to 110°, facilitating a perpendicular 
approach to vessels and greater access to tissue in deep 
or tight spaces (Figure 6.33).

ULTRASONIC ENERGY
The Harmonic Scalpel (Ethicon Endosurgery, Cincinnati, 
Ohio) is an ultrasonically activated device that provides 

mechanical energy to cut and coagulate tissue. Connected 
to a dedicated generator, electric energy passes to the 
hand piece, which houses a piezoelectric crystal. The 
electric signal causes piezoelectric ceramics in the trans-
ducers to activate and convert the electric energy into 
mechanical or longitudinal motion, which is transferred 
to the blade extender. From the blade extender the ultra-
sonic wave is amplified as it travels down the shaft to 
the blade tip where it produces a maximum motion of 
55,500 cycles/second. This permits simultaneous cut-
ting and coagulation as ultrasound travels easily through 
cellular water. Tissue coagulation and cutting occur by 
two ultrasound wave effects. First, compression involves 
the transfer of mechanical energy to tissue. The internal 
mechanical friction breaks the hydrogen bonds of the 
collagen molecule that give it a tertiary structure result-
ing in protein denaturation. During this process, a sticky 
coagulum forms and seals the vessel at temperatures less 
than 100°C. Second, cavitation occurs with blade vibra-
tion, produced by a transient area of low atmospheric 
pressure at the tip. This causes fluid within the cells to 
vaporize and eventually rupture or cavitate. Moreover, 
vapor formation between the tissue planes facilitates 
surgical dissection by expanding and separating these 
layers. The surgeon can moderate tissue effects by vary-
ing tissue tension (density) and keying generator power 
settings to control blade excursion and frequency per 
cycle. Governed by the interaction between living tis-
sue and ultrasound, cutting velocity is directly related 
to blade excursion, tissue traction, and blade surface 
area, and inversely related to tissue elasticity. The fast-
est cutting with the least amount of coagulation occurs 
when tissue is placed on tension and firmly compressed, 
lifted, or rotated with the sharpest side of the blade set 
at maximum excursion (power 5). Maximum coagula-
tion is best achieved by relaxing tension, minimizing 
excursion (power 1), and using the blunt edge of the 
blade. Consequently, the surgeon must always be mind-
ful of the potential for premature incision of a vascular 
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pedicle from applying too much tension or traction 
before complete desiccation. Now providing hemosta-
sis similar to advanced bipolar devices for vessels up to 
7 mm, the newest generator uses an adaptive technol-
ogy that responds to changes in tissue impedance by 
regulating energy delivery to control temperature and 
improve the vascular seal (Figure 6.34).

More recently, several companies introduced new lap-
aroscopic instrumentation that similarly employs ultra-
sonic energy to cut and coagulate tissue. The biophysical 
principles dictating the interaction between living tis-
sue and ultrasound described above are the same for 
these devices. However, these devices lack impedance 
feedback to moderate ultrasound transmission and are 
only approved for sealing vessels up to 5 mm in diam-
eter. Manufactured as a cordless ultrasonic device driven 
by a battery pack, Sonocision (Figure 6.35) (Medtronic, 
Minneapolis, Minnesota) has the added benefit of 
eliminating an associated power cord. More recently, a 
hybrid device, Thunderbeat (Olympus Surgical America, 

Orangeburg, New York) (Figure 6.36), was introduced 
as a ligating-cutting device that provides both advanced 
bipolar vessel sealing along with the capacity to incise 
the tissue pedicle using ultrasonic energy.
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Chapter 7

LAPAROSCOPIC SUTURING
Joseph L. Hudgens and Resad Paya Pasic

INTRODUCTION
Laparoscopic suturing is an essential skill for any lapa-
roscopic surgeon. The ability to suture laparoscopically 
allows a surgeon to manage inevitable complications and 
avoid conversion to laparotomy. Competent laparoscopic 
suturing is achieved by understanding the relationships 
between the tissue, equipment, ports, and suture. It is the 
systematic application of and manipulation of these rela-
tionships that allow a surgeon to become proficient at lap-
aroscopic suturing. The goal of this chapter is to present 
the equipment, sutures, and port configurations utilized 
in laparoscopic suturing. The second part of this chapter 
focuses on a systematic approach to learning laparoscopic 
suturing and the current status of suturing technologies.

EQUIPMENT
A quality needle driver is the most important piece of 
equipment needed for laparoscopic suturing. An ideal 
needle driver is able to hold the needle firmly in place, has 
a ratcheting mechanism to avoid fatigue, and should be 
able to grasp the suture without causing damage. Needle 
drivers come in an assortment of styles and are made 
by a variety of manufacturers (Figure 7.1). The assisting 
instrument is often just as important and should have the 
ability to effectively grasp the tissue, the needle, and the 
suture. It is recommended to use two needle drivers for 
laparoscopic suturing. If extracorporeal knot tying is per-
formed, then a knot pusher is necessary. Knot pushers 
come in both open and closed varieties and are discussed 
further in the knot tying section. Scissors are needed to 
cut the suture and come in straight, curved, and hook 
varieties. At least two trocars are needed, but often a third 
is utilized by a surgical assistant. The main consideration 
in trocar selection is the diameter of the trocar relative to 
the needle and the valve mechanism that will allow for 
easy insertion and removal of the needle.

SUTURE CHARACTERISTICS AND SELECTION
A variety of sutures can be used in laparoscopic sutur-
ing, and selection is often based on surgeon prefer-
ence. Criteria for ideal suture selection for laparoscopic 
procedures are no different than for open surgery. The 
memory of the suture and the ability of the surgeon to 

handle the suture with the laparoscopic instruments are 
important. The memory of the suture can be used as an 
advantage in forming the loop for intracorporeal knot 
tying but can also hinder the process if the suture is not 
properly aligned. Monofilament sutures make it easier 
to throw sliding or cinch knots but are not as good at 
maintaining tension as braided suture. The ideal needle 
used for closure should be decided based on the type 
of defect being closed. Barbed suture has been recently 
introduced and is discussed in the “Suturing technolo-
gies” section of this chapter.

PORT PLACEMENT: UNDERSTANDING 
TRIANGULATION
Triangulation in laparoscopy refers to the relationship 
between the tissue, ports, and camera. When two ports 
are placed, a plane is created between the two instru-
ments. The angle that is created between these two 
ports depends on the distance between the two ports. 
Understanding the relationship between the camera and 
this plane and the tissue is critical to efficient laparoscopic 
suturing. The configurations used in gynecologic lapa-
roscopy include ipsilateral, suprapubic, and contralateral 
configurations. Examples of each of these configurations 
and their resulting triangulation are shown in Figures 7.2 
through 7.4. The ideal port placement for suturing and 
knot tying for gynecology have been widely debated. 
There are currently no studies that directly compare dif-
ferent port placements and their effect on laparoscopic 
suturing. All the port placements that are presented have 
been used clinically and can be utilized with the proper 
understanding of the relationships, practice, and experi-
ence. Each port configuration has certain advantages and 
disadvantages.

The most important factor in deciding on a port con-
figuration is ergonomics. Understanding the ergonomic 
relationship between the port configurations and the 
surgeon’s positioning and the manipulation of the instru-
ments is critical in avoiding surgeon fatigue and possible 
injury from prolonged surgery. Most surgeons will agree 
that a relaxed posture and wrist position are the most 
important factors in avoiding strain and fatigue, with the 
elbows near the body. The wrist should be positioned 
in a manner that avoids excessive extension, flexion, or 
rotation to avoid strain with prolonged suturing.
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SYSTEMATIC METHOD
Laparoscopic suturing is a task that requires practice and 
repetition to become proficient. Proficient laparoscopic 
surgeons have mastered the ability to set the needle and 
pass it accurately through the tissue. It is the understand-
ing of the relationships between the camera, instru-
ments, needle, and tissue that leads to this proficiency. 
The use of different port configurations has hindered a 
universal technique from being adopted. By studying the 
cause-and-effect relationships between port placement, 
the camera, and the tissue, the surgeon can better rec-
ognize the critical steps and relationships that lead to 
efficient laparoscopic suturing. The goal of this section is 
to analyze the suturing process and to identify the critical 
elements that lead to successful tissue reapproximation 
and knot tying.

We broke down the suturing process into three main 
steps: (1) setting the needle, (2) tissue reapproximation, 
and (3) knot tying.

By breaking down this process into these manageable 
steps, it allows the surgeon to learn each portion in an 
efficient manner. This avoids overloading the learning 
capacity, which can lead to frustration and inefficiency 
in the skill acquisition process. The following paragraphs 
present each segment in a step-by-step manner. This 
process can be followed to reproduce efficient suturing 
regardless of port configuration.

SETTING THE NEEDLE
The most critical relationship is the angle of the needle 
and the needle driver. The goal is to set the needle in a 

 1. Setting the needle
 2. Tissue reapproximation
 3. Knot tying

7.1

7.2

7.3

7.4
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manner that allows for accurate placement of the needle 
through the tissue. A simple rotation of the needle driver 
around the axis of its shaft is the ideal way to drive the 
needle through the tissue. The most stable relationship 
between the needle and needle driver occurs when the 
needle is set in a perpendicular relationship to the shaft 
of the needle driver (Figure 7.5). This minimizes the 
torque or rotational force applied to the needle as it is 
passed through the tissue.

In order to simplify the laparoscopic suturing and nee-
dle manipulation, we identify three points on the needle 
and the suture as points A, B, and C as well as the middle 
of the needle (Figure 7.6). For easier needle manipula-
tion, it is important to remember that the left part of 
the needle belongs to the left hand, and the right part 
belongs to the right hand. The needle holders should not 
cross over to the other side (territory).

The needle is passed into the abdomen through the 
trocar by holding the suture at point “C” about 2 cm away 
from the needle hub with the dominant hand. With the 
suture in the right hand, the front half of the needle is 
grasped with the left hand (Figure 7.7). The suture is then 
manipulated with the nondominant hand until the plane 
of the needle is perpendicular to the shaft of the dominant 
needle driver. The right hand is then used to grasp the 
back half of the needle at point “C,” about one-third dis-
tance from the hub of the needle as shown in Figure 7.8. 
The needle driver is then rotated so that the relationship 
and angle of the needle to the shaft of the needle driver 
are confirmed. If the needle is not in the proper orienta-
tion, the process is reversed, and the needle tip is grasped 
with the assisting instrument (left hand). The right hand 
then regrasps the suture, and the angle of the needle rela-
tive to the shaft is adjusted. The proper needle orienta-
tion is confirmed by rotating the needle driver, which 
allows us to establish the three-dimensional orientation 
on the two-dimensional screen. Once the needle lies in 

Setting the needle in a perpendicular rela-
tionship to the shaft of the needle driver is 
the first step in efficient suturing.

7.5

Setting the needle
A - B - C

A
2 cm from swedge

C
1/3 from swedge

B
1/3 from point

7.6

7.7
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a perpendicular relationship with the shaft of the needle 
driver, it can be passed through the tissue.

TISSUE REAPPROXIMATION
The most reproducible way to pass the needle through 
the tissue is by simply rotating the needle driver around 
the axis of the shaft. The ultimate goal is to pass the 
needle through the tissue in a perpendicular relation-
ship to the tissue suture line. The surgeon must under-
stand the relationship between this tissue suture line and 
the needle driver. The left-hand or assistant instrument 
is used to grasp or place the tissue in an orientation so 
the needle can be easily passed. When the needle lies 
in a perpendicular relationship to the shaft of the needle 
driver, the tissue must be placed so that the tissue and 
the shaft of the needle driver lie in a parallel relationship 
(Figure 7.9). When this occurs, the needle can be passed 
through the tissue with a simple axial rotation of the 
needle driver. There are three requirements to success-
ful laparoscopic suturing (the rule of 90°): (1) the needle 
should be grasped at a 90° angle to the needle holder; 
(2) the incision should be placed at a 90° angle to the 
needle; and (3) the needle tip should be placed at a 90° 
angle to the tissue.

Once the needle is passed through one side of the 
tissue, it is grasped with the assistant instrument and 
rotated through the tissue. The needle is reset as close to 

the tissue as possible to preserve the angle of the needle 
in relation to the needle driver. Once the needle is reset, 
the assistant instrument is used to grasp the other side 
of the tissue defect and place it in the proper orientation 
to allow passage of the needle with a simple axial rota-
tion of the needle driver. If interrupted sutures are being 
placed, then the suture is ready to be tied. If a figure-of-8 
suture is being performed, the suture is pulled through 
to allow for another passage of the needle through the 
tissue in a similar fashion, and then the knot is secured. 
If continuous suturing is being performed, such as in a 
myomectomy, the needle is passed through the tissue 
as described and then reset. The suture can be pulled 
through tissue using a nondominant hand—what is 
known as the pulley technique (Figure 7.10). The needle 
should be safeguarded from sticking vital structures by 
moving the needle toward the anterior abdominal wall in 
the midline. The assistant instrument can then be used to 
pull the suture through the tissue by pulling the suture 
cephalad. If a surgical assistant is being utilized, the assis-
tant should be able to grasp the suture at the level of the 
tissue defect so that the surgeon can continue suturing. 
Efficient tissue reapproximation can be accomplished by 
repeating this simple process. The key to success lies in 
understanding the relationship of the needle, the shaft of 
the needle driver, and the orientation of the tissue defect. 
The role of the left-hand assisting instrument is vital to 
reliably passing the needle through the tissue, and it is 
more accurate to state that the left hand is utilized to 
place the tissue around the needle instead of imagining 
the needle being driven through the tissue.

 1. Needle should be grasped at 90° angle to 
the needle holder

 2. Incision should be placed at 90° angle to 
the needle

 3. Needle tip should be placed at 90° angle to 
the tissue

The use of the left hand to orient the tissue 
defect in a parallel relationship is critical 
to effectively passing the needle through 
the tissue.

7.9
7.10
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KNOT TYING
Once the suture has been placed through the tissue, the 
knot can be tied. This can be done by an extracorporeal 
or intracorporeal technique. Extracorporeal techniques 
are aided by the use of a knot pusher. Knot pushers 
are made by a variety of manufacturers and come in 
both open and closed models (Figure 7.11). The knot 
pusher is used like an extension of the surgeon’s fin-
ger to secure the knot. The suture is threaded through 
the closed knot pusher, and a knot is thrown outside 
the patient’s abdomen. The knot pusher is then used to 
push the knot down to the tissue. The knot is secured by 
pushing the suture past the knot, similar to the method 
used to secure knots in the pelvis during open surgery. 
Because tension can be difficult to maintain through the 
laparoscopic knot tying process, a second throw in the 
same direction is recommended to form a granny knot. 
This allows the second knot to be secure with the cor-
rect amount of tension. A monofilament suture such as 
PDS or Monocryl may be helpful in allowing the knot 
to slip down. A third throw in the opposite direction 
is then made to lock the previous knots. A total of four 
to six throws are made depending on the suture. When 
using an open-ended knot pusher, the steps are modi-
fied. The knot is first thrown, and then the knot pusher is 
slipped onto the suture. The knot pusher is then used to 
advance the suture down to the level of the tissue (Figure 
7.12). The knot is then secured by placing tension on the 
suture past the knot, similar to the technique used with 
a closed knot pusher.

INTRACORPOREAL KNOT TYING
The ability to tie intracorporeal knots is an essential skill 
for the advanced laparoscopist. Although tying intracor-
poreal knots is more difficult than tying extracorporeal 
knots, once mastered it can be more efficient. The key to 
intracorporeal knot tying is understanding how to make 

the loop and the common mistakes that are encountered 
with intracorporeal knot tying. By taking a systematic 
approach to learning the key relationships and these mis-
takes, difficulties in knot tying can be recognized and 
corrected. The loop can be formed with the assistance 
of the needle or simply by grasping the suture with the 
left hand to form the loop, which is referred to as expert 
knot tying. The use of the needle makes the loop easier 
to form but must be dropped in most instances to secure 
the knot. This facilitates additional steps that can be 
eliminated by learning expert knot tying.

The knot tying process can be divided into three parts: 
forming the loop, throwing the knot, and securing the 
knot. Forming the loop is the most important step and 
has three critical elements. Committing these steps to 
memory and understanding how they correspond to the 
common mistakes made by surgeons is essential in mas-
tering efficient intracorporeal knot tying. Understanding 
the length of suture needed to form the loop is of great 
importance. The ideal length of suture used for intracor-
poreal knot tying is 15 cm or the length of a standard 
Mayo scissor. Once the suture is passed through the tis-
sue, a short tail is made of about 2–3 cm. The left hand is 
then positioned on the suture so that the suture and the 
right hand are in a parallel or inline relationship. Once 
this parallel relationship is made between the suture and 
the right hand, the loop can be formed by moving the 
right hand over the tissue where the knot is to be secured 
(Figure 7.13). When expert knot tying is done, the rota-
tion of the left hand has a critical role in establishing 

7.11
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the orientation of the loop; understanding this relation-
ship is the key to successful expert knot tying and loop 
formation. Once the loop is properly formed, the knot 
is thrown by wrapping the right instrument around the 
suture in the left hand (Figure 7.14). The short tail is 
then grasped, and the knot can be secured. The knot 
is secured by moving the left hand away from the knot, 
which removes the loop from the right hand and short 
tail. The right hand is then used to grasp and move the 
tail across the suture line. The left hand is then moved 
opposite the right hand and the knot laid flat (Figure 7.15). 
The left hand that is holding the loop is then moved back 
over the tissue and knot, while the right hand is kept in 
place, close to the knot (Figure 7.16). A second throw is 
then made in the opposite direction, by placing the dom-
inant grasper underneath the suture, wrapping it around 
the dominant grasper to form the loop, and grasping the 
short tail. The short tail is grasped, and the knot is laid 
flat. This sequence is demonstrated in Figure 7.17. Care 
must be taken not to pull the right hand so much that a 
long tail is made. This creates a compound problem with 

throwing the next knot, as the loop is shortened; even if 
the knot is able to be thrown, the long tail will often lead 
to the formation of a bowtie knot. The intracorporeal 
expert knot is much easier to tie around the needle, as 
shown in Figures 7.18 and 7.19, or if the needle holders 
are introduced from contralateral sides (Figure 7.20).

It is often difficult to maintain tension when tying intra-
corporeal knots, and an air knot may occur. By learning 
to secure a cinch knot, this issue can be alleviated. To 
secure a cinch knot, you make your first throw and leave 
the knot loose. You then make a second throw in the 
opposite direction and complete an air square knot. The 
tail is released, and that hand is used to grab the por-
tion of suture where the needle last exited the tissue. 
The right and left hands then pull the suture by apply-
ing force in a 180° or opposite direction. The knot will 
snap and is converted to a sliding knot. The exit strand 
is released and the knot pushed down until it is secured 
(Figure 7.21). The tail is then grasped, and the knot is 
secured. A third throw is then made to lock the knot into 
place. This is a very versatile and important type of knot 
to learn to become proficient at laparoscopic suturing.
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The most common mistakes are failure to maintain a 
short tail, lift and drift, and improper orientation of the 
loop. The surgeon must maintain a short tail. It is not 
maintaining the short tail that is the most common error 
and is the result of pulling the right hand too far from 
the knot. Difficulty throwing the knot comes from the 
suture not being in a parallel relationship with the right 
hand. Because the loop is not in the proper orientation, 
this leads the surgeon to the next mistake, which is lift 
and drift. To make throwing the knot easier, the sur-
geon lifts or drifts the suture away from the knot, which 
straightens the loop and makes knot tying difficult. It is 
only by understanding the relationship of loop length 
and avoiding lift and drift that the proper length of the 
loop is maintained. When the orientation of this loop is 
correctly aligned with the right hand, then intracorporeal 
knot tying becomes reproducible. By making a conscious 
effort to control the rotation of the left hand holding the 
suture, the proper orientation can be maintained for 
expert knot tying.

INTRODUCING ANY SIZE NEEDLE THROUGH 
5 MM TROCAR
The technique of Drs. Courtney Clark and Harry Reich 
allows the placement of any size curved needle into the 
abdominal cavity by using a 5 mm incision. This tech-
nique is illustrated in Figures 7.22 through 7.25.

The ancillary trocar is withdrawn from the abdominal 
wall. The trocar hole is plugged with the assistant’s finger 
to prevent the escape of gas from the peritoneal cavity 
(Figure 7.22).

The trocar is held in the surgeon’s hand outside the 
abdominal cavity, and the needle holder or grasper is 
inserted through the trocar sleeve; the suture tail is 
grasped and pulled back through the trocar. The grasper 
is then reintroduced through the trocar along the suture, 
and the suture is grasped about 3–4 cm above the needle 
hub (Figures 7.23 and 7.24).

The needle holder is then introduced into the perito-
neal cavity through the same incision, pulling the needle 
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with it. When the needle is pulled into the abdominal 
cavity, the trocar sleeve is then pushed over the grasper, 
using it as a guide to seal the incision in the abdominal 
wall (Figure 7.25).

After introducing the needle into the abdominal cav-
ity, a small clamp is placed at the suture tail to prevent 
the tail of the suture from being pulled into the trocar.

SUTURING TECHNOLOGIES
There are many products to aid with laparoscopic sutur-
ing. One of the first products was the Endoloop (Ethicon 

Endosurgery, Cincinnati, Ohio). The Endoloop is a loop 
ligature that can be passed through a trocar and placed 
around tissue. The Endoloop uses a pre-tied Roeder knot 
that is pushed down against the tissue and secured with 
a plastic knot pusher (Figure 7.26).
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The Autosuture Endo Stitch (Medtronic, Boulder, 
Colorado) is the one-hand suturing device that allows an 
easy transfer of the straight needle between two arms. 
The wide-mouth jaws of the instrument open to 19 mm 
and allow for the grasping of a wide variety of tissue 
thickness with a 9 mm straight needle. The device uses a 
mechanical ratchet to pass the needle back and forth and 
eliminates the need to set and reset the needle. An inte-
grated needle and suture allows for a wide variety of dif-
ferent suture combinations. However, this design limits 
the angle and depth at which the needle can be passed, 
and tissue manipulation with the assisting instrument is 
critical in obtaining adequate tissue bites (Figure 7.27). 
To overcome this limitation, another product, the SILS 
Endo Stitch (Medtronic) uses a similar mechanism on an 
articulating shaft. The articulating shaft design allows for 
more varied angles of approach and is often utilized in 
single-incision procedures. After the sutures have been 
placed through the tissue, the Endo Stitch can also be 
used for intracorporeal and extracorporeal knot tying. 
Other mechanical “sewing machine” devices include the 
Ethicon Suture Assistant and the RD 180 by LSI Solutions.

The Lapra-Ty by Ethicon is an absorbable PDS clip 
that is applied to the suture and prevents the suture from 
pulling through the tissue. A second clip can then be 
applied to the tail of the suture once it has been passed 
through the tissue to secure the suture line, avoiding 
any knot tying (Figure 7.28). Although these devices can 
improve surgical efficiency, the cost of these devices 
must be taken into account given their disposable nature.
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Barbed sutures have been introduced by Angiotech 
(Quill) and Covidien (V-Loc). They are able to main-
tain the tension of the suture in the tissue by utilizing a 
barbed pattern that anchors the suture in a unidirectional 
path. This often eliminates the need to anchor the suture 
with a knot.

The most advanced suture technology developed 
recently is arguably robotics. By utilizing a three-
dimensional video system, depth perception is greatly 
improved. Additionally, robotic technology scales down 
movements and incorporates articulating instruments, 
thereby facilitating microsurgical suturing. This can be 
advantageous in procedures such as tubal reanastomo-
sis. Specifically, the additional articulation allows the 

surgeon to move the instruments around the needle and 
tissue instead of having to move the needle and tissue 
around fixed instruments. Setting the needle and passing 
the needle through the tissue thus becomes much easier 
for some surgeons. The surgeon is also able to pass the 
needle through the tissue at angles that may be difficult 
to accomplish with fixed instrumentation.

Suturing technologies and robotics have all been 
developed to aid the surgeon in reapproximating tissue. 
No matter if using conventional instruments or suturing 
devices, the fundamentals that lead to efficient suturing 
are the same. A fundamental understanding of the geo-
metric relationships between the instruments, tissue, nee-
dle, and camera is the real key to becoming proficient at 
laparoscopic suturing. Developing a systematic approach 
to suturing and breaking down each process into man-
ageable and key parts will allow the laparoscopic surgeon 
to become successful at laparoscopic suturing.

SUGGESTED READING
Hudgens JL, Pasic R, eds. Fundamentals of Geometric Laparoscopy and 
Suturing. Tuttlingen, Germany: Endo Press; 2015.

Koh CH. Laparoscopic Suturing in the Vertical Zone. Tuttlingen, 
Germany: Endo Press; 2010.

Mencagilia L, Minelli L, Wattiez A. Manual of Gynecologic 
Laparoscopic Surgery, 11th ed. Tuttlingen, Germany: Verlag Endo 
Press; 2008.

Pasic R. All you need to know about laparoscopic suturing. In: 
Pasic R and Levine RL, eds. A Practical Manual of Laparoscopy: A 
Clinical Cookbook. 2nd ed. Taylor & Francis Group; 2007, Chapter 7, 
pp. 97–108.
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Chapter 8

LAPAROSCOPIC TUBAL STERILIZATION
Ronald L. Levine and Thomas G. Lang

Laparoscopic sterilization is the most common type of 
female sterilization surgery performed in the United 

States. There are essentially four major methods. There 
is currently only one available U.S. Food and Drug 
Administration (FDA)-approved hysteroscopic steriliza-
tion device. This approach has been increasing in popu-
larity over the past decade.

All of the laparoscopic methods that will be described 
may be performed through either a single-puncture 
technique using an operating laparoscope (Figure 8.1), 
or through a double-puncture technique using a 5 mm 
second puncture trocar that is typically placed in the 
midline suprapubic area. The double-puncture technique 
uses a 5 or 10 mm laparoscope that is inserted through 
an umbilical port (Figure 8.2). If the single-puncture tech-
nique is the method of choice, it is very important that 
a well-functioning uterine manipulator be employed. By 
moving the manipulator, it is possible to stretch the tube 
laterally. The surgeon can control the operative field by 
moving the laparoscope in and out, to obtain close-up or 
panoramic view, and by moving the instrument inserted 
through the operative channel.

One of the greatest causes of sterilization failure is 
the misidentification of either the round ligament or the 
uteroovarian ligament for the fallopian tube. Therefore, 
it is vital to identify all three structures and to trace the 
tube to the fimbriae if at all possible, prior to performing 
the sterilization (Figure 8.3).

Although many of our laparoscopic sterilization proce-
dures are performed under general anesthesia, they can 
also be done under local anesthesia. When local is the 
method, the skin and deeper tissues are blocked using 
lidocaine (Figure 8.4). The art, however, is to instill a mix-
ture of 10 cc Carbocaine and lidocaine transcervically via 

the uterine manipulator (Figure 8.5). The tubes can almost 
be seen to blanch. Prior to using the desired technique, we 
drip another 10 cc of lidocaine along the length of the tube 
(Figure 8.6). Another tip is to insufflate with NO2 (nitrous 
oxide), which is less irritating to the peritoneal surface.

BIPOLAR COAGULATION
The technique of bipolar coagulation, as originally 
described by Dr. Richard Kleppinger, is still the most 
popular form of laparoscopic sterilization and is our sug-
gested form of electrosurgical management.

The bipolar Kleppinger-type forceps have been 
described in Chapter 6. The tips of the forceps are where 
the energy is distributed from one tong to the other. 
It is therefore important that the tips enclose the tube 
as much as possible by opposing along the underlying 
mesosalpinx (Figure 8.7).

Bipolar coagulation provides a localized area of tubal 
and mesosalpingeal burn, thus requiring at least 2–3 cm 
to be coagulated. The tube is grasped in the ampullary 
portion of the tube at least 2 cm from the cornua (Figure 
8.7). If applied too close to the uterus, there is some risk 
of creating a uteroperitoneal fistula with subsequent preg-
nancy in the distal segment. The tips of the tongs should 
minimally meet in the mesosalpinx to avoid excessive 
damage to the blood supply of the tube and its anasto-
motic branches to the ovary. The electrosurgical generator 
should be set to deliver a power of 25 W switched to a cut 
mode in order to desiccate the tissue sufficiently. If higher 
voltage is used by switching to the coag mode, the tube 
will rapidly coagulate just on its periphery, potentially 
leading to a sterilization failure. Optimally, the fallopian 
tube should be coagulated using two to three contiguous 
burns to provide a net area of 2–3 cm of coagulation. The 
endpoint of coagulation is the cessation of current flow as 
evidenced by use of an inline ammeter or by the end of 
water vapor emission and tissue whitening. After complet-
ing the coagulation, some surgeons also sever the tube in 
the middle of the burn area using laparoscopic scissors 
(Figure 8.8). However, many surgeons do not cut the tube, 
believing that it may lead to a higher failure rate from fis-
tula formation. The failure rate at 10 years with the bipolar 
method according to the largest multicenter prospective 
study, the CREST study, was 2.48%. This number is lower, 
however, when current techniques are employed, when 
compared to techniques used in the late 1970s and early 

 1. Electrosurgical using bipolar 
instrumentation

 2. Clips:
 a. Hulka
 b. Filshie

 3. Bands (Fallope ring)
 4. Salpingectomy
 5. Hysteroscopic sterilization—Essure
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1980s. A secondary analysis of data for 5-year failure rates 
between 1985 and 1987 showed a 0.63% failure, while 
5-year failure rates from 1978 to 1982 were 1.95%.

CLIPS
Mechanical occlusion of the tube is most commonly per-
formed using a surgical clip. Although first described in 
1976 and used in the United Kingdom for many years, 
the Filshie clip (CooperSurgical, Trumbull, Connecticut) 
was not approved in the United States until 1996. This 
clip is made of titanium with a silicone rubber lining that 

expands to keep the tube compressed as it flattens. This 
clip also requires a special applicator and an 8 mm trocar. 
It may also be advanced into the abdomen through the 
operating channel of the single-puncture operating lapa-
roscope by half closing the upper jaw. When the finger bar 
is released, the clip opens and is then placed and locked 
around the fallopian tube (Figure 8.9). The Filshie clip 
must be applied to the isthmic portion of the tube to max-
imize efficacy. The bar is then squeezed to its limit, thus 
closing the clip and releasing it from the applicator. The 
clip locks around the tube and cannot be removed. Tubal 
occlusion is ultimately created by the combined actions 
of mechanical ischemia and swelling of the hydrophilic 
silicone lining. If misapplied, another clip may be placed. 
Since a small area of the tube is crushed, this method may 
yield a high success rate for surgical reversal. Data show 
that a properly applied Filshie clip has a relatively low fail-
ure rate of 0.23% with follow-up of 6–15 years.

When applying a clip through the operative scope, it 
is important to keep the clip applicator with the loaded 
clip close to the tip of the laparoscope and at a 45° angle 
toward the camera (Figure 8.10a,b). (Figure 8.10b dem-
onstrates how not to hold the clip applicator.) If the clip 
applicator is pushed too far from the tip of the operative 
laparoscope, the perspective is lost, and the operator can-
not get adequate magnification and visualization of the fal-
lopian tube. Once the clip applicator is introduced with full 
view of the clip, the whole scope is pushed down toward 
the tube, and the clip is applied across the isthmic portion 
of the tube (Figure 8.11).

IMPORTANT NUMBERS
2 cm from fundus
2–3 cm of tube
2–3 contiguous burns
25 W power using cut mode
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BANDS
Yoon and associates introduced the silastic band in 
1974. This small silastic band is applied to the tube 
by use of a special 8 mm applicator that may be used 
through the single-puncture 12 mm operating laparo-
scope. The bands are preloaded onto the instrument 
using a special plastic loading device. The applicator is 
then passed down the channel, and grasping hooks are 
deployed from the end of the applicator (Figure 8.12). 
The tube is grasped in the isthmic area about 3 cm from 

the cornua of the uterus. The tube is then drawn up 
into the inner cylinder of the applicator by the grasping 
hooks, and the silastic band is applied by moving the 
outer cylinder forward. It is important that a sufficient 
knuckle of tube is brought back into the applicator to 
assure that two complete lumens have been occluded. 
After application of the band, the grasping tongs are 
moved forward out of the inner cylinder to release the 
occluded tube.

Several problems have been described with the bands. 
There have been a significant number of complications 
secondary to tears in the mesosalpinx. Bleeding from 
this problem can usually be controlled by bipolar coag-
ulation. Postoperative pain is more frequent than with 
clips or bipolar coagulation, presumably from the vol-
ume of tubal ischemia. A large number of these patients 
require an oral analgesic for several days postoperatively. 
Per the CREST study, the 10-year failure rate with this 
device was 1.77%.

SALPINGECTOMY
In the event that tubal pathology (i.e., hydrosalpinx) pre-
vents proper placement of a clip or occluding device, 
complete or partial salpingectomy can achieve the fol-
lowing: not only does it provide a highly effective form 
of contraception, it also removes the pathology, may pre-
vent some types of ovarian cancer, and serves to elimi-
nate confounding findings on future pelvic sonography. 
This method is best performed using an energy-based 
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surgical device to sequentially coagulate and cut the 
mesosalpinx. It is important to avoid the ovary during 
dissection to minimize possible effects on ovarian func-
tion (Figure 8.13) (see Chapter 10).

HYSTEROSCOPIC STERILIZATION
There is currently one FDA-approved device for hys-
teroscopic tubal sterilization, the Essure device (Bayer 
Healthcare Pharmaceuticals, Leverkusen, Germany) 
(Figure 8.14). Hysteroscopic sterilization with this 
device offers a low-cost and low-risk approach that can 
also be performed in the office setting under paracer-
vical block, with or without sedation. A hysteroscope 
with a 5Fr working channel is used with a 30° angled 
lens. The inserts are placed into the proximal section 
of each fallopian tube and then deployed. The micro-
inserts then anchor themselves to the endosalpingeal 
mucosa. The microinserts are 4 cm long and 0.8 mm 
in diameter, but expand to 1.5–2 mm in diameter when 

deployed (Figure 8.15). The microinserts contain two 
coils. The outer coil is made of a nickel titanium alloy, 
Nitinol (Nickel Titanium Naval Ordnance Laboratory), 
which is known for its unique properties of shape 
memory and superelasticity. Since 2011, nickel is no 
longer considered an absolute contraindication to hav-
ing an Essure done. The inner coil is made of stain-
less steel that is wound with polyethylene terephthalate 
(PET) fibers. Once placed, the microinsert causes tis-
sue ingrowth, and the tube is permanently occluded. 
Three months after the procedure, an Essure conforma-
tion test (ECT) is performed, which is a specific type 
of hysterosalpingogram that confirms complete tubal 
occlusion. Clinical trials involving 643 women revealed 
that no pregnancies occurred once bilateral tubal occlu-
sion was confirmed with the ECT. It is important to 
place the patient on contraception until tubal occlu-
sion is confirmed. Between the years of 1997 and 2005, 
50,000 Essure procedures were performed, of which 
only 64 unintended pregnancies were reported to the 
manufacturer, and most of these were secondary to 
nonadherence of contraception during this window. 
Intramuscular Depo-Provera is a commonly used con-
traceptive because it may be given at the preoperative 
visit. This offers the advantage of thinning the endome-
trial lining, thereby easing the visualization of the ostia, 
and provides contraception for 12 weeks. Another help-
ful tip is to give preoperative nonsteroidal anti-inflam-
matory drugs (NSAIDs) such as Toradol 1 hour prior 
to the procedure to decrease tubospasm and uterine 
cramping. The 5-year failure rate of the Essure proce-
dure has been reported by Babinski in 2010 at 0.17%. 
The potential disadvantage of the hysteroscopic steril-
ization method is that it is not reversible, and once the 
inserts are applied, they cannot be pulled back, and the 
entire tube may have to be removed.

