
The Use of Robotic 
Technology in 
Female Pelvic Floor 
Reconstruction

Jennifer T. Anger
Karyn S. Eilber
Editors

123



The Use of Robotic Technology in Female 
Pelvic Floor Reconstruction 



Jennifer T. Anger • Karyn S. Eilber
Editors

The Use of Robotic 
Technology in Female 
Pelvic Floor 
Reconstruction



ISBN 978-3-319-59610-5    ISBN 978-3-319-59611-2 (eBook)
DOI 10.1007/978-3-319-59611-2

Library of Congress Control Number: 2017946483

© Springer International Publishing AG 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, express or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Jennifer T. Anger
Department of Surgery, Division  

of Urology
Cedars-Sinai Medical Center
Beverly Hills, CA, USA

Karyn S. Eilber
Department of Surgery, Division of 

Urology
Cedars-Sinai Medical Center
Beverly Hills, CA, USA



v

In the last decade surgeons have advanced minimally invasive approaches to 
abdominal and pelvic surgery, utilizing both standard laparoscopy and robotic 
technology to improve the scope of possibilities. The rapid adoption of robotic 
techniques has afforded the female pelvic surgeon a broader armamentarium to 
pelvic floor reconstruction, with a specific aim of offering our patient population 
a more durable and efficacious approach to pelvic floor repairs.

This comprehensive textbook of robotic technology applied to female pelvic 
reconstruction is the first of its kind and will be a valuable educational tool for 
surgeons. Numerous prolific female pelvic surgeons with both urological and 
gynecological backgrounds have contributed to this text, covering all aspects of 
patient selection, optimization of robotic techniques, and pitfalls. Additionally, 
options for management of the uterus at the time of prolapse repair will be dis-
cussed. This topic has become more critical as more of our patients inquire about 
less invasive approaches.

This surgical textbook encompasses the spectrum of pelvic floor disease and a 
unique approach to reconstructive techniques. It should serve as an educational 
tool for the surgeon-in-training as well as the experienced female pelvic surgeon 
seeking to expand his/her armamentarium for reconstruction.

NYU Langone Medical Center Nirit Rosenblum, M.D.
New York, NY, USA

Foreword
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Welcome to the textbook, The Use of Robotic Technology in Female Pelvic 
Floor Reconstruction. The fields of urology and urogynecology, now collec-
tively termed Female Pelvic Medicine and Reconstructive Surgery, have rap-
idly evolved over time. Surgeons adopt new technology with the ultimate 
goal of providing better care for patients. Robotic surgery is a technological 
advancement that provides durability through a minimally invasive approach. 
Outcomes are comparable to laparoscopic surgery. Since robotic technology 
allows surgeons without laparoscopic training to perform good laparoscopy, 
we anticipate that the use of the robot in FPMRS will only increase.

This textbook is designed to provide guidance for surgeons wishing to 
perform the most common robotic procedures in FPMRS. We first seek to 
teach robotic surgery to readers with a background in FPMRS but not in 
robotics. We were once in that place, experiencing the frustrations of a begin-
ner learning a new technology, despite fellowship training and expertise with 
other approaches. We also wish to reach out to non-FPMRS surgeons, specifi-
cally urologists adept at robotic prostatectomy, who may be able to techni-
cally perform the steps of a robotic ASC, yet may not know certain nuances. 
Such nuances, which include when to place a prophylactic sling and when to 
perform a concomitant posterior vaginal wall repair, have a significant impact 
on postoperative outcomes. And lastly, we seek to reach out to anyone in 
training, either before, during, or after residency, who seek to learn more 
about robotic technology in FPMRS.

We wish to thank each author in this textbook, each of whom has specific 
expertise in the field and provides a wealth of information. Dr. Amy 
Rosenman, Past President of the American Urogynecologic Society, has 
years of experience treating prolapse bother surgically and nonsurgically and 
provides an excellent review on patient candidacy for surgery. Drs. Una Lee 
and Arianna Smith each provide detailed explanations addressing concomi-
tant surgeries and when they should and should not be performed. Thank you 
to Drs. Kim Kenton, M. Jonathon Solnik, and Christopher Tarnay, all gyne-
cologists by training, not only for your chapters, but especially for your will-
ingness to train us (urologists) and make us proficient in robotic hysterectomy. 
Drs. David Magner and Beth Moore have taught us a great deal about the role 
of robotic technology in combined rectal and vaginal prolapse. Dr. Bilal 
Chughtai provides a comprehensive synthesis of the literature addressing 
uterine sparing approaches robotically. And lastly, our own colleagues at 
Cedars-Sinai Medical Center, Drs. Hyung Kim, Christopher Dru, and Devin 

Preface
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Patel, who demonstrate how to apply robotic technology to robotic recon-
structive procedures other than sacrocolpopexy.

Thank you to Springer Publishing Company for the support and inspiration 
to write this book, and a special thanks to Miss Elise Paxson, who has helped 
us so patiently in putting all the pieces of this book together. We are also 
grateful to each other for patiently assisting as we each climbed, and ulti-
mately passed, our individual learning curves in robotic surgery.

We dedicate this textbook to the Anger family (Lowell, Arielle, Amanda, 
and Joshua) and the Eilber family (Fritz, Dylan, Parker, and Alexandra), who 
understand the sacrifices that the two of us make on a daily basis to be wives, 
mothers, and surgeons. We are indebted, grateful, and, because of your support, 
tireless.

Beverly Hills, CA, USA Jennifer T. Anger, M.D., M.P.H. 
  Karyn S. Eilber, M.D.
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Introduction

Jennifer T. Anger and Karyn S. Eilber

Approximately one in five women undergoes sur-
gery for prolapse or incontinence in her lifetime 
[1]. Of these, up to 30% require a re-operation for 
recurrence of their prolapse or incontinence 
symptoms [2]. It has been estimated that one in 
nine women will undergo a hysterectomy in her 
lifetime, and up to 10% of these women will 
require surgery for symptomatic vaginal vault 
prolapse [2, 3]. The search for the ideal repair for 
vaginal vault prolapse has led to the invention of 
several approaches to this problem [4].

The transabdominal sacrocolpopexy is con-
sidered the gold standard in the surgical manage-
ment of vaginal vault prolapse, with long-term 
success rates of up to 100% [5]. Randomized 
comparative effectiveness trials and systematic 
literature reviews have demonstrated the ana-
tomic superiority of sacrocolpopexy to vaginal 
vault suspension [6–8]. The sacrocolpopexy 
involves an attachment of a Y-shaped surgical 
mesh to the vaginal apex and anterior and poste-
rior vaginal walls. The tail end of the mesh is 

sutured to the anterior longitudinal ligament 
overlying the sacral promontory.

Although the most successful operation for 
vaginal vault prolapse, the open approach to 
sacrocolpopexy requires an abdominal incision. 
In an effort to develop minimally invasive alter-
natives to open sacrocolpopexy, vaginal 
approaches that utilize synthetic mesh were 
developed. The placement of mesh vaginally is 
theoretically advantageous. However, vaginal 
approaches to prolapse have a lower cure rate 
than sacrocolpopexy [6] and are associated with 
significant complications. The frequency and 
severity of such complications led to the publica-
tion by the U.S. Food and Drug Administration 
(FDA) of the following warning to healthcare 
providers on October 20, 2008 [9]: “This is to 
alert you to complications associated with trans-
vaginal placement of surgical mesh to treat Pelvic 
Organ Prolapse (POP) and Stress Urinary 
Incontinence (SUI). Although rare, these compli-
cations can have serious consequences. Over the 
past 3 years, FDA has received over 1000 reports 
from nine surgical mesh manufacturers of com-
plications that were associated with surgical 
mesh devices used to repair POP and SUI…. The 
most frequent complications included erosion 
through vaginal epithelium, infection, pain, 
 urinary problems, and recurrence of prolapse 
and/or incontinence. There were also reports of 

J.T. Anger, M.D., M.P.H. (*) • K.S. Eilber, M.D.
Department of Surgery, Division of Urology, 
Cedars-Sinai Medical Center, 99 North La Cienega 
Boulevard, Suite 307, Beverly Hills, CA, USA 
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bowel, bladder, and blood vessel perforation 
 during insertion.” As the number of vaginal 
mesh- related cases rose to over 3874, the FDA 
communicated a second safety notification to 
providers on July 13, 2011 [10]. Ultimately, the 
FDA gave an order to reclassify transvaginal 
mesh kits from class II (which generally includes 
moderate-risk devices) to class III (which gener-
ally includes high-risk devices). The FDA also 
issued a second order that requires manufacturers 
to submit a premarket approval (PMA) applica-
tion to support the safety and effectiveness of 
transvaginal mesh [11].

The high complication rate of vaginally 
placed mesh led many pelvic surgeons to return 
to the gold standard technique for vaginal vault 
prolapse—the abdominal sacrocolpopexy. 
During the same time period that transvaginal 
mesh became controversial, robotic surgery 
gained rapid popularity in the world of urology. 
Specifically, the number of robot-assisted radical 
prostatectomies performed worldwide nearly 
tripled between 2007 and 2010, from 80,000 to 
205,000 [12]. Between 2007 and 2009, the num-
ber of da Vinci systems installed in U.S. hospi-
tals grew by approximately 75%, from almost 
800 to around 1400. Soon after radical prostatec-
tomy, robotic surgery began to diffuse across 
many other surgical specialties. The rapid inno-
vation of robotic surgery, combined with the 
negative media attention surrounding transvagi-
nal mesh, contributed to the rapid adoption of 
robotic- assisted sacrocolpopexy. In fact, the rate 
of sacrocolpopexy procedures almost doubled 
yearly from 2008 to 2011 among Medicare ben-
eficiaries [13].

For the skilled laparoscopic surgeon, laparos-
copy offers a minimally invasive alternative to 
open sacrocolpopexy. However, suturing the 
mesh to the vagina laparoscopically is tedious, 
and access to the deep pelvis is often difficult. In 
operations where a pure laparoscopic approach is 
feasible, such as in appendectomy and cholecys-
tectomy, the use of robotic assistance may not be 
justifiable financially. However, the sacrocolpo-
pexy is an operation that benefits greatly from 
robotic assistance. The use of robotic technology 
has made laparoscopic sacrocolpopexy a more 

feasible procedure for many pelvic surgeons, not 
just expert laparoscopists. The improved dexter-
ity of the robot and precision of instruments 
allow suturing of mesh to the vagina to be accom-
plished with ease. Further, the three-dimensional 
imaging of the robotic camera provides close 
visualization of the vessels overlying the sacral 
promontory and may allow for better preserva-
tion of these vessels and less blood loss.

Like many techniques in pelvic surgery, trends 
in the management of vaginal vault prolapse 
have continued to evolve. Unfortunately, such 
trends are not supported by level I data, specifi-
cally that provided by randomized clinical trials. 
Although robotic technology is new and rapidly 
spreading throughout the urologic and gyneco-
logic communities, there have been no random-
ized trials comparing outcomes of robotic versus 
open sacrocolpopexy. Retrospective series indi-
cate comparable efficacy with respect to cure of 
prolapse. However, to date, it is unknown how 
robotic surgery compares to open techniques 
with respect to patient safety, pain, and ability to 
return to normal activities.

The use of the robot in laparoscopic surgery is 
costly. The costs of purchasing a robot have been 
estimated at $1.5 million dollars with annual 
maintenance costs of $112,000 [14]. In addition, 
additional costs exist for the robotic equipment 
utilized with each case. It is arguable that the 
maintenance and operative equipment costs may 
overshadow any potential savings in length of 
hospital stay and patient convalescence [15]. 
However, we have shown in a randomized trial 
that, when costs of robot purchase and mainte-
nance were excluded, there was no statistical dif-
ference in initial day of surgery costs of robotic 
compared with laparoscopic sacrocolpopexy 
[16, 17]. If robotic sacrocolpopexy can provide 
better immediate quality of life, less pain, and 
faster recovery compared to open techniques and 
can allow good laparoscopy to be performed by 
many pelvic surgeons (not just expert laparosco-
pists), the investment in robotic techniques may 
very well be cost-effective when a societal per-
spective is taken.

In this textbook, we seek to present concepts 
important to the pelvic surgeon with interest in 
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robotic-assisted sacrocolpopexy (RASC). We will 
review patient candidacy and alternatives, choice 
of concomitant vaginal procedures, and manage-
ment of concomitant stress urinary incontinence 
(symptomatic and occult). We will also provide 
detailed descriptions of the set up and steps of 
RASC. Several chapters will address uterine pro-
lapse and management of the ovaries and fallo-
pian tubes, as well as controversies surrounding 
uterine morcellation. We will also address robotic 
management of enterocele and rectal prolapse, 
which often occur simultaneously with vaginal 
prolapse. Other pelvic procedures that can suc-
cessfully be performed robotically, including ves-
icovaginal fistula repair and robotic-assisted 
ureteral reimplantation, will be reviewed in detail. 
Lastly, we will review complications unique to 
robotic surgery and their management.
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 Introduction

When analyzing prevalence of pelvic organ pro-
lapse (POP), anterior vaginal wall prolapse is the 
most common type, but loss of apical support is 
usually present in women with prolapse that 
extends beyond the hymen [1, 2]. Adequate sup-
port for the vaginal apex is an essential component 
of a durable surgical repair for women with 
advanced prolapse [3, 4]. Anterior and posterior 
wall repair may fail without the support of the 
vaginal apex at the time of surgical correction of 
prolapse [5, 6].

 History of Sacrocolpopexy

The evolution of what has become the robotic- 
assisted laparoscopic sacrocolpopexy (RASC) 
dates back to 1957, when Arthure and Savage 
attempted to prevent recurrent enteroceles that 

formed after standard apical prolapse procedures 
by anchoring the posterior uterine fundus to the 
sacral anterior longitudinal ligament [7]. The 
procedure further evolved with the addition of 
concomitant hysterectomy and an intervening 
graft between the vagina and sacrum to overcome 
excessive tension [8]. Birnbaum felt that the 
sacral promontory was too anterior for mesh 
placement, given that the upper vagina is nor-
mally directed into the hollow of the sacrum, and 
instead placed the mesh at the level of S3–S4 to 
recreate the natural angle [9]. Due to the increased 
risk of hemorrhage in the pre-sacral space at the 
S3–S4 site, Sutton advocated anchoring the graft 
higher, at the S1–S2 level, where the middle 
sacral artery could be visualized and avoided.

The procedure was further modified by 
extending the graft along the full length of the 
rectovaginal septum to decrease graft detach-
ment and improve posterior vaginal wall support 
[10]. Addison et al. initially used a folded, coni-
cal graft configuration to maximize the surface 
area for mesh attachment, but due to increased 
risk of mesh erosion, the approach was changed 
to two separate graft strips sutured with mono-
filament sutures. This approach also allowed the 
surgeon to exert differential tension on the ante-
rior and posterior grafts, thereby potentially 
decreasing urinary incontinence caused by an 
overcorrected urethrovesical angle [11]. Several 
surgeons used autologous or allogenic grafts in 
attempts to decrease mesh erosion, but better 
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anatomic cure rates have been found with nonab-
sorbable synthetic mesh [12–16].

This procedure has been performed since 
1957 when it was first described by Arthure and 
Savage and has been modified in technique by 
changing graft material and altering the 
approach from abdominal to laparoscopic, with 
and without robotic assistance [8, 17]. A review 
of the abdominal sacrocolpopexy literature 
found the surgical procedure to be a reliable 
procedure that effectively resolves vaginal vault 
prolapse [12]. In a retrospective cohort study 
comparing robotic to abdominal sacrocolpo-
pexy with placement of permanent mesh, RASC 
demonstrated similar short-term vaginal vault 
support compared with abdominal sacrocolpo-
pexy (slight improvement on Pelvic Organ 
Prolapse Quantification System (POP-Q) 
(Table 2.1) C point, −9 cm compared with 
−8 cm, p = 0.008), with longer operative time 
(328 ± 55 min compared with 223 ± 61 min, 
p < 0.001), less blood loss (103 ± 96 mL com-
pared with 255 ± 155 mL, p < 0.001), and 
shorter length of stay (1.3 ± 1.8 days compared 
with 2.7 ± 1.4 days, p < 0.001) [18]. Long-term 

data of surgical outcomes of women who under-
went open sacrocolpopexy were compared both 
by objective measure of POP-Q and by vali-
dated patient questionnaires [19].

 Patient Selection

 Who Is a Candidate for Robotic 
Surgery?

Patient selection for RASC has not been well- 
studied. Selection depends on many factors, 
including the surgeon’s level of expertise with 
this surgical technique, resources available at the 
hospital or surgery center, and patient factors. 
These include the need for concomitant proce-
dures, age, functional status, body mass index 
(BMI), previous prolapse or incontinence sur-
gery, and comorbidities that may limit the dura-
tion of the anesthesia [14] (Table 2.2). In our 
opinion, criteria from the Abdominal Colpopexy: 
Comparison of Endoscopic Surgical Strategies 
(ACCESS) study should be used for patient 
selection. Patients must have symptomatic stage 
II–IV pelvic organ prolapse according to the 
POP-Q system with significant apical descent, 
defined as prolapse of the vaginal apex or cervix 
to at least halfway into the vaginal canal (POP-Q 
point C ≥ TVL/2) as well as vaginal bulge symp-
toms [20].

Table 2.1 Pelvic organ prolapse quantification (POP-Q)

Aa Ba C

GH PB TVL

Ap Bp D

Stage 0: no prolapse is demonstrated. Aa, Ba, Ap, 
Bp = −3 and C or D ≤ −(TVL-2) cm

Stage 1: The most distal portion of the prolapse is 
more than 1 cm above the level of the hymen

Stage 2: The most distal portion of the prolapse is 
1 cm or less proximal or distal to the hymenal plane

Stage 3: The most distal portion of the prolapse 
protrudes more than 1 cm below the hymen but 
protrudes no farther than 2 cm less than the total 
vaginal length

Stage 4: Most distal edge of prolapse if ≥ + (TVL-2)
cm

Aa point A anterior, Ap point A posterior, Ba point B ante-
rior, Bp point B posterior, C cervix or vaginal cuff, D pos-
terior fornix (if cervix is present), GH genital hiatus, PB 
perineal body, TVL total vaginal length

Table 2.2 Consideration for robotic surgery

Considerations

BMI

Comorbidities

Previous abdominal/pelvic procedures: consider 
extra-peritoneal

Ability to obtain informed consent for a procedure that 
involved surgery, mesh, morcellation

Dedicated operating room for robotics

Cost of robotic system

Robotic instrumentation and maintenance

J.S. Zigman and A.E. Rosenman
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 Benefits of Laparoscopy

Benefits of minimally invasive abdominal sur-
gery performed laparoscopically consist of 
reduced postoperative pain, improved cosmesis 
due to smaller incisions, shorter hospital stays, 
faster postoperative recovery, potentially lower 
costs, and improved patient satisfaction [21] 
(Table 2.3). Laparoscopic surgery may be benefi-
cial for obese patients compared to an open 
 procedure where the pelvis may be deep and 
more difficult to visualize. For deep pelvic dis-
sections required during a sacrocolpopexy, lapa-
roscopy allows for a two-dimensional view of the 
field that can be magnified.