Steps to proper placement are as follows:

 1. Place the 30° hysteroscope with a 5 mm working 
channel through the cervix into the uterine cavity. 
Dilation is not always necessary and should 
be minimized to maintain uterine distention 
(Figure 8.16).
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Delivery catheter

Delivery handle
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Wound-down micro-insert, attached to the release
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 2. Survey the uterine cavity and identify both tubal 
ostia. Open the Essure system packing only after 
bilateral tubal ostia are identified.

 3. Choose the more difficult ostium first. If you are 
unable to perform the cannulation, you do not have 
to waste the second device. Position the ostium into 
the center view of the video screen with the aid of 
the fore-oblique view of the hysteroscope. Advance 
the hysteroscope close to the ostium to add column 
strength to the device.

 4. With the hysteroscope steady to avoid drifting, place 
the introducer through the working channel. It is 
important to avoid damaging the introducer during 
advancement, as this can also cause damage to the 
Essure device. Carefully insert the Essure catheter 
through the introducer using a gentle and constantly 
forward movement, while aligning the introducer 
and hysteroscope to prevent bending during 
insertion.

 5. Advance the catheter tip into the ostium so that the 
black positioning marker is at the internal border of 
the ostium (Figure 8.17).

 6. While the hysteroscope and catheter are held steady, 
roll the wheel back to a hard stop (Figure 8.18).

 7. With gentle traction, pull back the entire device until 
the gold band “notch” is just outside the ostium. 
Adjust as necessary (Figure 8.19).
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 8. Once the gold notch is at the correct position, press 
the button on the handle to initiate the deployment 
of the microinsert. Be sure to press firmly to ensure 
proper deployment.

 9. Roll the thumbwheel back to a hard stop. At this 
point, the microinsert will expand and detach from 
the catheter (Figure 8.20).

 10. Take a photograph of the number of coils, and 
slowly withdraw the catheter.

 11. Repeat steps 3–10 on the contralateral ostium with a 
new catheter/device.

Since complete tubal occlusion from fibrotic ingrowth 
after placement of the Essure device may take as long 
as 3 months, additional contraception should be used 
during this interval. Moreover, present guidelines in the 
United States require the use of a low-pressure hystero-
salpingogram to confirm bilateral tubal occlusion.

SUGGESTED READING
American College of Obstetricians and Gynecologists. 2013. 
Rea�rmed 2107. ACOG practice bulletin. Bene�ts and risks of 
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Grimes D. Update on female sterilization. Contracept Rep. 
1996;7(3):1–2.

Ouzounelli M, Reaven LN. Essure hysteroscopic sterilization 
versus interval laparoscopic bilateral tubal ligation: A comparative 
e�ectiveness review. J Minim Invasive Gynecol. 2015;22:342–352.

Peterson HB, Xia Z, Hughes JM, et al. �e risk of pregnancy after 
tubal sterilization: Findings from the U.S. Collaborative Review of 
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 1. Roll the thumbwheel back to a hard stop 
once the black positioning marker is at the 
ostium

 2. Press the button on the handle to initiate 
the deployment

 3. Roll the thumbwheel back to a hard 
stop—the microinsert will expand
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Chapter 9

LAPAROSCOPIC SURGERY FOR ADHESIONS
Harry Reich, Baruch S. Abittan, Mark Dassel, and Tamer Seckin

INTRODUCTION
Adhesions may be defined as abnormal tissue attachments 
between tissues and organs. They can be either congeni-
tal or acquired in nature. Acquired adhesions develop in 
response to trauma to the peritoneum as a result of either 
surgery or inflammation. Postoperative adhesions com-
monly occur after pelvic inflammatory disease or perito-
neal cavity surgery and are the leading cause of intestinal 
obstruction. In one study, 93% of patients who had under-
gone at least one previous open abdominal operation 
had postsurgical adhesions. This is not surprising, given 
the reactive nature of the peritoneum and the fact that 
apposition of two injured peritoneal surfaces promotes 
adhesion formation. For most, intraperitoneal adhesions 
remain asymptomatic. Adhesions have been correlated 
with infertility related to tuboovarian involvement and 
pelvic pain. It is generally accepted that adhesions may 
impair organ motility, resulting in visceral pain transmit-
ted by peritoneal innervation. Although nerve fibers have 
been demonstrated in pelvic adhesions, their presence 
has not been shown to be more common in women with 
chronic pelvic pain. Moreover, there does not appear to 
be an association between the severity of the adhesions 
and the amount of pain.

Surgery to treat intraperitoneal adhesions for pelvic 
pain should be undertaken only in those women whose 
symptoms have been correlated with a reasonable degree 
of certainty. The effectiveness of adhesiolysis in treating 
chronic pain is unclear. One recent study suggested that 
adhesiolysis is no more effective than diagnostic laparos-
copy. Although many women may experience resolution 
of their symptoms after adhesiolysis, the results may be 
transient by virtue of a significant placebo effect. One 
study reported no difference in pain scores between 
patients who were prospectively followed after being ran-
domized to adhesiolysis versus expectant management. 
Moreover, adhesiolysis surgery itself is associated with a 
high risk of adhesion reformation. Good results have been 
achieved with ovarian adhesiolysis in improving fertility 
in women. Division of adhesions around the ovary in this 
population has been demonstrated to increase pregnancy 
rates by over 50%. Regardless, it is clearly better to pre-
vent adhesions rather than to treat them.

This chapter reviews the pathophysiology and epi-
demiology of adhesion formation, the equipment and 
techniques employed for adhesiolysis, and the various 
measures available for adhesion prevention.

EPIDEMIOLOGY OF ADHESIONS
The Scottish National Health Service Morbidity Record 
(SMR1) studied a cohort of patients who underwent 
open abdominal or pelvic surgery in 1986. The publica-
tion of this data from the Surgical and Clinical Adhesions 
Research (SCAR) study in 1999 suggests viewing adhe-
sions as an iatrogenic disease, requiring further research 
to be better understood.

Adhesion-related readmissions were identified over a 
10-year period and were categorized as being:

 1. Directly related to adhesions (adhesiolysis and 
nonoperative readmissions for adhesions)

 2. Possibly related (selected gynecologic operations, 
selected abdominal surgery)

 3. Selected nonoperative readmissions, or readmissions 
potentially complicated by adhesions (leading to 
open or laparoscopic procedures)

Over the 10 years of this study, over one-third of the 
29,790 patients who underwent open surgery were read-
mitted a mean of 2.1 times for complications directly 
or possibly related to adhesions. Of the total number 
of readmissions (21,347), 5.7% were directly related to 
adhesions. Readmissions occurred within the first year 
in 22.1%.

One of the most important aspects of the SCAR study 
is the long-term perspective, providing information on 
the timing of adhesion-related complications. In all 
groups, after a rapid increase in adhesion-related read-
missions the first 1 or 2 years, the rate of readmission 
continued to increase steadily in a linear fashion with 
time. Previous studies have similarly shown that adhe-
sion-related complications can occur 10 years after the 
initial surgical procedure.

The SCAR study was the first study to analyze the 
clinical burden of postoperative adhesions follow-
ing open surgery on the female reproductive tract in 
an entire population. While previous studies were lim-
ited to following clinical outcomes following surgeries 
on small groups of patients, or investigating patients 
presenting with a complication of adhesions (such as 
bowel obstruction), due to the relatively small and stable 
population in Scotland, coupled with the comprehen-
sive Scottish National Health Services Medical Record 
Linkage Database, the SCAR study was able to examine 
all readmissions to hospitals in Scotland over a 10-year 
period.
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Laparoscopic surgery was not widely used in 1986. 
SCAR-2 (Surgical and Clinical Adhesions Research Study 
2) was a follow-up study that assessed the burden of 
adhesion-related readmissions during a period 10 years 
later than that used in the original SCAR study and com-
pared the overall extent of adhesion-related readmissions 
following laparoscopic gynecologic surgery with open 
gynecologic surgery. Gynecologic laparoscopy as well 
as open surgery was shown to carry significant risks of 
adhesion-related readmissions.

These epidemiologic data show that adhesion forma-
tion results in a significant number of readmissions fol-
lowing both laparoscopic and open surgery and that the 
risk of adhesion-related complications extends for many 
years after the initial procedure. There is, therefore, a 
need for clinical and cost-effective strategies to help 
reduce the development of adhesions.

PATHOPHYSIOLOGY OF ADHESION 
FORMATION
Adhesion formation is initiated following localized injury 
to the mesothelial layer of the peritoneum. Bleeding and 
leakage of plasma proteins lead to fibrin deposits at the 
injury site, which is augmented by posttraumatic inflam-
mation. Within hours at the site of injury, inflammatory 
cytokines, predominately interleukins and tumor necrosis 
factor, attract and activate macrophages to release vascular 
permeability factor. Simultaneous release of histamine and 
kinins increases the level of vascular permeability leading 
to inflammatory exudation with fibrin deposition on the 
peritoneal surface. By day 2, the wound surface is covered 
by macrophages, islands of primitive mesenchymal cells 
and mesothelial cells. The enlarging fibrin mesh may attach 
to an adjoining surface, a process that is counteracted by 
locally synthesized fibrinolytic factors. Depending on the 
local peritoneal conditions, the fibrin mesh can either be 
degraded, resulting in scarless repair, or transformed into 
an adhesion consisting of connective tissue. If the fibrin 
is degraded within a few days, the defect heals without 
scarring. If it is allowed to enlarge for a sufficient period of 
time, it will reach other tissue surfaces and form a bridge 
between them, transforming the initially reversible fibrous 
adhesion into a fibrous, collagen-containing structure. The 
adhesion continues to mature as collagen fibrils organize 
into bands covered by mesothelium that contains blood 
vessels and connective tissue fibers.

LAPAROSCOPIC PERITONEAL CAVITY 
ADHESIOLYSIS
“Cold scissors dissection with focused bipolar backup” or 
use of ultrasound energy is the methodology for adhe-
siolysis with the least potential for adhesion reformation. 
It is better to avoid the time-honored technique of “grasp, 
coagulate, then cut.” Substitute the concept of “cutting 
where bleeding is least likely.” Magnification and close 

inspection through the laparoscope make this possible, 
remembering that tissue ischemia caused by thermal 
energy is the enemy.

Adhesiolysis can be time consuming and technically dif-
ficult. More complex procedures are best performed by an 
experienced surgeon. Despite undergoing a lengthy lapa-
roscopic surgery, most patients are discharged on the day 
of the procedure, have avoided a large abdominal incision, 
experience minimal complications, and rapidly return to 
full activity. Moreover, symptom relief can be dramatic.

In this section, general adhesiolysis, enterolysis, pelvic 
adhesiolysis, ovariolysis, salpingo-ovariolysis, and salpin-
gostomy are described. The laparoscopic treatment of 
acute adhesions is covered in a separate section, describ-
ing early laparoscopic treatment of acute pelvic infection, 
including abscesses to prevent the adhesive sequelae 
from sexually transmitted disease. Acute adhesiolysis in 
this setting can prevent chronic adhesion formation.

INSTRUMENTATION
Laparoscopes
Five different types of laparoscopes are useful for adhe-
siolysis: a 5 mm and a 10 mm 0° laparoscope; a 10 mm 
operative laparoscope with 5 mm operating channel; 
and a 5 and 10 mm oblique-angled laparoscope (30°) 
for upper abdominal and pelvic procedures (Figure 9.1). 
Other than its small bore, a 5 mm laparoscope can be 
very versatile by providing multiple visual ports (port 
hopping) and by enabling visualization and access to the 
entire abdominal cavity.

Scissors
Scissors are the preferred instrument to cut adhesions, 
especially if they are avascular or congenital (Figure 
9.2). Using the magnification afforded by the laparo-
scope, most anterior abdominal wall, pelvic, and bowel 
adhesions can be carefully inspected and divided with 
minimal bleeding, using mechanical dissection alone. 

0°

30°

45°
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Loose fibrous or areolar tissue is separated by inserting 
a closed scissors and withdrawing it in the open position 
(Figure 9.3). Tissue is then pushed with the partially open 
blunt scissors tip to develop natural planes. Reusable 5 
mm blunt-tipped sawtooth scissors and curved scissors 
(Richard Wolf Medical Instruments, Vernon Hills, Illinois, 
and Karl Storz Endoscopy, Culver City, California) cut 
well without the use of energy. Hook scissors are best 
for cutting suture and are not useful for adhesiolysis. 
Any scissors used should feel comfortable and not too 
long or encumbered by an electrical cord or rotation 
device, which can inhibit direction changes. Blunt or 
rounded-tip 5 mm scissors with one stable and one 
movable blade are used to divide thin and thick bowel 
adhesions sharply. Sharp mechanical dissection is the 
primary technique used for adhesiolysis to diminish the 
potential for adhesion formation; electrosurgery, ultra-
sonic energy, and lasers are usually reserved for hemo-
static dissection of adhesions where anatomic planes are 
not evident and/or vasculature are anticipated. Thermal 

modalities should be avoided to help reduce adhesion 
recurrence.

Electrosurgery
Since monopolar coag current requires voltage over 10 
times that of cut current and is associated with arcing 
to adjacent tissue, unintended thermal damage is more 
apt to occur. Thus, the use of coag current should be 
minimized during adhesion surgery. Cut current can be 
utilized to both cut and/or coagulate (desiccate) tissue 
simply by varying the surface area (current density) of 
the electrode in contact with tissue. Whereas tissue cut-
ting is best achieved using the edge or tip of an elec-
trode, the wider body (increased surface area) is best 
employed for tamponade and coagulation.

Electrosurgical injury to the bowel can occur beyond 
the surgeon’s field of view during laparoscopic proce-
dures from electrode insulation defects or capacitive cou-
pling (see Chapters 6 and 38). Bipolar desiccation using 
cutting current between two closely opposed electrodes 
is safe and efficient for large vessel hemostasis. Large 
blood vessels are compressed and bipolar cutting cur-
rent passed until complete desiccation is achieved, i.e., 
the current depletes the tissue fluid and electrolytes and 
fuses the vessel wall (Figure 9.4). Coag current should 
not be used for vessel sealing as it may rapidly desic-
cate the outer layers of the tissue, producing superficial 
resistance and thereby preventing deeper penetration. 
Small vessel hemostasis necessary for adhesiolysis is best 
achieved by using focused bipolar electrosurgery with an 
advance bipolar after precisely identifying and lavaging 
the vessel with electrolyte solution irrigation (Figure 9.5).

Ultrasonic devices
The use of the ultrasonic energy with the harmonic scal-
pel (Ethicon Endosurgery, Cincinnati, Ohio), Thunderbeat 
(Olympus Surgical America, Orangeburg, New York), or 
Sonicision (Medtronic Minneapolis, Minnesota) for lapa-
roscopic adhesiolysis continues to gain popularity. The 
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mechanical energy used to cut (cavitate) and coagulate 
tissue with potentially less lateral thermal spread to tis-
sue such as the bowel make it more attractive than con-
ventional electrosurgery for many surgeons. This is not 
to say, however, that injury cannot happen with this 
thermal modality. Thermal injury can occur from inci-
dental contact with a superheated ultrasonic blade from 
direct friction with the opposing tissue jaw. Temperatures 
in excess of 230°C have been recorded, taking over 40 
seconds to decrease to 60°C. Inadvertent tissue burn-
ing from direct conduction is prevented by always keep-
ing the activated blade in the surgical view and tailoring 
operative maneuvers to avoid direct contact with unin-
tended tissue until the blade has sufficiently cooled.

For adhesiolysis with ultrasonic energy, tissue is first 
grasped between the active blade and the inert tissue–
holding jaw and is then steadily compressed, while the 
device is activated. Tissue cutting occurs by cavitational 
forces generated ultrasonically within the tissue pedicle, 
while coagulation is simultaneously attained for vessels 
up to 3 mm from secondary tissue heating (Figure 9.6).

Elucidating the cul de sac
When there is a significant degree of cul-de-sac oblitera-
tion and the precise location of the rectum is in doubt, 
a sponge on a ring forceps, EEA sizer, or rectal probe 
can be inserted into the vagina or the posterior vaginal 
fornix, to anatomically define the rectum and posterior 
vagina to facilitate lysis of pelvic adhesions and/or exci-
sion of endometriosis (Figure 9.7).

Aquadissection and hydrodissection
Aquadissection is the use of hydraulic energy from pres-
surized fluid to aid in the performance of surgical pro-
cedures. Contrary to the unidirectional force applied 
with a blunt probe, the vector is multidirectional within 
the volume of expansion of the uncompressible fluid. 
Instillation of fluid under pressure displaces tissue, 
creating cleavage planes in the least resistant spaces 
(Figure 9.8). Aquadissection into closed spaces made up 
of adhesions produces edematous, distended tissue on 
tension with loss of elasticity, making further division 
easy and safe using blunt dissection, scissors dissection, 
laser, or electrosurgery. Instillation of fluid under pres-
sure into closed spaces behind the peritoneum is called 
hydrodissection.

Suction-irrigators with the ability to dissect using 
pressurized fluid should ideally have a single channel 
to maximize suctioning and irrigating capacity. This 
permits the surgeon to perform atraumatic suction-trac-
tion-retraction, irrigate directly, and develop surgical 
planes (aquadissection). The distal tip should not have 
side holes as they impede these actions, spray the sur-
gical field without purpose, and cause unnecessary tis-
sue trauma when omentum, epiploic appendices, and 
adhesions become inadvertently caught during aspira-
tion. The shaft should have a dull finish to prevent 
CO2 laser beam reflection, allowing it to be used as a 
backstop.
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CLASSIFICATIONS
Peritoneal adhesiolysis has been classified into bowel 
enterolysis including omentolysis and female reproduc-
tive reconstruction (salpingo-ovariolysis and cul-de-sac 
dissection with excision of deep fibrotic endometriosis).

Bowel adhesions are divided into upper abdominal, 
lower abdominal, pelvic, and combinations. Adhesions 
surrounding the umbilicus are upper abdominal as 
they require an upper abdominal laparoscopic view for 
division.

The extent, thickness, and vascularity of adhesions 
vary widely. Intricate adhesive patterns exist with fusion 
to parietal peritoneum or various meshes.

Extensive small bowel adhesions are not a frequent 
finding at laparoscopy for pelvic pain or infertility. In 
these cases, the fallopian tube is usually adhered to the 
ovary, the ovary is adhered to the pelvic sidewall, and 
the rectosigmoid may cover both. Rarely, the omentum 
and small bowel are involved. Adhesions may be the 
result of an episode of pelvic inflammatory disease or 
endometriosis, but most commonly are caused by previ-
ous surgery.

Adhesions cause pain by entrapment of the organs 
they surround or traction on these organs. The surgical 
management of extensive pelvic adhesions is one of the 
most difficult problems facing surgeons today.

SURGICAL PLAN FOR EXTENSIVE 
ENTEROLYSIS
A well-defined strategy is important for small bowel 
enterolysis. Time frequently dictates that all adhesions 
cannot be lysed. From the history, the surgeon should 
conceptualize the adhesions most likely to be causing 
the pain (i.e., upper or lower abdomen, left or right) and 
clear these areas of adhesions. Almost always, the ante-
rior abdominal wall adhesions must be released to ade-
quately visualize the peritoneal cavity.

INCISIONS
Alternate sites for peritoneal access and techniques are 
employed whenever there is suspicion for periumbili-
cal adhesions, especially in patients who have under-
gone laparoscopy or laparotomy, have lower abdominal 
incisions traversing the umbilicus, or have been noted 
to have extensive adhesions by prior operative report. 
Open laparoscopy at the umbilicus assumes similar risk 
for bowel laceration if the viscera is fused to the under-
surface of the umbilicus.

The left ninth intercostal space near the anterior axil-
lary line can be used for peritoneal access (Figure 9.9). 
This is the lowest anterior intercostal space, as ribs 11 
and 12 are floating posteriorly. Adhesions are rare in this 
area, and the peritoneum is tethered to the undersur-
face of the ribs, making peritoneal tenting away from 
the needle unusual. A 5 mm skin incision is made over 
the lowest intercostal space (the ninth) near the ante-
rior axillary line. The Veress needle is grasped near its 
tip, like a dart, between thumb and forefinger, while the 
other index finger spreads this intercostal space. The 
needle tip is inserted at a right angle to the skin (a 45° 
angle to the horizontal) between the ninth and tenth 
ribs. A single pop is felt on penetration of the perito-
neum. Pneumoperitoneum to a pressure of 30 mm Hg 
is obtained. A 5 mm trocar is then inserted through this 
same incision that has migrated downward to below the 
left costal margin because of abdominal wall distension 
from the pneumoperitoneum. The peritoneal cavity is 
visualized through a 5 mm scope.

More widely employed, the left upper quadrant can 
also be used to safely access the peritoneal cavity. Called 
“Palmer point” after its initial description, this site of entry 
is located 1 cm inferior to the subcostal arch in the left mid-
clavicular line (Figure 9.10). Choosing a site at least 8 cm 
lateral to the midline will help avoid inadvertent injury to 
the superior epigastric vessels as they travel within the rec-
tus sheath. Here, the layers of the abdominal wall are sep-
arable, as the Veress needle or trocar successively traverses 
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three perceivable layers including the subcutaneous tissue, 
rectus fascia, and then the parietal peritoneum after a rela-
tive delay (Figure 9.11) (see Chapter 5).

If extensive adhesions are initially encountered that 
surround the umbilical puncture, a higher insertion site 
can be expeditiously created. Thereafter, these adhesions 
can be freed down to and just beneath the umbilicus, 
and the surrounding bowel inspected for possible injury 
or perforation. If this higher insertion site cannot meet 
the remaining technical needs, an umbilical port site is 
then created to complete the surgery. Other laparoscopic 
puncture sites are placed as needed, usually lateral to 
the rectus abdominis muscles and always under direct 
laparoscopic vision. If an umbilical insertion is possible 
and extensive adhesions are present close to, but below 
the umbilicus, the operating laparoscope with scissors 
in the operating channel is the first instrument used. If a 
left upper quadrant 5 mm incision is necessary, there is 
usually room for another puncture site nearby to insert 
scissors for initial adhesiolysis.

ABDOMINAL ADHESIOLYSIS
Anterior abdominal wall adhesions involve the parietal 
peritoneum stuck to the omentum, transverse colon, and 
small bowel with varying degrees of fibrosis and vascu-
larity. Adhesions may be filmy and avascular, filmy and 
vascular, or dense, fibrous, and vascular. All of these adhe-
sions to the anterior abdominal wall should be released. 
If adhesions extend from above the level of the laparo-
scope in the umbilicus, another trocar is inserted above 
the level of the highest adhesion and the laparoscope is 
inserted there (Figure 9.12). Adhesions are easier to divide 
when working above them, instead of within them.

Adhesiolysis is performed using scissors alone if pos-
sible. Electrosurgery, CO2 laser, and ultrasonic energy can 
also be judiciously used. In most cases, the initial adhe-
siolysis is performed with scissors. CO2 laser through the 
laparoscope on adhesions close to the trocar insertion often 
results in reflection with loss of precision. Electrosurgery 
(cut current) is used only when the surgeon is confident 
that the small bowel is not involved in the adhesion.

If the patient has an abdominal scar and history of 
laparotomy, initial left upper quadrant entry and 5 mm 
laparoscope placement are advisable. Adhesions are 
rarely encountered at this site. After careful inspection of 
the abdominal cavity, the site that is free from adhesions 
is selected for the placement of the secondary trocar. The 
scissors or the grasper are introduced through the sec-
ondary site to free up the adhesions around the umbilical 
area in order to place the 10 mm trocar with the laparo-
scope (Figure 9.13).

Frequently, adhesions can be bluntly divided through 
the operating channel of the operating laparoscope by 
grasping the adhesion in the partially closed scissors, 
and gently pushing the tissue (Figure 9.14). If the plane 
of adhesions cannot be reached with the tip of the scis-
sors, the abdominal wall can be pressed from above with 
the surgeon’s or assistant’s fingers to make it accessible to 
the scissors (Figure 9.15).
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After initial adhesiolysis, visualization is improved 
allowing better access and exposure for further adhe-
siolysis. Secondary trocar sites can now be placed safely. 
After their insertion, the remainder of the adhesions can 
now be lysed using scissors with focused bipolar backup 
for rare arterial bleeders. Small venous bleeders are left 
alone as they will become hemostatic. On occasion, in 
operations in which symptomatic bowel adhesions are 
not the main problem, an electrosurgical spoon or knife 
is used to divide the remaining omental adhesions if 
the bowel is not involved. If the bowel is involved, dis-
section proceeds with scissors, without electrosurgery, 
through the second puncture site, aided by traction on 
the bowel from an opposite placed puncture site (Figure 
9.16). If the adhesions are vascular and involve just the 
omentum without the bowel, they can be best managed 
with ultrasonic energy (Figure 9.17). The CO2 laser may 
be used through the operating channel of the operat-
ing laparoscope. When using the CO2 laser for adhesioly-
sis, aquadissection is performed to distend the adhesive 
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surface with fluid before vaporizing the individual adhe-
sive layers. The suction-irrigator can also be used for 
suction traction and as a backstop to prevent thermal 
damage to other structures. The suction irrigator is also 
used to clean the laparoscopic optic, which is then wiped 
on the bowel serosa before continuing. Denuded areas 
of bowel muscularis are repaired transversely using a 3-0 
or 4-0 absorbable seromuscular stitch. Denuded perito-
neum is left alone. Minimal oozing should be observed 
and not desiccated unless this bleeding hinders the next 
adhesiolysis step or persists toward the end of the opera-
tion. With perseverance, all anterior abdominal wall pari-
etal peritoneum adhesions can be released.

PELVIC ADHESIOLYSIS
The next step is to free all bowel loops in the pelvis. 
Small bowel attached to the vesicouterine peritoneal 
fold, uterus or vaginal cuff, and the rectum is liberated. 
There are three key points when performing intestinal 
adhesiolysis within the pelvis: scissors dissection without 
electrosurgery, countertraction, and blunt dissection. The 
bowel is gently held with an atraumatic grasper and lifted 
away from the structure to which it is adhered, expos-
ing the plane of dissection. When adhesive interfaces are 
obvious, scissors are used. The blunt-tipped scissors are 
used to sharply dissect the adhesions in small, succes-
sive cuts taking care not to damage the bowel serosa. 
Countertraction will further expose the plane of dissec-
tion and ultimately free the attachment. Electrosurgery 
and laser are generally not used for adhesiolysis involv-
ing the bowel due to the risk of thermal damage and 
recurrent adhesion formation. However, when adhesive 
aggregates blend into each other, initial incision can be 
made very superficially with laser, and aquadissection 
distends the layers of the adhesions, facilitating identifi-
cation of the involved structures. Division of adhesions 
continues with the CO2 laser at 10–20 W in pulsed mode. 
The aqua-dissector and injected fluid from it are used as 
a backstop behind adhesive bands that are divided with 
the CO2 laser.

DEEP PELVIC ADHESIOLYSIS
Especially in cases of severe endometriosis, the rec-
tosigmoid may be adhesed to the left pelvic sidewall, 
obscuring visualization of the left adnexa and ovar-
ian vessels. If full exposure of the left pelvic sidewall 
is required, or if uretero-lysis needs to be performed, 
the rectosigmoid reflection should be mobilized first. 
Dissection starts well out of the pelvis at the left iliac 
fossa. Scissors are used to develop the space between 
the sigmoid colon and the psoas muscle to the iliac ves-
sels, and the rectosigmoid is then reflected toward the 
midline. Thereafter, with the rectosigmoid placed on 
traction, the rectosigmoid and any rectal adhesions to 
the left pelvic sidewall are systematically divided start-
ing cephalad and continuing caudad. This dissection can 
be performed with scissors or with ultrasound energy 

(Figure 9.18). Cul-de-sac adhesions can cause partial or 
complete cul-de-sac obliteration from fibrosis between 
the anterior rectum, posterior vagina, cervix, and the 
uterosacral ligaments (Figure 9.19). The technique of free-
ing the anterior rectum down to the loose areolar tissue 
of the rectovaginal septum before excising and/or vapor-
izing visible and palpable deep fibrotic endometriosis is 
used. Attention is first directed to complete dissection 
of the anterior rectum throughout its area of involve-
ment until the loose areolar tissue of the rectovaginal 
space is reached. Using a rectal probe as a guide, the 
rectal serosa is opened at its junction with the cul-de-sac 
lesion. Careful dissection ensues using aquadissection, 
suction-traction, ultrasound or laser, and scissors until 
the rectum is completely freed and identifiable below 
the lesion. Keep in mind that fat belongs to the rectum 
during the resection in the recto-vaginal space. A sponge 
gauze can be placed in the abdomen through a 10 mm 
trocar port and grasped with the laparoscopic grasper 
to facilitate the dissection of the recto-vaginal space. 
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Excision of the fibrotic endometriosis is done only after 
rectal dissection is completed. Deep fibrotic, often nodu-
lar, endometriotic lesions are excised from the uterosac-
ral ligaments, the upper posterior vagina (the location of 
which is confirmed by a manipulator such as a Valtchev 
retractor or a sponge in the posterior fornix), and the 
posterior cervix (Figure 9.20). The dissection on the out-
side of the vaginal wall proceeds using laser, scissors, or 
ultrasound energy, until the soft pliable upper posterior 
vaginal wall is uncovered. It is frequently difficult to dis-
tinguish fibrotic endometriosis from the cervix at the cer-
vicovaginal junction and above. Frequent palpation using 
rectovaginal examinations helps identify occult lesions. 
When the lesion infiltrates through the vaginal wall, an 
en bloc laparoscopic resection from cul-de-sac to poste-
rior vaginal wall is done, and the vagina is repaired lapa-
roscopically with the pneumoperitoneum maintained by 
inserting a 30 cc Foley balloon or surgical glove with a 
sponge in the vagina. Another option is to first mobi-
lize a vaginal lesion vaginally, close the vagina over the 
mobilized portion, and then complete this en bloc exci-
sion laparoscopically. Occasionally, a fibrotic cul-de-sac 
lesion encompassing both uterosacral ligament insertions 
and the intervening posterior cervix-vagina and anterior 
rectal lesion can be excised as one en bloc specimen. 
Endometriotic nodules infiltrating the anterior rectal 
muscularis are excised, usually with the surgeon’s or the 
assistant’s finger in the rectum just beneath the lesion 
(Figure 9.21). Deep rectal muscularis defects are always 
closed with suture. These defects are detected by filling 
the rectum and rectosigmoid with a blue dye solution. 
Full-thickness rectal lesion excisions are suture-repaired 
laparoscopically (Figure 9.22) or incorporated in an ante-
rior discoid resection using a #29 or 33 EEA stapler as 
shown in Chapter 15.

When a ureter is close to the lesion, its course in the 
deep pelvis is traced by opening its overlying peritoneum 
with scissors or a laser (Figure 9.23) as shown in Chapters 
15 and 20. On the left, this often requires scissors reflection 
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of the rectosigmoid, as previously described, starting at 
the pelvic brim. Focused bipolar energy can be diligently 
used to control arterial and unabated venous bleeding.

ADNEXAL ADHESIOLYSIS (SALPINGO-OVARIOLYSIS)
Ovarian adhesions to the pelvic sidewall can be filmy or 
fused. Initially, adhesions between the ovary and fallopian 
tubes and other peritoneal surfaces are identified. It is 
imperative to establish the surrounding anatomy prior to 
cutting any tissue to avoid damage to vital structures. The 
plane of dissection is identified and followed to avoid dam-
age to other structures. The utero-ovarian ligament may be 
held with an atraumatic grasper to facilitate countertrac-
tion and expose the line of cleavage. During ovariolysis, it 
is important to preserve as much peritoneum as possible 
while freeing the ovary. Dissection starts either high in the 
pelvis just beneath the infundibulopelvic ligament or deep 
on the pelvic sidewall below the ureter in the pararectal 
space. In each case, scissors are used both bluntly and 
sharply to mobilize the ovary from the sidewall (Figure 
9.24). Alternatively, aquadissection may be used to facilitate 
identification of adhesion layers and to provide a safe back-
stop for a CO2 laser. Once an adhesion layer is identified, 
the aquadissector can also be placed behind this ridge and 
used as a backstop during CO2 laser adhesiolysis.

Adhesiolysis is performed sharply and bluntly in a 
methodical manner working caudad until the cul-de-sac 
is reached.

If fimbrioplasty is to be performed, the tube is dis-
tended by transcervical injection of dilute indigo carmine 
through a uterine manipulator (Figure 9.25). This distends 
the distal portion of the tube, which is stabilized, and the 
adhesive bands are freed using scissors, laser, or micro-
point electrosurgery. If necessary, the fimbriated end can 
be progressively dilated using 3 mm alligator-type for-
ceps. The closed forceps are placed through the aperture, 
opened, and removed (Figure 9.26). This is repeated one 
or more times. If the opening does not remain everted 
on its own, the intussusception salpingostomy method of McComb is used to avoid thermal damage to the ciliated 

tubal epithelium from CO2 laser or electrosurgery. The tip 
of the aquadissector is inserted approximately 2 cm into 
the newly opened tube, suction applied, and the tube 
fimbrial edges pulled around the instrument to turn the 
tube end inside-out. The borders of the incision act as 
a restrictive collar to maintain the mucosa in this newly 
everted configuration (Figure 9.27). In some cases, the 
ostial margin should be sutured to the ampullary serosa 
with 6-0 suture (Figure 9.28).

FINALIZING THE PROCEDURE
At the close of each operation, hemostasis can be con-
firmed by inspecting the dissected surfaces with the tip 
of the laparoscope submerged below the irrigant. Since 
intraperitoneal pressure is not transmitted through fluid, 
any bleeders controlled by the compressive force of the 
pneumoperitoneum will be detected. Any active bleed-
ers are then controlled using mechanical pressure with a 
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laparoscopic grasper or with focused bipolar electrosur-
gery. Moreover, the integrity of the rectum and rectosig-
moid are often checked at this time as well by instillation 
of dilute indigo carmine solution through a 30 cc Foley 
catheter or air transanally using a proctoscope. A final 
copious lavage with Ringer lactate solution is undertaken 
and most clots directly aspirated; at least 2 L of lactated 
Ringer solution are left in the peritoneal cavity to dis-
place CO2 (Figure 9.29) and help prevent adhesions.

HAND-ASSISTED LAPAROSCOPY
Primarily in the field of solid organ surgery and bowel 
surgery, hand-assisted laparoscopy or “handoscopy” has 
recently become more popular. The main advantage 
of handoscopy is that it allows the surgeon to regain 
the tactile feel of surrounding tissues previously lost 
to  laparoscopists while permitting a more purposeful 
manipulation of larger organs, especially the small bowel. 
Often, the use of handoscopy for tissue palpation enables 
a successful laparoscopic adhesiolysis. At times, during 

laparoscopic procedures, visualization can be poor due 
to dense adhesions and the inability to determine tissue 
planes. With the placement of the operator’s hand inside 
the peritoneal cavity, the surgeon is usually able to pal-
pate surrounding organs and allow for a better tissue dis-
section plane that otherwise may not have been possible 
through direct visualization only. Not only can the use of 
a hand port facilitate an otherwise tedious procedure, it 
effects a safer operation for the patient with less chance 
of bowel injury. If bowel resection should become neces-
sary, the use of the hand port allows for exteriorization of 
the segment that requires resection, once again making 
the procedure easier and less time consuming. A handos-
copy incision is usually only 6–8 cm and is placed in the 
left, right lower portion, or center of the abdomen with 
insertion of the operator’s nondominant hand. The entire 
peritoneal cavity can be examined through any of these 
incisions with the operator’s hand, and it can be used for 
organ extraction as well (Figure 9.30). Several different 
types of handoscopy ports are available, and all provide 
equal access to the peritoneal cavity (Figure 9.31).
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When placing a handoscopy port for adhesiolysis, the 
operator must first choose a location on the abdominal wall 
that will allow optimal access to the point where adhesions 
are greatest. After the hand port location is chosen, a mark-
ing pen should be used to outline the area of the abdomi-
nal wall where the hand port is to be placed. The area 
for the incision should be anesthetized with a local anes-
thetic agent for postoperative pain control, and an incision 
should then be made into the skin. The size of the inci-
sion should be the same size as the operator’s glove size. 
After this is completed, a muscle splitting technique should 
be used to enter the peritoneal cavity just as the operator 
would in performing an open appendectomy if the incision 
is placed laterally. Once the peritoneal cavity is entered, 
the hand port can then be placed. All of the hand port 
devices require that any adhesions on the peritoneal side 
of the incision be lysed prior to inserting the handoscopy 
device. Additionally, these devices should not be placed 
over any bony prominences (i.e., iliac crest) or encompass-
ing any bowel in the peritoneal ring surface as to injure any 
bowel in the abdomen. If the handoscopy port is placed 
in the upper abdomen, the falciform ligament may require 
division prior to inserting the ring. Once the handoscopy 
device is in place, the lysis of adhesions can proceed in an 
orderly fashion by identifying the tissue planes by feel with 
the operator’s fingers and additionally being able to provide 
appropriate traction and countertraction to allow for a safe 
adhesiolysis. Incidental enterotomies can be sutured with 
conventional suture and then tied using a one-hand knot-
tying technique with the intraabdominal hand. Should any 
bowel resections be required, the hand port can be used 
as a mini laparotomy site for extraction of any specimens 
and for exteriorizing any bowel that may require resection 
and or repair. Additionally, all handoscopy devices that are 
placed through the abdominal wall act as a wound protec-
tor and may minimize postoperative wound infections as 
well as protect from any potential tumor seeding if the 
operation is for malignancy. The opening of the Ethicon 
Lap-Disc is like a camera shutter that can be reduced to 

seal the pneumoperitoneum around any size trocar (Figure 
9.32). Similarly, gel ports can also accommodate 5 or 10 mm 
trocars.

Once the procedure is completed, the hand port device is 
removed, anterior and posterior rectus sheath muscle fascia 
are closed with either 0 or 2-0 absorbable suture, and the 
skin is then closed in a subcuticular manner. Additionally, 
a variety of “pain buster” catheters are now available for 
insertion into the suprafascia layer of the wound, which 
allow for excellent postoperative analgesia. These help to 
minimize postoperative narcotic requirements, thereby 
facilitating an earlier return of bowel function and more 
expedient discharge from the hospital. It has been the 
author’s personal experience that patients undergoing a 
handoscopy type of operation parallel their recovery in 
the same manner as a conventional laparoscopic case 
with a delay of only 1 day in recovery. If a bowel resection 
should be required, the patient usually only requires 
fasting overnight, and clear liquids may be started on 
the first postoperative day. The patient is maintained on 
clear liquids until passing flatus and moving bowels. Most 
patients are discharged home on the second postoperative 
day if a bowel resection has been required.

OPEN ADHESIOLYSIS
In certain situations an open adhesiolysis is best for the 
patient. It is usually performed after an attempted lapa-
roscopic approach has been abandoned. A Pfannenstiel 
incision is rarely adequate. A midline incision is usually 
required if the entire peritoneal cavity is encased in dense 
fibrotic adhesions. Open adhesiolysis is reserved for the 
worst possible cases where laparoscopic adhesiolysis has 
failed, where there have been several incidental enteroto-
mies made, or adhesiolysis cannot be performed secondary 
to encasement of the bowel. Open adhesiolysis should be 
considered in patients unable to tolerate CO2 insufflation.

Open adhesiolysis is performed in the same way as a 
laparoscopic adhesiolysis. All adhesions are taken down 
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from the abdominal wall usually with the Metzenbaum 
scissors. All loops of bowel are extracted out of the pel-
vis. Finally, all interloop adhesions are lysed from the 
ligament of Treitz to the ileo-cecal valve. Incidental enter-
otomies are repaired at the time of discovery to avoid 
intraperitoneal contamination and development of infec-
tion. Hemostasis must be meticulous during the entire 
dissection as in a laparoscopic procedure. An abundant 
amount of warm irrigation fluid is used as well. It is 
extremely important to keep the tissues moist to prevent 
desiccation from atmospheric air as this can stimulate 
adhesion reformation.

ACUTE ADHESIOLYSIS FOR PELVIC 
INFLAMMATORY DISEASE

LAPAROSCOPIC TECHNIQUE
Redness and hyperemia along with slight serous exudate 
in the cul-de-sac are typically seen in uncomplicated 
cases of pelvic inflammatory disease. These minor cases 
require a bacteriologic diagnosis by sampling the exudate 
without further surgical treatment. In more advanced 
cases, a thorough surgical treatment may be achieved 
laparoscopically, according to the skills of the surgeon.

Adhesiolysis is the first step of treatment. The approach 
is from simple to complex, from outside to inside. But the 
infected tissues are very friable and bleed easily. They 
can also tear easily, creating false planes. The choice of 
instrument is very important. In our experience, blunt 
dissection with aquadissection is the major atraumatic 
and safe technique in such patients. Aquadissection is 
performed by placing the tip of the suction-irrigation 
cannula against the adhesive interface between bowel-
adnexa, tube-ovary, or adnexa-pelvic sidewall, then using 
both the cannula tip and the pressurized physiologic 
solution to develop a dissection plane. Grasping of organs 
must be avoided and gentle mobilization of adnexa may 
be obtained with an atraumatic forceps holding the 
round ligament or the ovarian ligament. To avoid blind 
dissection, hemostasis should be achieved using warm 
saline and focused bipolar coagulation. The magnification 
provided by the laparoscope should help avoid bowel 
injuries. Electrosurgery is rarely used on acute adhesions. 
It is used to remove dense chronic adhesions between 
tube and ovary, preferentially with a cut current. Arteriolar 
bleeding is controlled with focused bipolar coagulation.

TUBOOVARIAN ABSCESS DRAINAGE AND TUBAL 
SURGERY
Following the basic rule of surgery, all abscesses should be 
drained. Through the ancillary puncture site, a grasping 
forceps is introduced and used for traction and retraction. 
A suction-irrigation cannula is then used to mobilize 
omentum, small bowel, rectosigmoid, and tuboovarian 
adhesions until the abscess cavity is entered (Figure 9.33). 
Purulent fluid is aspirated while the operating table is 
partially returned to a 10° Trendelenburg position to 

minimize spread into the upper abdomen. After the 
abscess cavity is aspirated, aquadissection is used to 
separate the bowel and omentum completely from 
the reproductive organs and to lyse any tuboovarian 
adhesions. The grasping forceps is then used to place 
tissue to be dissected on tension so that the surgeon 
can accurately identify the distorted tissue planes prior 
to aquadissection. When the dissection is completed, the 
abscess cavity (necrotic inflammatory exudate) is excised 
in pieces using a 5 mm biopsy forceps. Cultures should be 
taken from the aspirated fluid, the inflammatory exudate 
excised with biopsy forceps, and the exudate near the 
tubal ostium. Under laparoscopic vision, friable adhesions 
and purulent collections are broken up with a blunt probe 
and the purulent discharge completely drained.

After ovulation, purulent material from acute salpingi-
tis may gain entrance into the inner ovary by inoculation 
of the corpus luteum, which may then become part of 
the abscess wall. Thus, after draining the abscess cavity 
and mobilizing the entire ovary, a gaping hole may be 
noted in the ovary that had been intimately involved in 
the abscess cavity. This area should be well irrigated; it 
will heal spontaneously.

Tubal lavage with indigo-carmine dye through a uter-
ine manipulator is attempted. With early acute abscess, 
the tubes are rarely patent due to interstitial edema. 
However, when the abscess process has been present 
for more than 1 week and/or the patient was previously 
treated with an antibiotic, lavage frequently documents 
tubal patency, and inspissated necrotic material may be 
pushed from the tube. In cases of complete distal occlu-
sion, injecting dye from below to stretch the filmy distal 
adhesions causing the early hydrosalpinx may sometimes 
open the tube.

Drainage of a pyosalpinx depends on the location of the 
occlusion. When the tube is becoming acutely obstructed 
at its end, the agglutinating fimbriae may be opened gently 
with blunt dissection (fimbrioplasty). Further widening of 
the ostium with grasping forceps is done by introducing 
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a blunt forceps in closed position into the ampulla, 
then opening it slightly and withdrawing it while in an 
open position. Retrograde irrigation of the tube through 
the fimbriated end is performed with the aquadissector 
to remove infected debris and diminish the chance of 
recurrence. The fimbrial endosalpinx is visualized at this 
time and its quality assessed for future prognosis.

Rarely a longitudinal incision is necessary to drain 
the pyosalpinx. Using a fine monopolar electrode at the 
antimesenteric border, a salpingostomy is made. This 
incision must be at least 1.5 cm long. Pus is aspirated and 
the lumen of the tube thoroughly rinsed. Electrosurgery 
for tubal fimbrial eversion should be avoided as it deeply 
burns the tissues.

PERITONEAL LAVAGE FOR ABSCESS SURGERY OR 
BOWEL SPILLAGE SURGERY
Copious rinsing with warm solution followed by gentle 
aspiration is an essential part of pelvic abscess surgery 
after bowel spillage. The peritoneal cavity is irrigated 
thoroughly with Ringer lactate solution until the effluent 
is clear. The total volume of irrigant may exceed 20 L. 
As part of this procedure, two liters of Ringer lactate 
solution are flushed into the upper abdomen, one on 
each side of the falciform ligament, to dilute any puru-
lent material that may have gained access to these areas 
during the initial 30° Trendelenburg positioning. Reverse 
Trendelenburg position is then used for the “underwa-
ter” exam. The laparoscope and the aquadissector are 
manipulated into the deep cul-de-sac beneath floating 
bowel and omentum, and this area is alternately irrigated 
and suctioned until the effluent is clear. An underwa-
ter examination is then performed to observe the com-
pletely separated tubes and ovaries and to document 
complete hemostasis. No drains, antibiotic solutions, or 
heparin are used. At the close of each procedure, at least 
2 L of Ringer lactate can be left in the peritoneal cav-
ity to prevent fibrin adherences from forming between 
raw surfaces during the early healing phase and to dilute 
any remaining bacteria. Given that the absorption rate 
of fluid from the adult peritoneum cavity is 35 mL/h, the 
typical 2–3 L volume of crystalloid used for hydroflota-
tion should be absorbed in 70–80 hours.

ADHESION PREVENTION
Despite abundant evidence of the high rates of adhesion 
formation following abdominal and pelvic surgeries, steps 
are rarely taken by surgeons to prevent adhesions. A num-
ber of explanations have been posited, including ignorance 
among both patients and physicians about adhesions and 
their prevention, and the likelihood of adhesion-related 
complications being managed by a physician other than 
the surgeon who performed the initial operation.

To investigate the extent of patient ignorance regarding 
adhesion formation, the International Adhesions Society 
surveyed patients with a history of abdominal or pelvic 

surgeries. The 570 patients who responded to the survey 
had undergone 952 procedures. Patients had been 
informed about adhesions before only 27% of their 
surgeries, and before only 55% of adhesiolysis procedures. 
The risk of adhesion formation was included as part of the 
formal informed consent in only 12.8% of the time. While 
the author notes the limitations involved in interpreting 
a study of this nature, the findings highlight the rarity of 
postoperative adhesions as a topic of discussion between 
the surgeon and patient. This is surprising in light of the 
common practice during the consent process to discuss 
risks of laparoscopic surgery complication including 
pain, bleeding, infection, and damage to the bowel/
bladder/urethra (1:1000 in sterilizations and 1:500 for 
other procedures), as well as risks of general anesthesia 
(<1:100). Comparatively, the risk of a directly adhesion-
related (adhesiolysis) readmission in the first year 
following a therapeutic laparoscopic surgery (1:70, except 
tubal sterilizations) or open surgery on the fallopian 
tubes (1:120) or ovaries (1:170) is much more significant. 
Adhesion-related readmissions are even greater following 
high-risk laparoscopic surgery (1:80) and open ovarian 
surgery (1:50).

APPROACHES TO ADHESION PREVENTION
There are essentially two major adhesion prevention 
strategies: good Halstedian surgical technique and the 
utilization of antiadhesion adjuvants.

GOOD SURGICAL TECHNIQUE
Good surgical technique is theoretically important for 
adhesion prevention. All the techniques employed in 
microsurgery should be adopted, including:

 1. Gentle tissue handling (minimal use of forceps, 
retractors, and clamps on tissue not intended for 
removal)

 2. Meticulous hemostasis to minimize blood in the 
peritoneal cavity

 3. Irrigation to minimize serosal drying
 4. Prevention of intraperitoneal infection (copious 

irrigation to dilute peritoneal bacteria count and blood 
products)

 5. Minimization of foreign bodies
 6. Use of fine nonreactive sutures
 7. Minimal use of thermal energy to limit peritoneal 

ischemia

A meta-analysis and systematic review were performed 
on all randomized controlled trials (RCTs) correlating 
surgical techniques used in abdominal and pelvic 
operations with adhesion-related outcomes. Although 
one RCT pointed toward a decrease in adhesion 
formation based on surgical techniques, the meta-analysis 
established that none of the specific techniques that 
were compared reduced the incidence of small bowel 
obstruction and infertility, the two main adhesion-related 
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clinical outcomes. They concluded that little evidence 
exists that using less invasive techniques, causing less 
ischemia, or introducing fewer foreign bodies, reduced 
the extent and/or severity of adhesion formation.

ADHESION PREVENTION AGENTS
Meticulous surgical technique should be the first defense 
against the formation of postoperative adhesive disease. 
However, adequate treatment of intraabdominal pathol-
ogy frequently results in significant denudation of peri-
toneal surfaces. Despite the application of Halstedian 
technique, operative procedures may often result in sig-
nificant adhesiogenesis. For these situations, a plethora 
of adhesion preventative agents have been examined 
in both human and animal models. The perfect adhe-
sion barrier agent must meet certain criteria. It must be 
nonreactive and easily applied. It must have delayed 
absorption lasting through the postsurgical adhesiogenic 
inflammatory period. It must be adherent to target tis-
sues, and functional when blood is present (Table 9.1). 
To date, no agent has met all of these criteria. Current 
adhesion prevention adjuvants fall into three categories: 
(1) pharmacologic, (2) direct application liquids, or (3) 
direct application solids.

In a 10-year period between 2005 and 2014, 
manuscripts detailing over 150 antiadhesion treatments in 
animal models have been published. Fewer than 25 have 
resulted in RCTs in humans. As of 2015, Cochrane meta-
analyses have identified seven agents from randomized 
controlled clinical trials that show efficacy in decreasing 
intraabdominal and pelvic adhesion formation (Table 
9.2). Of the nine studies evaluating these seven agents, 
only one was of high quality according to the GRADE 
scale, a tool that evaluates the strength of RCTs. Despite 
evidence of associated decrease in adhesion formation, 
an important point to consider is the tenuousness of 
the data linking intraperitoneal adhesions to relevant 
clinical outcomes such as pain and fertility. No RCT has 
demonstrated the efficacy of any adhesion preventative 
agent in improving pain scores or fertility outcomes. As a 
result, adhesion barrier studies are designed to evaluate 
the presence of intraperitoneal adhesions as the primary 
outcome measure.

Some of the difficulty in evaluating agents for 
prevention of adhesions is the variety of outcome 

measures used in manuscripts. Some studies examine 
the prevention of de novo adhesions; some examine the 
prevention of reformation of existing adhesions. Still 
other studies examine the change in adhesion score. The 
variety of outcome measures makes meta-analysis and 
interpretation of findings more difficult.

Pharmacologic agents
Pharmacologic agents have been extensively studied in 
animal models for the prevention of intraabdominal and 
pelvic adhesions. Studied agents include corticosteroids, 
antihistamines, antioxidants, calcium channel blockers, 
nonsteroidal anti-inflammatory drugs, anticoagulants, and 
more. The majority of these medications are designed to 
decrease the inflammatory response or target fibrinolytic 
pathways. Many have shown efficacy in animal models; 
however, few have made it into human RCTs.

Corticosteroids in the form of intravenous dexameth-
asone followed by oral prednisone have shown mod-
est benefit in adhesion prevention in an RCT; however, 
this has not been extensively studied. Both heparin 
and promethazine did not show any benefit in terms 
of adhesion prevention; GnRH agonists and reteplase 
plasminogen activators also did not show any benefit. 
Like liquids, solid and semisolid antiadhesion agents 
have shown no pharmacologic antiadhesion efficacy in 
trials regarding increasing fertility or decreasing pain 
outcomes.

Liquid agents
Liquid agents are primarily used for their ability to physi-
cally separate peritoneal surfaces by hydroflotation. The 
theory behind these agents is that they prevent physical 
apposition of inflamed surfaces until the adhesiogenic 
inflammatory process has had time to resolve. This time 
period is typically 48–72 hours, when most postoper-
ative adhesions are thought to initiate formation. This 
means that a large amount of fluid needs to be present 
in the intraabdominal and pelvic space for this period of 
time. At a clearance rate of approximately 30–50 mL/h, 
this means that upward of 2–3 L of fluid needs to be 
instilled into the peritoneal cavity to be present the req-
uisite amount of time to separate adhesiogenic surfaces. 
Stressing the importance of adequate volume in liquid 
agents, a meta-analysis of 23 trials using crystalloid solu-
tion demonstrated no improvement in adhesions when 
less than 500 mL of crystalloid was infused intraperito-
neally. In an attempt to increase absorption time, liquid 
agents for adhesion prevention tend to be large osmotic 
molecules, which are theoretically less readily absorbed 
intraperitoneally.

Among liquid antiadhesion agents, dextran, icodextrin, 
and hyaluronic acid have all been studied by RCT. Dextran 
is a complex branched polysaccharide composed of 
multiple glucose molecules. The dextran solution widely 
used for adhesion prevention was Dextran 70 (marketed 
as Hyskon, Medisan pharmaceuticals Inc. Parsipany, 
New Jersey). This solution was shown to mildly decrease 

Table 9.1
THE PERFECT ADHESION PREVENTION 
AGENT

1. Nonreactive
2. Delayed absorption
3. Easily applied
4. Adherent to target tissue
5. Functional when blood is present
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Table 9.2
ADHESION BARRIER AGENTS WITH SHOWN BENEFIT IN RANDOMIZED CONTROLLED CLINICAL 
TRIALS

INTERVENTION VERSUS 
CONTROL ODDS RATIO (CI)

NUMBER 
OF CASES

NUMBER 
OF STUDIES

QUALITY OF 
EVIDENCE 

(GRADE SCORE)
STUDY OUTCOME 

MEASURE

Corticosteroids 0.27 (0.13–0.58) 187 2 Low Worsening of 
adhesion score at 
second-look 
laparoscopy

4.83 (1.71–13.65) 75 1 Low Improvement of 
adhesion score at 
second-look 
laparoscopy

Hydroflotation agents 0.34 (0.22–0.55) 566 4 High Adhesions at 
second-look 
laparoscopy

Gel agents 0.25 (0.11–0.56) 134 4 High Adhesions at 
second-look 
laparoscopy

0.16 (0.04–0.57) 58 2 Moderate Worsening 
adhesion score at 
second-look 
laparoscopy

Oxidized regenerated 
cellulose

0.50 (0.30–0.83) 360 3 Very low De novo adhesions 
in laparoscopy

0.38 (0.27–0.55) 554 7 Moderate De novo adhesions 
in laparotomy

0.16 (0.07–0.41) 100 3 Low Reformation 
adhesions in 
laparoscopy

Polytetrafluorethylene 0.17 (03–0.97) 42 1 Low De novo adhesions 
in laparotomy 
myomectomy

Sodium hyaluronate and 
carboxymethylcellulose

0.49 (0.45–0.53) 127 1 Moderate Mean difference in 
adhesion scores

Fibrin sheet 1.2 (0.42–3.41) 62 1 Very low Adhesions at 
second-look 
laparoscopy

HEAD-TO-HEAD ODDS RATIO (CI)
NUMBER 
OF CASES

NUMBER 
OF STUDIES

QUALITY OF 
EVIDENCE 

(GRADE SCORE)
STUDY 

SPECIFICATIONS

Polytetrafluoroethylene 
versus oxidized 
regenerated cellulose

−0.379 (−5.12 to 
−2.46)

62 2 Very low

Antiadhesion gel (as 
instillant) versus 
hydroflotation agent

0.36 (0.19–0.67) 342 2 High Adhesions present

0.28 (0.12–0.66) 342 2 High Adhesion score
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pelvic adhesions; however, there was associated fluid 
overload-related side effects including vulvar/leg edema, 
and pleural effusion. In addition, severe reactions such as 
disseminated intravascular coagulation, hypotension, and 
anaphylaxis were attributed to Hyskon use. As a result, 
Hyskon as an adhesion barrier has been discontinued.

Icodextrin 4% (marketed as Adept, Baxter, Deerfield, 
Illinois) is a carbohydrate polymer as well. Like Hyskon, 
large amounts are instilled into the peritoneal cavity, and 
rare adverse events such as sepsis, impairment of anas-
tomotic healing, and disseminated intravascular coagula-
tion have been linked to icodextrin. Both a 2002 and 
2007 RCT indicated a nonsignificant trend toward adhe-
sion prevention.

Dilute hyaluronic acid solution (marketed as Sepracoat, 
Genzyme Corporation, Cambridge, Massachusetts) 
showed moderate efficacy in reducing de novo adhe-
sions. Not approved in the United States, it was used in 
Europe for a short time but was ultimately discontinued 
due to adverse effects.

Solid and semisolid agents
Different from liquid-based agents, solid and semisolid 
agents are limited in that they work only in site-specific 
locations. This site specificity can also be advantageous 
in that a lesser amount of the agent is needed to target 
adhesiogenic surfaces such as denuded tissue beds or 
damaged serosal surfaces. The goal period of time before 
absorption of the material is 5–7 days after surgery. A 
series of Cochrane reviews identified one gel agent and 
four solid membrane agents as having efficacy in pre-
venting de novo or reformation adhesions. No agent has 
proven effective for improving fertility or decreasing pain.

As a group (of four RCTs), gel agents were found to 
be effective against adhesion formation. However, of 
these studies, only one statistically significantly found 
fewer cases with adhesions on second-look laparoscopy. 
This study examined the use of auto-cross-linked hyal-
uronic acid and found that significantly fewer adhesions 

developed with its use. A series of other RCTs showed a 
trend toward efficacy using other gel-based agents includ-
ing a polyethylene glycol (PEG)-based agent (Spraygel, 
Confluent Surgical, Waltham, Massachusetts) available in 
Europe, and auto-cross-linked hyaluronan gels (marketed 
as Hyalobarrier, Fidia Advanced Biopolymers, Abano 
Terme, Padova, Italy). No gel agent has been found to 
be more effective than any other; however, when com-
pared with lactated Ringer solution, Intergel (Lifecore 
Biomedical Inc., Chaska, Minnesota), a now discontinued 
ferric hyaluronate gel, was found to be significantly more 
effective. It was discontinued due to associated tissue 
reactions and abscess-like pelvic infections.

Solid membrane agents are the best studied, most 
used, and most efficacious of the adhesion preven-
tion agents. Of these, oxidized regenerated cellulose 
(Interceed, Ethicon Inc., Somerville, New Jersey) (Figure 
9.34) is perhaps the best studied. It has been shown to 
be statistically better than controls at halting reforma-
tion adhesions, as well as de novo adhesions at lapa-
roscopy. Similarly at laparotomy, oxidized regenerated 
cellulose prevents reformation adhesions but has not 
been shown to statistically reduce de novo adhesions. 
Oxidized regenerated cellulose is a cloth-like mesh sheet 
that can be placed laparoscopically (off-label) or through 
a laparotomy incision. Its greatest weakness is its loss 
of efficacy when bleeding is present, when a stabilized 
fibrin clot may actually promulgate adhesion formation.

Expanded polytetrafluoroethylene surgical membrane 
(Gore-Tex, W.L. Gore and Associates, Flagstaff, Arizona) 
is a nonreactive and nonabsorbable membrane that has 
been shown to result in fewer adhesions when compared 
with controls or oxidized regenerated cellulose. Since it 
is nonabsorbable and must be secured in place by lapa-
roscopic sutures or staples, its usefulness in laparoscopy 
is somewhat limited.

Sodium hyaluronate/carboxymethylcellulose (Seprafilm, 
Genzyme, Cambridge, Massachusetts) has been U.S. Food 
and Drug Administration (FDA)-approved for antiadhesion 
use since 1996 and has been generally found to be safe 
and efficacious; however, there is not an abundance of 
data supporting its efficacy. It comes as a translucent, brit-
tle sheet, 5 by 6 inches, that sticks to wet surfaces when 
freed of its paper sheath. This makes its placement laparo-
scopically technically challenging. Surgeons have placed it 
in solution to make a slurry in order to introduce it laparo-
scopically; however, its efficacy in this route of delivery is 
not supported by good data.

Many of the newer antiadhesion agents tend to be 
gels or synthetic copolymers that form barriers when 
combined and applied to tissues. Some of the agents 
have small studies supporting their efficacy, but no larger 
data. Still others show promise, but their producers have 
been using them in other capacities and have not yet 
sought approval for use in adhesion prevention.

European guidelines for the prevention of 
postoperative adhesions in gynecologic surgery are 
listed in Table 9.3. 

9.34
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CONCLUSION
Adhesion formation after gynecologic surgery is common. 
When compared to laparotomy, laparoscopy has been 
shown to result in less de novo adhesion formation, but 

adhesion reformation continues to be a problem for both 
surgical approaches. Sequelae of intraabdominal adhesion 
formation can be fatal, result in infertility, and may be a 
source of chronic pelvic pain. Minimally invasive surgical 
management of adhesion formation affords the patient all 

Table 9.3
EUROPEAN GUIDELINES

In recent years, European “field guidelines” for the prevention of postoperative adhesions in gynecologic 
surgery have been proposed by the Anti-Adhesions in Gynecology Expert Panel (ANGEL). Although several 
similar recommendations have been made by other consensus statements on adhesions, the “field guidelines” 
were specifically organized with the goal to “provide surgeons with a quick reference guide to adhesion 
prevention adapted to the conditions of their daily practice.” Constructed from the research done by the 
Expert Adhesions Working Party of the European Society of Gynaecological Endoscopy (ESGE), their 
recommendations are organized into six basic rules:

 1. The risk of postoperative adhesions should be systematically discussed with any patient scheduled for open 
or laparoscopic abdominal surgery prior to obtaining his or her informed consent

 2. Surgeons need to act to reduce postoperative adhesions in order to fulfill their duty of care toward 
patients undergoing abdominal surgery

 3. Surgeons should adopt a routine adhesion reduction strategy at least for patients undergoing high-risk 
surgery, including

 a. Ovarian surgery
 b. Endometriosis surgery
 c. Tubal surgery
 d. Myomectomy
 e. Adhesiolysis
 4. Good surgical technique is fundamental to any adhesion reduction strategy:
 a. Carefully handle tissue with field enhancement (magnification) techniques
 b. Focus on planned surgery and, if any secondary pathology is identified, question the risk:benefit ratio of 

surgical treatment before proceeding
 c. Perform diligent hemostasis and ensure diligent use of cautery
 d. Reduce cautery time and frequency and aspirate aerosolized tissue following cautery
 e. Excise tissue—reduce fulguration
 f. Reduce duration of surgery
 g. Reduce pressure and duration of pneumoperitoneum in laparoscopic surgery
 h. Reduce risk of infection
 i. Reduce drying of tissues
 j. Use frequent irrigation and aspiration in laparoscopic and laparotomic surgery when needed
 k. Limit use of sutures and choose fine nonreactive sutures
 l. Avoid foreign bodies when possible—such as materials with loose fibers
 m. Avoid nonperitonized implants and meshes
 n. Limit use of dry towels or sponges in laparotomy
 o. Use starch- and latex-free gloves in laparotomy
 5. Surgeons should consider the use of adhesion reduction agents as part of the adhesion reduction strategy
 a. Give special consideration to agents with data supporting safety in routine surgery and efficacy in 

adhesion prevention
 b. Consider practicality, ease of use, and cost of agents when selecting agents for routine practice
 6. Good medical practice implies that any serious or frequently occurring risks be discussed before obtaining 

the patient’s informed consent prior to surgery

While guidelines are currently available only for adhesion prevention in gynecologic surgery, a recent meta-
analysis assessed the use of adhesion barriers for nongynecologic abdominal surgeries; the authors of this 
study hope to use the data collected to develop guidelines for use of these adhesion barriers in 
nongynecologic abdominal surgery.
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of the known benefits of laparoscopic surgery including 
less postoperative analgesics, shorter hospital stays, less 
infection, and more rapid convalescence and return 
to normal activities. Unfortunately, recurrence after 
adhesiolysis for intestinal obstruction is not uncommon 
(8%–32%). Thus, for some patients, adhesiolysis may 
become a repeat surgical procedure. No longer can 
the surgeon ignore the benefits of minimally invasive 
surgery for adhesiolysis. While these techniques and 
procedures are not without risk, patients should not be 
denied their inherent advantages. Astute clinicians must 
work together to discern the most appropriate uses for 
this therapy. To date, no antiadhesion agent has proven 
globally efficacious. Part of the difficulty in finding 
a suitable adhesive barrier is in establishing pain and 
fertility outcomes in an incompletely understood cause-
and-effect relationship between adhesions and these 
practical outcomes. Though many antiadhesion agents 
have been shown to decrease de novo and reformation 
adhesions, establishing superiority is difficult given the 
heterogeneity in studies and surgeon skill. In order to 
determine the optimal adhesion-preventing agent, more 
high-quality studies will need to be performed with 
attention to meaningful outcomes such as fertility and 
pain scores.
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Chapter 10

ECTOPIC PREGNANCY
Sukrant Mehta and Jonathon Solnik

INTRODUCTION
Ectopic pregnancy occurs when the developing blasto-
cyst becomes implanted at a site other than the endo-
metrial cavity. It occurs in approximately 1.5%–2% of 
pregnancies and accounts for 9% of pregnancy-related 
mortality and less than 1% of overall mortality in women.

The prevalence of ectopic pregnancy among women 
who present to an emergency department with first tri-
mester bleeding, pain, or both ranges from 6% to 16%. 
Significant hemorrhage resulting from ectopic pregnancy 
is the leading cause of maternal mortality in the first 
trimester and accounts for 9% of all pregnancy-related 
deaths in the United States. The overall incidence of ecto-
pic pregnancy has increased during the mid-twentieth 
century, plateauing at approximately almost 20 per 1000 
pregnancies in the early 1990s, the last time national 
data were reported by the Centers for Disease Control 
and Prevention. This rising incidence is strongly associ-
ated with an increased incidence of pelvic inflammatory 

disease and advanced reproductive technologies. This 
likely represents an underestimation of what is actually 
occurring due to the underreporting of women treated in 
physician offices.

RISK FACTORS AND PROTECTIVE 
INFLUENCES
Identifiable risk factors for ectopic pregnancy are fairly 
intuitive, well described, and include previous ectopic 
pregnancy, tubal pathology and surgery, and in utero 
diethylstilbestrol (DES) exposure. Previous genital infec-
tions, intrauterine device (IUD) use, infertility, multiple 
sexual partners, smoking, in vitro fertilization, and young 
age at time of first sexual encounter are also associated 
with this phenomenon. If a nulliparous woman is diag-
nosed with an ectopic pregnancy, her likelihood of car-
rying a pregnancy to term is much lower than another 
who had a preceding or interval intrauterine pregnancy.

Women who are using a reliable form of contracep-
tion (hormonal or intrauterine) are somewhat protected 

SIGNS AND SYMPTOMS SUGGESTIVE 
OF ECTOPIC PREGNANCY

 • Nausea, breast fullness, fatigue, 
amenorrhea

 • Lower abdominal pain, heavy cramping, 
shoulder pain

 • Uterine bleeding/spotting
 • Pelvic tenderness; enlarged, soft uterus
 • Adnexal mass, tenderness
 • Positive pregnancy test
 • Serum levels of hCG <6000 mIU/mL at 
6 weeks

 • Less than 66% increase in hCG titers in 
48 hours

 • Serum progesterone <25 ng/mL
 • Aspiration of nonclotting blood on 
culdocentesis

 • Absence of gestational sac in the uterus 
(by ultrasound) when the hCG titer 
exceeds 2500 mIU/mL

 • Gestational sac outside the uterus 
(by ultrasound)

MAJOR CONTRIBUTING FACTORS 
AND ASSOCIATED RELATIVE RISK 
FOR ECTOPIC PREGNANCYa

RISK FACTOR RELATIVE RISK

Current use of IUD 11.9
Use of clomiphene citrate 10.0
Prior tubal surgery 5.6
Pelvic inflammatory disease 4.0
Infertility 2.9
Induced abortion 2.5
Adhesions 2.4
Abdominal surgery 2.3
T-shaped uterus 2.0
Myomata 1.7
Progestin only oral 
contraceptive pills (OCPs)

1.6

a Adapted from Marchbanks PA et al. Risk factors for 
ectopic pregnancy: A population based study. JAMA 
1988;259:1823–1827.
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against an extrauterine pregnancy simply because they 
are less likely to conceive. However, if they do conceive, 
the probability of an ectopic pregnancy becomes rela-
tively higher in comparison.

DIAGNOSIS
Abdominal pain, amenorrhea, and vaginal bleeding rep-
resent the classic symptoms of ectopic pregnancy, which 
should be suspected in women of reproductive age with 
these symptoms, especially those at risk. The diagnosis 
is typically based on clinical impression, with transvagi-
nal ultrasound (TVS) findings and beta-human chorionic 
gonadotropin hormone (β-hCG) values. Confirmation by 
exploratory surgery or histopathologic examination of 
tissue is not necessary and no longer represents the gold 
standard as it did before these tools were readily avail-
able. However, in their absence, it may not be possible to 
differentiate between a failed intrauterine or extrauterine 
pregnancy.