 Laparoscopic Versus Robotic 
Approach in Gynecologic Surgery

In a recent meta-analysis comparing the out-
comes of laparoscopic sacrocolpopexy (LSC) 
and RASC, data on 264 RASC and 267 LSC 
procedures were collected from seven studies. 
Pan et al. reported similarities in estimated 
blood loss (114.4 vs. 160.1 mL; p = 0.36) and 
incidence of intraoperative/postoperative com-
plications (p = 0.85 vs. p = 0.92). RASC was 
found to be more costly (p < 0.01) and had a 
higher mean operative time (245.9 vs. 205.9 min; 
p < 0.001) [22].

In an effort to compare LSC and RASC for 
vaginal apex prolapse, a blinded randomized 
trial included participants with stage 2–4 post- 
hysterectomy vaginal prolapse. One year after 

prolapse repair, both groups demonstrated sig-
nificant improvement in vaginal support and 
functional outcomes, but RASC had a longer 
operating time, increased pain postoperatively, 
and a higher surgical cost [23]. Anger et al. 
 randomized 78 women to laparoscopic (N = 38) 
and robotic (N = 40) sacrocolpopexies. The ini-
tial day of surgery hospital costs for RASC 
were $2419 higher when robotic costs were 
included ($13,992 compared with $11,573; 
p = 0.001), and over 6 weeks, hospital costs 
were $3104 higher for RASC when robotic 
costs were included ($15,274 compared with 
$12,170; p < 0.001). Both the initial and 
6-week costs remain significantly higher for 
robotic sacrocolpopexy when robotic costs 
were included [24].

In a retrospective cohort study comparing 
abdominal sacrocolpopexy with RASC, there 
was similar short-term vaginal vault support but 
the latter had a longer operative time, less blood 
loss, and a shorter length of stay [18]. A cost 
minimization study was performed comparing 
open with RASC and found the robotic approach 
to be equal or less costly than the open approach 
depending on the institutional robotic case vol-
ume [25]. Although laparoscopic sacrocolpo-
pexy has been shown to be equivalent or better in 
some aspects mentioned, the skills required are 
not easily acquired and the learning curve is 
long. It is technically challenging to place the 
large number of sutures necessary without 
wristed instruments, and the physical cost to the 
surgeon has not yet been studied in wear and tear 
on the neuromuscular skeletal system. 
Interestingly, the learning curve for RASC is 
shorter than LSC even though it is considered a 
complex robotic surgery.

 Anesthetic Concerns

Despite the advantages of laparoscopic or robotic 
gynecologic surgery, there are concerns from the 
other side of the surgical curtain. Concerns from 
anesthesia providers range from positioning of 

Table 2.3 Benefits of laparoscopic and robotic surgery 
compared to abdominal surgery

Benefits of laparoscopic/robotic surgery

Reduced postoperative pain

Improved cosmesis (smaller incisions)

Shorter hospital stays

Faster postoperative recovery

Potentially lower costs (laparoscopic)

Improved patient satisfaction

Improved visualization for deep pelvic dissections

2 Patient Selection, Risks, and Alternative Surgical Strategies
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the patient to physiologic changes. From the 
beginning of the surgical procedure, the anesthe-
siology team has restricted access to the patient 
due to the mass of the equipment set over the 
patient (Fig. 2.1). During robotic surgery, access 
is even further restricted by docking the robot, as 
the patient cannot be moved after this point. 
Furthermore, the arms are completely tucked and 
often wrapped or padded, limiting access for 
intraoperative blood draws or placement of an 
arterial catheter or additional venous access dur-
ing the procedure (Table 2.4).

 Pneumoperitoneum 
and Trendelenburg Position
Prevention and treatment of complications due to 
induced pneumoperitoneum, prolonged lithot-
omy position, and steep Trendelenburg positions 
have been explored. Although apparently well- 
tolerated by most patients, the combined effect of 
the steep Trendelenburg position, which is about 
40°, and carbon dioxide pneumoperitoneum dur-
ing these long procedures, has not been com-
pletely defined. In one observational study of 
robotic endoscopic radical prostatectomy, 
Trendelenburg position combined with a carbon 
dioxide pneumoperitoneum significantly influ-
enced cardiovascular, cerebrovascular, and respi-
ratory homeostasis, but variables remained within 
a clinically acceptable range.

Mean arterial pressure is increased by 
increased cardiac output, systemic vascular 
resistance, or both. These changes have been 
demonstrated by an increased intra-abdominal 
pressure compressing the aorta and increasing 

Fig. 2.1 Access to the 
patient is limited for the 
anesthesiology team 
during robotic surgery 
(© 2016, Intuitive 
Surgical, Inc)

Table 2.4 Concerns from the anesthesiology providers

Physiological effects of pneumoperitoneum in the 
Trendelenburg position

Restricted access to the patient due to the mass of the 
equipment set over the patient, tucked arms, docked 
robot

Patient obesity (see Table 2.5)

Prolonged lithotomy position

J.S. Zigman and A.E. Rosenman
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the afterload, possibly further enhanced by 
humoral factors during laparoscopic surgery 
[26]. Also, transesophageal Doppler measure-
ments have shown a significant increase in stroke 
volume when patients are placed in steep 
Trendelenburg position [27]. Furthermore, 
regional cerebral oxygenation was well-pre-
served and the cerebral perfusion pressure 
remained above the lower limit of the cerebral 
autoregulation [28, 29].

 Cardiovascular Considerations
The assessment of a patient’s cardiac risk in the 
perioperative period is made during the history, 
physical examination, and electrocardiogram. 
Depending on a patient’s cardiac risk, the sur-
geon should decide if surgery should proceed 
without further cardiovascular testing, or be 
postponed for further testing such as stress test-
ing, echocardiography, or 24 h ambulatory 
 monitoring. The planned surgery may have to be 
changed to a lesser risk surgery, or conservative 
management may be chosen instead of surgical 
treatment. In patients assessed to be at increased 
cardiovascular risk, a referral to a cardiologist 
for further evaluation may be indicated preoper-
atively [30].

A history of ischemic heart disease, conges-
tive heart failure, cerebral vascular disease, renal 
dysfunction, and preoperative insulin treatment 
all increase the risk of cardiac complications. 
Studies have shown a 10–30% reduction in car-
diac output in Trendelenburg. Parameters includ-
ing heart rate, arterial pressure, stroke volume, 
carbon dioxide elimination, and total respiratory 
compliance have been measured. Using these 
values, mean arterial pressure, total peripheral 
resistance, stroke index, and cardiac index were 
calculated. At maximum hemodynamic strain, 
stroke index and cardiac index were reduced by 
42%, without significant changes in heart rate 
and mean arterial pressure. Total peripheral resis-
tance was increased by 50–100% [31].

The Trendelenburg position in awake and 
anesthetized patients increases pulmonary arte-

rial pressures, central venous pressure, and pul-
monary capillary wedge pressure. The cardiac 
index, a parameter that relates the cardiac output 
from left ventricle in 1 min to body surface, 
decreased with anesthesia induction and then 
again further during laparoscopy. Soon after 
deflation after laparoscopy, the cardiac index 
returns to pre-insufflation values [32].

 Obese Patients

Concerns have been raised about the applicabil-
ity of robotic and laparoscopic surgery in the 
obese patient (Table 2.5). Arterial oxygenation 
and alveolar-arterial difference in oxygen ten-
sion are significantly impaired in obese patients. 
One study looking at the issues of obesity in a 
surgical population compared 15 overweight 
and 15 nonobese patients undergoing robot-
assisted radical prostatectomy under general 
anesthesia. This procedure is similar to a RASC 
in length and in Trendelenburg positioning of 
the patient. The alveolar-arterial difference in 
oxygen tension is a measure of the difference 
between the alveolar concentration of oxygen 
and the arterial concentration of oxygen and is 
used in diagnosing the source of hypoxemia. 
This small study demonstrated that overweight 
(BMI of 25–29.9 kg m2) patients had impaired 
arterial oxygenation with a higher alveolar-arte-

Table 2.5 Considerations in obese patients

Arterial oxygenation and A(a) DO2 are significantly 
impaired in overweight patients under general 
anesthesia in Trendelenburg position

Pneumoperitoneum may transiently reduce 
impairment in arterial oxygenation and decrease A(a) 
DO2

Higher expiratory airway pressures

Increased open conversion rates

Increased airway pressures after placing a morbidly 
obese patient in the lithotomy and steep Trendelenburg 
positions, possibility of aborting or converting to an 
open procedure

Hemodynamic parameters are not affected by BMI

2 Patient Selection, Risks, and Alternative Surgical Strategies
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rial  difference in oxygen tension levels after 
induction of anesthesia and Trendelenburg posi-
tioning. In these overweight patients, pneumo-
peritoneum reduced the impairment of arterial 
oxygenation as well [33].

In a study to determine the impact of BMI on 
perioperative functional and oncological out-
comes in patients undergoing robotic laparo-
scopic radical prostatectomy, 945 patients were 
stratified by BMI: normal weight (BMI < 25 kg/
m2), overweight (BMI = 25 to <30 kg/m2), and 
obese (BMI ≥ 30 kg/m2). Obese patients experi-
enced increased open conversion rates (2.3%) 
compared with nonobese patients (0.9%), with 
over 80% of these open conversion cases due to 
higher expiratory airway pressures while in 
Trendelenburg [34].