Suspicion for an extrauterine pregnancy is raised 
when the β-hCG concentration is greater than 1500 IU/L 
(discriminatory zone threshold) and TVS examination 
reveals a complex adnexal mass separate from the ovary 
and no intrauterine pregnancy. The diagnosis becomes 
more blurred when TVS shows no evidence of pathology. 
Interpretation of the endometrial complex may be of use; 
a thin stripe suggests lack of intrauterine development, 
but a thickened stripe may also result from the influence 
of estrogen regardless of where the pregnancy lies.

A serum β-hCG concentration less than 1500 IU/L with 
a negative TVS examination remains inconclusive and 
should be followed by repetition of both of these tests 
in 2–3 days to follow the rate of rise of the β-hCG in a 
hemodynamically stable patient.

LOCATION
The majority of ectopic pregnancies occur in the fallo-
pian tube (over 90%), with 80%–90% of these occurring 
in the ampullary portion, 5%–10% in the isthmic portion, 

5% in the fimbriated portion, and about 2.4% in the inter-
stitium (cornua). Other sites include the ovary (3.2%), the 
cervix (less than 0.15%), and elsewhere in the abdomen 
(1.3%) (Figure 10.1).

ANATOMY OF THE FALLOPIAN TUBE
The oviduct or tube is approximately 10–12 cm long. The 
tube can be functionally and anatomically divided into 
four parts. The intramural or interstitial portion of the 
tube is approximately 1 cm long and traverses through 
the myometrium and opens in the endometrial cavity. 
This is the “valve” where the sperm line up to start their 
journey up the oviduct. It is also a highly vascular area 
and makes conservative surgical management more 
difficult.

This isthmus of the tube is approximately 4–6 cm in 
length. It is composed of a double layer of muscle and 
inner lumen. The outer muscle layer runs longitudinal to 
the axis of the tube and is thicker than the inner muscle 
layer, which is oriented in a circular fashion. The lumen 
of the isthmus is approximately 1–2 mm until it gets to 
the ampulla where it enlarges.

The ampulla is the longest segment of the tube and 
makes up approximately two-thirds of the total length. 
Beneath the mucosa of the ampullary portion of the 
tube, there is a series of large blood vessels, mostly 
veins originating from the utero-ovarian supply to the 
tube. These become engorged at the time of ovulation 
to bring the fimbriae closer to the ovary. They can also 
be problematic during surgical treatment for an ectopic 
pregnancy, because these vessels travel in a thick longi-
tudinal muscle layer. The lumen of the tube is wider in 
this segment, and the mucosa has more rugae, which are 
covered with ciliated and secretory cells. These cells may 
be damaged with infection, previous ectopic pregnancy, 
or surgery, predisposing patients to a greater risk of tubal 
pregnancy.

DIFFERENTIAL DIAGNOSIS IN CASES 
OF SUSPECTED ECTOPIC PREGNANCY

 • Spontaneous abortion
 • Ruptured ovarian cyst
 • Corpus luteum hemorrhagicum
 • Adnexal torsion
 • Pelvic inflammatory disease
 • Endometriosis
 • Urolithiasis
 • Urinary tract infection
 • Appendicitis
 • Other lower gastrointestinal tract disease

10.1

Cornual 2.5% (interstital)

Isthmic 5%–10%

Ampullary 80%–90%

Cervical 0.1%

Ovary 3.2%

Fimbriated 5%
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The final portion of the tube is the infundibulum of 
the oviduct. It is funnel shaped, and its most distal end 
is called the fimbriae. There are greater concentrations of 
ciliary cells here that facilitate transportation of the ovum 
into the ampulla.

The blood supply to the tube arises from a cascade of 
vessels originating from an arcuate formed by a branch 
of the ovarian artery and a tubal branch of the uterine 
artery. This arcuate is located in the mesosalpinx, between 
the fallopian tube and ovary. Vessels then perforate the 
medial side of the tube and travel in the intimal layer.

MANAGEMENT
Women diagnosed with an ectopic gestation are typically 
offered either medical or surgical treatment rather than 
being managed expectantly because of the potential risk 
for resultant morbidity or mortality. Immediate surgical 
indications include hemodynamic instability, impend-
ing or ongoing ectopic mass rupture, inability or unwill-
ingness to comply with medical therapy and follow-up 
requirements, lack of timely access to a medical institu-
tion for management of subsequent rupture, and failed 
medical therapy. Notwithstanding the above, medical 
therapy with methotrexate remains a viable option and 
likely represents a larger proportion of women treated 
who are not accounted for by epidemiologic means.

MEDICAL MANAGEMENT
The use of methotrexate has enabled treatment of ecto-
pic pregnancy to be even more conservative than lapa-
roscopy. It can be used in all types of ectopic gestation 
either intramuscularly or directly into the gestation. Not 
all patients are candidates for medical management. 
Table 10.1 shows some of the criteria used to delineate 
the appropriate patients. If the criteria are met, then 

50 mg/m2 (body surface area) is given in a single intra-
muscular (IM) dose. Quantitative hCG is checked on 
days 4 and 7. Weekly titers are then obtained until the 
titer is negative. A drop in titers of 15% should be seen 
from the day 4 value to the day 7 value. Less than 10% 
of patients need a second injection of methotrexate. 
This method is 80%–90% effective but runs the risk 
of emergent surgical correction for rupture. Therefore, 
the patient must be reliable, compliant, and aware of 
this risk. A study by Dudly et al. looked at character-
istics of ectopic pregnancies that ruptured while being 
treated with methotrexate. An hCG that increased by 
>66% every 48 hours or a persistent increase in hCG 
after treatment were found to be independent predic-
tors of tubal rupture and should perhaps lower one’s 
threshold for surgical intervention.

Reproductive potential after an ectopic pregnancy has 
been studied comparing medical and endoscopic surgi-
cal treatment. Cumulative intrauterine pregnancy (IUP) 
rates following both laparoscopy and conservative ther-
apy range from 36% to 58%, with a cumulative ectopic 
recurrence rate of approximately 25% for both treatment 
groups. Reproductive outcome seems to depend more on 
the patient’s medical/surgical history than on the treat-
ment modality used.

A systematic review of several observational studies 
reported a failure rate of 14.3% or higher with single-
dose methotrexate when pretreatment β-hCG levels were 
higher than 5000 mIU/mL, compared with a 3.7% failure 
rate for β-hCG levels less than 5000 mIU/mL. If β-hCG 
levels are higher than 5000 mIU/mL, multiple doses 
may be appropriate, as an inpatient or at least overnight 
observation.

LAPAROSCOPIC TREATMENT
High-resolution ultrasound, early diagnosis, microsur-
gical techniques, and nonsurgical management sug-
gest that many, if not most women may be offered a 
more conservative approach in an attempt to preserve 
the affected tube. Readily available anesthesia, advanced 
cardiovascular monitoring, the ability to convert to lap-
arotomy, and superior magnification provided by lapa-
roscopy make this minimally invasive option a more 
desirable approach. Laparoscopy resulted in shorter 
operative times, less blood loss, fewer analgesic require-
ments, shorter hospital stays, and decreased costs when 
compared to laparotomy in three prospective studies 
that compared the two modalities. A Cochrane review of 
the surgical management of ectopic pregnancy also sup-
ported laparoscopy as the treatment of choice for eligible 
patients, as did a meta-analysis that evaluated effective-
ness of surgery, medical treatment, and expectant man-
agement of tubal ectopic pregnancy in terms of treatment 
success, financial costs, and future fertility. The authors 
also concluded that systemic methotrexate was a good 
alternative in selected patients with low serum β-hCG 
concentrations.

Table 10.1
INDICATIONS FOR USE OF METHOTREXATE 
IN ECTOPIC PREGNANCY

•  Patient is reliable, compliant, healthy, and 
hemodynamically stable

• Ultrasound notes definite ectopic gestation
• Pregnancy sac is less than 4 cm

• hCG titers <10,000 IU/mL

• Progesterone levels <10 ng/mL
• Absent fetal cardiac activity
•  Normal liver function test, complete blood 

count (CBC)
• Give RhoGAM if Rh negative
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SALPINGECTOMY VERSUS SALPINGOSTOMY
If the contralateral fallopian tube appears normal, then 
salpingectomy is a reasonable treatment option that 
avoids the 5%–8% risk of persistent or recurrent ectopic 
pregnancy in the affected tube. Salpingectomy is selec-
tively chosen in the presence of uncontrolled bleeding, 
tubal destruction from a massive ectopic with or with-
out rupture, recurrent ectopic in that tube, patient desire, 
severe adhesion, or hydrosalpinx. A hemodynamically 
stable woman who strongly desires to preserve fertility 
is an appropriate candidate for salpingostomy. Based on 
current yet limited data, there appears to be no differ-
ence in the rate of subsequent intrauterine pregnancy 
in women who undergo salpingostomy compared to 
salpingectomy.

SURGICAL MANAGEMENT BASED ON LOCATION
The location, size, and extent of the tubal pregnancy 
are observed laparoscopically, and the appropriate man-
agement is then based on these factors. All surgical 
approaches start by identification and mobilization of the 
involved fallopian tube and inspection of the uninvolved 
side (Figure 10.2).

Ampullary ectopic: If the pregnancy is in the mid-
ampullary segment, a 5–7 mL dilute solution of vaso-
pressin is injected with a relatively fine needle (we 
prefer a 22 G spinal needle inserted directly through 
the abdominal wall) into the mesosalpinx just below the 
pregnancy and over the antimesenteric surface of the 
segment containing the gestation (Figure 10.3). Although 
there is no standard recommended solution, we have 
had good success with a dilution of 20 U in 100 mL of 
normal saline. It is extremely important to make sure 
that the vasopressin is not injected directly into a ves-
sel, as it can cause arterial hypertension, bradycardia, 
and death. Using a laser, microelectrode, scissors, or 

harmonic scalpel, a linear incision is made over the preg-
nancy approximately 1–2 cm in length, but this can vary 
based on the size of the ectopic. Typically, the incision 
should be slightly smaller than the visualized affected 
portion of the tube. This minimizes surgical injury to 
an already damaged tube and is usually sufficient for 
removal of the gestational tissue. We recommend use of 
a low-voltage current at 60 W power setting, using a fine 
electrode (needle point or scissors) if using monopolar 
electrosurgery. These techniques also reduce inadvertent 
damage to the tube, which may help to preserve func-
tion and reduce subsequent adhesion formation. As the 
incision is created, the contents of the pregnancy usually 
begin to extrude (Figure 10.4). This can be completed 
with hydrodissection techniques by placing the irrigator 
tip between the presumed implantation site and muco-
sal surface of the oviduct or using gentle traction with 
laparoscopic forceps (Figure 10.5). In some cases, more 

10.2

10.3

10.4
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forceful irrigation in the salpingostomy incision may be 
required to dislodge the pregnancy from its implantation 
sites. In our experience, grasping at tissue tends to frag-
ment the pregnancy, making it more difficult to remove 
all contents without creating more bleeding. At times, 
simply being patient and allowing for passive expulsion 
will provide the best results.

Regardless of technique, the surgeon should carefully 
inspect the bed to ensure complete removal of gestational 
tissue. Occasionally, brief bursts of bipolar energy may 
be needed to desiccate more briskly bleeding edges. 
Oozing from the tubal bed is common and will usually 
stop without intervention. Copious irrigation is used to 
dislodge trophoblastic tissue and remove blood from 
the peritoneal cavity. The tubal opening is left to heal 
by  secondary intention, unless the defect is wide and 
the edges do not come together spontaneously. For such 
cases, the edges may be approximated with a single 4-0 
absorbable suture.

If the pregnancy is located in the distal ampullary 
segment of the tube, the surgeon may consider grasp-
ing the more proximal tubal segment and “milking” the 
pregnancy toward and out of the fimbriated edges of the 
tube (Figure 10.6). This can also be performed for par-
tially extruded tubal pregnancies and infundibular preg-
nancies. Implementing microsurgical techniques, such 
as gentle tissue handling and maintaining moisture of 
serosal tissues, will likely result in a better outcome with 
formation of fewer de novo adhesions.

Isthmic ectopic: If this scenario is encountered, linear 
salpingostomy is not as successful because these preg-
nancies typically grow through the lumen of the tube 
and erode into the tubal muscularis. Since isthmic ecto-
pic pregnancies are more likely to result in persistent 
disease and tubal patency is seldom preserved, seg-
mental tubal resection should be performed. This can 
be accomplished by various means, with a relatively 

bloodless resection with use of bipolar forceps, grasping 
both proximal and distal to the gestation and desiccating 
from the antimesenteric surface to the mesosalpinx. This 
segment is then incised and the mesosalpinx sequentially 
desiccated and incised in a similar fashion (Figure 10.7). 
Depending on the size of the ectopic, some patients may 
be able to undergo successful microsurgical tubal reanas-
tomosis at a later date.

10.5

10.6

10.7
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When performing salpingectomy for an isthmic ectopic 
pregnancy, the tube is removed from its anatomical attach-
ments by one of various methods including bipolar energy, 
laser, endoscopic stapling devices, ultrasonic energy, or 
endoloops (Figures 10.8 and 10.9). The mesosalpingeal inci-
sion begins at the proximal isthmus of the tube and pro-
gresses to the fimbriated end. The products of conception 
are most easily removed through a 10 mm trocar sleeve 
with or without the use of an endo-bag (Figure 10.10).

Interstitial/cornual ectopic: These types of ectopic 
pregnancies are rare with a prevalence of 1:5000 live 
births (Figure 10.11). The vascular nature of the cornua 
accounts for a mortality rate of 2%–2.5%. The traditional 
management of this type of ectopic gestation is by lapa-
rotomy with extended salpingectomy and/or cornual 
resection. Hysterectomy was the preferred means of sur-
gical management historically; however, with improved 
techniques and innovations, most patients can be man-
aged more conservatively. If the diagnosis is made early 
and the patient is stable, nonsurgical approaches may 

be considered, including locally or systemically admin-
istered methotrexate. If medical management is not 
possible, surgical treatment options include immediate 
laparotomy, laparoscopy, or a combined laparoscopic 
and hysteroscopic approach.

If the overlying myometrium is thin, a laparoscopic 
resection may be possible. Bipolar coagulation on the 
thinnest portion of the interstitium should be used with 
caution, but monopolar scissors are readily used to enter 
the gestational sac. The fetus and gestation are then 
removed from this incision, and bleeding is controlled 
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with bipolar coagulation. The uterus is then closed using 
absorbable suture. The cornua are extremely vascular, 
and profuse bleeding can occur rapidly. Therefore, it is 
always prudent to have blood products readily available 
and consent for more invasive procedures if emergently 
indicated, such as hysterectomy. Use of vasoactive agents 
to constrict local vasculature and purse-string tourniquets 
have been described to minimize blood loss during these 
at-risk procedures.

A hysteroscopic approach to the interstitial ectopic 
has also been described. During that particular case, an 
interstitial ectopic was diagnosed and persisted despite 
multiple doses of methotrexate. The gestational sac was 
directly visualized via real-time sonography, and through 
the hysteroscope, the gestational sac was ruptured, and 
the placental tissue was removed from the left cornu 
under sonographic guidance. Two weeks postopera-
tively, the patient’s β-hCG level became undetectable and 
her ultrasound showed no evidence of pregnancy.

Ovarian pregnancy: The incidence of an ovarian ectopic 
is 0.7 per 100 ectopic gestations. Surgical management of 
ovarian pregnancy can be achieved via oophorectomy. The 
ovarian ligament is grasped with bipolar forceps, cauter-
ized, and then cut. The mesoovarium is then taken down 
in a progressive fashion. This can also be performed using 
an Endoloop or with the harmonic scalpel.

Cervical pregnancy: This is also a rare form of ectopic 
pregnancy, with a rate of less than 0.15%, and in the past 
was treated by hysterectomy. Currently, the most common 
surgical approach for cervical pregnancy is curettage, 
although successful hysteroscopic resection of a cervical 
pregnancy has also been reported. Medical management 
with methotrexate, whenever possible, is preferred, due 
to the severe hemorrhage that can occur if appropriate 
precautions are not taken, given the rich blood supply 
to the cervix and its inability to reduce hemorrhage by 
contraction. The risk of postevacuation hemorrhage can 
be minimized with vascular occlusive techniques, which 
has been successfully reported by both transvaginal liga-
tion of the cervical branches of the uterine arteries or 
uterine artery embolization, which offers the advantage 
of being less invasive. Another option is using a Foley 
balloon for tamponade, which has been shown to be 
more effective than vaginal packing.

RUPTURED ECTOPIC PREGNANCY
Patients who present with ruptured ectopic pregnancy, 
large hemoperitoneum or a surgical abdomen notwith-
standing, are not necessarily excluded from a laparo-
scopic approach. There are several factors to keep in 
mind when performing laparoscopy in these patients.

Establishment of the pneumoperitoneum and place-
ment of the trocars may be just as timely as performing 
an exploratory laparotomy. When placing the insufflation 
needle in the abdomen filled with blood, the surgeon 
may encounter higher initial insufflation pressures, since 

the tip of the needle may be immersed in blood. Hasson 
(open laparoscopic) entry should also be considered, 
especially since a larger fascial defect in the umbilicus 
may facilitate retrieval of the specimen.

Typically, a four-port technique is utilized. For most 
ectopic pregnancies, an umbilical trocar is placed first, 
but left upper quadrant entry can be done if the patient 
has had multiple previous surgeries, similar to other 
appropriate indications. After entering the abdomen and 
inserting the laparoscope, the patient should be placed 
in Trendelenburg position, and a high suprapubic port 
and two lower quadrant ports should be inserted. We 
prefer four-port placement so that two surgeons can 
use both hands to expedite the case. During situations 
where there is a large amount of blood in the abdo-
men or pelvis, a 10 mm suction irrigator tip should be 
used. Irrigating more mature clots will help lyse the solid 
portions, also facilitating removal of obscuring blood. 
A large collection of blood clots can also be effectively 
removed using a standard 5 mm suction tip attached to 
wall suction to pull clots up and evacuate against the 
trocar sleeve (Figure 10.12).

Only enough blood should be suctioned to allow 
for visualization of the affected portion of the tube and 
accomplish the task at hand. Typically, the tube is exten-
sively damaged and salpingectomy is required, which 
can be accomplished quite efficiently. Good communica-
tion with the anesthesia team is paramount to a success-
ful operation and should be had prior to entering the 
operating room. A grasper can also be introduced for 
quick localization of the ruptured tube and to tampon-
ade the bleeding site.
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PEARLS

 • Known risk factors for ectopic pregnancy 
include previous insults to the tube such 
as inflammatory/infectious processes or 
exposures, pelvic or tubal surgeries, and 
müllerian anomalies.

 • The majority of ectopic pregnancies occur 
in the ampullary portion of the fallopian 
tube.

 • The diagnosis of ectopic pregnancy made 
clinically and suspicion for an ectopic 
pregnancy are heightened when the 
β-hCG concentration is greater than 
1500 IU/L and TVS examination reveals a 
complex adnexal mass with no evidence of 
intrauterine pregnancy.

 • Expectant management can be offered 
to a select few who have been counseled 
appropriately.

 • Surgical management is indicated for 
unstable patients, those who do not meet 
described criteria for MTX (active kidney/
liver disease, β-hCG levels >5000, mass 
>3.5 cm, fetal pole with cardiac activity) 
or are unable to comply with conservative 
management.

 • Reproductive outcome appears to 
be similar for women who receive 
methotrexate and surgical management.

 • Although no definitive conclusions 
have yet been reached, salpingostomy 
should be considered over salpingectomy 
in stable patients who desire future 
childbearing.

 • Patients with large hemoperitoneum 
are not necessarily excluded from a 
laparoscopic approach if the surgeon and 
facility are capable of proceeding with 
expedited surgical management.
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Chapter 11

LAPAROSCOPIC MANAGEMENT 
OF THE ADNEXAL MASS
Sukhpreet Singh Multani, Resad Paya Pasic, and Joseph L. Hudgens

The management of an adnexal mass combines the 
need for appropriate workup and sound judgment to 

ensure the optimal outcome.
Whereas the laparoscope is an essential tool in the 

surgical armamentarium, it should only be employed in 
an appropriate fashion, relegating some patients to be 
best managed by laparotomy.

The adnexa includes the ovary, fallopian tube, broad 
ligament, blood vessels, and fascia contained within. 
Acknowledging there are many causes for a pelvic mass, 
this chapter only considers gynecologic conditions.

Once an adnexal mass is identified, fundamental 
questions that must be addressed include the following: 
What is the origin of the mass? Are there additional labo-
ratory or radiologic studies that would be useful? Does it 
require surgical removal, and if so, what type of surgery 
would be most appropriate?

GYNECOLOGIC PROBLEMS CAUSING  
ADNEXAL MASSES

Ovary
 Follicular cysts
 Neoplasm
  Benign
  Malignant
  Metastatic
Fallopian tube
 Ectopic pregnancy
 Hydrosalpinx
 Pyosalpinx
 Neoplasm
Uterine
 Pedunculated myoma
 Müllerian anomaly
 Cornual pregnancy
Other
 Paratubal cyst
 Peritoneal cyst
 Pelvic abscess

NONGYNECOLOGIC CAUSES OF AN  
ADNEXAL MASS

Bowel
 Feces
 Diverticular disease
 Ileitis
 Appendicitis
 Mucinous tumor of appendix
 Small bowel stromal sarcoma
 Colon cancer
Urinary
 Distended bladder
 Pelvic kidney
 Urachal cyst
 Urinoma
 Ureteral neoplasm
Miscellaneous
 Retroperitoneal neoplasm
 Retroperitoneal hematoma
 Mesothelial tumors
 Peritoneal cyst
 Internal iliac artery aneurysm

HISTIOLOGIC DIFFERENTIAL FOR  
OVARIAN NEOPLASM

Epithelial tumors
 Serous
 Mucinous
 Endometrioma/endometrioid
 Clear cell
Sex cord/stromal tumors
 Granulosa
 Fibroma/thecoma
 Sertoli-Leydig
 Gonadoblastoma
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DIAGNOSIS OF ADNEXAL MASS
Most commonly, the diagnosis of a gynecologic cause for 
an adnexal mass can be secured using a combination of 
a targeted history, pelvic examination, radiologic studies, 
and laboratory testing. Developing a systematic approach 
to establish a differential diagnosis using an assiduous 
evaluation is essential.

Using both anatomic and histologic frameworks can 
help organize this process (see boxes).

The possibility of an ectopic pregnancy should always 
be excluded by drawing a serum β-hCG in any woman 
of childbearing age who is sexually active.

RADIOLOGIC STUDIES
Following the exclusion of pregnancy, the most fruitful 
investigation of an adnexal mass is transvaginal ultra-
sound. If an ovarian cyst/mass is identified, sonographic 
features concerning for an underlying malignancy, espe-
cially in a postmenopausal woman, include increased 
volume, internal septations larger than 3 mm, papilla-
tions, excrescences, indistinct margins, solid elements, 
and thickening of the wall (Figure 11.1). Scoring systems 
have been developed to help better determine the risk of 
malignancy based on ultrasonic features. Whereas there 
was concern about the presence of persistent simple 
ovarian cysts in postmenopausal women, it is now estab-
lished that they are extremely common, and not only is 

the risk of malignancy low especially for unilocular cysts 
<10 cm in diameter, but most will resolve spontaneously 
when followed by serial sonography.

Although there are several sonographic scoring sys-
tems that have been proposed to quantify the overall 
risks associated with ovarian sonomorphology, none 
has been universally accepted. The American College 
of Obstetricians and Gynecologists (ACOG) in 2002 
 proposed one scoring system based on three criteria: 
(1)  ovarian tumor volume, (2) cyst wall structure, and 
(3)  septa structure. In this proposed scoring system, a 
score of 5 or more (indicating volume of >500 cm3 and 
a structure that was complex and solid, displaying cys-
tic areas with extratumoral fluid) had 89% sensitivity in 
identifying a malignant mass.

Ancillary tests have been applied to help better dif-
ferentiate benign from malignant ovarian cysts. Despite 
initial enthusiasm, color-flow Doppler demonstrating 
blood flow within and around the cyst has not achieved 
a pivotal role in the workup of adnexal masses. The 
waveform shape obtained by Doppler imaging provides 
a rough indication of the type of blood flow within a 
blood vessel. Tumor vessels typically have continuous 
high diastolic flow with low pulsatility due to the lack 
of a muscular layer in the vessel wall; this is associated 
with a low resistance index. Normal arterioles have a 
muscular layer that helps regulate parenchymal perfu-
sion. This is associated with a lack of continuous dia-
stolic flow, high pulsatility, a resistance index higher 
than 0.7, and the presence of a diastolic notch (Figure 
11.2). Unfortunately, some benign lesions including 
hemorrhagic luteal cysts, dermoid cysts, and inflamma-
tory masses such as tuboovarian abscesses may all dem-
onstrate low impedance or high diastolic flow similar to 
cancers.

More accurate methods of ultrasonography have been, 
and are being developed, including three-dimensional 
(3D) ultrasound as well as the use of intravenous contrast 
agents with the ultrasound.

Germ cell
 Teratoma
 Dysgerminoma
 Endodermal sinus (yolk sac)
 Choriocarcinoma
 Embryonal
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While an adnexal mass can be seen on computed 
tomography (CT) scanning of the abdomen or pelvis, 
this modality is not as helpful for the workup. Magnetic 
resonance imaging (MRI) has a higher sensitivity and 
specificity for the diagnosis of an adnexal mass, but at a 
considerable increase in cost. It may be particularly help-
ful in determining whether a solid mass such as pedun-
culated fibroid is arising from the uterus and for adnexal 
masses in obese patients, where ultrasound imaging may 
be suboptimal. Fat suppression sequencing can be used 
to confirm the diagnosis of a dermoid cyst in instances 
of complex adnexal masses, where conservative man-
agement may be preferred over surgery because of a 
patient’s desire to be simply followed radiographically, 
and for those with significant medical comorbidities.

LABORATORY STUDIES
Although the antigenic marker CA125 plays a significant 
role in the management of epithelial ovarian cancer, it 
may not be useful for differentiating an adnexal mass as 
benign or malignant. First, it is only elevated in up to 50% 
of all stage 1 epithelial carcinomas of the ovary; second, 
it is nonspecific and can be elevated by many benign and 
other malignant lesions. Many of these benign causes for 
an elevated CA125 will resolve after menopause, making 
CA125 a more predictive tool for evaluating a postmeno-
pausal woman for ovarian cancer.

Tumor marker panels that combine CA125 seem to 
improve sensitivity by 5%–10% in the detection of malig-
nancy, but specificity decreases. Most recently, OVA1, a 
panel that includes five immunoassays (CA-125, transfer-
rin, prealbumin, apolipoprotein A1, β2-microglobulin) 
using a proprietary algorithm, produces a single-digit 
result that is meant to stratify a female’s risk of malig-
nancy. Premenopausal patients with a score >5 and post-
menopausal patients with a score >4.4 were determined 
to be at higher risk. The addition of OVA1 may aid in 
detecting advanced-stage ovarian cancers. A particular 
advantage of this panel is a higher sensitivity in compari-
son to CA-125 for all histologic subtypes, premenopausal 
women, and early stage disease. In a multi-institutional 
OVA1 trial, the panel correctly identified more than 70% 
of malignancies missed by the ACOG criteria. Sensitivity 
improved from 77% to 94%, including an increase in pre-
menopausal women from 58% to 91%, when OVA1 was 
used in conjunction with the ACOG criteria. The overall 
specificity of the ACOG criteria with OVA1 was 35%.

Other tumor markers that may be tested, particularly 
prior to surgery in young females under the age of 30 with 
a mainly solid adnexal mass, include α-fetoprotein raised 
in endodermal sinus (yolk sac tumors), LDH (raised in 
dysgerminoma), β-hCG (raised in choriocarcinoma), and 
alpha subunit of inhibin (raised in granulosa cell tumors).

Elevated serum levels of carcinoembryonic antigen 
(CEA) can be found in a variety of benign diseases 
and cancers, including mucinous ovarian carcinoma. 
Although the sensitivity of CEA and positive predictive 

value of this tumor marker are poor, 25% and 14%, 
respectively, it has utility in assessing disease response 
to treatment. Similarly, CA 19-9, which is predominantly 
noted in pancreatic cancer, can be detected in ovarian 
cancer, however, is not a marker for detection but rather 
when elevated can aid in monitoring disease response.

SURGERY
Once the decision is made that laparoscopic surgery is 
appropriate, the surgical procedure should only be per-
formed by a surgeon with skill, experience, and under-
standing of the underlying disease.

One of the main concerns for a patient undergoing sur-
gery for an adnexal mass is whether or not it may be a 
cancer. If the mass could represent an early ovarian can-
cer, then further surgery should be performed expedi-
tiously in conjunction with a gynecologic oncologist. The 
ACOG has issued guidelines on which patients should be 
referred to a gynecologic cancer specialist prior to surgery.

The referral decision can be stratified based on 
whether the patient is post- or premenopausal. If physi-
cal examination and imaging point toward a pelvic mass, 
referral to a gynecologic oncologist is warranted in the 
presence of one of these additional findings. In post-
menopausal women, these findings include an elevated 
CA125 level (>35 U), evidence of abdominal or distant 
metastasis, ascites, family history of ovarian/breast can-
cer, or a nodular/fixed pelvic mass. In the premeno-
pausal woman, findings include a very elevated CA125 
level (>200 U), ascites, family history of ovarian/breast 
cancer, or evidence of abdominal or distant metastasis.

PREOPERATIVE PREPARATION
Patients should be counseled about the possible findings 
at the time of surgery, and the procedures that might be 
necessary. All patients undergoing laparoscopy should be 
warned that conversion to a laparotomy may be neces-
sary. Those with known, or suspected, severe adhesions 
and those in whom cancer might be detected should 
undergo preoperative bowel preparation. Collaboration 
with other specialties including colorectal surgery and 
urology may be warranted in patients with complex 
presentations.

SURGICAL APPROACH
All patients undergoing surgery for an adnexal mass 
should have appropriate prophylactic measures taken 
that address thromboembolism, antibiotics, and the need 
for beta-blockers. The surgery should normally be per-
formed under general anesthetic. The whole of the 
abdominal skin should be prepared in case a laparotomy 
is needed, and all patients should have a vaginal prep.

A Foley catheter should be placed to reduce the chance 
of bladder injury, to improve the operative view, and to 
track the patient’s urine output. If the patient has a uterus 
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and is not pregnant, then a uterine manipulator can be 
placed to allow manipulation of the uterus in order to 
facilitate the adnexal dissection. If the uterus is absent, 
a sponge-on-a-stick in the vagina may be very helpful.

When operating on a patient with a large adnexal 
mass, care should be taken not to rupture the mass on 
initial trocar insertion. A left upper quadrant approach 
is useful in these patients as well as in those with previ-
ous surgery involving a midline incision. This approach is 
also helpful in the case of specimen removal. The patient 
should have a nasogastric or orogastric tube placed to 
empty and decompress the stomach when entering the 
left upper quadrant.

An open-entry technique either at the umbilicus or 
above the level of the midline scar is also useful with 
regard to specimen removal. Whichever route is used, 
a camera is placed through the initial port, and once 
enough CO2 has been insufflated, an assessment is made 
of the abdominopelvic cavity. A 0° diagnostic laparo-
scope is often adequate, but one that is 30° may be use-
ful in case of a large mass or extensive adhesions. Three 
5–12 mm ancillary ports are utilized as needed (Figure 
11.3), and the port configuration is dependent on the sur-
geon’s preference and the pathology present. The laparo-
scope is rotated around to inspect the peritoneum, liver, 
gallbladder, omentum, appendix, and at least the surface 
of the stomach and small and large bowel. Gross disease 
may be visible with the camera port alone, but if not, 
then a second port is placed and a grasper is passed to 
facilitate this inspection.

In the pelvis it is necessary to assess all pelvic struc-
tures, including the peritoneum, uterosacral ligaments, 
round ligaments, tubes, ovaries, and ureters. Careful 
attention is made to check for peritoneal nodules that 
would need to be biopsied. Adhesions may greatly 
impede visibility and should be cleared with great care 
using systematic dissection.

If a gynecologic cancer is found, either by the initial 
findings or on frozen section, management should be 

continued with the involvement of a gynecologic cancer 
specialist so that the patient’s outcome is optimized. In 
this situation, the laparoscopist’s role is to make the diag-
nosis in the least morbid fashion.

If preoperative preparation has been made, and pro-
vided that the cancer is macroscopically confined within 
the ovary, a full laparoscopic staging operation can be 
performed including hysterectomy, bilateral salpingo-
oophorectomy, peritoneal washings, peritoneal biopsies, 
subcolic omentectomy, and bilateral para-aortic and pel-
vic node dissection.

An ovarian mass in an adolescent is more likely to be 
malignant when compared to one in an adult, mandating 
a heightened concern by a proper workup and orches-
trated management.

Moreover, extra caution should always be exercised 
in a woman with an adnexal mass who has previously 
undergone hysterectomy. Removal of adnexal structures 
may be difficult under these circumstances due to adhe-
sions, especially if the mass arises from the left adnexa 
after previous abdominal surgery.

ADNEXAL MASS REMOVAL
Once preliminary inspection has been completed, peri-
toneal washings are obtained, and a determination has 
been made that the mass can be safely removed, an 
adnexal mass involving the ovary or fallopian tube can 
be extirpated in two fundamental ways: First, remove the 
adnexal mass by identifying and coagulating the infun-
dibulopelvic ligament and following the incision toward 
the origin of the fallopian tube and uteroovarian liga-
ment, as shown in Figure 11.4. Choosing this method-
ology requires a keen knowledge of the course of the 
ureter in relationship to the adnexa, especially if the 
ovary is adherent to the pelvic sidewall and lies on top of 
the ureter. In these situations, the ovary should be freed 
from the pelvic sidewall by pushing it from below and 
freeing the adhesions with scissors, while maintaining 
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traction on the ovary with a suction-irrigator. Once the 
ovary is free, the incision can be carried as shown.

The second approach is to first gain entry into the ret-
roperitoneum by dividing the ipsilateral round ligament 
or the peritoneum just lateral to the infundibulopelvic 
ligament (Figure 11.5). The fallopian tube is grasped gen-
tly and pulled away from the sidewall as the opening in 
the lateral peritoneum is extended cranially. The ureter 
is then identified through the peritoneum or in the ret-
roperitoneum. A window created in the posterior leaf of 
the broad ligament above the ureter can be extremely 
helpful in isolating the infundibulopelvic vessels (Figure 
11.6). There are several instruments available to coagulate 
and transect the ovarian vessels, including the bipolar for-
ceps, Harmonic scalpel (Ethicon Endosurgery, Cincinnati, 
Ohio), Ligasure (Valley Lab, Boulder, Colorado), Gyrus cut-
ting forceps (Gyrus/Acmi, Maple Grove, Minnesota), and 
EnSeal (Ethicon Endosurgery, etc.). Sutures may also be 
used to ligate the ovarian vessels. When employing an 
energy-based surgical device, it is important to avoid heat 
damage to the ovarian or mass capsule to prevent rupture. 

Once the infundibulopelvic pedicle has been ligated, the 
attachments of the ovary to the sidewall can be transected. 
Finally, the uteroovarian vessel can be coagulated and 
transected similar to the infundibulopelvic vessels.

Throughout the adnexal resection, ovarian manipula-
tion should be minimized to avoid rupture and the dis-
semination of malignant cells, which has been shown to 
adversely affect prognosis in such patients. If a dermoid 
cyst ruptures, the pelvis should be irrigated copiously 
with saline until clear of fatty debris and hair in order 
to avoid possible chemical peritonitis. Cyst rupture at 
the time of laparoscopy has been noted to be 15%–100% 
compared to 4%–13% at the time of laparotomy, per 
Nezhat et al. in a review of 10 years of surgical cases. 
The incidence of chemical peritonitis in this review was 
noted to be only 0.2%, representing 1 patient in 370 cases 
of spillage.

Not uncommonly, an adnexal mass may be adherent 
to the large or small bowel. Bowel serosa should not be 
forcefully held with graspers. The bowel edges should be 
carefully defined, and the laparoscopic scissors should 
be used to cut the adhesions. Thermal devices should not 
be used close to the bowel. And, cutting parallel to the 
surface can reduce the risk for damaging the bowel wall. 
Once the bowel is freed, it should be carefully inspected 
for serosal damage.

When an adherent mass is resected, oozing and bleed-
ing can occur. Hemostasis can be attained by direct 
pressure, the use of surgical energy, suture, surgical 
clip, or the use of hemostatic agents. A 4 × 4 gauze can 
be placed through a 10–12 mm port and adjacent to the 
bleeding areas (Figure 11.7). A suction-irrigator can be 
applied to allow more efficient identification and appli-
cation of bipolar or other energy. Identification and, in 
some cases, mobilization of the ureter and bowel before 
the application of energy are important steps to avoid 
thermal damage to these structures.

There are several hemostatic agents available on 
the market; however, all of them come in one of two 
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varieties. They are either physical agents or biologically 
active agents. Physical agents provide a scaffold for 
local clot formation to provide hemostasis. Biologically 
active agents activate the coagulation cascade with 
conversion of either prothrombin or fibrinogen to their 
active component. Each agent has its advantages and 
disadvantages, which include onset of action, postop-
erative duration, cost, risk of infection, and allergic 
response.

OVARIAN CYSTECTOMY
Aspiration of a simple ovarian cyst at laparoscopy in an 
attempt to treat is usually unsuccessful and risks the dis-
semination of an occult carcinoma. As far as diagnostic 
aspiration is concerned, cytologic analysis of aspirated 
cyst fluid has a high false-negative rate and is therefore 
not helpful for the management of adnexal masses.

Whereas cystectomy is never indicated for potentially 
malignant cysts, it is the procedure of choice for benign 
ovarian cysts including dermoid, endometrioma, and 
complicated functional types.

While the ovary is supported using a grasper placed 
beneath, an incision is made on the border between 
normal ovarian tissue and the cyst. This allows the cyst 
wall to be identified and facilitates dissection of the 
normal ovarian tissue (Figures 11.8 and 11.9). The sur-
geon should ideally try to remove the entire cyst with-
out rupture. If an ultrasonically simple cyst appears 
benign at laparoscopy and appears to be too large to 
remove intact, the wall may be decompressed by punc-
turing with a needle attached to suction tubing, which 
minimizes spillage of the cyst fluid. In order to mini-
mize the spill of the cyst fluid into the abdominal cav-
ity, an Endoloop may be placed on the area where the 
cyst puncture is going to be performed. The aspiration 
needle is inserted through the Endoloop, and the fluid 
is then aspirated. The ovary is grasped, and the loop 

is constricted around the puncture site while the nee-
dle is removed (Figure 11.10). If the cyst fluid appears 
serous, the cyst can be elevated with two graspers and 
the incision slightly extended with laparoscopic scis-
sors, allowing the remainder of the fluid to be removed 
(Figure 11.11). The interior wall of the cystic cavity is 
then inspected laparoscopically. Any suspicious areas 
discovered during surgery should be biopsied and sent 
for frozen section. If benign, resection of the entire cyst 
wall should be performed.

Endometriomas can be very difficult to enucleate 
from normal ovarian tissue, and in those cases, the cyst 
should be opened and part of the ovary resected as 
shown in Figure 11.11. The cyst wall is identified and 
peeled off the ovary with the help of a traumatic grasper 
by holding the capsule. Another grasper is used on the 
ovarian capsule. Countertraction in a linear fashion is 
used to separate the cyst wall from the remainder of the 
ovary (Figure 11.12). Bleeding from the ovary is usually 
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self-limited, or it can be controlled with a spot coagula-
tor or bipolar forceps. The resected tissue and the ovar-
ian capsule are removed through a laparoscopic port by 
rotating the grasper and pulling it through the port. If 
the cyst cannot be removed directly, then it should be 
placed into a laparoscopic bag for removal. Bags come 
in a variety of sizes and may be self-deployed (Figure 
11.13). Tissue extraction techniques from the peritoneal 
cavity are presented in Chapter 14.

SURGERY IN PREGNANCY
Laparoscopic removal of an adnexal mass in pregnancy 
is sometimes necessary, and several factors should be 
considered. Depending on the gestational age, preopera-
tive consultation should be made with an obstetrical spe-
cialist. Patients in the second trimester should be placed 
in the dorsal supine position with left lateral tilt, and 
antithromboembolic stockings and sequential compres-
sion devices should be applied. The placement of the 

laparoscope and the operating trocars should be modi-
fied depending on the uterine size. An open technique or 
left upper quadrant technique should be used for initial 
placement. The pneumoperitoneal pressure should be 
limited to 12 mm Hg or less to ensure adequate venous 
return to the heart. This will maximize maternal cardiac 
output and minimize fetal acidosis. However, brief eleva-
tions at the beginning of the procedure can be well toler-
ated. During the operative procedure, it is a good idea to 
minimize uterine manipulation.
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Chapter 12

LAPAROSCOPIC MYOMECTOMY
Linda Shiber and Thomas G. Lang

INTRODUCTION
Uterine leiomyoma are exceedingly common, and the 
incidence increases with age. In addition, the incidence of 
fibroids varies between ethnic groups with a higher prev-
alence among African American women. Though many 
women with fibroids are asymptomatic, large leiomyoma 
or those impinging on the uterine cavity often cause both-
ersome symptoms and may warrant surgical intervention. 
Myomectomy is the surgical treatment of choice when 
approaching symptomatic uterine leiomyoma in women 
desiring future fertility. Minimally invasive techniques 
for myomectomy have been developed in more recent 
decades and have afforded reproductive-aged women 
suffering from fibroids an opportunity for symptom relief 
with added benefits over laparotomy of shorter hospital 
stay, rapid recovery from surgery, decreased adhesion 
formation, improved cosmesis, and pregnancy outcomes 
that are equivalent to those observed after laparotomy.

PREOPERATIVE ASSESSMENT
The symptoms reported by women with symptomatic uter-
ine leiomyoma vary according to the size and location of 
these masses. Symptoms commonly include prolonged or 
heavy menses, mass effect complaints such as urinary fre-
quency or pelvic pain, recurrent miscarriage, and infertility.

After obtaining a detailed history, performing a 
physical exam, and obtaining routine screening such 
as Papanicolaou smear, workup for fibroids begins with 
ultrasonographic assessment of the uterus. Conventional 
pelvic ultrasound is the typical imaging study ordered and 
is very cost effective. However, for ideal imaging of not 
only the overall size and shape of the uterus but also the 
contours of the uterine cavity, saline infusion sonography 
is more helpful. If the uterus is too large to be imaged via 
ultrasound, magnetic resonance imaging (MRI) may be 
used to aid with fibroid mapping and surgical planning.

Depending on the patient’s age, comorbidities, and 
symptomatology, endometrial biopsy may be performed 
to rule out malignancy. Hemoglobin should be checked 
to evaluate for anemia. In women who are specifically 
being evaluated for infertility, other contributing factors 
must also be ruled on or out—for example, ovulatory 
function, tubal patency, or presence of müllerian anoma-
lies—before attributing difficulty becoming/remaining 
pregnant to fibroids that do not have an intracavitary 
component.

Management of leiomyoma depends on the patient’s 
age, therapeutic goals, size and location of her fibroids, 
and plans for future fertility. Management options can be 
classified into four categories:

1. Medical management: Oral contraceptives, non-
steroidal anti-inflammatory medications, intrauterine 
device, gonadotropin-releasing hormone agonists

2. Conservative surgical management—patient not 
desirous of future fertility: Endometrial ablation, 
uterine fibroid embolization, radiofrequency fibroid 
ablation, uterine artery ligation

3. Conservative surgical management—patient is 
desirous of future fertility: Myomectomy

4. Definitive surgical management: Hysterectomy

Preoperative counseling is extremely important. 
The patient must understand the risks of laparoscopy 
(including risk of leiomyosarcoma and tissue morcella-
tion, damage to bowel, bladder, and blood vessels), as 
well as the risk of conversion to laparotomy and hyster-
ectomy. She must also understand that a myomectomy 
may not improve her symptoms, and with regard to 
infertility, she may not become pregnant after surgery. 
The risk of uterine rupture and a discussion of route 
of delivery (i.e., requiring cesarean section) with future 
pregnancies must be addressed and documented in the 
medical record.

For the purpose of this chapter, we focus on women 
desiring fertility preservation and surgical manage-
ment with myomectomy. After imaging has been 
obtained, recommendations can be made regarding 
the route of surgery. Intracavitary fibroids can often be 
treated hysteroscopically, while intramural, subserosal, 
and pedunculated fibroids must be treated abdomi-
nally, whether in a minimally invasive fashion or via 
laparotomy.

IMAGING MODALITIES

Ultrasound
Saline enhanced ultrasound
MRI
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SELECTING ROUTE OF SURGERY: MINIMALLY 
INVASIVE APPROACH VERSUS LAPAROTOMY
Once it is determined that myomectomy is the treatment 
plan for a patient, care must be taken to choose the route 
of surgery most appropriate for a particular patient’s 
pathology. Generally, the upper limits for attempting 
laparoscopic myomectomy are a uterine size less than 
16–18 weeks, fewer than five leiomyoma, and/or largest 
myoma less than 15 cm. Myomectomy for leiomyoma that 
are located within the broad ligament, abutting the cer-
vix, or proximal to the cornua, can be exceedingly chal-
lenging, and this must also be taken into consideration 
when selecting a surgical approach. Competent suturing 
skills are a must for a surgeon attempting laparoscopic 
myomectomy.

In addition, any patient with rapid fibroid growth or 
a suspicion of malignancy on imaging, history, or exam, 
should undergo laparotomy, not laparoscopy, so tissue 
may be removed en bloc. Last, a plan for tissue removal 
must be discussed with the patient. Many hospitals have 
removed power morcellators from their shelves in the 
wake of the controversy surrounding this technique and 
its potential to disseminate occult malignancy through-
out the peritoneal cavity. Most women undergoing lapa-
roscopic myomectomy are young, reproductive-aged 
women, making their risk of occult leiomyosarcoma 
much lower than the 1/300 incidence quoted by the U.S. 
Food and Drug Administration in 2014. With appropriate 
patient counseling, however, power morcellation is still 
a viable option for tissue removal if performed within 
a bag to contain any small tissue fragments. Alternate 
techniques that can be offered for tissue removal include 
mini-laparotomy for morcellation at the level of the skin, 
use of a SILs port at the umbilicus or suprapubically to 
access the myoma(s) for removal, or creation of a poste-
rior colpotomy with transvaginal tissue morcellation.

OTHER CONSIDERATIONS PRIOR TO 
SURGERY
Anemia should be improved prior to surgery both by 
addressing red blood cell stores and decreasing losses 
during menses. Oral iron should be initiated as soon as 
possible. In women with severe anemia, preoperative 
blood transfusion (at least 24 hours prior to surgery) ver-
sus intravenous iron infusions can be administered. To 
decrease menstrual losses prior to surgery, women can 
be placed on oral contraceptive pills or gonadotropin-
releasing hormone agonists such as LupronDepot. While 
a GnRH agonist can temporarily decrease the size of 
the myoma, improve anemia, and decrease the need for 
transfusion, it can make surgical planes more difficult to 
identify intraoperatively.

Obtaining informed consent is of great importance. 
The patient must understand the risks of laparoscopy 
(including damage to bowel, bladder, and blood ves-
sels), as well as the risk of conversion to laparotomy and 

hysterectomy. The rare risk of occult malignancy must be 
addressed. It must be emphasized that myomectomy may 
not improve symptoms. With regard to infertility, the 
patient must be advised that the data about pregnancy 
outcomes with myomectomy for any type of fibroid aside 
from those that are submucosal are lacking, and no defin-
itive information exists on whether myomectomy affords 
a net fertility benefit. The risk of uterine rupture and a 
discussion of route of delivery (i.e., requiring cesarean 
section) with future pregnancies needs to be addressed 
and documented in the medical record. Risk of recur-
rence of fibroid tumors, especially in younger women, 
should also be discussed.

SURGICAL TECHNIQUE

POSITIONING
After induction of anesthesia, attention to correct patient 
positioning is key to facilitating surgery as well as pre-
venting untoward complications. Basic thromboembo-
lism prophylaxis is observed by ensuring the patient has 
bilateral sequential compression devices on the calves. 
Preoperative antibiotics are generally not administered; 
however, if entry into the endometrial cavity occurs, a 
dose is given.

The patient is positioned in dorsal lithotomy with the 
arms tucked at her sides in a neutral fashion, and hands, 
wrists, and elbows are padded with foam. To prevent 
sliding cephalad while in Trendelenburg position, a large 
beanbag is strapped to the operating room bed and is 
beneath the patient. Legs are placed in stirrups, taking 
care not to hyperflex or hyperextend the hips or knees. 
Once positioning has been optimized, the beanbag is 
attached to suction while assistants secure it around the 
patient, especially superior to the shoulders, creating a 
sort of cocoon.

After sterile preparation of the abdomen and perineum, 
the patient is draped. A Foley catheter is placed, followed 
by a uterine manipulator that allows for chromotubation, 
such as Rumi. The manipulator is helpful for optimizing 
the position of the uterus during laparoscopic dissection 
and suturing as well as evaluating the patency of the fal-
lopian tubes and recognizing entry into the endometrial 
cavity. We routinely perform diagnostic hysteroscopy to 
evaluate the uterine cavity and make sure that there are 
no fibroids present in the uterine cavity.

PORT PLACEMENT
Primary port entry may be either infraumbilical or at 
Palmer point if the uterus is very large or if the patient 
has had prior abdominal surgery. Various accessory port 
configurations can be used for laparoscopic myomec-
tomy, depending primarily on surgeon’s preference as 
well as the planned suturing and tissue extraction tech-
niques. Generally, a 10 mm port versus a SILs port (for 
later tissue extraction) is placed at the umbilicus, fol-
lowed by left and right lower quadrant ports superior 
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and lateral, taking care to avoid the inferior epigastric 
vessels (Figure 12.1). A suprapubic port may be placed 
for later suturing or to pass a myoma screw or tenaculum 
for aiding with visualization and retraction.

TECHNIQUE
After peritoneal entry, a careful survey of the abdomino-
pelvic organs is performed. In patients who are undergo-
ing myomectomy for infertility, the pelvis is inspected for 
evidence of endometriosis or stigmate of pelvic inflam-
matory disease, the ovaries are visualized, the fallopian 
tubes are inspected for adhesions, and chromotubation is 
performed to assess tubal patency.

First, a 20-gauge spinal needle or a laparoscopic 
needle with a syringe attached is introduced and dilute 
vasopressin is injected into the myometrium overlying 
the myoma (Figure 12.2). A dilution of 20 units vasopres-
sin in 100–200 mL normal saline is used. This practice 
decreases blood loss and provides hydrodissection, which 
allows easier dissection. If vasopressin is not available, or 
is contraindicated based upon patient comorbidities, bilat-
eral uterine artery clipping using vascular clips can be 
performed to decrease surgical blood loss (Figure 12.3). 
These clips can be removed at the end of the procedure.

Next, using a monopolar hook or ultrasound energy, 
the myometrium overlying the fibroid is incised (Figure 
12.4). The length and axis of the incision depend on the 
location and size of the fibroid. Suturing a horizontal inci-
sion may be easier than suturing a vertical incision; how-
ever, a vertical incision may be necessary to avoid injury 
to the fallopian tube or the uterine vessels. If possible, 
an incision should be made that will allow for removal of 
multiple fibroids, thereby decreasing the number of cuts 
on the uterus and later adhesion formation. The incision 
is then extended deeply until the myoma is visualized. 
The myoma is then grasped with a laparoscopic tenacu-
lum or myoma screw, and the myometrium surrounding 
it is placed on countertraction to facilitate enucleation 
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(Figure 12.5). Placing the tenaculum or myoma screw 
through the left upper quadrant trocar may provide bet-
ter traction than using the lateral ports. A combination of 
blunt and monopolar/ultrasonic dissection is used until 
the myoma is completely separated (Figure 12.6). Care is 
taken to avoid entry into the endometrial cavity; evalua-
tion of its integrity can be assessed with chromotubation 
with blue dye (Figure 12.7).

CLOSURE
Before beginning closure of the defect, hemostasis 
should be assured. If the endometrium was entered, the 
defect can be repaired with single or interrupted sutures 
of 3–0 or 4–0 Monocryl on an SH needle. Intracorporeal 
knot tying is preferred given the delicate nature of this 
repair (Figure 12.8). Additionally, effort is taken to skim 
the endometrium, avoiding placing exposed suture in the 
cavity, which may contribute to subsequent intrauterine 
adhesive disease.

Next, the myometrium is reapproximated with one 
or two layers of continuous running suture. Various 
suture materials may be used, including 0-vicryl on a 
CT1 needle or barbed suture such as VLoc or Stratafix. 
We commonly use barbed suture for this closure as 
the barbs help maintain consistent tension and elim-
inate the need for knot tying, increasing efficiency 
(Figure 12.9).

After the myometrium is reapproximated and hemo-
static, the serosa is closed. 3–0 Monocryl suture on a CT1 
needle is generally used, and this layer is closed in a con-
tinuous, running fashion versus the “in-to-out” baseball 
stitch technique (Figure 12.10). Once the serosa is closed, 
final inspection for hemostasis is performed. Any areas 
with persistent bleeding are managed using either bipo-
lar energy or by placing additional figure-of-8 sutures. 
The pelvis is irrigated, and when no further bleeding is 
noted, an adhesion barrier, such as Interceed, may be 
placed over the suture line to decrease adhesion forma-
tion (Figure 12.11).
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TISSUE REMOVAL
Once the uterine defect is closed and hemostasis is 
attained, the myoma(s) must be removed from the peri-
toneal cavity. Again, options for tissue removal that mini-
mizes theoretical spread of microscopic tissue fragments 
include the following: (1) contained power morcellation 
using a laparoscopic specimen bag (Figure 12.12); (2) cre-
ation of a mini-laparotomy incision suprapubically or using 
a SILs port—both allow insertion of a bag, manipulation of 
the tissue into the bag, and then sharp morcellation with 

the scalpel (Figure 12.13); and (3) creation of a posterior 
colpotomy so that the tumor can be removed/morcellated 
vaginally. Regardless of the tissue removal technique, the 
peritoneal cavity must be thoroughly inspected to ensure 
that no residual fragments of myoma remain. Please refer 
to Chapter 14 on tissue extraction techniques.

LAPAROSCOPICALLY ASSISTED 
MYOMECTOMY
Laparoscopically assisted myomectomy (LAM) is a safe 
alternative to laparoscopic myomectomy and is less dif-
ficult and less time consuming. The general criteria for 
LAM are as follows: myoma greater than 8 cm; multiple 
fibroids requiring extensive morcellation; and deep, 
large, intramural or transmural fibroids requiring uterine 
repair in multiple layers. Using a combination of lapa-
roscopy and a 3–5 cm abdominal incision may enable 
more gynecologists to apply this technique (Figure 
12.14). This technique may decrease the time required 
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for enucleation of the fibroid and closure of the myome-
trial defect. A conventional suturing technique is used to 
suture the uterus in two or three layers, thereby reducing 
the chances of uterine dehiscence and adhesions.

The three major objectives of LAM are as follows:

 1. Reduction of blood loss by quicker enucleation of 
the fibroid

 2. Maintenance of myometrial integrity by applying 
conventional suturing technique

 3. Quicker morcellation and removal of the fibroid

LAM reduces the duration of the operation and the 
need for extensive laparoscopic experience when per-
formed with morcellation and conventional suturing.

LAM TECHNIQUE
Laparoscopy is performed, and laparoscopic ports are 
placed. The most prominent myoma is liberally injected 
at the base with dilute vasopressin solution. A laparo-
scopic incision is made over the uterine serosa and then 
into the surface of the fibroid. The incision is extended 
until the capsule is reached. A corkscrew manipulator or 
tenaculum is used to grasp the leiomyoma and to move 
the uterus toward the midline suprapubic trocar site in 
order to enlarge it to a 4 cm transverse skin incision. 
Once the incision of the fascia is made transversely, the 
rectus muscle is divided using a monopolar electrode. 
This typically provides excellent access to the abdominal 
cavity (Figure 12.15). The peritoneum is entered trans-
versely, and the leiomyoma is observed. Using the cork-
screw manipulator, the leiomyoma is then brought to the 
mini-laparotomy incision. The corkscrew manipulator is 
replaced by two Lahey Tenacula, and the tumor is extra-
corporeally shelled and then morcellated (Figure 12.16). 
If uterine size allows, the uterus is exteriorized to com-
plete the repair. As many leiomyomas as possible should 
ideally be removed through one uterine incision. When 
other leiomyomas are present and cannot be removed 
through the initial uterine incision, the abdominal open-
ing is approximated with two or three Allis clamps or 
an inflated latex glove. The remaining leiomyomas are 
then removed in the same manner under laparoscopic 
control. The uterus is then exteriorized again through the 
abdominal incision and the myometrium is closed in lay-
ers using 2-0 and 0 polydioxanone sutures (Figure 12.17). 
The uterus is palpated to ensure that no small intramural 
leiomyomas remain, and it is returned to the peritoneal 
cavity. The fascia is closed with number 0 polyglactin 
suture, and the skin is closed in a subcuticular manner. 

12.13

12.14

12.15



129laPaRosCoPIC MyoMeCtoMy

The laparoscope is then used to evaluate for complete 
hemostasis, and the pelvis is observed to detect and treat 
any pathology that may have previously been obscured 
by myomas. Copious irrigation is used, blood clots are 
removed, and Interceed may be applied over the uterus 
to help prevent adhesions.

POSTOPERATIVE CONSIDERATIONS
Depending on the extent of the surgery and the patient’s 
medical comorbidities, she may be discharged home 

from the postanesthesia care unit or kept for observa-
tion overnight. Our practice is to admit these patients 
for 23 hour observation. This allows us to assess post-
operative hemoglobin, to monitor pain control, and to 
ensure immediate postoperative milestones are met. 
Combination pain control with nonsteroidal anti-inflam-
matory drugs and oral narcotics along with ice packs to 
the abdomen seem to improve patient pain scores and 
satisfaction.

Patients are seen for follow-up in the office at 2 weeks 
and 6 weeks postoperatively. Attempts at pregnancy 
should be deferred for at least 3 months after laparo-
scopic myomectomy.
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Chapter 13

NONSURGICAL OPTIONS FOR TREATMENT 
OF UTERINE FIBROIDS
David J. Levine

To date, the most common treatments for uterine 
fibroids are myomectomy and uterine artery emboli-

zation for women who are interested in uterine preserva-
tion, and may have failed more conservative therapy.

Myomectomy is performed traditionally through a 
relatively large abdominal incision but in selected cases 
can be performed laparoscopically by a physician with 
advanced laparoscopic skill. In either case, the fibroids 
are removed by incisions made through the uterine wall, 
which are then methodically closed by suturing in a 
layered fashion. Unless very superficial in depth, myo-
mectomy potentially weakens the integrity of the gravid 
uterine wall, which may have significant implications for 
the conduct of subsequent pregnancies. However, at this 
moment, myomectomy is the only treatment approved 
by the U.S. Food and Drug Administration (FDA) for 
uterine fibroids in women who are interested in future 
pregnancy.

UTERINE ARTERY EMBOLIZATION
Uterine artery embolization (UAE) is performed by 
an interventional radiologist placing polyvinyl alcohol 
particles (355–500 mm) into the uterine vasculature, 
with its endpoint being occlusion of the perifibroid 
plexus (Figures 13.1 and 13.2). Most patients experi-
ence moderate to severe pain from ischemia. This isch-
emic pain may last for up to 24 hours and frequently 
requires parenteral narcotic analgesia. Recovery is usu-
ally 4–5 days with intermittent cramping and consti-
tutional (flu-like) symptoms. Long-term studies with 
follow-up of 3–6 years reveal a treatment failure and 
subsequent invasive treatment rate of 13%–28%. The 
significant failure rate, based on return of symptoms 
such as heavy menstrual bleeding and pelvic pressure, 
is multifactorial, including the appearance and growth 
of new myomas, incompletely infarcted myomas, and 
concurrent adenomyosis.

The effect of UAE on ovarian function based on folli-
cle-stimulating hormone (FSH) as a determinate of ovar-
ian failure appears to be age related and is more apt to 
occur after age 45. Critical loss of the follicular cohort is 
presumably caused by misembolization of the occlusive 
particles into the ovarian circulation.

ACESSA PROCEDURE
The Acessa procedure is a novel system that performs 
laparoscopic, ultrasound-guided, volumetric thermal 
ablation of uterine fibroids using radiofrequency energy. 
The procedure has the capability to treat all visible 
fibroids regardless of location or size. It is typically per-
formed on an outpatient basis, promising rapid return 
to normal activity. Its capacity to thermally spare the 
surrounding myometrium, isolate the fibroids for spe-
cific treatment, and minimize postoperative adhesion 
formation differentiates it from previous coagulation 
treatments that employed a bipolar needle or fiber laser 
under laparoscopic guidance.

PATIENT SELECTION
The ideal patient has a history of symptomatic uterine 
fibroids that have never been treated surgically. She has 
become progressively symptomatic from pelvic pressure 
or pain and/or heavy menstrual bleeding. Moreover, she 
has affirmed her strong interest to conserve her uterus and 
ameliorate her symptoms while accepting that in all likeli-
hood they will not be eliminated completely. Preoperative 
evaluation typically includes an endometrial biopsy for 
irregular or heavy menstrual bleeding, and uterine imag-
ing using either pelvic ultrasound or magnetic resonance 
imaging (MRI) to determine the size, location, and num-
ber of fibroids to be treated. The ultimate treatment 
plan will be determined while mapping the uterus with 
intraabdominal ultrasound at the time of surgery.

OPERATING ROOM PREPARATION
The basic laparoscopic equipment including an insufflator, 
light source, and camera are arranged in the usual fashion. 
However, an ultrasound monitor is placed adjacent to the 
laparoscopic screen. Both screens are typically situated at 
the patient’s feet so that the surgeon and assistant have an 
unimpeded and comfortable view of both images.

PROCEDURE
General endotracheal anesthesia is administered; the 
patient is intubated, and an orogastric tube is placed. 
A forced air-warming blanket (Bair hugger) is not utilized 
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because it may cause the patient to sweat and interfere 
with the specially designed return electrodes. Before the 
patient is prepped, all lotion is removed from the skin 
superior to the patellas using rubbing alcohol. The return 
electrode pads are placed symmetrically just above both 
patellas. The patient is frog legged, and a Foley catheter is 
inserted into the bladder. Next, a single-tooth tenaculum 
is placed on the cervix at 12 and 6 o’clock, respectively 
(Figure 13.3). This will be utilized to anteflex and retroflex 
the uterus. A uterine manipulator is not used because it 
will distort the ultrasound image, and a metal manipula-
tor may conduct heat and damage the endometrial cavity. 
The patient is then adequately draped, and all laparo-
scopic cables and instruments are arranged in their rou-
tine positions. The return electrode cables are attached to 
the Acessa generator, and the intraabdominal ultrasound 
transducer is attached for use (Figures 13.4 and 13.5).

Abdominal entry is entirely dependent on the sur-
geon’s preference; however, with a large fibroid uterus, 
a supraumbilical laparoscopic port may be necessary to 

maintain adequate visualization. This may be facilitated 
by first using a left upper quadrant entry using a 3 or 
5 mm scope, which allows the surgeon to simultaneously 
evaluate placement of the midline camera port (superior) 
and the midline fundal port (inferior). The midline fun-
dal port must be 10 mm to accommodate the ultrasound 
wand, and its fundal location is necessary for adequate 
scanning and retraction (Figure 13.6).

MAPPING THE UTERUS AND FORMULATING 
A TREATMENT PLAN
Uterine mapping is performed to evaluate the uterus 
from all planes. It is wise to use a consistent mapping 
technique, so that all fibroids are identified. The intraab-
dominal ultrasound images are always oriented so that 
the surface of the uterus being scanned is at the top 
of the screen (Figures 13.7 and 13.8). As an example, 
starting from the patient’s right, serially scan with the 
ultrasound from the fundus to the cervix, identifying all 
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fibroids. This procedure is then repeated on the patient’s 
left. Next, identify the endometrial stripe. Fibroids that 
are intramural and lie adjacent to the cavity need to be 
identified. These may be responsible for excessive men-
strual bleeding; thus, their identification is of extreme 
importance. It is imperative to formulate a treatment 
plan prior to deploying any radiofrequency energy. 
Once treatment has been started, the effect of heating 
may confuse the orientation of the fibroids. It is also 
helpful to measure all the fibroids in two planes. Most 

fibroids are not round but rather oblong, which risks 
that a single treatment in the center of the fibroid will 
not suffice. Larger fibroids 6–8 cm will require multiple 
smaller treatments. These may cross one another or be 
arranged in quadrants to treat the entire volume of the 
fibroid.

TREATMENT
The treatment is usually begun with the most fundal or 
easily visualized fibroid. Based on the size of the fibroid, 
one or multiple locations are visualized on the fibroid for 
placement of the Acessa handpiece. The uterus is stabi-
lized with the ultrasound probe, and a location 1–2 cm 
from the ultrasound port is chosen for introduction of 
the handpiece into the abdomen. A 2 mm puncture is 
made, and by rotating the handpiece it can be slowly 
introduced under direct vision into the abdominal cavity 
(Figure 13.9). If the fibroid can be treated with a single 
puncture (usually 3–4 cm at most), the ideal placement 
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would be directly in the center of the fibroid. This 
can be accomplished by visualizing the midline of the 
fibroid sonographically from a sagittal and transverse 
view. Once midline is confirmed, a spot is chosen on 
the serosa which corresponds to the sonographic mid-
line, and the sharp handpiece is slowly rotated into the 
fibroid until it is 1 cm through the capsule of the fibroid 
(Figure 13.10). To confirm the location of the tip of the 
handpiece, transverse and sagittal views are repeated. If 
the handpiece is found to be in the midline, the array 
is deployed (Figure 13.11). To deploy the array, main-
tain downward pressure while simultaneously sliding 
down the handpiece ring. If both of these maneuvers 
are not simultaneously performed, the arms will not be 
deployed adequately, and treatment will fail. In the event 
of deployment failure, simply retract the array and repeat 
the procedure using the proper technique. The tips of 
the array should be 1 cm from the periphery of the cap-
sule, as confirmed by ultrasound (Figure 13.12). If the 
deployment was too deep or too shallow, it can be easily 

adjusted. However, care should be taken to fully retract 
the array prior to adjusting the depth, as failing to do 
so will damage the handpiece, making it unusable. The 
handpiece displays the length of array deployment, and 
in accordance with the treatment chart, a time for treat-
ment will be  determined (Figure 13.13).

It is not unusual to have a dense fibroid that prevents 
adequate opening of the array. It this case, it is accept-
able to treat the accessible area of the fibroid (usually 
1–1 1/2 cm), which will soften the fibroid. Once soft-
ened, the fibroid will allow the array to open freely, and 
a greater area can then be treated in the usual manner. 
Once the treatment of the fibroid is complete, the array 
is retracted and the coagulation setting is selected on the 
generator. The handpiece is then slowly removed while 
coagulating the tissue to prevent any bleeding. The 
above procedure is repeated until all of the fibroids have 
been treated. In fact, there is no limit to the size or depth 
of a fibroid that may be treated. Nevertheless, treating a 
pedunculated or type O submucosal fibroid should be 
avoided. When a fibroid is not round but rather oblong, 
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multiple treatments through multiple sites with multiple 
punctures are frequently necessary. Larger fibroids may 
require an overlapping technique to access the entire 
circumference of the fibroid. Retreating the same area 
is permissible and of no clinical consequence. The most 
challenging fibroids are deeply set in the myometrium 
and lie next to the endometrial cavity. To access deeper 
fibroids, it is best to start by measuring the distance from 
the serosa to the fibroid using the ultrasound. Taking 
care to stabilize the uterus with the ultrasound probe, 
insert the handpiece slowly. Using the ultrasound, moni-
tor the course of the handpiece every few centimeters 
to ensure it is following the projected course. Once the 
predetermined depth has been reached, and ultrasound 
confirms that the handpiece is at the desired location 
within the fibroid, the array may be deployed in the 
usual manner.

Once all of the fibroids have been treated, the surgeon 
should rescan the uterus to confirm a complete treat-
ment. A suction irrigator can now be used to lavage the 
uterine surface and identify any bleeding sites. The trocar 
sites are then closed in the usual manner, and the patient 
can return home once the usual discharge criteria after 
laparoscopic surgery are realized.

The Acessa procedure provides a number of real-
ized and potential benefits. The 36-month data showed 
a significant decrease in symptoms related to fibroid 
bulk and a 45% decrease in menstrual bleeding. From 
a patient’s perspective, it is a minimally invasive outpa-
tient procedure with an average recovery of 2–3 days. 
Gynecologists can adapt their existing surgical skills to 
perform the procedure. Moreover, the structural integ-
rity of the uterus is not compromised, providing safety 
for women interested in future conception. This may 
allow women to deliver vaginally instead of by cesarean 
section. One of the major benefits of this technology is 
the utilization of an intraabdominal ultrasound probe 
to target and treat uterine fibroids. Postclinical trial data 
demonstrated a 50% increase in the number of fibroids 

identified using intraabdominal ultrasound as compared 
to preoperative transvaginal ultrasound or MRI, promis-
ing more complete treatment than either myomectomy 
or UAE.

Utilizing similar radiofrequency (RF)-based technol-
ogy, VizAblate is a nonincisional transcervical approach 
to the treatment of fibroids (Figure 13.14). The technol-
ogy utilizes real-time intrauterine ultrasound in combina-
tion with an RF energy probe. The treatment device is 
deployed directly through the ultrasound handle making 
it easier for the operator to control the application of the 
treatment probe. Once the fibroid has been identified via 
ultrasound, the probe is deployed directly into the fibroid, 
and the treatment is monitored using a graphic interface 
that automates treatment parameters (Figure 13.15). The 
software is designed to control the depth and extent of 
treatment, avoiding myometrium and serosa. In October 
2014 the FDA granted the technology an Investigational 
Device Exemption (IDE), which allowed it to begin a piv-
otal trial to demonstrate its efficacy and safety.
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MAGNETIC RESONANCE IMAGING–FOCUSED 
ULTRASOUND THERAPY
This treatment utilizes high dosages of focused ultra-
sound waves (high-intensity focused ultrasound [HIFU]) 
to destroy uterine fibroids while sparing the surround-
ing myometrium. The procedure is conducted under the 
guidance of magnetic resonance (MRI). A small volume 
of fibroid is heated to 85°C, causing coagulative necrosis 
(Figure 13.16).