Hemodynamic parameters have not been 
shown to be affected by BMI in laparoscopic or 
robotic surgeries [33, 35]. A recent retrospective 
study on obese patients (BMI of 30 kg/m2) fol-
lowed 1032 patients who underwent robotic 
gynecological surgery at two institutions 
between 2006 and 2012 and found that 14% had 
any complication, but only 3% of patients had a 
pulmonary complication. The degree of obesity 
did not predict complications or success of 
robotic surgery. Age was significantly associ-
ated with a higher risk of pulmonary complica-
tions (p = 0.01). Older age (p = 0.0001), higher 
estimated blood loss (p < 0.0001), and longer 
case length (p = 0.004) were associated with a 
higher rate of all-cause complications. The 
authors concluded that the vast majority of 
obese patients can tolerate robotic gynecologi-
cal surgery with low complication rates and 
even lower rates of pulmonary complications 
[36]. In a subgroup analysis, there was no clini-
cal difference between patients who underwent 
robotic gynecologic surgery for oncologic ver-
sus benign indications [37].

 Alternative Surgical Strategies

When considering candidacy for RASC, it is 
important to understand the other surgical options 
available for apical POP repair, as there are sev-

eral good options for surgical correction of apical 
prolapse with relatively high success rates.

 Transvaginal Approaches

 Sacrospinous Ligament Fixation
Sacrospinous ligament fixation (SSLF) is one of 
the most frequently performed and well-studied 
of the hysteropexy/colpopexy techniques. This 
procedure involves performing an extra- 
peritoneal dissection until the sacrospinous liga-
ment is identified and exposed. The right 
sacrospinous ligament is often used due to the 
left side’s proximity to the rectum. With the use 
of a reusable ligature carrier or a suture delivery 
device, the sacrospinous ligament is attached to 
the posterior cervix, vagina, or possibly the 
uterosacral ligament using a permanent monofil-
ament suture, delayed absorbable sutures, or a 
combination of both (Fig. 2.2).

The safety profile, as well as the success of 
this procedure, has been extensively studied and 
described in detail in the literature. Generally, 
there is a low recurrence rate [38], shorter recov-
ery times, less morbidity, shorter operating times, 
less pain, and a shorter hospital stay when a SSLF 
is performed without a hysterectomy [39]. In one 
randomized controlled trial, 71 women either 
underwent a SSLF without a hysterectomy or 
vaginal hysterectomy and uterosacral ligament 
suspension (USLS). There were no differences in 
quality of life, prolapse or incontinence symp-
toms, or reoperation rates at 1 year. Although 
subjectively, prolapse symptoms were the same 
1 year postoperatively, 27% of the SSLF group 
had stage II or greater prolapse on the POP-Q 
(Table 2.6) compared to only 11% in the vaginal 
hysterectomy with USLS group. SSLF was asso-
ciated with shorter hospitalization, shorter recov-
ery with more rapid return to work, and a 
significantly longer mean total vaginal length of 
8.8 versus 7.3 cm than the hysterectomy with api-
cal suspension group (p < 0.01) [40]. Most 
recently, SSLF was reported to be non-inferior to 
vaginal hysterectomy with suspension of the 
uterosacral ligaments for symptomatic recurrent 
prolapse of the apical compartment. Although the 
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main outcome was POP recurrence at Stage II or 
higher of the apical compartment, this study also 
reported no significant differences between ana-
tomical recurrences, functional outcomes, or 
quality of life [41].

Because this procedure is short in duration, 
has minimal blood loss, and does not require 
entering the posterior cul de sac, patients with 
comorbidities that do not allow for long proce-
dures or patients who have scarring in the cul de 
sac due to previous surgeries, endometriosis, or 

pelvic inflammatory disease, may be good 
candidates.

Uterosacral Ligament Suspension
This technique involves entering the peritoneal 
cavity through the vagina at the location of the 
vaginal cuff in a post-hysterectomy patient, 
through a posterior colpotomy in a uterine- 
sparing procedure, or through the open cuff at the 
time of a vaginal hysterectomy. One to three 
delayed absorbable sutures and/or permanent 
sutures are placed through each uterosacral liga-
ment at or above the ischial spine. The sutures are 
then attached either extra-peritoneally or intra- 
peritoneally to the cervix or vaginal apex. This 
procedure is done extra-peritoneally when the 
surgeon choses to avoid the posterior cul de sac 
due to a previous history of pelvic surgery, endo-
metriosis, pelvic inflammatory disease, or other 
known pelvic scarring.

One retrospective study compared 100 cases of 
USLS to 100 cases of USLS at the time of a vagi-
nal hysterectomy and found similar objective 
results at the postoperative mark of 1.5 years. 
Objective apical support was 96.4%, with no dif-
ference between hysteropexy and cuff suspension 
(96.0% vs. 96.8%, p = 0.90), cystocele (86.8% vs. 

Fig. 2.2 Placement of 
suture with a suture 
delivery device through 
the sacrospinous 
ligament (Image used 
with permission from 
Boston Scientific, 2017)

Table 2.6 Relative contraindications to laparoscopic or 
robotic surgery

Relative contraindications

BMI

Patient preference for Pfannenstiel/previous 
Pfannenstiel

Pelvic/abdominal radiation therapy

Immunosuppression: chemotherapy, chronic steroid 
use, immunosuppressive medications

Connective tissue disorders causing poor wound 
healing

Severe intra-abdominal adhesions

Compromised pulmonary status

Inability to tolerate positioning

Prior upper limb neural injury during surgery

2 Patient Selection, Risks, and Alternative Surgical Strategies
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93.8%, p = 0.31), or rectocele (97.8% vs. 100%, 
p = 0.16) at 2 years after surgery [42].

Using the POP-Q D point, which is the point 
of the posterior fornix, has been shown to 
 correlate with postoperative apical support, and 
a clinically meaningful relationship exists 
between the preoperative D point and anatomic 
apical success. D points are only present in 
patients who have a uterus. Richter et al. found 
that a more negative preoperative D point was 
significantly related to improved postoperative 
apical support (p = 0.0005). This study excluded 
women who had a previous hysterectomy, as 
they did not have a preoperative D point [43]. In 
our experience, the outcomes are similar except 
when there is cervical elongation (more than 
4 cm) and/or when there is a very large anterior 
compartment defect, in which case it is difficult 
to adequately elevate and support the anterior 
wall with the cervix in place, or even with suffi-
cient elevation of the apex or anterior wall, the 
elongated cervix may cause the patient bulge 
symptoms.

Manchester Procedure
Originally described in 1888, the Manchester 
procedure involved amputation of the cervix, col-
porrhaphy, and attachment of the cervical stump 
to the transposed contralateral uterosacral- 
cardinal ligament complex [44]. Since then, 
modifications have been made, involving plica-
tion of the uterosacral ligaments instead of cut-
ting and transposing the ligaments [45].

In a study comparing the modified Manchester 
to vaginal hysterectomy with uterosacral liga-
ment suspension outcomes, 98 patients returned 
for a 1 year follow-up (51 in modified 
Manchester group and 48 in TVH with USLS 
group) and were included in this comparison. 
There were similar anterior and posterior com-
partment prolapse recurrences (POP stage 
greater than or equal to stage II) of about 50%, 
but no apical recurrence for the modified 
Manchester group. In the modified Manchester 
group, there was no apical recurrence versus 
two patients with objective apical recurrence in 

the vaginal hysterectomy group. Despite more 
apical recurrence objectively, there was no dif-
ference in the pre- and postoperative subjective 
scores between groups [46]. This procedure is 
less commonly performed because cervical 
amputation has been associated with hematome-
tra, which is retention of blood in the uterine 
cavity caused by obstruction to uterine flow at 
the level of the uterus, cervix, or vagina, infec-
tion in the uterus, infertility, miscarriage, and 
preterm delivery [47].

Colpocleisis
Colpocleisis is a surgical technique for POP that 
can be uterine-sparing, with the benefits of short 
operating room time, low morbidity and reopera-
tion rates, high satisfaction rates, and improved 
body image. The LeFort colpocleisis leaves the 
uterus in situ while the total colpocleisis is per-
formed on patients without a uterus. During both 
procedures, the vagina is sutured closed and the 
operation is, therefore, only appropriate for 
patients who do not wish to have vaginal inter-
course. High satisfaction and low regret seen 
24 weeks after surgery provide reassurance that 
colpocleisis is an excellent option for appropriate 
patients who do not desire the option of sexual 
intercourse [22].

Although there are no studies comparing 
obliterative procedures in these groups, there are 
many reasons to perform a concomitant TVH in 
appropriate patients who have risk factors for 
cervical cancer, such as current or recent high 
risk human papillomavirus infection or cervical 
intraepithelial neoplasia, or increased risk factors 
for endometrial cancer such as obesity, tamoxifen 
use, or Lynch syndrome. Lynch syndrome is also 
called hereditary nonpolyposis colorectal cancer 
(HNPCC) and it is an inherited disorder that 
increases the risk of many types of cancer, includ-
ing endometrial cancer. It is advised that women 
who are at average risk of cervical and/or 
 endometrial cancer consider concomitant 
 hysterectomy at the time of colpocleisis so that 
cervical screening or endometrial sampling is not 
needed in the future.
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Indications for removing the uterus are cur-
rent tamoxifen therapy, familial cancer syn-
dromes (BRCA 1, BRCA 2, Hereditary 
Nonpolyposis Colonic Cancer Syndrome), 
inability to comply with routine gynecologic 
exams, uterine abnormalities such as fibroids, 
adenomyosis, abnormal endometrial lining, or 
abnormal uterine bleeding [48]. If a patient is in 
reasonable physical health and has an extended 
life-expectancy, she may benefit from a hyster-
ectomy at the time of colpocleisis. The overall 
rate of major perioperative and postoperative 
adverse events in women undergoing colpoclei-
sis is low; however, when a hysterectomy is per-
formed at the same time, the operative times are 
longer and the blood loss is greater [49].