The treatment of each fibroid involves creating a grid 
from which the treatment is designed and followed. The 
average length of treatment is 3 hours, and the patient 
must remain still during that time. Though totally non-
invasive, patient selection is limited to those women 
who have fibroids along the anterior abdominal wall. 
There can be no intervening bowel or previous scars 
to interfere with the ultrasound beam. Though of grow-
ing popularity abroad, this technology has yet to receive 
widespread use in the United States.
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Chapter 14

TISSUE RETRIEVAL IN LAPAROSCOPIC SURGERY
Linda Shiber and Resad Paya Pasic

Uneventful access into the peritoneal cavity without the 
use of a significant laparotomy is the raison d’être for 

laparoscopic surgery. Minimally invasive techniques have 
now been adopted by all areas of surgery, and continued 
advancements have reached levels thought unimaginable 
even a decade ago. Yet, the advantage of a skillfully per-
formed laparoscopic procedure is greatly diminished if 
the surgery culminates in a large incision created for the 
removal of an extirpated organ or tissue. This tactical chal-
lenge led one of the first pioneers of laparoscopic surgery 
to declare that the creation of effective, minimally invasive 
techniques for laparoscopic tissue retrieval is the “Holy 
Grail” of the discipline. Such techniques must be intrinsi-
cally safe and both time and cost efficient if they are to 
enhance the inherent benefits of laparoscopic surgery.

CLASSICAL TECHNIQUES
Prior to the introduction of specialized instrumentation, 
laparoscopic tissue retrieval was limited to simple tech-
niques derived from open surgery. Benign specimens up 
to 8 mm in diameter, such as an oviduct, can be directly 
retrieved up through lateral 5 mm incisions. The tissue 
is drawn up into the cannula using gentle rotation while 
opening the flapper valve as the specimen is removed. 
For specimens too broad to fit entirely into the sleeve, the 
tissue is grasped at its narrowest aspect and drawn par-
tially into the port. Provided there is no infection or pos-
sible malignancy, the cannula, grasping instrument, and 
specimen can be withdrawn from the abdominal cavity 
all together in one smooth motion (Figure 14.1). To help 
replace the trocar, a blunt probe can be placed into the 
peritoneal cavity via the trocar tract to act as a guidepost 
as the cannula is then advanced in place over it.

For slightly larger specimens such as postmeno-
pausal ovaries without malignant features, decompressed 
adnexal cysts, or the appendix, a 10–12 mm umbilical 
cannula is often adequate for tissue removal. Removal 
of larger and firmer masses may be facilitated by using a 
10 mm spoon or claw forceps for their tenacity. Grasping 
forceps may be placed through an operative laparoscope 
and the specimen extracted under direct vision by draw-
ing the laparoscope along with the grasped specimen 
up through the sleeve. This method is well suited to the 
appendix, as it minimizes the likelihood of wound con-
tamination. Alternatively, the instrument with the speci-
men may simply be removed together with the sleeve in 

a manner similar to that described above using a 5 mm 
sleeve. If the surgeon is not using an operative (10 mm) 
laparoscope, a 5 mm laparoscope may be introduced 
through one of the lateral ports and the tissue recov-
ered with a grasping forcep under direct vision using 
either of the above techniques. It is important to grasp 
and hold onto the specimen while changing to a 5 mm 
laparoscope in order to avoid losing it within the upper 
abdomen.

The removal of larger specimens such as benign, 
premenopausal ovaries, small myomas, or the gallblad-
der often requires enlargement of the umbilical incision. 
This can be accomplished using a classical open Hasson 
technique but may be technically difficult and require an 
exaggerated skin incision in order to approach the rectus 
fascia in obese patients. Reich described a technique that 
greatly facilitates extension of the fascial incision in these 
cases by using laparoscopic scissors passed through an 
operative laparoscope (Figure 14.2). The peritoneum and 
fascia are clearly visualized under laparoscopic magnifica-
tion and opened with laparoscopic scissors. The specimen 
is then removed through this incision using a grasper as 
described above, and the fascia is reapproximated in the 
traditional fashion using permanent or delayed absorbable 
suture. Extension of the fascial incision may be avoided 
by use of a 10 mm laparoscopic scissor placed through 
a 10 mm sleeve. Laparoscopic graspers are used to sta-
bilize the specimen while manually morcellating it into 
pieces small enough to be recovered via the 10 mm port 
sleeve (Figure 14.3). This is done under direct vision with 
a 5 mm laparoscope placed through the other 5 mm port, 
and this works well for smaller myomas. Alternatively, the 
surgeon can perform manual morcellation by using a lap-
aroscopic scalpel manufactured by Storz that fits through 
a 10 mm port (Figure 14.4). The specimen is then securely 
held safely distant from the vital structures of the pelvic 
sidewall, and cut into small pieces for retrieval. In expe-
rienced hands, this technique works well for such speci-
mens as small myomas, but it is time consuming and not 
without significant risk of penetrating injury to the bowel 
or major vessels.

Using a posterior colpotomy is another approach to 
facilitate specimen removal. This type of incision in the 
posterior vaginal fornix is well suited to the recovery 
of large ovaries, cysts, and myomas from the peritoneal 
cavity. The anatomic relationship of the rectum to the 
posterior vagina must be defined prior to performing 
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laparoscopic culdotomy. This is facilitated by placement 
of a uterine manipulator, and elevating the uterus ante-
riorly to expose the posterior cervicovaginal junction. A 
probe is placed into the rectum to provide additional 
assistance when difficulty is encountered opening a 
scarred posterior cul-de-sac. Once normal anatomy is 
established, the upper vagina is delineated with a moist 
sponge on a ring forceps or the bulb end of a rubber 
infant nasal suction (the suction tip cut off) with a ring 
forceps inside. Either of these implements will highlight 
the proper incision site slightly above and between the 
uterosacral ligaments, while maintaining pneumoperito-
neum once the incision is made. A transverse culdotomy 
incision is then made laparoscopically using either a 
monopolar electrode tip set at 80–100 W of cutting cur-
rent, with laser energy at a comparable power setting, 
or with ultrasonic energy (Figure 14.5). Laparoscopic 
grasping or traditional ring forceps may then be care-
fully passed through this incision into the pelvis and the 
specimen withdrawn vaginally under direct laparoscopic 
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view (Figure 14.6). The culdotomy incision is then vagi-
nally or laparoscopically sutured ligated. When using this 
technique, trauma to vital structures is avoided by direct 
laparoscopic vision and the maintenance of sufficient 
pneumoperitoneum with a moist vaginal sponge or the 
cut infant suction bulb described above. If the surgeon 
prefers, a 5 mm instrument can be used to deliver the 
specimen from above into the vagina where it may be 
grasped with the fingers and removed. In cases of tis-
sue suspicious for malignancy, a specialized laparoscopic 
tissue retrieval bag (see next section) may, likewise, be 
passed into the vagina for specimen removal.

SPECIALIZED BAGS FOR LAPAROSCOPIC 
TISSUE RETRIEVAL
The need to collect the gallbladder during a laparo-
scopic cholecystectomy was the first impetus to innovate 
instrumentation for the safe and efficacious laparoscopic 
removal of larger tissues. “Bagging” the specimen with a 
sterile glove initially allowed for more traction with less 
fear of rupture and spillage while removing an enlarged 
specimen via a small incision. Today, the laparoscopic 
surgeon may choose from numerous products designed 
expressly for laparoscopic tissue retrieval.

Modern retrieval systems are of varying degrees of 
sophistication ranging from small plastic bags to large, 
self-opening pouches contained within an introducer 
sheath. These devices must be easy to see and maneu-
ver within the abdomen, strong, and, most importantly, 
impermeable to infectious or malignant tissue.

Made by a variety of companies, the extraction bags 
can have a drawstring and are rolled tightly, customarily 
inserted into the abdomen via a 10–15 mm port, and then 
manipulated so tissue can be loaded and then securely 
contained. The drawstring is then exteriorized through 
the port, bringing the edges of the bag outside the skin 
incision so the specimen can then be extracted through 
the open mouth of the exteriorized bag. Although helpful 

for larger volumes of tissue, these bags can be exceed-
ingly difficult to manipulate in the pelvis. Efficiency and 
success rely on in vitro rehearsal, logistics, and teamwork.

Nylon bags are another option currently available for 
tissue removal. These consist of heavier sheets of nylon 
that are stitched or welded together. The seams are 
treated with a polyurethane coating to prevent leakage 
of tissue or fluid. The Lapsac (Cook Women’s Health, 
Spencer, Indiana) is approved by the U.S. Food and 
Drug Administration (FDA) for tissue morcellation and 
comes in 50, 200, 750, and 1500 mL sizes (Figure 14.7). 
The sac is rolled and introduced through a 10–12 mm 
port by pushing it with a laparoscopic grasper placed 
through a 10–5 mm reducer. A specialized reusable 
Lapsac Introducer may be used as well. The larger sizes 
of this bag can be unwieldy to manipulate intraabdomi-
nally. Tabs at the top edges of the sac facilitate a trian-
gular opening, and a polypropylene drawstring secures 
the specimen inside. A larger specimen may be easier to 
contain if the bag is first partially filled with irrigation 
fluid to stabilize its base and expand its lumen. Once the 
specimen is inside the sac, the drawstring is pulled with 
a grasper and brought out through a 10–15 mm port. The 
port is then withdrawn from the abdomen, and the bag 
edges are drawn up through the skin, bringing the speci-
men as near to the incision as possible. The specimen 
can then be recovered using firm, gentle, traction. Large 
cystic masses can be decompressed within the bag using 
a suction device prior to retrieval. Larger solid masses 
can be carefully morcellated manually using either crush-
ing forceps or scalpel (Figure 14.8). Enlargement of the 
umbilical incision or a small low transverse abdominal 
incision or minilaparotomy may be required to safely 
recover the specimen. Direct laparoscopic observation 
via the umbilicus or via a laterally placed 5 mm laparo-
scope facilitates difficult retrievals and helps minimize 
the risk of bag rupture.

Derived from technology used to make hot air bal-
loons, Espiner E-Sacs (Espiner Medical Products, 
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Clevedon, United Kingdom) (Figure 14.9) are made using 
polyurethane-lined Nylon 66 fabric. Nylon 66 is notable 
for its lightness and strength. It handles well and is quite 
easily seen within the abdomen. The Standard E-Sac 
comes in various sizes, ranging from 60 to 900 mL, and 
is designed for deployment through 10–12 mm trocars. 
The addition of tabs on the mouth and bottom facilitate 
handling and opening. Like the Cook product above, it 
is introduced into the abdomen using a 5 mm instrument 
and the specimen recovered similarly. The Super E-Sac is 
similar to the Standard E-Sac but is larger (1050–3500 mL) 

and incorporates a nitinol wire into the mouth of the sac. 
This wire serves both to hold open the mouth of the sac 
and to draw it closed for tissue capture. For improved 
handling, the Master E-Sac (150–2000 mL) uses an intro-
ducer rod to deploy and control the sac and to close it 
securely around the specimen.

Improving on the difficulty often encountered by 
trying to manipulate a free-floating bag within the 
abdomen, “plunger-style” tissue retrieval systems were 
innovated by two manufacturers. These bags are self-
opening and, thus, more stable for easy tissue depo-
sition. Endo Catch Gold (Autosuture, Inc., Norwalk, 
Connecticut) consists of a disposable pouch of imper-
meable polyurethane 15 cm deep whose mouth is 6 cm 
in diameter. The 10 mm instrument is introduced into 
the abdomen and the plunger advanced to deploy 
the pouch. Once the specimen is inside, the pouch is 
cinched closed by pulling on the green ring, and the 
pouch is pulled slightly to free it completely from the 
introducer cannula. The introducer and port are then 
withdrawn and the string used to draw the bag edges 
up through the skin where the specimen can be recov-
ered. For larger specimens, the Endo Catch II is 23 cm 
deep with a 12.5 cm opening and must be introduced 
via a 15 mm port. The Endopouch Retriever (Ethicon 
Endo-Surgery, Cincinnati, Ohio) is a similar self-open-
ing system that employs an impermeable 224 mL poly-
urethane pouch. Like the Endo Catch products, it uses 
a plunger-type introducer via a 10–12 mm port. The 
Inzii retrieval system (Applied Medical, Rancho Santa 
Margarita, California) is a similar product with a self-
opening, “plunger-style” design that comes in 5, 10, and 
12/15 mm diameter (Figure 14.10).

The Alexis Contained Extraction System (Applied 
Medical) is a 17 cm in diameter polyurethane bag that is 
used in combination with gel point or gel point mini-ports. 
It is designed for manual morcellation of large specimens 
and features a large bag that comes with a plastic guard 
ring that protects the bag from sharp instrumentation. 
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Both of these systems use bags of good tensile strength 
and provide added convenience in that they can be 
deployed for specimen recovery using one hand.

There are limited data comparing the handling char-
acteristics, strength, and permeability of the systems 
described above. Surgeons should use clinical judgment 
and preference to select the product that will permit him 
or her to safely and most effectively recover specimens 
laparoscopically.

ELECTROMECHANICAL MORCELLATION
The expansion of minimally invasive surgery to include 
the extirpation of increasingly large organs created the 
need to render masses of solid tissue into smaller pieces 
for endoscopic retrieval. This was addressed with inven-
tion of the power morcellator. The first electromechani-
cal morcellators became commercially available in 1995 
after minimal “vetting” of their safety profiles and valida-
tion of safe techniques/guidelines for usage.

In 2014, after a well-publicized case of dissemination 
of occult leiomyosarcoma following electromechanical 
morcellation of a presumed benign fibroid uterus, the 
FDA issued a statement advising against usage of these 
devices for women with fibroid uteri.

Following the ensuing media and legal frenzy, 
national societies, including the American Congress of 
Obstetricians and Gynecologists (ACOG), AAGL, and the 
Society of Gynecologic Oncology (SGO), called for a bal-
anced review of the literature. Innovation of techniques 
to improve the safety of these devices was encouraged 
rather than abandonment of the minimally invasive sur-
gical techniques they facilitated.

Prior to and following this polarizing debate, it is 
important to recognize that the principles of safe elec-
tromechanical morcellation are the same and encompass 
three major points:

 1. Ensure careful patient selection and thorough 
preoperative workup to eliminate the chance of 
morcellating a malignancy. This includes avoiding 
the use of this technology in older/postmenopausal 
women with enlarging masses or in those patients 
with other risk factors for malignancy.

 2. Avoid serious injury due to lack of visualization, 
incorrect positioning of the device/blade, and 
uncontrolled tissue handling. Because morcellation 
involves the risk of potentially serious injury to 
vital structures of the abdomen and pelvis, safety 
is of the utmost importance. Most importantly, the 
morcellator must be visualized at all times. This 
is accomplished using a 5 mm laparoscope placed 
through either a lateral or a left upper quadrant 
(Palmer point) port while the morcellator is 
introduced through the umbilical port (Figure 14.11). 
The morcellator can also be introduced through 
the low lateral abdominal port while the 10 mm 
laparoscope with the camera is kept in the 

umbilical port (Figure 14.12). Morcellation should 
be performed within the pelvis and with the 
patient in the steep Trendelenburg position in order 
to provide the activated blade with the greatest 
possible clearance from surrounding structures. The 
45° tip of the morcellator sheet helps feed the tissue 
into the morcellator shaft and allows for cutting 
longer tissue specimens. Finally, safe technique 
includes having an assistant use a laparoscopic 
grasper to draw the tissue into the morcellator and 
stabilize the specimen while the surgeon holds 
the activated instrument motionless and distant 
from the bowel and pelvic sidewalls (Figure 14.13). 
The activated morcellator should never be driven 
toward the tissue, as this creates the greatest risk 
of accidental injury. Ideally, the top portion of the 
circular blade should be in view to avoid coring 
the specimen. When the blade begins to dive into 
the tissue, the surgeon should adjust the angle of 
the blade and redirect its upper edge to the tissue 
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surface. The correct technique involves, “skinning” 
the specimen by removing strips of tissue from the 
outside edges (Figure 14.14) rather than creating a 
“Swiss cheese” effect that is unsafe and makes the 
specimen difficult to handle. Adherence to these 
principles is essential to safe and efficient tissue 
extraction.

 3. Prevent dissemination of tissue throughout the 
abdomen, ensure retrieval of tissue, and evaluate 
containment.

More recently, much effort has been put toward 
designing systems that enable electromechanical mor-
cellation in a contained fashion to prevent the inadver-
tent spread of tissue fragments within the peritoneal 
cavity, which can result in spread of both occult malig-
nancy or benign conditions such as leiomyomatosis 
peritonei. These are discussed in detail in the following 
section.

SYSTEMS FOR TISSUE MORCELLATION
Multiple manufacturers have produced power morcella-
tor devices, though in light of recent controversy, not all 
are currently available for purchase and use. All of these 
instruments incorporate a proprietary intrinsic or extrin-
sic motor drive unit that is used to power a rapidly rotat-
ing cylindrical blade. They differ in design characteristics 
and power but function in the same manner by cutting 
cylindrical strips of tissue.

The LiNA Xcise (Lina Medical, Norcross, Georgia) 
battery-powered, cordless laparoscopic morcellator is 
a 15 mm instrument that requires no port sleeve and 
employs a blunt plastic obturator for insertion into the 
abdomen (Figure 14.15). A blade guard covers the blade 
for abdominal entry and while the instrument is not in 
use. The operator may activate the unit in a simple on/
off (all or none) fashion and may select to operate the 
blade in a clockwise or counterclockwise direction by 
means of a toggle switch on the external motor drive. A 
pneumoseal mechanism within the instrument maintains 
pneumoperitoneum while preventing the backsplash of 
tissue and blood while morcellating. The entire instru-
ment is disposable.

The Rotocut G1 (Karl Storz GmbH & Co. KG, Tuttingen, 
Germany) represents the newest generation of morcel-
lators (Figure 14.16). This instrument is notable for its 
power and versatility due to an internal hollow shaft 
motor unit that interchangeably accepts both 12 and 
15 mm blades. It requires no port sleeve and is intro-
duced into the abdomen using a blunt metal obturator. 
The instrument incorporates a metal sleeve whose tip is 
obliquely shaped and designed to facilitate the proper 
specimen “skinning” technique while protecting sur-
rounding structures. The system is activated by means of 
a foot pedal and is unique in that an external microcon-
troller unit (Unidrive Gyn) allows the operator to vary the 
blade speed (not unlike the “gas pedal” of an automo-
bile) for the efficient morcellation of tissues of different 
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densities. The unit and its parts are fully autoclavable, 
and its blades are reusable.

For all of these units, blade sharpness is essential to 
efficient tissue cutting and directly related to the time 
needed to morcellate a large specimen. Therefore, it is 
important to ensure that the jaws of the tenaculum for-
ceps are completely closed on the tissue when drawing 
it into the morcellator so that the activated blade is not 
damaged by contact with the metal instrument.

CONTAINED ELECTROMECHANICAL 
MORCELLATION
Techniques for performing electromechanical morcella-
tion in a contained fashion to eliminate the spread of 
tissue fragments are being developed in an ongoing fash-
ion. One technique involves inserting a large Lahey bag 
into the abdomen via a single-site laparoscopic port. The 
specimen is placed within the bag, the bag edges are 
exteriorized around the base of the access port, and then 
the bag is insufflated, conforming to the peritoneal cav-
ity. The morcellator is then placed through the SILS port 
and in-bag morcellation performed (Figure 14.17).

A multiport technique has also been proposed in 
which the same procedure is performed to “bag” the 
specimen and insufflate the containment bag. The bag is 
then punctured with a lateral 5 mm port through which 
the laparoscope is placed. This risks contamination of 
the peritoneal cavity on extraction of the bag. Both tech-
niques are challenging and can result in difficult visu-
alization or destruction of the bag and retained plastic 
fragments; therefore, the importance of practicing these 
techniques prior to using them in a patient cannot be 
overstated.

Recently the FDA approved the PneumoLiner device 
(Advanced Surgical Concepts Ltd., Bray, Ireland, mar-
keted by Olympus America). This is the first tissue 
containment system for use with certain laparoscopic 

power morcellators to isolate the uterine tissue that is 
not suspected to contain cancer. The device consists of 
a containment bag and a tube-like plunger to deliver the 
device into the abdominal cavity where the tissue to be 
removed is placed into the bag and the bag is sealed and 
inflated. The morcellator and the laparoscope are placed 
through the same opening on the bag, requiring the use 
of a flexible 5 mm or 30° laparoscope (Figures 14.18 and 
14.19). The FDA also requires that each physician attend 
the official training provided by Olympus in order to 
start using this containment device.

MINILAPAROTOMY CONTAINED TISSUE 
EXTRACTION
The addition of a SILS port to an infraumbilical, true 
minilaparotomy incision allows for improved visualiza-
tion and more room to maneuver tissue with excellent 
cosmesis. Several companies are marketing new systems 
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specifically for extraperitoneal contained manual mor-
cellation; Applied Medical now offers a Gelpoint port 
(Figure 14.20) combined with Alexis Contained extrac-
tor bag that is inserted into the abdomen. The upper 
portion of the bag contains a flexible Alexis ring that 
is inserted in the abdomen and keeps the bag open 
for easier specimen placement. Once the specimen is 
placed into the bag, the Alexis ring is exteriorized, and 
a protective plastic collar is placed inside the bag to 
protect the bag and surrounding abdominal wall dur-
ing manual morcellation (Figure 14.21). The specimen is 
then grasped with a tenaculum, and a continuous semi-
circular cutting technique is employed to remove tissue 
in long strips.

NEWER VAGINAL TECHNIQUES
In addition to transabdominal tissue extraction, 
approaches to expediting vaginal tissue extraction and 
enhancing safety are being developed. A “coring” tech-
nique involves bringing the specimen into the vagina, 
using a scalpel to cut the central portion of the tissue, 
leaving serosa intact, and causing the specimen to col-
lapse on itself. The “paper-roll” technique, tested in 
uteri >500 g, utilizes constant tension and rotation with 
counterclockwise incisions, removing the entire speci-
men in one continuous piece, making pathologic diag-
nosis easier. Finally, use of an Alexis retractor placed 
transvaginally has been described as helpful for aiding 
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transvaginal tissue morcellation when the vaginal vault 
is narrow or relaxed. Transvaginal morcellation can be 
facilitated by using a long weighted speculum posteriorly, 
a curved Deaver placed anteriorly into the abdominal 
cavity, and right angle retractors placed into the lateral 
vaginal fornixes to achieve better exposure and to pro-
tect the vagina (Figure 14.22).

SUMMARY
Mastery of the different methods and systems for laparo-
scopic tissue retrieval is essential to the safe and success-
ful practice of advanced laparoscopic surgery. Ongoing 
innovations in this integral part of minimally invasive 
surgery aim to optimize both patient safety and surgical 
efficiency. It is the surgeon’s responsibility to stay abreast 
of these different products and techniques and employ 
those that consistently perform well in a variety of opera-
tive circumstances.
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Chapter 15

SURGERY FOR ENDOMETRIOSIS
Lidia Hyun Joo Myung, Luiz Flávio Cordeiro Fernandes, and Mauricio Simões Abrão

INTRODUCTION
Surgical treatment for endometriosis is a great challenge 
for surgeons in training, especially the deep infiltrating 
forms, and requires a long learning curve and study of 
important anatomical correlations.

Endometriosis is currently one of the most prevalent 
and studied diseases in gynecology and is defined as the 
presence of endometrial stromal or glandular cells out-
side the uterine cavity. It affects between 10% and 15% of 
women of reproductive age, and its exact pathogenetic 
mechanisms remain unclear to date. The symptoms are 
variable and not necessarily related to the extent of dis-
ease. The most frequent symptoms are dysmenorrhea, 
deep dyspareunia, chronic pelvic pain, intestinal and/or 
urinary symptoms that are cyclic, and infertility, impacting 
physical, mental, and social well-being. It is often under-
diagnosed and takes an average of 10 years before the 
proper diagnosis is established. Simoens et al. calculated 
that annual health-care costs and lost productivity associ-
ated with endometriosis can be as high as $2801 and $1023 
per patient, respectively. Extrapolating these findings to 
the U.S. population in 2002, the calculated annual costs of 
endometriosis were as high as $22 billion, assuming a 10% 
prevalence rate among women of reproductive age.

In 1990, Cornillie et al. defined deep endometriosis as 
lesions >5 mm of infiltration. In 1997, Nisolle and Donnez 
suggested that endometriosis could manifest as superficial 
implants in the pelvic peritoneum, as ovarian chocolate 
cysts referred to as endometriomas, and/or as deeply infil-
trated lesions (depth >5 mm) in the bladder, ureters, ret-
rocervical regions of the uterus, rectovaginal septum, and 
bowel. This differentiation was a landmark in the thera-
peutic management of the disease because it led to the 
perception that its deep infiltrative form should be consid-
ered a severe type of endometriosis requiring extremely 
specialized treatment to achieve optimal clinical results.

In 1996, the American Society for Reproductive 
Medicine (ASRM) revised an established surgical classi-
fication, categorizing the disease in four different stages, 
which are defined by a point system according to the 
surgical findings.

PREOPERATIVE EVALUATION
Diagnosing endometriosis remains a challenge because 
the symptoms are nonspecific, and laparoscopy is still 
the gold standard for definitive confirmation.

Although digital vaginal examination may provide evi-
dence of thickening and/or painful nodules as points of 
tenderness at the posterior cul-de-sac or along the utero-
sacral ligaments in cases of deep endometriosis, the clini-
cal examination may appear as normal or nonspecific.

The success of the surgical treatment of endometriosis 
depends on establishing the specific site of the lesions 
prior to the procedure, especially for deep endometriosis. 
Magnetic resonance imaging (MRI), virtual colonoscopy, 
transvaginal ultrasonography (TVUS), and transrectal 
ultrasonography (TRUS) are noninvasive methods used 
to diagnose endometriosis. A TVUS performed accord-
ing to a specific protocol, which consists of taking an 
oral laxative on the eve and a rectal enema 1 hour prior 
to the exam, and carried out by a trained professional 
has a sensitivity of 98% in the case of lesions affecting 
the rectosigmoid and 95% for the retrocervical disease, 
with a specificity of 100% and 98%, respectively. In cases 
of rectosigmoid endometriosis, this approach results in 
a positive predictive value of 93%–100%, and a nega-
tive predictive value of 96%–98% (Figure 15.1). MRI and 
virtual colonoscopy are becoming a useful adjunct to 
ultrasound scanning, especially in predicting severe 
endometriosis, whereas there seems to be a role for the 
use of additional endocavitary coils placed in the vagina 
together with the conventional pelvic-phased array coil.

SURGICAL MANAGEMENT
Method of access
Laparoscopy not only offers magnification of the image 
during the procedure but is also a more precise tech-
nique, being definitely the chosen access for endome-
triosis surgery. It is mandatory to respect the surgeon’s 
ergonomic position, especially during lengthy opera-
tions, to avoid muscular strain and fatigue, which may 
cause errors and slowness. The preparation and posi-
tioning of the patient, as well as the creation of pneumo-
peritoneum and trocar insertion techniques, have already 
been described in Chapter 5.

MAPPING ENDOMETRIOSIS
The first step consists of exploring the abdominal anat-
omy and mapping out the extent of the disease, based on 
the preoperative image findings: perihepatic and epigas-
tric regions, diaphragm, small intestine, cecum, appendix, 
rectal and sigmoid colon, ureters and bladder, peritoneal 
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implants, ovaries, ovarian fossa, fallopian tubes, retrocer-
vical and uterine regions, and pouch of Douglas.

PERITONEAL AND SUPERFICIAL ENDOMETRIOSIS
The surgical treatment of peritoneal endometriosis 
lesions (Figure 15.2) can be performed via

 1. Excision preferentially using a pure cut mode 
monopolar electrode or scissors, or with an 
ultrasonic device such as the harmonic scalpel

 2. Electrosurgical fulguration using a coag mode, as 
well as coagulation or vaporization using a pure 
cut mode

In the hands of surgeons with the requisite skills, the 
excision technique is preferred because it allows the 
removal of the entire lesion and thereby helps prevent 
recurrence.

OVARIAN ENDOMETRIOSIS
The indication for surgical treatment depends on a con-
stellation of factors including the patient’s age, symp-
toms, preoperative diagnosis, decisions regarding future 
fertility, and potential for malignant transformation.

The European Society of Human Reproduction and 
Embryology instructs that histology specimens should be 
obtained from cysts >3 cm in diameter with characteris-
tics of endometriomas (Figure 15.3).

There is evidence that excisional surgery using a lapa-
roscopic stripping technique to remove the pseudocap-
sule provides a more favorable outcome for the follicular 
cohort than drainage and thermal ablation with regard to 
the recurrence of the endometrioma and pain symptoms, 
and subsequent spontaneous pregnancy in women who 
were previously infertile. Consequently, this argues for 
surgical removal. However, in women who may subse-
quently undergo fertility treatment, there is insufficient 
evidence to determine the best option.

Excisional surgery for an endometrioma is predicated 
on restoration of normal anatomy and clarification of 
the ureter followed by a careful stripping to remove the 
cyst wall:

 1. Dense adhesions and endometriotic implants are 
typically found between the ovary, the pelvic 
sidewall, and the peritoneum. These adhesive 
bands must be excised along with careful 
ureterolysis to avoid thermal or mechanical damage 
to the ureter.

 2. First, the adhesions from the posterior leaf of the 
broad ligament to the ovary are mobilized.

 3. The ovarian cyst frequently ruptures during this 
maneuver, and the chocolate-colored fluid should be 
irrigated and aspirated.

 4. The cyst capsule is first identified and then 
systematically removed by grasping the margin of the 
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fenestration and then stripping off the ovarian stroma 
while tracted using countertension (Figure 15.4).

 5. After stripping, hemostasis is attained using bipolar 
coagulation that is carefully applied to help preserve 
the ovarian follicular reserve and future fertility.

 6. For cysts >4 cm in diameter, the edges of the 
ovarian defect should be reapproximated using 
intracorporeal suturing preferable with a small 
monofilament suture material.

ENDOMETRIOSIS OF THE URINARY TRACT
Involvement of the urinary tract occurs in approximately 
1% of the patients with endometriosis. The bladder is 
affected in approximately 84% of cases, followed by ure-
ter in 15%, kidney in 4%, and urethra in 2%. The dis-
ease originates in the outermost layers of the affected 
structures, typically up to the muscular layer. Bladder 
involvement usually presents with variable painful symp-
toms, including suprapubic pain, dysuria, hematuria, 
and recurrent urinary infections. Since medical treat-
ment rarely provides satisfactory clinical improvement in 
these cases, surgical treatment is the preferred treatment 
option. This is especially true for ureteral endometriosis 
in order to avoid and/or treat urinary tract obstruction 
threatening renal compromise.

BLADDER ENDOMETRIOSIS
Ideally, surgical treatment should be carried out in a spe-
cialized center with a multidisciplinary team including a 
competent urologist, as described below:

 1. A cystoscopy before the procedure permits better 
planning of the surgical approach and provides 
ureteral catheterization if indicated.

 2. Transurethral resection is discouraged because most 
bladder lesions are transmural, which may lead to 

the risk of bladder injury and incomplete excision of 
the lesion.

 3. Bladder endometriosis is managed by performing 
partial cystectomy (Figures 15.5 and 15.6). The 
nodule can be removed using a laparoscopic grasper 
with a monopolar electrode or scissors using a pure 
cut mode or with a harmonic scalpel to minimize 
damage to the surrounding tissue (Figure 15.6).

 4. Suture repair of the bladder defect is then performed 
in two layers using 3-0 Vicryl continuously for the 
inner layer and then in an interrupted fashion for the 
outer layer (Figure 15.7).

 5. To identify any leakage after the procedure, blue dye 
solution is used in a retrograde fashion to distend 
the bladder. A Foley catheter is finally placed in the 
bladder for 7–14 days. Antibiotics are prescribed 
during this period.
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URETERAL ENDOMETRIOSIS
Ureteral endometriosis can be classified in two histologic 
types: extrinsic and intrinsic. Intrinsic ureteral endome-
triosis is histologically defined when deeply infiltrating 
lesions reach the muscularis of the ureteral wall. Ureteral 
endometriosis is considered extrinsic when the deeply 
infiltrating endometriosis causes ureteral obstruction, 
without involvement of the ureteral muscularis (Figure 
15.8). The latter is more frequent than the former. The 
surgery consists of the following steps:

 1. The ureters are carefully identified. Placement 
of illuminated ureteral stents may facilitate their 
identification.

 2. Ureterolysis and adhesiolysis are preferably 
performed with careful use of sharp scissors without 
energy to help avoid thermal injury and fistula. 
In these situations, adhesions between ovarian 
endometriosis and ovarian fossa are commonly 
encountered.

 3. In cases of extrinsic lesions, surgical excision is 
done carefully with scissors without energy and an 
atraumatic grasper. The ureterolysis is performed 
by grasping the peritoneum close at the pelvic brim 
and incising it with sharp scissors or a harmonic 
scalpel (Figure 15.9). The carbon dioxide helps 
dissect the surgical plane as a blunt grasper is used 
to dissect parallel to the ureter. Once the ureter is 
identified, it can be followed all along the pelvic 
sidewall (Figure 15.10).

 4. In cases of intrinsic lesions infiltrating the muscle layer, 
the treatment option involves segmental resection of 
the affected ureteral portion, using scissors without 
energy and a ureteral stent catheter to perform an 
end-to-end anastomosis using a 5-0 absorbable 
monofilament suture (Figure 15.11). It is advisable to 
pass the ureteral stent before the ureteral resection 
if possible. If the stent cannot negotiate the point of 
stricture, it can certainly be passed into the proximal 
part of the ureter after the stricture is resected.
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In rare cases, when the segmental resection is exten-
sive and the end-to-end anastomosis is not possible, 
reimplantation of the ureter into the bladder is performed 
using the Boari flap or psoas hitch technique. Most stud-
ies demonstrate that ureterolysis is the treatment of 
choice, and radical surgery is the exception.

RETROCERVICAL AND VAGINAL ENDOMETRIOSIS
One of the greatest challenges in the treatment of deep 
endometriosis is the surgical treatment of lesions located 
in the pouch of Douglas, including the retrocervical 
region, the vagina, and the rectovaginal septum. In deep 
endometriosis associated primarily with pain, most of 
the studies demonstrate that the treatment of choice is 
surgical.

The management of such cases is associated with 
complicated surgical access and the proximity of impor-
tant structures such as the rectum, the ureters, and the 
pelvic vessels and nerves. Injuries of the complex inner-
vation of the pelvic region may lead to prolonged and 
incapacitating postsurgical disorders. These include blad-
der, bowel, and sexual disorders, such as urinary reten-
tion and incontinence, atonic bladder, fecal incontinence, 
and sexual dysfunction. This issue is made even more 
complex since these lesions may occur in young women 
as a result of the characteristics of the disease. In cases of 
retrocervical, posterior vaginal fornix, and rectovaginal 
septum lesions, the rectal wall may be adhered to the 
retrocervical region (Figure 15.12).