Special Considerations of the Use 
of Vaginal Mesh
In 2002, the US Food and Drug Administration 
(FDA) approved vaginal insertion of mesh for 
the surgical treatment of pelvic organ prolapse, 
and in 2008, released a public health notification 
of risks associated with this use of surgical mesh. 
Surgical mesh placed through the abdomen for 
procedures, including sacrocolpopexy, had been 
performed for decades prior. The FDA public 
health notification stated that there were serious, 
but rare, complications associated with transvag-
inal placement of surgical mesh in repair of POP 
and stress urinary incontinence [50].

In 2011, prompted by concerns regarding the 
long-term safety of vaginally placed synthetic 
mesh, the FDA released an updated communica-
tion questioning the effectiveness of vaginal 
mesh for POP as compared with the non-mesh 
repair of POP (slings for stress urinary inconti-
nence, with much lower complication rates, were 
excluded from this warning). The FDA reported a 
fivefold increase in mesh-related events from 
January 1, 2008, through December 31, 2010 
[51]. The FDA’s literature review found that 
extrusion of mesh through the vagina is the most 
common and consistently reported mesh-related 
complication from transvaginal placement of sur-

gical mesh for POP. Shortly thereafter, the 
American Urogynecologic Society (AUGS) 
released guidelines for privileging and creden-
tialing of physicians planning to implement or 
continue using transvaginal mesh for pelvic 
organ prolapse [52].

In 2015, the FDA issued two orders to manu-
facturers and the public to strengthen the data 
requirements for transvaginal surgical mesh for 
POP. One order reclassifies these medical 
devices from class II, which generally includes 
moderate- risk devices, to class III, which 
includes high-risk devices. The second order 
requires manufacturers to submit a premarket 
approval application to support the safety and 
effectiveness of surgical mesh for the transvagi-
nal repair of POP [53] (Fig. 2.3).

The use of vaginal mesh for uterovaginal 
prolapse is controversial, and while there are 
complications noted in the literature, there is 
also evidence of anatomic success and patient 
satisfaction. Although many vaginal mesh kits 
have been voluntarily taken off the market, 
some are still available [54, 55]. Studies per-
formed earlier continue to be published and 
there are many more studies in progress that 
will be published in the future. A recent study 
by Huang et al. compared 24 patients who had 
mesh placed at the time of hysterectomy to 78 
patients who had uterine- sparing surgery with 
anterior mesh alone. There were no differences 
in functional or anatomic outcomes or statisti-
cally significant differences in postoperative 
adverse events [56].

Another study comparing an anterior and 
apical mesh system in a uterine-sparing proce-
dure to one with concomitant hysterectomy 
reported anatomic success along with a similar 
complication rate. There was a trend toward 
increased mesh extrusion when a hysterectomy 
was done at the same time, but larger studies are 
needed to determine the true impact [57]. Cho 
et al. found a 97.1% anatomic success rate 
2 years after transvaginal pelvic floor repairs 
with an anterior vaginal mesh system. Validated 
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quality of life scales improved and there was an 
improvement in all points when comparing the 
pre- and postoperative POP-Q [58]. A recent 
multicenter study by Jirschele et al. reported a 
good safety profile, as well as effective prolapse 
repair when the procedure was performed on 99 
women with an apical polypropylene mesh kit 
after 12 months of follow- up [59].

 Abdominal Approaches

 Abdominal Sacrohysteropexy
The earliest abdominal approaches focused on 
transfixing the uterus to the anterior abdominal 
wall. However, more recently, an abdominal lap-
arotomy incision has been used to perform a 
sacrohysteropexy. This procedure can be per-
formed with or without graft material and usually 
involves securing mesh to both the posterior cer-
vix and through windows made in the broad liga-
ments to the anterior cervix. The mesh is then 
attached to the anterior longitudinal ligament that 
runs over the sacrum. In the past decade, multiple 
small prospective and retrospective studies show 
anatomical success and symptomatic improve-
ment for patients [60]. More recently, physicians 
are moving toward more minimally invasive 

techniques to accomplish this, techniques which 
will be reviewed in another chapter of this 
textbook.

 Laparoscopic/Robotic Uterosacral 
Ligament Suspension
Laparoscopic uterosacral ligament suspension 
was first described in 1994 and typically is per-
formed with one to two suspension sutures that 
are placed in each ligament near the level of the 
ischial spine and then attached to the vaginal 
apex or cervix [60]. In a study by Krantz et al., 
the association between intraoperative (χ2 = 0.83, 
p = 0.36), postoperative (χ2 = 1.88, p = 0.17), or 
overall (χ2 = 0.53, p = 0.47) complications for 
those undergoing a laparoscopic (N = 23) or 
transvaginal USLS (N = 23) approach was not 
significant [61].

Laparoscopic Hysteropexy
Different methods of laparoscopic sacrohystero-
pexy have been described with suture, graft, and 
mesh and there are currently ongoing studies. In 
the Oxford laparoscopic sacrohysteropexy tech-
nique, the procedure is performed with graft 
material and involves securing mesh to both the 
posterior cervix and through the windows made 
in the broad ligaments, to the anterior cervix. The 
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arms of the mesh are transfixed anterior to the 
cervix with three nonabsorbable sutures [62].

One-year follow-up data were analyzed for 
women randomized to laparoscopic hysteropexy 
or vaginal hysterectomy with USLS. Outcomes 
were favorable for the laparoscopic hysteropexy 
showing faster return to normal activity, 
decreased estimated blood loss, and pain score 
24 h postoperatively [63]. In another study of 140 
patients who underwent laparoscopic hystero-
pexy for POP, 89% felt their prolapse was “very 
much” or “much” better and there was a statisti-
cally significant improvement in all parameters 
of POP-Q [64]. In a prospective, controlled study, 
34 of the 72 consecutive patients with symptom-
atic POP were treated with sacrohysteropexy and 
the other 38 with hysterectomy followed by 
sacrocolpopexy with mesh. The authors report 
safety in sacrohysteropexy for women who 
request uterine preservation. Whether the uterus 
was preserved or not, patients had similar results 
in terms of prolapse resolution, urodynamic out-
comes, and improvements in voiding and sexual 
dysfunctions. In the uterine- sparing surgery, the 
operating time was shortened and there was less 
blood loss [65].

Costantini et al. followed 52 patients for 
60 ± 34 months who underwent sacrohy-
steropexy, 47 laparoscopic, and eight abdominal. 
The study found that anterior compartment recur-
rence (stage ≥ 2) was present in 4 out of 52 
patients (7.7%), while posterior compartment 
prolapse was present in three (5.7%). Sexual 
activity was maintained in 28 out of 29 patients 
(95.5%) [66].

Robotic Sacrohysteropexy
In addition to laparoscopic techniques, some sur-
geons have made the transition to robotic-assisted 
laparoscopic approaches. A retrospective cohort 
study of 168 patients compared three robotic 
groups, total hysterectomy plus mesh sacrocol-
popexy, mesh sacrohysteropexy, and hysterec-
tomy plus uterosacral suspension and showed a 
sixfold increase in POP recurrence in the utero-
sacral suspension group. Furthermore, with a 

median follow-up of 36 months in all surgery 
groups, there was no difference in the complica-
tion rates and functional outcomes, but operation 
time was longest in the hysterectomy plus sacro-
colpopexy group. The authors suggest that the 
use of mesh, rather than hysterectomy, might be 
necessary for successful POP surgery [67]. 
Mourik et al. described the technique of robotic- 
assisted sacrohysteropexy in a series of 40 
patients to emphasize that for those wishing to 
keep their uterus, success rates remain high. 
Before operation, overall well-being by validated 
questionnaires was scored at 67.7% and after sur-
gery, this improved to 82.1% (p = 0.03) [68]. 
There is a risk of nerve damage and bleeding dur-
ing the dissection to the anterior longitudinal 
ligament at the sacral promontory.

A Cochrane review concluded that sacrocol-
popexy had superior outcomes compared to 
sacrospinous ligament fixation, uterosacral liga-
ment suspension, and vaginal mesh. Due to supe-
rior results, this method is gaining popularity, but 
must be balanced with the increase in operating 
room time and higher cost of the robotic approach 
[69]. The popularity of RASC is increasing as 
transvaginal mesh is becoming less acceptable to 
patients and offered less often by surgeons. The 
ability to perform a sacral suspension procedure 
without a big incision appeals to women and phy-
sicians alike. It is a complicated skill set and 
requires adequate time and volume to learn and 
maintain these skills.

AUGS released Guidelines for Privileging 
and Credentialing Physicians for Sacrocolpopexy 
in 2013 for POP, which provided recommenda-
tions to assist health care institutions when con-
sidering granting privileges to perform 
sacrocolpopexy. The guidelines recommend that 
sacrocolpopexy for POP should be performed by 
surgeons with board certification or active candi-
dacy for board certification in obstetrics and 
gynecology or urology who also have requisite 
knowledge, surgical skills, and experience in 
reconstructive pelvic surgery [70]. The surgeon 
should be qualified to perform the procedure 
open as well.

2 Patient Selection, Risks, and Alternative Surgical Strategies
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In 2012, a Cochrane review of robotic sur-
gery for benign gynecological disease con-
cluded that current evidence did not support the 
use of robotic surgery for patients with benign 
gynecologic disease, specifically for sacrocol-
popexy and hysterectomy. The review stated 
that the current studies fail to show any superi-
ority as compared to laparoscopic surgery [71]. 
This statement was withdrawn for an updated 
version of the review that was released in 2014 
and included gynecologic oncology procedures. 
Their view was softened from the previous ver-
sion with regard to sacrocolpopexy. The RASC 
was concluded to be a longer procedure with a 
shorter hospital stay, and the authors suggest 
further studies are warranted [72].

 Conclusion

With some modifications in technique, the sacro-
colpopexy has been used to correct prolapse of the 
vaginal apex since 1957. The operation, which is 
designed to restore the vagina to its normal posi-
tion and function by re-suspending the vaginal 
apex using graft material, can be performed open, 
laparoscopically, and most recently with robotic-
assisted technology. There is no explicit research 
on the topic, and more studies specifically looking 
at the best candidates for robotic surgery are 
needed. Understanding the conservative treat-
ments of pelvic organ prolapse and the other sur-
gical techniques help the surgeon tailor the 
options for apical support to individual patients.

When choosing RASC, it is important to 
 consider the other options available for apical 
support, which vary from vaginal approaches to 
abdominal approaches, and open procedures to 
minimally invasive surgeries. Furthermore, 
patient selection should take into consideration 
advantages and challenges of robotic surgery 
along with specific patient criteria such as base-
line health, cardiovascular status, BMI, and 
requirements for steep Trendelenburg and dorsal 
lithotomy patient positioning.
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 Introduction

The abdominal approach to vaginal vault pro-
lapse repair, abdominal sacral colpopexy (ASC), 
was first introduced by Lane et al. in 1962 [1]. 
The procedure has since evolved in terms of the 
introduction of graft to decrease vaginal tension, 
choice of graft material, retroperitonealization of 
synthetic graft, extent of graft attachment to 
vagina and sacrum, and choice of suture material. 
ASC is associated with superior anatomic out-
comes compared to vaginal repair of pelvic organ 
prolapse (POP), as well as lower recurrence and 
reoperation rates, longer time to recurrence, and 
lower rate of dyspareunia; thus, sacrocolpopexy 
is widely acknowledged as the gold standard pro-
cedure for vaginal vault prolapse. However, it has 
a longer procedure time; longer recovery time; 
higher cost compared to vaginal surgery; and a 
different risk profile of surgical complications 
related to the intra-abdominal exposure, anatomy, 
and graft material [2, 3]. Most recently, the rise of 
robotic technology has allowed the adaptation of 

a minimally invasive robotic- assisted laparo-
scopic approach to the sacrocolpopexy (RASC). 
This technique has been adopted by surgeons 
almost more rapidly than the literature has mate-
rialized to support its optimal implementation 
[4]. Theoretically, RASC achieves the benefits of 
open sacrocolpopexy results while mitigating its 
risks and morbidity.

POP is a complex pelvic floor disorder with 
apical, anterior, and posterior vaginal defects 
which result in varying degrees of anatomic loss 
of support and related symptoms. Despite 
advances in technique, technology, and evidence, 
some surgeons would argue that ASC or RASC 
may or may not adequately address multi- 
compartment prolapse. Concomitant anterior or 
posterior colporrhaphy at the time of vault sus-
pension can be employed by pelvic floor sur-
geons. However, the data for or against 
concomitant vaginal repair is limited, and the 
choice is often driven by surgeon preferences and 
patient-specific anatomy. The objective of this 
chapter is to review and discuss the available lit-
erature on this topic. Since the data and direct 
evidence on factors impacting selection of con-
comitant vaginal surgery at the time of RASC is 
limited, we will also review some of the pre- 
robotic ASC data that support our discussion of 
the theory behind multi-compartment defects and 
levels of support and outcomes of sacrocolpo-
pexy by compartment.
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 Background

Weakness in the musculofascial support of the 
pelvic floor related to age, estrogen status, parity, 
and other factors is manifested by POP. A useful 
paradigm for conceptualizing the complex ana-
tomic weaknesses that may occur is the three 
vaginal compartments: the anterior, apical, and 
posterior compartment defects which can be 
described as cystocele, vault prolapse or entero-
cele, and rectocele and/or perineal descent, 
respectively. Pelvic reconstruction for prolapse 
must often address defects in multiple compart-
ments. Apical support is a vital part of restoring 
pelvic floor anatomy, which contributes to the 
key role that sacrocolpopexy plays in surgical 
reconstructive options.

POP may occur in up to 50% of parous 
women, and one in every 12 American women 
may require reconstructive surgery for prolapse 
by age 80 [5]. In order to treat patients with safe, 
effective, and durable procedures, pelvic floor 
surgeons must carefully select a repair technique 
to minimize the need for repeat procedures. 
Historically, based on 1997 data, the recurrence 
rate after POP repair is reported as high as 30% 
with prolapse persistence or recurrence rates at 1 
year up to 60% [6]. However, this data was based 
on strict anatomic outcomes. Re-analysis using 
varying definitions of success demonstrates that 
there is a great deal of variability related to pro-
lapse surgical outcomes [7].

A variety of urinary, bowel, and sexual symp-
toms may be associated with POP [3] and should 
be taken into account when selecting concomi-
tant procedures. Indeed, recent evidence has 
emphasized the importance of patient-driven and 
composite outcomes measures as the appropriate 
end point for prolapse surgery [8, 9]. 
Contemporary systematic reviews of ASC and 
laparoscopic sacrocolpopexy (LASC) using 
composite outcomes measures report median 
reoperation rates for prolapse at 1.2–4.4% (ranges 
0–31%) with less than 4 years of follow-up 
[10–12].

Advanced POP results from multi- 
compartment defects. DeLancey first described 
anatomic findings of POP from cadaveric studies 

in 1992. He described three levels of support 
(Fig. 3.1) [13]. The upper third of the vagina is 
suspended from the pelvic wall by the vertical 
fibers of the paracolpium, including the cardinal 
ligament and the uterosacral ligaments. He 
coined the term Level I support and hypothesized 
that Level I forms the critical factor that differen-
tiates vaginal eversion (high-grade prolapse) 
from isolated cystocele, rectocele, or enterocele. 
The middle third of the vagina (Level II) is sup-
ported by lateral paracolpium attachments to the 
arcus tendineus and the levator ani fascia and is 
the location of defects causing isolated cystocele 
and rectocele. Finally, Level III, the lower third 
of vaginal support, contains the perineal body, 
perineal membrane, and levator ani muscles that 
prevent perineal descent. By integrating these 
concepts, the surgeon can appreciate that isolated 
vault suspension may contribute to, or even inde-
pendently achieve, reduction of cystocele that 
prolapses beyond the hymen (Fig. 3.2).

While most surgeons would agree that all 
compartments need to be addressed in some way 
to achieve successful reconstruction, they may 
differ on whether concomitant vaginal repair in 
women undergoing abdominal apical suspension 
is necessary. Some advocate restoring  topography 

Fig. 3.1 DeLancey’s levels of vaginal support. Reprinted 
from American Journal of Obstetrics and Gynecology, 
Vol. 166 No. 6 (1), John O.L. DeLancey, Anatomic aspect 
of vaginal eversion, page 1719, Copyright (1992), with 
permission from Elsevier
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with a vaginal repair at the time of colposuspen-
sion [2, 14], while others suggest that adequate 
apical suspension will correct an anterior or pos-
terior wall defect [15, 16].

According to DeLancey’s concept of vaginal 
support, the sacrocolpopexy mesh aims to restore 
Level I support to the vaginal apex. While restor-
ing vaginal anatomy from the level of the apex 
may reduce laxity in the anterior and posterior 
walls of the vagina, individual defects in Level II 
and III support are not specifically addressed by 
traditional sacrocolpopexy. There is no consen-
sus in the literature as to the best approach to 
multi-compartment defects at the time of ASC/
RASC for apical repair. Much of the evidence 
regarding concomitant vaginal procedures is 
observational and inherently biased by the prac-
tice preferences of experts. Further complicating 
the development of evidence for best practices 
are the complex outcomes reporting needs in 
POP surgery [8]. The objective anatomic out-
comes, subjective symptom and quality of life 
(QOL) outcomes, related measures of voiding, 
sexual and defecatory function, patient prefer-
ence, as well as surgical durability and risks, all 
must be factored into the decision for or against 
concomitant vaginal procedures.

There are limited short-term data demonstrat-
ing comparable outcomes between ASC and 

LASC/RASC in terms of anatomic outcomes, 
patient satisfaction, QOL, and complications [3, 
10, 11, 14, 17–19]. Given this data and the con-
ceptual similarity in anatomic restoration of the 
vaginal apex between ASC and RASC, the sur-
geon must consider how to address other com-
partmental defects in either case. Thus, evidence 
from both ASC and LASC/RASC studies can 
inform the decision-making process and patient 
counseling around concomitant vaginal surgery.

 How Well Does RASC Address 
Anterior Compartment Defects?

A study of more than 300 physical exam findings 
in women with POP demonstrated a strong asso-
ciation and linear relationship between the pelvic 
organ prolapse quantification (POP-Q) points C 
(at the cervix or vaginal cuff) and Ba (the most 
prolapsed point of the anterior wall). The corre-
sponding posterior wall point, Bp, was also asso-
ciated with C, but not as strongly [20]. Thus, 
when advanced apical prolapse is present, ante-
rior wall defects are very likely to be present 
simultaneously.