 1. First, the anatomy of the ureters must be elucidated. 
After adhesiolysis and ureterolysis, the retrocervical 
region is accessed by dissecting lateral to the 
rectal wall in order to enter the pararectal space. 
This dissection is performed close to the side of 
the rectal wall up its anterior portion, where it 
typically comes into contact with the retrocervical 
region. The dissection is made using a bipolar 
coagulation grasper along with a sharp scissors, or 
with ultrasonic energy. It is important to remember 
the dictum that fat belongs to the rectum when 
dissecting into this space. This dissection can 
be readily achieved by placing gauze into the 
abdominal cavity through a 10 mm trocar with an 
atraumatic forceps to systematically push and open 
the tissue planes (Figure 15.13).

 2. The dissection should continue in the direction of 
the rectovaginal septum if the lesion has invaded 
deeply into the vaginal fornix or the rectovaginal 
septum while exercising extreme care to avoid 
injury to the hypogastric nerve. The second assistant 
surgeon plays an important role in manipulating the 
uterus forward, manipulating the rectum backward 
with the help of a rectal probe, and performing a 
digital vaginal examination to confirm the location 
of the lesion and normal tissue (Figure 15.14).

 3. After the ureters and rectum have been isolated, 
the lesions should be completely excised using a 
pure cut mode monopolar electrode or harmonic 
scalpel.

 4. Lesions of the rectovaginal septum and vaginal 
fornix are removed in a single block, and repair of 
the culdotomy is performed using 2-0 absorbable 
suture by laparoscopy or the vaginal route. The 
lesions that have not infiltrated into the vagina are 
removed without any need for suture repair.

 5. Laparoscopic repair of the culdotomy may need 
gas-containing vaginal occlusion to maintain 
pneumoperitoneum.
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 6. When the procedure is finalized, a safety test is 
performed by introducing 200 cc of methylene blue 
into the rectum, after placing a Foley catheter and 
inflating the balloon while the bowel above any 
concern is mechanically occluded with an atraumatic 
bowel grasper (Figure 15.15).

BOWEL ENDOMETRIOSIS
The bowel is involved in approximately 10% of endo-
metriosis cases, of which 90% affect the rectum and/

or the sigmoid. Other segments are less frequently 
affected, such as the appendix, ileum, and cecum in 
7% of the cases and the jejunum and small intestine in 
3% of the cases. Surgery is necessary when the small 
intestine is affected because of the risk of obstruction 
and in symptomatic rectosigmoid disease, because 
medical therapy is either temporarily effective or inef-
fective. Endometriosis of the appendix is found in 2.8% 
(Figure 15.16) of all cases of endometriosis and should 
be investigated when deeply infiltrating endometriosis 
is suspected, especially those who present with right 
iliac fossa pain. The carcinoid tumor of the appendix 
is part of the differential diagnosis, as this tumor has 
a prevalence of 0.3%–0.9% in the general population. 
Endometriosis of the appendix is usually present when 
associated disease is in the rectosigmoid, is retrocervi-
cal, or invades the bladder.

The success of the surgical treatment of endometrio-
sis depends on accurately characterizing all significant 
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lesions prior to the procedure. Transvaginal ultrasound, 
as previously described, can predict the size and site of 
the lesion and the layers of the organ affected by the 
disease. MRI also has an important role when a trained 
ultrasonographer is not available. MRI is less accurate 
than TVUS.

Several types of surgery have been indicated for rec-
tosigmoid endometriosis. Whereas shaving seems to have 
lost popularity, it remains unclear whether and when dis-
coid or segmental bowel resection should be performed. 
The argument in favor of segmental bowel resection is the 
completeness of endometriosis removal, especially if the 
affected area is >3 cm, whereas for smaller nodules a dis-
coid resection could be considered.

Studies have demonstrated the feasibility of the lap-
aroscopic approach to deep infiltrating endometriosis 
(DIE) with segmental or mechanical discoid colorectal 
resection. In our experience, if the rectosigmoid lesion 
is <3 cm in diameter and compromises less than 35% of 
the circumference, the discoid resection is feasible; oth-
erwise, we perform the segmental resection with endo-
scopic stapler.

All patients are given a mechanical bowel preparation 
on the day before the procedure. Their legs are placed in 
stirrups. Pneumoperitoneum is created according to the 
Veress technique. A 10 mm port is placed through the 
umbilicus for a 0° camera and three other 5 mm ports are 
placed in the right iliac fossa, suprapubic, and left iliac 
fossa regions, respectively.

The shaving technique is as follows:

 1. Adhesiolysis, ureterolysis, and retrocervical region 
dissection are performed as described above for 
retrocervical endometriosis.

 2. The bowel is then grasped with atraumatic forceps 
for traction to allow blunt dissection and excision 
of the superficial bowel lesion using sharp scissors. 
The enteric defect is then sutured in two layers 
(Figure 15.17).

 3. After this procedure, 120 mL of air is injected into 
the rectum while submerged in irrigation fluid to 
ensure that there is no leakage. A dilute solution of 
methylene blue is then introduced into the rectum to 
confirm visceral integrity.

To perform a discoid resection, the following steps 
are utilized:

 1. Adhesiolysis, ureterolysis, and dissection of the 
retrocervical region are sequentially performed as 
described above.

 2. The lateral and anterior wall of the bowel is 
systematically dissected in order to anatomically 
surround the lesion.

 3. The lesion is then directly incised in order to free it 
from the posterior aspect of the uterus and/or the 
vagina. As needed, residual lesions are left and can 
then be removed separately.

 4. A suture is then placed into the endometriotic 
lesion, which helps identify the areas to be 
excised.

 5. An open circular stapler is inserted, positioning the 
endometriotic lesion into the gap between the anvil 
and the stapler (Figure 15.18).

 6. Two instruments are used to hold each thread of the 
suture in order to provide downward traction on the 
bowel. This helps imbricate the affected area into 
the hollow, while the stapling device is being closed 
(Figure 15.19).

 7. The stapler is activated.
 8. The excised area is inspected to ensure that it 

contains both the endometriotic lesion as well as the 
suture.

 9. After the procedure, 120 mL of air is injected into 
the rectum while submerged in irrigation fluid to 
ensure that there is no leakage. A dilute solution of 
methylene blue is then introduced into the rectum to 
confirm the integrity of the anastomosis.
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The surgical technique for laparoscopic segmental 
resection of the rectum, lesions >3 cm or multifocal, fol-
lows the following steps:

 1. Adhesiolysis is performed to restore normal 
anatomical relationships affecting the adnexa, 
uterine fundus, posterior cul-de-sac, uterosacral 
ligaments, and bowel.

 2. The sigmoid is then released from the left lateral 
abdominal wall, opening the retroperitoneum with 
identification of the left ureter while opening the 
mesosigmoid.

 3. The anterior wall of the rectum is dissected free 
from the posterior surface of the cervix. The healthy 
part of the distal rectum-sigmoid is skeletonized. A 
linear stapler is applied distally to the area affected 
by the disease (Figure 15.20).

 4. The divided bowel enclosing the disease portion 
is exteriorized through a right iliac or suprapubic 
±4 cm incision and transected proximal to the 
lesion.

 5. The anvil of the circular stapler is then placed 
inside the stump, and a purse-string suture is 
secured (Figure 15.21).

 6. The bowel containing the anvil is reintroduced into 
the abdominal cavity and a 33 mm circular stapler is 
introduced through the anus and connected to the 
anvil (Figure 15.22).

 7. The stapler is activated to form the end-to-end 
anastomosis.

 8. After this procedure, 120 mL of air is injected into 
the rectum, while submerged in irrigation fluid to 
ensure that there is no leakage (Figure 15.23). Also, a 
dilute solution of methylene blue can be introduced 
into the rectum to confirm the integrity of the 
anastomosis.

CONCLUSION
The success of a surgery for endometriosis depends on 
assiduous preoperative evaluation, including mapping 
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the exact locations of lesions using proper imaging 
techniques. Surgical treatment should ideally involve a 
multidisciplinary team of trained surgeons operating in 
harmony. The learning curve in laparoscopic surgery for 
endometriosis requires intensive training. Postoperative 
quality of life is directly related to complete resection of 
deep lesions.
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Chapter 16

VAGINAL HYSTERECTOMY AND 
ADNEXECTOMY TECHNIQUE
Johnny Yi and Rosanne Kho

The vaginal route is the preferred approach for benign 
hysterectomy. In one Cochrane review of surgical 

approaches to hysterectomy involving over 4495 women 
in 34 randomized controlled trials, vaginal hysterectomy 
resulted in fewer complications, shorter hospital stay, and 
faster recovery and return to normal activity. It also pro-
vided the best cosmetic result with its single and con-
cealed incision.

Despite strong evidence for greater advantage of the 
vaginal approach, there has not been an increase in the 
number of hysterectomies performed vaginally. In the 
United States, the rate has declined in 15 years from 24% 
in 1990 to 22% in 2005 and may even continue to be 
declining. In fact, less than 5% of gynecologic surgeons 
in the United States perform more than 10 vaginal surger-
ies in a year and a greater proportion, (>80%) perform 
less than five vaginal surgeries in a year.

The main stumbling blocks for many surgeons in 
choosing the vaginal route include challenges with 
exposure, entry into the anterior cul-de-sac, hemostasis, 
avoidance of ureteral and bladder injury, and removal of 
the large uterus. In addition to these intrinsic challenges, 
a contributing factor to the declining rates of vaginal hys-
terectomies may be the rising adoption of laparoscopic 
and robotic approaches to hysterectomy. While minimally 
invasive approaches to hysterectomy  have increased 
overall, rates of vaginal hysterectomy have remained sta-
ble or slightly decreased. With more stringent work-hour 
restrictions, exposure and training during residency are 
limited further. Moreover, training continues to decline 
with the gradual attrition of mentors with expertise in 
vaginal surgery.

We describe the fundamental steps used to perform 
vaginal hysterectomy, highlighting different techniques 
and instrumentation that can help overcome common 
technical challenges. The incorporation of advanced 
energy-based surgical devices can facilitate both vaginal 
hysterectomy and adnexectomy.

PATIENT POSITIONING
Once adequate general anesthesia is obtained, the patient 
is placed in a high lithotomy position in candy cane stir-
rups. To avoid nerve injuries, the patient’s hips should be 
flexed no greater than 90° to protect the femoral nerve. 

Care is taken to avoid any contact of the patient’s lower 
extremities with the metal stirrup. Overabduction and 
external overrotation of the hips should be avoided. In 
addition, adequate padding should be applied to the 
heels, legs, and hips. The patient’s hips are carefully 
brought down to the end of the bed, allowing support of 
the sacrum, without interfering between a self-retaining 
retractor and the surgical bed. The bladder is drained 
with the red rubber catheter, and the Foley catheter is not 
kept in place during the procedure.

OBTAINING EXPOSURE
The use of a self-retaining retractor, such as the Magrina-
Bookwalter vaginal retractor system (Symmetry Surgical, 
Tennessee), provides consistent and reliable exposure 
without requiring two surgical assistants at the bedside 
(Figure 16.1). Similar to the abdominal self-retaining 
retractor system, the post is attached to the rail of the 
operating table, and the ring is designed to fit the con-
tour of the patient’s perineum while in a high lithotomy 
position. Blades of multiple lengths are latched onto the 
retractor ring and placed in the four quadrants to maxi-
mize room for surgery. The arm is attached to the post 
on the bed and then to the ring at the 8 o’clock position. 
The ring is placed flush against the perineum with the 
bend in the ring at the level of the posterior fourchette. 
The posterior blade is attached first in order to allow the 
lateral blades to be positioned below the bend in the 
ring. The lateral blades are placed carefully and parallel 
to the vaginal sulcus to avoid undue pressure and sul-
cal lacerations. The small anterior blade is held manually 
behind the ring by the assistant until after the anterior 
cul-de-sac is entered.

PREEMPTIVE ANALGESIA AND FIRST 
INCISION
The cervix is grasped with the single-tooth or Jacobs 
tenaculum at 12 and 6 o’clock, the uterus is pulled down-
ward, and the border of the bladder and the anterior 
cervix is inspected (Figure 16.2). Prior to vaginal incision, 
20 mL of 0.5% bupivacaine with 1:200,000 of epinephrine 
is injected into the uterosacral ligaments bilaterally for 
preemptive local analgesia. Dilute vasopressin solution 
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is then circumferentially injected under the vaginal epi-
thelium. A scalpel is used to make a circumferential inci-
sion at the cervicovaginal junction. This circumferential 
incision should be at least 3–4 mm deep. Operators very 
often make a mistake of not making the incision deep 
enough (Figure 16.3). A careful approach is needed in 
patients with cystocele not to injure the bladder. The 
anterior vaginal epithelium is sharply dissected off the 
cervix until the vesicouterine space is reached. With the 
index finger, the bladder is pushed superiorly and also 
laterally in order to avoid bladder and ureteral injury with 
subsequent placement of the clamps. Entry into the ante-
rior cul-de-sac is then delayed until adequate descensus 
of the uterus is obtained. Attention is now directed to 
entry into the posterior cul-de-sac.

POSTERIOR DISSECTION AND ENTRY
Posterior entry is often easier and also allows for better 
descensus of the uterus once the uterosacral ligaments 

are transected. Dorsal traction of the posterior vaginal 
wall with ventral traction of the cervix allows safe expo-
sure to the posterior cul-de-sac. The posterior perito-
neum is grasped with forceps and tented downward, and 
Mayo scissors are used to incise the posterior peritoneum 
after the posterior epithelium is dissected off of the cer-
vix. Scissors are placed parallel to the plane of the cervix 
to avoid inadvertent rectal injury (Figure 16.4). The oper-
ator should visually confirm the peritoneal entry before 
extending the incision laterally. A long self-retaining 
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posterior blade is positioned into the abdominal cavity 
and attached to the ring to provide exposure. If you do 
not have the Bookwalter retractor, a long weighted spec-
ulum can be used for this part of the procedure.

VESSEL-SEALING DEVICE
The uterosacral ligaments are clearly visualized and 
palpated. The operator should get in the habit of con-
firming the structures by palpating the ligaments with 
the index finger. A bipolar vessel-sealing device is used 
to seal and transect the uterosacral ligaments bilater-
ally (Figure 16.5). The device is placed across the liga-
ment and rotated around the ligament so that the tips 
of the blade stay within the circular incision that was 
cut around the cervix. This allows gradual descensus 
of the uterus for better exposure for anterior entry. The 
use of vessel-sealing devices in vaginal hysterectomy 
helps overcome the limitation of tight vaginal access and 
has been proven to be feasible and safe. A number of 
bipolar vessel-sealing clamps are now available includ-
ing the PK (Olympus), Ligasure Impact (Covidien), Super 
Jaw (Ethicon), and Altrus (Conmed). These devices can 
be particularly helpful in cases with a narrowed introi-
tus and larger uterus. The choice of device is surgeon-
dependent, and each requires a learning curve for safe 
and effective application.

ANTERIOR DISSECTION AND ENTRY
Once the uterosacral ligaments are transected, the car-
dinal ligaments can also be sealed and divided serially 
and gradually with the vessel-sealing device to gain 
further uterine descensus. It is important to keep the 
clamps lateral and inferior to the 3 and 9 o’clock posi-
tions in order to avoid injury to the bladder and the 
ureters. With better descensus, entry into the anterior 
cul-de-sac can be attempted with dorsal traction applied 
to the cervix with the Jacobs tenacula. The posterior 

blade of the Bookwalter retractor is removed to achieve 
better exposure with a more pronounced angulation of 
the lower uterine segment. With ventral traction on the 
anterior vaginal wall, the bladder is separated from the 
anterior cervix using sharp dissection with the Mayo 
curved scissors. 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 the smooth texture of the thin perito-
neum. Fine-toothed forceps and Metzenbaum scissors 
are preferred to allow precise incision. The vesical fold 
should be grasped and elevated with fine-toothed for-
ceps, and the tissue should be cut with Metzenbaum 
scissors underneath the forceps. The scissor tips are 
pointed downward, aimed parallel to the plane of the 
cervix to reveal the avascular vesicouterine peritoneum 
(Figure 16.6). Understanding the anatomy and perceiv-
ing the different tissues are critical to mastering entry 
into the anterior cul-de-sac. Cutting into the cervix will 
feel tough against the tips of the Metzenbaum scissors, 
while cutting into the softer striated detrusor muscle will 
manifest with excessive bleeding. In cases where scar-
ring between the bladder and uterus is encountered in 
patients having undergone multiple previous cesarean 
sections, sharp dissection is best performed lateral to the 
midline, away from centrally dense adhesions. This step 
should only be performed when there is adequate expo-
sure of the tissue planes. The cardinal ligaments can 
also be further sealed and transected prior to anterior 
entry if it will allow better visualization and safer entry 
into the anterior cul-de-sac.

Upon entering the anterior cul-de-sac, the smooth 
serosa of the uterine corpus along with bowel should 
be visualized prior to proceeding with the hysterec-
tomy. The anterior tenaculum blade is then placed in 
the abdomen to protect the bladder (Figure 16.7). Safe 
entrances to the posterior and anterior cul-de-sac are the 
crucial and probably the most difficult steps of vaginal 
hysterectomy.

16.5 16.6
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SECURING VASCULAR PEDICLES
Achieving hemostasis in vaginal procedures is chal-
lenging where there is limited space in placing a suture 
around the clamp and in securing knots with fingers deep 
within the vaginal canal. However, the suture placement 
and knot tying can be achieved with adequate exposure 
by skilled assistants. The vessel-sealing devices are used 
to seal the uterine blood supply to overcome this techni-
cal difficulty. Gentle traction is placed on the cervix while 
the vessel-sealing device is pushed up against the pedicle, 

taking care to avoid leaning against any adjacent tissues 
or retractor blades to avoid thermal injury to the vaginal 
wall. A suction device can be used to quickly dissipate 
the hot steam that can be generated from the bipolar ves-
sel-sealing device. The vascular pedicles are coagulated 
and transected on the left and right sides (Figure 16.8).

Once the uterosacral ligaments and cardinal ligaments 
are sealed and transected using the advanced bipolar 
device, the uterine vessels are secured under direct visu-
alization. The vessel-sealing device is then advanced in a 
stepwise fashion beyond the level of the uterine vessels 
into the broad ligament. Once the vessels are secure, 
morcellation can be safely performed to decompress the 
uterus, and gain access to the utero-ovarian pedicles. 
The uteroovarian pedicle contains the uteroovarian liga-
ment, round ligament, and fallopian tube.

To isolate the uteroovarian ligaments, the surgeon 
places a finger around the cornua of the uterus and follows 
with an open Heaney clamp (Figure 16.9). Each uteroovar-
ian pedicle is clamped in its entirety, and the cornua are 
cut with Mayo scissors (Figure 16.10). Once clamped, each 
uteroovarian pedicle is suture ligated by passing a suture 
through the middle of the pedicle and tying around it. 
This pedicle can be doubly ligated if it is bulky.

REMOVAL OF FALLOPIAN TUBES AND OVARIES
Upon completion of the hysterectomy, the final pedicle 
is secured using an absorbable multifilamented suture as 
described above. This allows traction of the uteroovarian 
pedicle in preparation for salpingo-oophorectomy using 
the round ligament technique. First, identification of the 
tubes and ovaries is paramount. Two long Allis clamps 
are used to grasp the ovary and identify the fimbriated 
end of the fallopian tube. Once both ovary and tube 
are grasped, the round ligament is identified. Using a 
monopolar electrosurgical pencil with an extended tip, 
the round ligament is carefully transected, isolating the 
infundibulopelvic (IP) ligament. A modified Heaney 
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clamp that has been elongated and curved, also referred 
to as the ovarian clamp, is used to clamp the IP ligament 
(Figure 16.11). The tube and ovary are cut with scissors 
and inspected to ensure complete removal. A suture is 
used to secure the pedicle. This can be doubly tied at 
the surgeon’s preference. Hemostasis is evaluated using a 
sponge stick to retract to the contralateral side.

Once hysterectomy is completed, a peritoneal suture 
is placed to ensure hemostasis and help prevent postop-
erative seroma or hematoma formation. The peritoneum 

is brought to the vaginal cuff using a 2-0 Vicryl suture in 
a running locked fashion from the uterosacral pedicle to 
the cardinal pedicle bilaterally.

MODIFIED MCCALL CULDOPLASTY
McCall culdoplasty was first described in the literature 
by Dr. Milton McCall as an apical support suture for the 
treatment of pelvic organ prolapse. We perform our mod-
ification to the traditional McCall culdoplasty for apical 
support at the time of every vaginal hysterectomy. Our 
modification includes three McCall sutures: one suture 
placed in the midline—plicating bilateral uterosacral 
 ligaments—and two ipsilateral sutures—lifting each vag-
inal lateral fornix to the ipsilateral uterosacral ligament.

A 1-polyglactin suture is used to take a full-thickness 
bite of the midline of the posterior vaginal wall and peri-
toneum. The posterior blade of the Bookwalter is used 
to retract the rectum to the contralateral side, and the 
posterior vaginal fornix is grasped with toothed forceps 
to delineate the uterosacral ligament. An intermediate-
length Deaver retractor is then placed at the 3 o’clock 
position to protect the ureter, which would be cours-
ing in the 2–3 o’clock aspect of the pelvis. With traction 
of the vagina at the uterosacral ligament, the proximal 
uterosacral ligament is clearly visualized. The deep 
suture is placed 1–2 centimeters below the level of the 
ischial spine. The contralateral uterosacral ligament is 
similarly delineated and purchased. The midline McCall 
suture is then brought out through the posterior vaginal 
wall lateral to the entry stitch (Figure 16.12).

In a similar fashion, an ipsilateral McCall stitch incor-
porates the left vaginal fornix immediately below the 
3 o’clock position. The uterosacral ligament is delineated 
with the retractors and purchased. The same stitch is 
then brought through the vaginal cuff near the entry site 
(Figure 16.13). A similar procedure is performed on the 
contralateral side with the entry stitch at the right pos-
terior cuff placed immediately inferior to the 9 o’clock 
position. Due to an increased risk of ureteral compro-
mise with high uterosacral sutures, cystoscopy is rou-
tinely performed following placement of these sutures. 
This can be performed after the vaginal cuff is closed in 
an interrupted fashion with 2-0 polyglactin suture. Once 
the vaginal cuff is closed, the McCall culdoplasty sutures 
are tied down, taking care to cinch and plicate down to 
the uterosacral ligaments. These sutures can be tagged 
with a clamp until cystoscopy confirms ureteral patency.

OVERCOMING CHALLENGES IN VAGINAL 
HYSTERECTOMY
Simple vaginal hysterectomy and adnexectomy can be 
performed using the techniques above. More challeng-
ing cases such as with the nonprolapsed and nulliparous 
patient, patients with multiple previous cesarean sec-
tions, and patients with large fibroid uteri can also be 
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approached vaginally. We present additional techniques 
to approach these more challenging cases.

NARROW INTROITUS
In cases where the introital opening is limited (i.e., 
≤2.5 cm), such as in nulliparous or menopausal women, 
a superficial 2–3 cm longitudinal incision is performed 
with the monopolar pencil in the midline and distal por-
tion of the posterior vaginal wall (Figure 16.14). This 
provides additional width to allow placement of the 

lateral and posterior self-retracting blades. This incision 
is 2–3 mm deep and is simply closed with absorbable 
suture in a continuous fashion at the end of the case.

INSUFFICIENT VISUALIZATION
Optimizing visualization is key to successfully performing 
a difficult vaginal hysterectomy. Additional light sources 
from a surgical headlight or flexible light source (such 
as the cystoscopy light) held with a Babcock clamp, or a 
lighted suction irrigator tip (such as Vital Vue, Covidien, 
Massachusetts) are extremely helpful when visualizing 
structures deep within the vagina (Figures 16.15 and 
16.16). Providing the ability to accurately display every 
step of a vaginal hysterectomy in an ergonomic and 
high-quality manner, the VITOM 25 System from Karl 
Storz consists of an exoscope with integrated illumina-
tion along with a full HD camera with display and docu-
mentation system. It can be set conveniently in front of 
the vagina at a distance from 25 up to 60 cm from the 
surgical site, being held by a mechanical or pneumatic 
holding device. It provides a commendable depth of 
field, magnification, contrast, and color reproduction for 
full HD display (Figure 16.17).

Elongated Deaver retractors or Breisky-Navratil retrac-
tors (Figure 16.18) can improve visualization and retraction 
of the bowel to allow adequate visualization of the pelvic 
sidewalls. Standard retractors can be modified to increase 
the length of the blade to facilitate deep retraction, which 
is often necessary during pelvic reconstructive surgery or 
salpingo-oophorectomy. A long vaginal pack or moistened 
laparotomy sponge is also placed following hysterectomy 
to retract loops of bowel out of the operating field.

DIFFICULT PERITONEAL ENTRY
An inability to enter into either or both cul-de-sacs should 
not preclude continuation with the vaginal approach. 
Securing the uterine arteries can still be accomplished 
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extraperitoneally until better descensus of the uterus is 
obtained. If posterior entry is difficult, a finger can be 
placed in the rectum to better palpate the rectovaginal 
space.

With anterior dissection, we prefer not to routinely 
drain the bladder with an indwelling catheter at the 
beginning of vaginal hysterectomy. This allows some 
fullness of the bladder and better visualization of the ves-
icouterine fold. If the bladder is entered, this also allows 
immediate recognition of the injury with the release of 
urine upon entry.

REMOVING THE LARGE UTERUS
Morcellation can be initiated after the uterine arteries 
have been sealed and divided on each side. Orientation 
of the uterus must be maintained by placing the Jacobs 
tenaculum at 3 and 9 o’clock positions on the cervix. 
Bivalve the cervix starting at the level of the lower uter-
ine segment. If the anterior cul-de-sac has not yet been 
entered, bivalve to a centimeter below the vesicouterine 
peritoneal fold and start morcellation within the uterus 
(Figure 16.19).

Morcellation is performed with a double-toothed 
tenaculum placed on the myometrium, and a wedge 
excision is accomplished with a 10-blade. With the uterus 
bivalved to the level of the lower uterine segment, the 
endometrium can be excised entirely and sent to pathol-
ogy. Serial wedges are performed to decompress the 
uterus. Entry into the anterior cul-de-sac can now be 
performed easily with better uterine descensus and visu-
alization of the peritoneal fold. Avoid forceful traction 
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on the cervix during morcellation, which can cause the 
remaining vascular pedicles to avulse. Depending on the 
size of the uterus, morcellation can require a significant 
amount of time but can be performed safely and without 
risk of leaving pieces of myometrium in the abdominal 
cavity, as with laparoscopic morcellation (Figure 16.20). 
Morcellation can be continued to the level of the fundus 
and cornua, when the uteroovarian, round ligament, and 
fallopian tube can be safely secured. A sudden and slight 
increase in bleeding is often encountered when morcel-
lation is near the fundus.

AVOIDING BLADDER AND URETERAL INJURY
Once the vesicouterine space is entered, bladder pillars 
are gently pushed superiorly and laterally with the index 
finger to avoid injury during placement of the vessel- 
sealing clamp. It is imperative that the surgeon is aware of 
the location of the ureters, which may be displaced and in 

close proximity to the cervicovaginal junction, especially 
in cases with uterovaginal prolapse. The ureters can be 
palpated with the index finger at 2 and 10 o’clock (for the 
left and right ureter, respectively) against a curved Deaver 
placed outside the peritoneal cavity on the lateral vaginal 
wall (Figures 16.21 and 16.22). Intraoperative cystoscopy 
at the end of the procedure should always be performed 
to diagnose inadvertent bladder and ureteral injury.

CYSTOSCOPY
Cystoscopic examination of the bladder and ureteral ori-
fices ensures no bladder or ureteral compromise at the 
time of hysterectomy. Further, pelvic reconstructive sur-
geries can increase the risk of bladder and ureteral com-
promise, and routine cystoscopy should be performed 
in such cases. Close to the culmination of the proce-
dure, 1 ampule of indigo carmine is given intravenously. 
A 70° rigid cystoscope is advanced and the bladder is 
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filled with 200–300 mL of saline. Then 360° evaluation 
of the bladder is performed to evaluate for any bladder 
injury. Normal and abnormal bladder anatomy should be 
documented. Ureteral efflux of the indigo carmine dye is 
clearly visualized at the ureteral orifices.

CONCLUSION
Vaginal hysterectomy should be incorporated in the sur-
gical armamentarium of minimally invasive surgeons 
given its safe and cost-effective advantages. The tech-
nique described in this chapter has reviewed the step-
by-step approach to vaginal hysterectomy, bilateral 
salpingo-oopherectomy, and McCall culdoplasty. As a 
surgeon improves his or her comfort level with vaginal 
hysterectomy, more complex and difficult cases can also 
be performed vaginally. Having knowledge of and famil-
iarity with the anatomy and tools that are used, achiev-
ing adequate surgical exposure, and honing the surgical 
technique will allow the surgeon to perform the proce-
dure safely and efficiently.
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Chapter 17

LAPAROSCOPIC-ASSISTED VAGINAL 
HYSTERECTOMY
Johan van der Wat

INTRODUCTION
To be a successful vaginal surgeon requires a certain 
mental attitude which is that of a pioneering spirit, an 
innovative mind, and persevering character.

The surgeon must be an astute clinician of sound 
judgment to make rational decisions based on the clini-
cal evidence to provide the patient with the optimal 
surgical intervention to cure or ameliorate her condi-
tion. He or she must be capable of performing a vari-
ety of procedures that may include laparotomy when 
necessary. No vaginal hysterectomy is the same as 
another, and every procedure is individualized to suit 
the clinical situation and deal with the surgical realities 
as presented.

This chapter describes key clinical, anatomic, and 
surgical aspects of laparoscopic-assisted vaginal hyster-
ectomy (LAVH) to enlighten and empower prospective 
surgeons who wish to incorporate this technique into his 
or her armamentarium.

DEFINITION
There are numerous definitions for LAVH. The simple 
definition is: LAVH is the procedure in which the lapa-
roscopic approach is used to secure the upper uterine 
pedicles, whereas the uterine ligaments and vessels are 
typically secured transvaginally, enabling the uterus to 
be removed through the vagina after which the vaginal 
cuff is sutured vaginally. The two most technically chal-
lenging portions of a total laparoscopic hysterectomy are 
colpotomy and cuff closure; combining a laparoscopic 
with a vaginal approach can enable surgeons to perform 
a technically challenging hysterectomy by laparoscopy 
despite their lack of expertise in laparoscopic or vaginal 
surgery.

For the purpose of this chapter, the operational 
assumption is that the primary intent of LAVH is to 
remove the uterus vaginally and to use the laparoscope 
and other laparoscopic instruments only when ancil-
lary pathology significantly interferes with this primary 
goal. Problematic pathology may include uterine fibroids, 
endometriosis, adnexal pathology, pelvic adhesions, and 
adenomyosis.

PATIENT SELECTION
Given appropriate training, most hysterectomies for 
benign gynecology can be performed vaginally. It is 
thus logical to initially consider all cases for hysterec-
tomy as possible candidates for the vaginal approach. 
Preoperative history taking and clinical evaluation will 
give a good indication as to the probability of success-
fully removing the uterus vaginally. Abdominal palpa-
tion and a thorough vaginal examination with cervical 
traction can provide important information regarding the 
size, shape, mobility, descent, and vaginal space that may 
be available at the time of the surgical procedure. The 
best and final assessment, however, is in the operating 
room under anesthesia. This will give enhanced infor-
mation about size, mobility, available parauterine space, 
and uterine descent. A shallow fornix along with a short 
cervix displaced cranially as well as concomitant adnexal 
and pouch of Douglas pathology, such as endometriotic 
nodules, will point to a difficult vaginal hysterectomy 
that could be facilitated using adjunctive laparoscopy. In 
certain cases, a minilaparotomy or even a conventional 
abdominal hysterectomy may be the most appropriate 
and prudent approach based on the extent of associated 
pelvic pathology.

The following situations should be considered as rela-
tive contraindications for vaginal hysterectomy:

 • Uterine immobility in all directions (i.e., side to side 
as well as downward), commonly described as a 
“frozen pelvis.” An enlarged and impacted uterus 
without descent may require laparoscopic assistance 
or even laparotomy.

 • A history of any abdominal or pelvic surgery suspect 
for severe pelvic adhesions: In this circumstance, a 
laparoscopic assessment can be employed to assess 
the feasibility of a vaginal procedure. In certain cases, 
concomitant laparoscopic surgery can be proactively 
used to perform adhesiolysis or resection of endo-
metriosis to help ensure the success of a vaginal 
procedure.

Absolute contraindications include the following con-
ditions that must be ascertained and well characterized 
prior to attempting vaginal surgery:
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 • Inability to visualize the cervix after a full-length 
vaginal speculum has been introduced into the 
vagina. The cervix is the key organ and the starting 
point for the vaginal hysterectomy, and it must be 
accessible.

 • Invasive cancer of the cervix, myometrium (sarcoma), 
and endometrium.

 • Large adnexal mass suspicious for malignancy.

SIZE
An enlarged uterus, usually caused by fibroids, should 
be methodically assessed, including the use of special-
ized imaging techniques such as pelvic ultrasound and 
magnetic resonance imaging. For example, a large fun-
dal fibroid that is not accessible to vaginal morcellation 
may be more effectively dealt with using other means, 
such as a total laparoscopic hysterectomy or by lapa-
rotomy. However, in experienced hands it is not uncom-
mon to remove uteri up to 2 kg. As a general rule of 
thumb, uteri of 24w size and above may be very difficult 
to extirpate, especially if a narrow vagina and limited 
descent are also present. These types of cases could 
then be considered good candidates for LAVH, laparo-
scopic hysterectomy, or even abdominal hysterectomy 
using a self-retaining retractor. In case of a larger fibroid 
uterus, volume reduction can be considered depending 
on the size and location of fibroids. Various techniques 
are employed to achieve volume reduction, including 
bisecting, wedge morcellation, and coring. Transvaginal 
myomectomy can also be very effective to reduce uter-
ine bulk. It is essential to ligate the uterine arteries prior 
to performing volume reduction in order to avoid exces-
sive hemorrhage.

NULLIPARITY
The current literature does not support the notion that 
uterine descensus is a prerequisite for a successful vagi-
nal hysterectomy. Nulliparity should be considered an 
associated factor rather than a justification to preclude 
vaginal hysterectomy. In a nulliparous female, the cervix 
can often be gradually pulled down with ease under 
anesthesia. This degree of “physiological” descent is 
often sufficient to commence surgery, secure the sup-
porting ligaments, and ligate the uterine arteries, all 
key prerequisites needed to complete the operation 
vaginally.

PREVIOUS CESAREAN SECTION
Previous cesarean section has historically been consid-
ered a contraindication for vaginal hysterectomy. The 
challenge is opening the vesicouterine space along 
the cesarean section scar. This plane can be obliter-
ated by dense fibrotic adhesions formed between 
the bladder base and the lower uterine segment. A par-
tially filled bladder with saline or methylene blue can 

help demarcate the lower limit of the bladder in difficult 
cases.

For experienced vaginal surgeons, laparoscopic 
 assistance to enter the vesicouterine space may not be 
beneficial as vaginal dissection is more direct and less 
likely to cause bladder injury. However, for the inex-
perienced vaginal surgeon, laparoscopic dissection can 
greatly help in identifying and entering this obliterated 
anatomic space.