The converse may be true as well; that is, a 
pelvic exam on women with advanced POP (54% 
stage 3 POP) with simulated apical support 

Fig. 3.2 (a) Magnetic resonance image (MRI) of multi-
compartment ureterovaginal prolapse, sagittal view. (b) 
MRI of normal anatomic position. Star and arrow repre-
sent theoretical focal point and vector of suspension to 

achieve reduction of prolapse. Images provided courtesy 
of Dr. Shlomo Raz, Department of Urology, University of 
California Los Angeles, Los Angeles, CA
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accomplishes significant reduction in point Ba. 
Lowder et al. reported a series of nearly 200 
POP-Q exams before and after simulated support 
(achieved by positioning posterior blade of a 
standard Graves speculum over the posterior 
vagina to lift the apex) which revealed mean 
change in point Ba of 3.5 cm with apical suspen-
sion. This achieved Ba above −1 station in over 
half of patients [21]. By contrast, the maximum 
point of posterior prolapse, Bp, changed signifi-
cantly less, by 1.9 cm (p < 0.001), with simulated 
apical support.

These two studies highlight DeLancey’s the-
ory of the critical role of Level I vaginal support 
on the anterior and posterior compartments, and 
particularly the former. A discussion of anterior 
compartment outcomes with ASC/RASC follows 
below and is summarized in Table 3.1.

 Anterior Compartment Recurrence 
Without Concurrent Anterior Repair

The strong link between anterior and apical vagi-
nal prolapse is well-demonstrated in the litera-
ture—both in their coexistence and in the ability 
of apical repair to improve anterior wall defects. 
Many surgeons feel that the reduction of cysto-
cele accomplished with apical suspension is 
enough to obviate the routine need for concomi-
tant anterior colporrhaphy when both defects are 
present. Modification in mesh anchoring tech-
niques may contribute to improved cystocele 
reduction. Particularly during RASC, which can 
have longer operating room times than LASC or 
ASC [19], the positioning changes and maneu-
vering of multiple surgical access points for sub-

Table 3.1 Summary of studies reporting anterior compartment recurrence after sacrocolpopexy with and without con-
comitant repair demonstrates limited follow-up, variability of technique and reporting, objective anterior recurrence 
rates, minimal symptom recurrence, and rare subsequent anterior repair

Anterior  
compartment  
studies (n)

Mean or 
median 
follow-up 
(years)

Concomitant  
anterior  
repair (%) Mesh technique

Objective  
anterior  
recurrence (%)

Symptom  
recurrence (%)

Subsequent  
anterior  
repair (%)

Brubaker  
1995 (65)

0.25 0 Posterior mesh,  
distal extent NR

29 3 NR

Maher  
2004 (47)

2 0b Distal anterior 13 6.5a 0

Benson  
1996 (40)

2.5 30 NR NR 16a 10

Guiahi  
2008 (149)

1 0 Distal posterior 15.4 NR 0.7

Snyder  
1991 (116)

5 Yes, NR Distal posterior to  
level of levator ani

21a 0–29b 0

Culligan  
2002 (245)

2 2.4 Anterior and  
posterior, extent NR

9 NR 1.6a

Linder  
2015 (70)

5 0 Y mesh, extent NR NR NR 2.9

Germain  
2013 (52)

Hach  
2015 (101)

1.8 0 Propylene Y mesh,  
extent NR

NR 25b 0

Mueller  
2016 (448)

0.25 0 Distal anterior  
and posterior  
polypropylene

NR NR 0

Barboglio  
2010 (92)

1 2.2 NR 8 NR 2.2

NR = not reported
aDid not report outcome by compartment
bsee text for details
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sequent colporrhaphy adds to prolonged patient 
time in lithotomy and its associated risks. Many 
surgeons suggest that concurrent repair can be 
avoided. It may achieve more optimal anatomic 
outcomes, but patient relief of bothersome vagi-
nal bulge symptoms can be achieved with reduc-
tion of prolapse proximal to the hymen [6]. 
Recent literature has demonstrated that, while 
objective anatomic outcomes are important to 
incorporate, definitions of surgical success 
should also incorporate subjective patient-based 
outcomes, such as relief of bothersome vaginal 
bulge symptoms. With such a staged approach, 
the number of symptomatic patients requiring a 
second surgery may be minimal and perhaps bet-
ter selected.

Two ASC series used mesh that was broadly 
attached to the vagina posteriorly, as distal as the 
rectal reflection [22, 23]. Anatomic persistent or 
de novo anterior wall prolapse was noted in 
25–29% of women with short-term follow-up. 
However, in one study prolapse symptoms were 
only present in 3%, and no subjective or QOL 
outcomes were reported in the other. Subsequent 
anterior repair was reported in zero patients at 3 
months and one (0.7%) at 12 months in the two 
series. The authors concluded that cure rates for 
apical support were excellent with this distal pos-
terior mesh technique, but anterior wall recur-
rences were common and warranted further study 
for optimal management. More studies are 
needed on patient factors and optimal surgical 
techniques for multi-compartment prolapse.

One randomized trial of ASC compared to 
vaginal vault repair with sacrospinous ligament 
fixation (SSLF) demonstrated similar rates of 
vault suspension above the hymen and relief of 
prolapse symptoms at 2 years [14]. One third of 
the 47 women in the ASC group had colposus-
pension for stress incontinence (SUI), which 
does provide some degree of anterior wall sup-
port. None of these women went on to have a 
subsequent repair of anterior wall defects, and 
three (7%) had asymptomatic grade two or higher 
cystocele. The cumulative risk of anterior and 
vault prolapse recurrence was significantly lower 
in the ASC group (13% vs. 45%, p = 0.01). An 
important technique point in this ASC series was 

the application of a polypropylene mesh along 
the anterior vaginal wall to the level of the blad-
der trigone.

Four series of RASC without concomitant 
vaginal repair and with short or intermediate fol-
low- up have recently been published [24–27]. 
Three of these specifically described a technique 
with distal anterior anchoring of mesh. Distal 
landmarks included the trigone or as low as the 
level of the urethrovesical junction. Two of these 
studies enrolled women with high-grade apical 
prolapse; the others include women with only 
50–73% vault prolapse. The outcomes were het-
erogeneous and incompletely reported, in part 
due to limited follow-up. One study reported sub-
jective outcomes using validated symptom ques-
tionnaires that met pre-defined criteria for success 
in 75%, and symptom scores were improved over 
baseline at median 2 years follow-up [25]. 
Another study reported symptomatic persistent 
or recurrent prolapse in 6% of 52 women at a 
median of 42 months [24]. Subsequent anterior 
colporrhaphy was later performed in 0–2.9% of 
patients at median follow-up of 13 weeks to 5 
years. Higher recurrence rates coincided with 
longer follow-up [24, 26, 27]. These RASC-only 
reconstructions appear to confirm DeLancey’s 
theory and others’ observations that apical sus-
pension is paramount, and in some cases the only 
repair needed, for anterior wall defects.

 Anterior Compartment Recurrence 
After Concomitant Anterior Repair

Despite the strong link between anterior and api-
cal vaginal prolapse, only a concomitant vaginal 
procedure allows the surgeon to directly address 
that individual compartment. Early pioneers of 
the ASC recommended routine concurrent ante-
rior colporrhaphy [1, 12]. Indeed, most published 
series do include vaginal repairs per the surgeon’s 
discretion. The guiding rationale and impact of 
this subjective expert judgment on outcomes are 
difficult to parse out in published trials and series. 
This represents an inherent systematic bias that 
cannot be measured without direct comparison to 
a series without routine colporrhaphy.
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Benson et al. published a series of 40 ASC for 
vault and anterior wall prolapse with 30% con-
comitant anterior colporrhaphy [2]. At 2.5 years, 
84% had resolution of symptoms, and four (11%) 
underwent subsequent anterior colporrhaphy. A 
larger series of ASC with six (2.4%) concomitant 
anterior repairs had only four (1.9%) subsequent 
prolapse repairs at 2 years [28]. This variability 
may be related to the inclusion criteria that 
favored more significant baseline anterior (as 
opposed to vault) prolapse, small numbers, dif-
ferent rates of concomitant repairs, or the mesh 
anchoring techniques that were not well- 
described in either study. Unfortunately, neither 
study differentiated whether any anterior wall 
recurrences happened in those who underwent 
concomitant anterior repair up front. Snyder and 
Krantz published one of the first series utilizing 
mesh anchoring distal to the apex for procidentia 
in 1991 by fixing polytetrafluoroethylene or 
dacron graft along the “full extent of the recto-
vaginal septum” posteriorly. Ninety-eight per-
cent of patients were post-hysterectomy. An 
unspecified fraction of concomitant anterior col-
porrhaphies were performed per surgeon discre-
tion, and they reported no reoperation for 
prolapse and 24 (21%) asymptomatic anatomic 
recurrences (compartment not specified) at mean 
5 years follow-up [15]. Targeted investigations 
evaluating the effects of concomitant repair strat-
ified by patient-specific and surgical factors have 
not been performed.

An RASC series by Barboglio et al. with 12 
months’ follow-up was published for 92 women, 
of whom two (2.2%) underwent concomitant 
anterior colporrhaphy. Ultimately, seven (8%) 
had anterior compartment prolapse, and two 
(2.2%) underwent subsequent prolapse repair 
(baseline performance of concomitant anterior 
compartment repair was not reported). The rela-
tive absence of robotic series utilizing concomi-
tant vaginal repairs may be the result of a change 
in surgeon preference with time and the adoption 
of robotic techniques. Comparative studies, and 
long-term studies with uniform outcomes and 
follow-up, are needed to ascertain the value of 
anterior colporrhaphy at the time of RASC.