ANATOMIC CONSIDERATIONS
The following anatomic structures have to be understood 
and surgically dissected in order to accomplish a safe and 
efficient LAVH:

 1. Vaginal wall, pubocervical fascia, and cervix.
 2. Pelvic floor ligaments that are condensations of 

the pelvic endopelvic fascia at the base of the 
broad ligaments. They suspend the uterine-cervical 
complex in the pelvis. There are four such ligaments: 
two uterosacral and two transverse cervical 
ligaments (Cardinal or Mackenrod). The uterosacral 
ligaments connect the cervix to the sacrum and 
suspend the cervix and vaginal fornices to the level 
of ischial spines. The transverse cervical ligaments 
connect the cervix to the pelvic side walls by 
attaching to the obturator fascia of the obturator 
internus muscle.

 3. Peritoneal surfaces and folds: The uterovesicle 
peritoneal fold covers the dome of the bladder 
and extends backward over the upper cervix and 
anterior uterine wall.

 The posterior peritoneal fold extends from the 
posterior uterine surface over the pouch of Douglas 
onto the rectum.

 4. Major blood vessels: The uterine arteries lie close to 
the lateral aspect of the cervix at the upper end of 
the transverse cervical ligaments.

  The ovarian arteries, which also supply the body of 
the uterus, extend downward from the aorta.

 5. Ureter: The ureter lies in close proximity and just 
lateral to the uterine artery at the uterocervical 
junction, close to the point where the uterine arteries 
are secured during surgery. It is thus imperative to 
stay close to the cervix to avoid injury to the ureter.

 6. Adnexae: These extend laterally from the fundus of 
the uterus through the cranial margin of the broad 
ligament and comprise the fallopian tubes, ovaries, 
and blood vessels.

TECHNICAL CONSIDERATIONS

INSTRUMENTS
No two sets of instruments are alike, as individual sur-
geons have their own preferences and sets are assembled 
to suit their individual needs. Two separate instrument 
tables are useful.
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One instrument table should be for laparoscopic 
instruments and should include trocars, laparoscopic 
graspers, energy source, laparoscopic scissors, and suc-
tion irrigators (see Chapters 3 and 6).

The other table should include the vaginal tray.
A small table is also placed in front of and across the 

lap of the surgeon.
Retractors should include a weighted speculum and 

retractors of different sizes. These are needed to be 
inserted beneath the bladder into the peritoneal cavity as 
well as into the pouch of Douglas to facilitate dissection 
and mobilization in these areas. Hemostatic and pedicle 
clamps, whether curved or straight, must have longitudinal 
serrations to prevent slipping. It is also important that these 
clamps be sturdy, as some pedicles are thick and fibrous. 
Smaller hemostatic clamps are essential to control bleeders 
and to attach holding sutures to the drapes for identifica-
tion. Two multi-toothed, curved tenacula are required to 
pull on the cervix. Lahey clamps are useful to deliver the 
corpus of the uterus through the posterior fornix. Both 
curved and straight needle holders are necessary to deliver 
suture material to the clamped pedicles. Good visualiza-
tion is mandatory, so a headlight/spotlight can be useful.

It is wise to have suction connected to suck up blood 
collecting in the vagina and pouch of Douglas. This will 
allow for better judgment of blood loss.

SUTURE MATERIAL
Chromic catgut suture is preferred for the vascular ped-
icles as they tend to form a nonslip bite after the first 
throw. This is in contrast with Vicryl, which does not 
have this capability, resulting in loss of tension in criti-
cal situations where absolute knot control is demanded. 
Vicryl sutures are ideal for ligaments and vaginal closure, 
because they are not very vascular and can benefit from 
a longer resorption period.

VESSEL SEALING DEVICES
Advanced bipolar vessel sealing devices are helpful for 
completion of the laparoscopic portion of the procedure; 
however, this part of surgery can safely be performed using 
a combination of bipolar and monopolar electrosurgery.

Electrosurgical vessel-sealing devices for the vaginal 
part of the procedure have been recommended by many 
companies to secure vessels and ligaments during vaginal 
hysterectomy. After using these instruments for some time, 
some surgeons have abandoned them in favor of the time-
tested clamp, cut, and tie routine for the following reasons:

 • Poor management of the uterosacral/transcervical 
ligament complex, as anatomic detail is lost due to 
the fulguration and retraction of the ligament when 
current is applied.

 • Hemorrhage: As the uterus is pulled down, most 
pedicles are on stretch. Applying the current 
under these circumstances can cause premature 
separation and traction of tissue and vessels before 

sealing is complete, potentially leading to extensive 
hemorrhage.

 • Cost: These devices are disposable and expensive, 
which can hugely impact on the total cost of the 
procedure, which is otherwise a low-cost procedure.

PRESURGICAL ROUTINE
 1. The patient should be placed in the lithotomy 

position using adjustable leg support systems, as 
the legs may have to be adjusted during surgery to 
facilitate the procedure (Figure 17.1). The leg support 
systems should be well padded to prevent pressure 
and nerve injury. Straight leg holders and stirrups are 
considered hazardous as they can cause injury to the 
nerves on the dorsum of the feet. The patient should 
be positioned that the buttocks are 8–10 cm over the 
edge of the operating room table to allow for the 
weighted speculum to hang free.

 2. The abdomen, pelvis, perineum, and vagina should 
be thoroughly cleansed, ideally with a clear disin-
fecting solution as brown or other colored solutions 
may stain the natural tissue and make it difficult to 
distinguish between natural tissue and dissecting 
planes.

 3. Drapes: Drapes should cover the abdomen, legs, and 
perineum. They should be fixed with tape or clips as 
they tend to be dislodged during surgery.

 4. Empty the bladder: It is not necessary to place an 
indwelling catheter for the duration of this surgery.

 5. Perform an examination under anesthesia to confirm 
preoperative clinical findings. It is important to 
reevaluate size, mobility, and especially, cervical 
descent. The uterosacral ligaments must be identified 
and palpated digitally to identify pathology like 
endometriosis infiltration, which can hamper entry 
into the pouch of Douglas. The adnexa should be 
palpated to identify potential pathology.

17.1
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 6. A reusable device such as the Hulka manipulator is 
introduced into the cervix to manipulate the uterus 
for the laparoscopic part of the procedure.

The procedure is started by establishing a pneumo-
peritoneum and introducing a 5 or 10 mm umbilical tro-
car for placement of the laparoscope. Two to three 5 mm 
ancillary ports are placed under vision for the introduc-
tion of various laparoscopic instruments (Figure 17.2). 
The abdominal cavity is inspected and any adhesions 
removed to restore normal anatomy. The laparoscope 
offers significant advantage for inspection of the pelvic 
anatomy for adhesions or endometriotic lesions, while 
providing safe methods to secure the upper uterine ped-
icles. If adhesions are present, laparoscopic adhesioly-
sis should be performed and normal anatomy restored 
before hysterectomy is started (see Chapter 9 for adhe-
siolysis). Upon identification of the course of the ureters, 
the upper pedicles can be coagulated and transected as 
described in Chapters 11, 18, and 19.

Depending on the surgeon’s laparoscopic versus vagi-
nal approach skills, the laparoscopic portion of the pro-
cedure can be terminated at different stages of surgery. 
If the surgeon feels more comfortable with the vaginal 
approach, the laparoscopic portion of the procedure can 
be terminated after inspection of the abdominal cavity 
and elimination of significant adhesions or after transec-
tion of the round ligaments, development of the broad 
ligament bilaterally, and mobilization of the vesicouterine 
fold. If the surgeon is experienced with the laparoscopic 
approach, the uterine arteries can be coagulated and 
transected laparoscopically under direct vision, whereas 
the colpotomy and cuff closure can then be carried out 
using the vaginal approach.

VAGINAL SURGICAL PROCEDURE (12 STEPS TO 
SUCCESS)
In this section, all of the steps used to perform vagi-
nal hysterectomy will be presented without regard to 

laparoscopy. The vaginal part of the LAVH procedure 
will be truncated depending on how many steps are oth-
erwise performed laparoscopically.

 1. The weighted vaginal speculum is inserted into the 
vagina with the blade lodging behind the cervix.

 2. If there are large labia minora present, it is necessary 
to suture them laterally to the vulval skin beyond the 
labia majora.

 3. Empty the bladder with a sterile urinary catheter.
 4. Secure the cervix with the curved multitoothed 

vulsellum both on the anterior and posterior 
cervical lips. When surgery is performed on the 
anterior cervix, the traction is downward, whereas it 
should be upward when working behind the cervix 
in the posterior fornix.

 5. Infiltrate the cervix circumferentially with a 
hemostatic solution. This will promote hemostasis 
and open tissue planes. Posteriorly, also infiltrate the 
uterosacral ligaments (Figure 17.3).

 6. Cervical incision: Using a scalpel, a circumferential 
incision is made around the cervix. The incision 
should be no more than a finger’s breadth around 
the surface of the cervix (Figure 17.4). It is important 
not to make the incision high on the cervix as the 
bladder may be entered. If there is uncertainty as 
to the whereabouts of the margins of the bladder, 
a metal catheter can be inserted into the bladder 
and its cervical margins probed and identified. 
The incision should be through the mucosa and 
connective tissue until the white fibrous layer of the 
cervix is reached.

 7. Entering the utero-vesical space: The bladder is 
carefully separated from the cervix using a blunt-
tipped scissors and digital dissection using the tip of 
the index finger until the peritoneal reflection of the 
utero-vesical space is reached. The reflection can be 
identified as a thin white reflection line transversing 
the upper cervical surface.
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  Before opening this peritoneal reflexion, it is wise to 
digitally spread open and free up the vesicouterine 
space. The peritoneum is now opened by holding 
it with a toothed dissecting forceps and cutting 
through with a scissors (Figure 17.5). Now spread 
the space open digitally until a retractor can easily 
be inserted into the space.
  Danger points: The bladder can be entered if care 

is not taken. Use the curved scissors only if the 
curve points toward the cervix. If the bladder is 

entered, it should be closed in two layers. It is 
not a reason to abandon the procedure.

  Special situation: Cesarean section (C/S) is 
not considered a contraindication to vaginal 
hysterectomy. As more and more patients undergo 
C/S, the “previous C/S” scenario will become a 
regular presentation and may actually outnumber 
the “no C/S” cases. It is thus important to deal with 
the situation. C/S causes the normal tissue planes 
to be obliterated and replaced with dense fibrous 
tissue connecting the bladder to the C/S scar. 
With retraction of the scar tissue, the bladder may 
be “pulled” into a C/S scar. This can sometimes 
be observed in the presurgical ultrasound and 
should be an indication of a “difficult” dissection. 
However, in most cases, the dissection proceeds 
without a hitch, especially if small, careful bites 
with the scissors are taken to get through the 
fibrous tissue. Sometimes it is very difficult to 
complete this dissection through to the peritoneal 
cavity. Do not despair, it is not important at this 
stage to enter the anterior peritoneal space. As the 
uterine ligaments are separated from their cervical 
connections, there will be descent and the C/S scar 
will be presented to the surgeon “on a plate,” so 
to speak. The vesicouterine space, however, will 
have to be entered at some point to complete the 
operation. This sometimes may become possible 
only when the uterine arteries are clamped and 
cut, allowing for further uterine descent.

   The use of a laparoscopic approach may 
facilitate dissection of a severely scarred C/S 
scar. Capitalizing on the magnification and 
illumination of laparoscopy, normally recognized 
anatomic landmarks such as the pubocervical 
fascia can be used to guide the dissection in 
a lateral-to-medial fashion until the bladder is 
sufficiently mobilized for safe colpotomy.

 8. Entering the posterior peritoneal space (pouch of 
Douglas): Procedure: The cervix is elevated by 
pulling the vulsellum, grasping the cervix anteriorly. 
A digital examination of the uterosacral ligaments 
and the space between them is made. Nodularity 
should indicate pathology such as endometriosis, 
and it will be wise to do a laparoscopic assessment 
before proceeding with the surgery. The incised 
vaginal mucosa is now grabbed with a toothed 
forceps and pulled down. The rectovaginal space is 
dissected open with a scissors, and the peritoneum is 
opened by a sharp incision (Figure 17.6). The incision 
is extended laterally by using digital and sharp 
dissection. A good tip is to suture the peritoneum to 
the posterior vaginal wall to prevent oozing.

  At this point, it is appropriate to insert a retractor 
into the pouch of Douglas and inspect the peritoneal 
cavity. If intestine or omentum come into the 
operating field, the position of the patient can be 
adjusted to a steeper Trendelenburg position.

17.4
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 9. Pelvic ligaments: The thickened tissue on each 
side of the cervix comprises the transcervical and 
cardinal ligaments. These are clamped on both sides 
using sturdy clamps (Figure 17.7). It is important to 
“slide” the clamp off the cervical surface to get as 
close to the cervix as possible. This step is important 
to avoid the ureter to be incorporated into the 
pedicle, as it is in close proximity and just lateral to 
the uterine artery at this point. The pedicle is now 
cut with a scalpel and secured with a holding suture. 
The uterosacral ligaments are now palpated (Figure 
17.8) and clamped close to the cervix. They are cut, 
tied, and sutured to the lateral vaginal wall (Figure 
17.9). It is important to firmly secure and transfix 
these sutures, as they later will be tied together to 
support the vaginal vault and prevent prolapse. In 
some cases, especially in the elderly with atrophic 
ligaments, the entire cardinal-uterosacral ligament 
complex may be secured in a single pedicle.

 10. Uterine arteries: Following the incision of the 
pelvic ligaments, the uterus should be more mobile 
and descend further down. Hard traction on the 
cervix will bring the uterine vessels into view. 
They sometimes appear skeletonized. This vascular 
bundle, comprising the uterine artery and often 
prominent veins, is securely clamped using sturdy 
clamps like Heaney or Kocher clamps. They are now 
incised and carefully double ligated (Figure 17.10). 
This is important as a slipped pedicle on this major 
vascular bundle can lead to severe hemorrhage 
as the severed artery and vein often retract out of 
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the field of view. These pedicles are not held by a 
holding suture.

   Following the securing of the uterine vessels, a 
reevaluation of the surgical approach is done. The 
size of the uterus will determine if morcellation 
should be attempted or whether the fundus can be 
delivered through the pouch of Douglas or anterior 
UV space. A point of comfort is now reached in the 
knowledge that the major blood vessels to the uterus 
are now secured and that it is unusual to expect major 
or catastrophic hemorrhage as the surgery progresses. 
To illustrate this point, “bloodless” morcellation is 
often possible as blood supply to fibroids and other 
pathology are drastically reduced. If morcellation 
is required, it should be undertaken at this stage 
after the uterine vessels have been firmly secured. 
Depending on the pathology, enucleation of fibroids 
bivalving or coring may be necessary. The fundus 
can now be delivered through the posterior cul-de-
sac (somersaulted) by traction on the fundus with a 
vulsellum or towel clamp. To facilitate this, it often 
helps to amputate the cervix. The ovarian ligament, 
round ligaments, and fallopian tubes are thus 
presented into the vagina to be secured. At this point, 
the final area of laparoscopic dissection is reached, 
and the uterus is freed and delivered vaginally.

  After the uterus has been removed from the pelvis, it 
is important to inspect the pelvis through the vaginal 
incision and to deal with any active bleeders. All the 
pedicles should be inspected including the major 
pedicles held by the holding sutures. At this point, if 
indicated, a McCall culdoplasty may be performed to 
elevate the vaginal vault. The vaginal incision is now 
closed in layers starting with the peritoneum.

 11. Closing the vaginal vault: Ideally, a purse-string 
suture should now be placed in the peritoneum as 
it exteriorizes all the pedicles when tied. This suture 
is started posteriorly in the middle of the posterior 
vaginal wall, advancing through the right uterosacral 
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ligament complex up the right sidewall through the 
right round ligament complex. Then a few bites 
are taken through the bladder peritoneum before 
advancing the suture in a similar fashion down the 
left side to the original starting point.

   Utmost care should be taken not to puncture the 
uterine artery when the purse-string suture is placed. 
The suture is now slowly and carefully pulled 
together and tied (Figure 17.11). At this stage, the 
holding sutures on US and cervical ligaments should 
be tied together. The holding sutures to the round 
ligaments/adnexal pedicle should be cut and not 
tied, as tying will bring the ovaries to the vaginal 
vault and cause dyspareunia. The vaginal wall is 
now closed using a Vicryl suture. The jury is still out 
on whether a horizontal or a vertical closure is best. 
Whatever is decided upon, make sure that good 
bites incorporating the full vaginal wall are taken 
(Figure 17.12).

 12. An indwelling bladder catheter should now be 
placed, and the vagina may be packed with a long 
vaginal pack. Some surgeons perform a cystoscopy 

to inspect the integrity of the bladder and to ensure 
that the ureters have not been compromised.
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Chapter 18

LAPAROSCOPIC SUPRACERVICAL 
HYSTERECTOMY
Jason Abbott

BACKGROUND
Surgical procedures, like so many other areas of our 
 rapidly changing lives, respond to the rise and fall of 
fashion—and hysterectomy is a prime example of this. 
For the last century, whether to retain or remove the 
cervix at the time of hysterectomy has come and gone 
out of fashion, and the available scientific, rather than 
fashionable, evidence tells us that either is a reasonable 
option. Since the first description of laparoscopic supra-
cervical hysterectomy (LSH) in 1991, this technique has 
had strong proponents and remains an excellent variant 
of hysterectomy. It is important to note both the techni-
cal aspects and the provision of a truly informed consent 
when discussing LSH with a woman. The LSH may be 
performed with a multiport, single-port (SILS), or robotic-
assisted laparoscopic approach. Intraoperative technical 
considerations correspond to the level of cervical ampu-
tation and extraction of the corpus. Informed consent 
must include the possibility of ongoing intermittent vag-
inal bleeding, the need for continued cervical surveil-
lance, the risk for reoperation for cervical prolapse, and 
the risk for various complications and outcomes that are 
now specifically known for LSH.

SELECTING THE WOMAN UNSUITABLE 
FOR A LSH
The indication for hysterectomy is an important consid-
eration as to whether an LSH should be considered as 
an option. There are relatively few contraindications to 
LSH; however, gynecological malignancy should prompt 
cervical removal for most women—including the now 
heightened concern for leiomyosarcoma should this be 
known or suspected preoperatively. The heightened risk, 
albeit low, for recurrent disease after a history of cer-
vical dysplasia should be frankly considered. LSH may 
be of limited value for women with chronic pelvic pain 
associated with collisional dyspareunia, as symptoms 
may persist if the cervix is not removed. The presence 
of pathology is also an important consideration, because 
retrocervical or paravaginal endometriosis, adenomyo-
sis, or other cul-de-sac pathology in a woman with pel-
vic pain may lead to continued symptoms if the pelvic 
disease along with the cervix is not excised. Unless 

the cervix will be retained as a surgical buttress for a 
concurrently performed sacrocervicopexy or other sus-
pensory procedure in women with partial or complete 
uterovaginal prolapse, the risk for postoperative cervical 
prolapse should preclude LSH. Since amenorrhea can-
not be guaranteed whenever the cervix is retained (see 
below for further discussion), LSH is contraindicated in 
women seeking eradication of their menstrual bleed-
ing. For all other women, the choice of LSH is gener-
ally without contraindication and often requested after 
a balanced discussion about risks and benefits with her 
gynecological surgeon.

TECHNICAL CONSIDERATIONS
Whether employing conventional or robotically assisted 
laparoscopy, the technical approach for LSH is the same 
as for laparoscopic hysterectomy up to securing the uter-
ine vessels (see Chapter 19).

There are three fundamental surgical steps during LSH:

 1. Occlusion and transection of the uterine arteries
 2. Transection of the uterine corpus
 3. Tissue extraction of the uterine corpus

KEY STEPS TO REDUCE RISK DURING LSH

 • The relationship between the uterine artery and the 
ureter, cervix, and uterine corpus should be noted 
(Figure 18.1).

 • Since cervical preservation does not necessarily 
protect the ureter, it should be identified before any 
sidewall dissection and when securing the uterine 
vessels.

 • The course of the ureter should be identified at 
the level of the pelvic brim before performing 
adnexectomy (Figure 18.2).

 • The location of myoma(s) may have considerable 
impact on the capacity to complete the hysterectomy 
using a supracervical approach.

 • With pathology that distorts the lower uterine 
segment, the uterine artery may be secured either via 
an anterior or posterior approach through the broad 
ligament and then secured either medial or lateral to 
the ureter (Figure 18.3).
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 • The release of the posterior leaf of the broad ligament 
to allow the ureter to move inferiorly and laterally 
away from the cervix is required and will give further 
protection to the ureter (Figure 18.4).

 • A large cervical myoma that requires removal of a 
substantial portion of the cervix may justify total 
hysterectomy as a better surgical alternative.

 • In women having undergone cesarean delivery, the 
bladder may have been surgically advanced above 
the level of the internal os. Rather than employing 
blunt dissection, sharp dissection using mechanical 
scissors alone or with an energy-based surgical device 
combined with traction and countertraction may 
help reduce the risk for inadvertent bladder injury. 
Moreover, clarifying the pubocervical fascia anterior 
to the uterine vessels can be a dependable method 
to help identify the best surgical plane to initiate 
separation of the bladder from the lower uterine 
corpus.

 • For the bladder that is adherent to the uterine 
body, the central component is typically the most 
affected. Backfilling through a Foley catheter 
may aid in determining its boundaries. Grasping 
the bladder with an atraumatic grasper to elevate 
anteriorly can help determine the proper dissection 
plane between it and the underlying pubocervical 
fascia (Figure 18.5). In this circumstance, a lateral 
approach to the bladder while noting the vascular 
bladder pillars during traction–countertraction 
along with sharp dissection may be another 
method to help reduce incidental cystotomy. A  
cervical colpotomy cup or tube can aid by placing  
upward traction on the tissue and provide addi-
tional landmarks to help mobilize the bladder 
downward along the lower corpus to the level of 
the internal os.
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 • Where pathology includes the bladder or there is 
concern about the integrity of the lower urinary tract, 
using a cystoscopic, oral or intravenous contrast 
agent will aid in the demonstration of any immediate 
damage. However, it may not prevent a delayed 
complication such as thermal injury from an energy 
source.

UTERINE AMPUTATION
After completing the procedure down to the level of the 
uterine vessels, it is important to consider where the 
uterus will be transected. To do this effectively, the fol-
lowing practical points should be considered:

 • Skeletonize the uterine vessels free of endopelvic tissue 
so that each vascular bundle may be clearly identified 
along the respective sides of the lower uterine corpus.

 • Once the uterine arteries are secured by an energy 
source or suturing, there is no further need for 
vascular control of the uterus (Figure 18.6).

 • Should there be bleeding from a uterine artery 
pedicle, the source of bleeding is more evident as it 
may be clearly visualized at the lower uterine corpus.

 • If a uterine manipulator is being used, it is then 
generally removed at this time.

 • If the uterine manipulator is left in place, the 
propensity for electrosurgical arcing with metal or 
liquefaction of plastic by ultrasonic energy must be 
considered during amputation.

 • The uterus should be transected at or below the level 
of the internal os, ideally by fashioning a conical 
defect in reverse. As a general rule, always go with 
the goal to leave the cervix no more than 2 cm in 
length (Figure 18.7).

 • The level of the internal os can always be 
interpolated by visualizing the nexus of the 
uterosacral ligaments with the posterior cervix.

 • Transection of the cervix may be performed 
with “cold” instruments or with ultrasonic or 
electrosurgical instruments.

 • There are specific electrosurgical loop devices that 
have been developed for amputation, decreasing the 
procedural time for fundal amputation by up to 80% 
(Figure 18.8).

PROCEDURES ON THE CERVIX TO REDUCE 
THE CHANCE OF BLEEDING
Despite a variety of methods to ablate or alter the endo-
cervix, the simple fact remains that when the cervix is 
retained, there is always a chance of intermittent postop-
erative vaginal bleeding/spotting with a wide reported 
range of up to 37%. If bleeding occurs, the volume of 
vaginal loss is typically small and with minimal clinical 
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impact. The most important aspect of this outcome is 
that women should be preoperatively warned of this 
possibility following LSH. If the cervical epithelium is 
ablated using an energy source (bipolar or monopolar 
instrument, harmonics, or laser) (Figure 18.9), it is impor-
tant that the energy be confined to the cervix to prevent 
advertent burning of the underlying vaginal epithelium. 
If using a monopolar or bipolar instrument, the cervix 
may be first palpated vaginally to determine when the 
instrument is through the endocervical canal, which is 
then retracted up into the canal before applying energy.

There is only one randomized controlled trial that 
has studied the impact of any adjunctive technique to 
the cervix in order to reduce postop intermittent vaginal 
bleeding. In this study, 140 women were randomized to 
LSH and reverse conization using a laparoscopic loop 
electrode (n = 70) or LSH without conization (n = 70). 
At 12 months postoperatively, there were no differences 
in vaginal bleeding rates, with 33% of women reporting 
vaginal bleeding without conization compared to 37% 

with conization. While the procedure of reverse cervical 
conization is a simple technical approach with a short 
procedure time (mean duration 61.9 seconds, SD 24.7%, 
95% CI: 51–72.9) and no reported complications, it does 
not seem to reduce the chance of bleeding. Surgeons 
have also tried to predict the occurrence of post-LSH 
bleeding by taking endocervical biopsies of the cervical 
stump following amputation; this too is inaccurate, with 
no correlation between the histological findings of these 
biopsies and the clinical outcomes. In a large, retrospec-
tive series of 400 women treated by combination propri-
etary loop amputation device followed by electrosurgical 
coagulation of the cervical canal, only 2% of women 
reported intermittent postoperative vaginal bleeding.

THE CERVICAL STUMP
After the uterine corpus has been removed from the 
cervix and any additional cervical procedures are per-
formed, the cervix may be focally coagulated with bipo-
lar electrosurgery along the stump, peritoneal edges, 
or medial aspects of the uterine artery pedicles for any 
residual bleeding. Some surgeons elect to close the cer-
vix with sutures based on custom and habit. The follow-
ing technical considerations should be considered when 
suturing the cervical stump:

 • Use an absorbable suture—either monofilament or 
braided.

 • Ensure that the suture bites through the cervix 
posteriorly and anteriorly by the same margin to 
reduce the risk of bleeding from a missed cervical 
edge.

 • Incorporate the canal into the suture line.
 • For the bulky cervix, consider a two-layer closure 
with an imbricating initial suture to incorporate 
and invert the canal and a second layer to close the 
peritoneum posteriorly to the anterior cervical fascia 
and reduce any dead space within the cervix.

 • If there is any prolapse, this should be addressed, 
since detachment of the pubocervical fascia, fascia of 
Denonvilliers, or laxity of the uterosacral ligaments 
may lead to prolapse even with the cervix retained.

 • The cervix may be used as a central anchor point for 
any fascial defect with primary suture repair being a 
reasonable and low-risk approach.

REMOVAL OF THE UTERINE CORPUS
It is essential to remove the uterine corpus once it is 
transected from the cervix, and this may be achieved by 
a variety of surgical approaches. A more detailed account 
may be found in Chapter 14, which deals with tissue 
extraction. A posterior colpotomy has been described, 
as is simple mechanical morcellation with a scalpel or 
similar instrument through an enlarged abdominal port 
incision. This may be performed within a containment 
bag for reduction of any spilled material; however, the 
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efficacy of containment to reduce malignant intraperi-
toneal seeding is not scientifically validated at this time. 
The introduction of electromechanical morcellators has 
substantially simplified tissue extraction at LSH with both 
reusable and single-use devices available. The tissue 
fragments may be removed through the morcellator body 
itself, through one of the existing abdominal ports, a pos-
terior colpotomy, or by a transcervical uterine morcella-
tor. Power morcellation within a containment bag is also 
described; however, this approach is no more validated 
than for mechanical morcellation performed in this man-
ner, and risks must be weighed against benefit. There are 
no data to demonstrate superiority of any power mor-
cellation approaches, and instrument and approach will 
depend on surgeon preference and availability. What is 
apparent is that all tissue fragments should be removed 
since retention may lead to substantial clinical sequelae 
(see discussion later in this chapter).

Safety and efficacy during electromechanical morcel-
lation require strategic thinking and strict adherence to 
principles of best practice. Moreover, morcellation ideally 
requires a skilled assistant who is able to progressively 
feed tissue to the instrument while promoting safety 
from accidental visceral or vascular insult. Whereas mor-
cellation is possible from any port site of sufficient diam-
eter, it is commonly performed either transumbilically 
or suprapubically (Figure 18.10), since the distribution 
of parietal nerves perforating the rectus fascia results in 
less discomfort at the umbilical and midline suprapubic 
sites. Given that all current power morcellation devices 
are larger than 10 mm in diameter, any site lateral to the 
rectus sheath should be closed under direct laparoscopic 
vision, ideally with a fascial closure device to reduce the 
risk for postoperative hernia formation. Generally speak-
ing, power morcellation may be safely and effectively 
performed using the following recommendations:

 • Always keep the exposed blade clearly in view 
during morcellation.

 • Maintain the depth of insertion by withdrawing tissue 
rather than advancing the morcellator (Figure 18.11).

 • To facilitate more complete removal of tissue at 
primary extraction, the assistant should feed tissue 
into the morcellator.

 • Using lateral port sites, align the shaft of the 
instrument as parallel as possible to the abdominal 
wall.

 • Unless softened by degeneration, larger specimens 
are promoted by unpeeling rather than coring 
(Figure 18.12).

For in situ morcellation due to large leiomyomas, the 
following principles should be followed:

 • Never morcellate leiomyomas prior to obliterating 
uterine blood supply.

 • Perform hysterotomy parallel to the base of each 
leiomyoma.

 • Always apply steady upward traction away from 
uterine corpus with a tenacious forceps.

18.10

18.11

18.12
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 • Try to specifically target the interface between the 
myoma and uterus.

 • Avoid this technique for low lateral or submucous 
leiomyomas.

More recently, the U.S. Food and Drug Administration 
has permitted the marketing of a new tissue containment 
system consisting of a containment bag and tubelike 
plunger for use with certain laparoscopic power mor-
cellators to isolate uterine tissue that is not suspected 
to contain cancer. However, it has not been proven to 
reduce the risk of spreading cancer during these pro-
cedures. This device is intended for a limited patient 
population, with women who have been appropriately 
informed of the risks and are premenopausal and with-
out uterine fibroids.

OUTCOMES FOLLOWING LSH
There are few clinical studies to compare the outcomes 
of LSH with other types of hysterectomy. One random-
ized controlled trial (RCT) reports no difference in blood 
loss or operative time for 71 women undergoing LSH 
compared with 70 undergoing total laparoscopic hyster-
ectomy (TLH). From other data, there are no differences 
in complication rates or blood transfusions, with some 
studies reporting a statistical reduction in blood loss 
when LSH is undertaken and variable operative times 
that range from 47 to 181 minutes.

In a separate randomized study, 31 women random-
ized to LSH and 32 women to LAVH were followed for 
6 months postoperatively with no difference reported 
in sexual function, pain, and psychological outcomes 
between the two techniques. Data from nonrandom-
ized studies have suggested that LSH has less impact 
on sexual function compared with TLH with less vagi-
nal pain, shortening and altered mucus production. It is 
likely that women undergoing LSH may return to vaginal 
intercourse sooner following surgery than women hav-
ing TLH.

Theoretical advantages to bowel, bladder, and sexual 
function by performing LSH have not been borne out by 
studies, and these should not be claims made to women 
when considering this approach to hysterectomy.

GYNECOLOGICAL MALIGNANCY
A guideline produced by the American College of 
Obstetricians and Gynecologists recommends that for 
women with known or suspected gynecologic malig-
nancy, current or recent cervical dysplasia, or endome-
trial hyperplasia, LSH should not be considered. This 
includes the risk of leiomyosarcoma, although it is recog-
nized that this is difficult to diagnose preoperatively. In 
women who have had a LSH, the risk of cervical cancer 
remains very low at 0.1%–1.9%. A future risk of cervi-
cal cancer should not be a deterrent for women having 

a LSH with appropriate counseling, understanding that 
postoperative cervical surveillance remains essential.

For a woman who has undergone a LSH, there remains 
a risk of endometrial malignancy that is similarly increased 
if she takes unopposed estrogen. The rationale for hor-
mone replacement therapy in a woman who has retained 
her cervix must be individualized, since there are no long-
term data to support or refute any specific practice regard-
ing potential benefit from including a progestin as part of 
her postmenopausal hormone replacement therapy.

COMPLICATIONS FOLLOWING LSH
It is important to note that nearly all complications that 
occur for laparoscopic hysterectomy are also reported for 
the LSH. There are few comparative studies, with only 
one RCT reported that shows no difference in complica-
tion rates, although the small number of just 141 women 
in total makes it unlikely that the study is sufficiently 
powered to detect a difference for many complications. 
Complication rates for LSH reported from other nonran-
domized data range from 0% to 19%, with comparative 
retrospective data reporting comparable complication 
rates of laparoscopic total (1.59%) and supracervical hys-
terectomy (1.36%). Specific complications following LSH 
include a bladder injury risk in 0.25%–0.75% of cases, 
ureteral injuries in 0.19% of cases, and bowel injury in 
0.2%–0.5% of cases. Together, these data suggest that 
LSH is no safer than other modes of hysterectomy, and 
this should not be suggested as a benefit of LSH.

MORCELLATION-ASSOCIATED 
COMPLICATIONS
Since retrieval of the uterine corpus is an integral com-
ponent of the LSH, complications related to morcellation 
must be considered. Initial reports suggesting iatrogenic 
endometriosis may occur following morcellation do not 
appear to be more prevalent when compared to women 
who have other types of hysterectomy, where this pathol-
ogy is also noted.

For women having LSH where myomas are the indica-
tion, and possibly for women without this initial pathol-
ogy, there are rare reports of peritoneal leiomyomatosis 
demonstrated after morcellation. The true incidence is 
unknown, because a denominator for this practice is 
unavailable. It seems prudent clinical practice to remove 
all visible fragments of myometrium and myoma if mor-
cellation is undertaken, and there are case reports of 
serious complications from retained tissue that include 
sepsis, subphrenic abscess, and bowel obstruction.

Should leiomyosarcoma be present at the time of mor-
cellation following LSH, the malignancy is technically 
upstaged. It is unknown if dissemination is more likely 
to occur in this instance or the true impact on survival 
for this particularly aggressive form of malignancy.
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PELVIC ORGAN PROLAPSE
It seems logical that keeping the pubocervical ring intact 
should decrease the rate of subsequent pelvic organ pro-
lapse following LSH; however, there are no data to sup-
port this notion. Fascial defects may be present below the 
level of the cervical ring (such as uterosacral detachment, 
or fenestrations in the fascia of Denonvilliers) that may 
still result in pelvic organ prolapse if they are not specifi-
cally repaired at the time of the LSH. For women whose 
primary indication for surgery is prolapse, recurrence is 
more likely no matter what the approach of hysterec-
tomy. Following LSH, there are case reports of cervical 
prolapse that was not present in the preoperative assess-
ment. In summary, there is no evidence that LSH will 
protect against the future risk of pelvic organ prolapse.
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