Regardless of whether concomitant anterior 
repair is used at the time of ASC, the rates of sub-
sequent anterior repair are overall low. Whether 
there is a difference in the rate of reoperation for 
prolapse between these groups cannot be deter-
mined from these series, not only because much 
of the data is retrospective and not comparative, 
but also because the different inclusion criteria 
and procedure selection introduce significant bias 
that must be acknowledged when reviewing the 
outcomes. It appears that, if the anterior vaginal 
wall is supported by the colpopexy mesh, and the 
graft is attached distally, anterior repair is 
unlikely to be needed in many patients. An excep-
tion would be the patient desiring uterine preser-
vation. If a posterior strip sacrocolpopexy is 
performed (without an attachment to the anterior 
vaginal wall or cervix), the anterior vaginal wall 
may be at higher risk of recurrence.

 How Well Does RSC Address 
Posterior Compartment Defects?

Seventy-six percent of women with multi- 
compartment defects have a posterior defect [6]. 
In response to evidence that apical suspension 
may address anterior compartment defects better 
than posterior wall defects [2], some surgeons 
modified the mesh attachment technique to target 
that anatomy [16]. While traditional posterior 
colporrhaphy plicates the posterolateral recto-
vaginal fascia into the midline in a compensatory 
reconstruction that imposes a barrier between 
rectum and vagina, distal mesh anchoring on the 
vagina during sacrocolpopexy can restore the 
normal fascial continuity between level III and 
level II supports, as described by DeLancey [29]. 
Pulling the perineal body superiorly toward the 
apex will repair some types of rectocele and peri-
neal descent. However, if the defect is a disrup-
tion of the lateral attachments of the perineal 
membrane (urogenital diaphragm), this cannot be 
addressed from an abdominal approach and may 
need to be approached vaginally.

Some surgeons advocate for traditional poste-
rior repair with perineorrhaphy or defect-directed 
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repair by the vaginal approach at the time of ASC 
[30, 31]. Others have proposed that posterior 
support can be adequately achieved from the 
abdominal approach alone with distal mesh 
anchoring [15, 16]. Unfortunately, discrete com-
parative data to clarify outcomes by a particular 
approach are muddled by the surgeon practice 
preferences utilized in retrospective sacrocolpo-
pexy series. The available evidence outcomes for 
ASC/RASC on the posterior compartment are 
reviewed below (summarized in Table 3.2).

 Posterior Compartment Recurrence 
Without Concomitant Posterior 
Repair

Two series reported outcomes for ASC-only 
repairs performed using distal anchoring of syn-
thetic mesh to the rectovaginal junction in 116 
women and to the rectal reflection in 149 women 
[15, 23]. The former series stated 93% of patients 
had “restoration of a functional vagina … and 
nonrecurrence of presenting symptoms” at 

Table 3.2 Summary of studies reporting posterior compartment recurrence after sacrocolpopexy demonstrates limited 
follow-up, variability of technique and reporting, higher rates of concomitant posterior repair, low need for subsequent 
posterior repair

Posterior  
compartment  
studies (n)

Mean or 
median 
follow-up 
(years)

Concomitant  
posterior  
repair (%) Mesh technique

Objective  
posterior  
recurrence (%)

Symptom  
recurrence (%)

Subsequent  
posterior  
repair (%)

Maher  
2004 (47)

2 23 7–8 cm along  
posterior wall

33 6.5a 2.1

Condiff  
1997 (19)

0.2 10.5 Distal to posterior  
vaginal fascia or  
perineal body

0 0b 0

Snyder  
1991 (116)

5 0 Distal posterior to  
level of levator ani

21a 0–29b 0

Benson  
1996 (40)

2.5 45 NR NR 16a 5

Guiahi  
2008 (149)

1 0 Distal posterior 8.1 NR 0.7

Culligan  
2002 (245)

2 25 Anterior and posterior,  
extent NR

5.7 NR 1.6a

Linder  
2015 (70)

5 0 Y mesh, extent NR NR NR 1.4

Germain  
2013 (52)

3.5 0 Two prolene strips,  
distal posterior

1.9 1.9 1.9a

Hach  
2015 (101)

1.8 0 Polypropylene Y  
mesh, extent NR

25b 0

Mueller  
2016 (448)

0.25 0 Distal anterior  
and posterior  
polypropylene

NR NR 0.9

Crane  
2013 (70)

1 27 Distal anterior  
to perineal body

NR 18.2 11.7

Aslam  
2015 (125)

1 37 Distal anterior  
and posterior

12.8 NR 0

Matthews  
2012 (85)

0.5 39 Distal posterior 5.9 NR 1.2

NR = not reported
aDid not report outcome by compartment
bSee text for details

3 Selection of Concomitant Vaginal Procedures



28

5 years follow-up. There were 24 (21%) single 
compartment anatomic recurrences without 
symptoms and no patients underwent subsequent 
reoperation. The latter series reported that 12 
(8%) had persistent posterior compartment pro-
lapse and one (0.7%) had a subsequent vaginal 
repair at 1 year. The authors concluded that apical 
suspension, as achieved using distal mesh 
anchoring, could restore the posterior compart-
ment anatomy.

Four robotic series reported outcomes without 
concurrent posterior colporrhaphy. Median satis-
faction on a 10-point Likert scale was 10 at 7 
years follow-up in one series of 70 patients with 
stage III–IV POP [26]. Subsequent posterior col-
porrhaphy rates for RASC when the distal extent 
of mesh attachment was not described were 
0–1.4% at a median of 2–5 years [25, 26]. 
Reoperation rates for the posterior compartment 
with mesh attached 2–3 cm proximal to the peri-
neal body were 0% at 3 months [27]. Symptomatic 
posterior wall recurrence was reported in 1/52 
(1.9%) at a median 3.5 years follow-up after 
RASC by a similar technique [24], but it was 
seen in up to 25% at 22 months in a heteroge-
neous group (only 73% vault POP at baseline) 
without a clear description of the distal mesh 
anchoring point [25]. The authors concluded that 
concomitant vaginal repairs do not improve out-
comes and could feasibly be performed in a 
staged manner, if necessary, after RASC or 
LASC.

 Posterior Compartment Recurrence 
After Concomitant Posterior Repair

Rates of concomitant posterior colporrhaphy at 
the time of ASC range in the literature from 10.5 
to 45% [2, 14, 16, 28]. This variability reflects the 
differences in study populations and subjective 
surgeon preferences. The inclusion criteria for 
the studies vary markedly; one study included 
vault prolapse patients with 74% having at least 
grade two rectocele [14], another had predomi-
nantly high-grade POP, but all patients exhibited 
perineal descent on defecography [16]; and 
another included predominant anterior wall or 

vault prolapse but half of the patients also exhib-
ited perineal descent [2]. The distalmost mesh 
anchoring point ranged from 7 to 8 cm distal to 
the vaginal apex on the posterior vaginal [14] to 
anchoring on the perineal body [16], or was not 
described [2, 28, 32]. Anatomic recurrences in 
the posterior compartment were reported in 5.7–
33% [14, 28] at a mean of 2 years depending on 
the definition used. The distal point of posterior 
wall prolapse (Bp) was reported to improve from 
0 to −3 cm (p = 0.009) after surgery in one series 
[16] and was not significantly different between 
ASC with or without concomitant repair in 
another (−2.0 vs. −3.0, p = 0.18) [32]. Selection 
bias may contribute to the latter finding. 
Symptomatic prolapse was present in 6–16% at a 
mean of 2–2.5 years [2, 14], and subsequent pos-
terior colporrhaphy was performed in 1.6–5% at 
a mean of 2–2.5 years [2, 14, 28].

Several robotic series have been published 
with concomitant posterior colporrhaphy or peri-
neorrhaphy per surgeon discretion. Again, the 
impact of the surgeon-selected treatment algo-
rithm on the outcome is difficult to ascertain from 
retrospective studies. Furthermore, the study 
populations and outcomes measures are hetero-
geneous not only in the entire body of sacrocol-
popexy and concomitant repair literature, but 
within the robotic series specifically.

Concomitant posterior colporrhaphy was per-
formed in 27–39% of RASC cases [33–35]. The 
distal attachments of sacrocolpopexy mesh were 
described as far as the perineal body [33, 35] and 
as a “deep dissection” of both anterior and poste-
rior vaginal walls to address all three compart-
ments [34]. One RASC series compared anatomic 
outcomes of RASC with concomitant vaginal 
repair for the posterior compartment to vaginal 
POP repair alone and demonstrated slightly less 
support in the former group (Bp −2.5 vs. −3.0, p 
= 0.01), though the clinical significance of that 
difference is unclear [33]. Anatomic recurrence 
was 5.9–23% at 6–12 months [34, 35], with one 
series reporting no difference between RASC 
alone or concomitant repair (with prolapse 
beyond the hymen as the endpoint, p = 0.88) [34]. 
Baseline POP stage IV did predict anatomic fail-
ure (p < 0.001). Symptomatic recurrence was 
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reported in 18% at 1 year and there was again no 
difference between RASC alone and the concom-
itant repair cohort [33]. Zero to 11.7% of patients 
in these series ultimately had reoperation for pos-
terior colporrhaphy at 6 months to 1 year 
[33–35].

Finally, a meta-analysis of RSC series with a 
total of 577 patients and mean follow-up of 27 
months found the reoperation rate for prolapse 
was 3.3%, with 2.5% being nonapical [36]. The 
majority of those reoperations were for posterior 
repair, despite an overall rate of 18.5% concomi-
tant posterior repairs in the combined analysis. 
The authors suggested that a posterior colporrha-
phy at the time of RSC may be indicated for 
patients with significant posterior compartment 
defects to avoid subsequent surgery. However, it 
was not clear from the available evidence whether 
these posterior compartment defects were present 
at baseline or developed de novo. The decision to 
perform a concomitant posterior repair should be 
a shared one with the patient, specifically dis-
cussing the risk of dyspareunia that may develop 
with a posterior repair.

 Impact on Genital Hiatus

Enlarged genital hiatus is thought to reflect leva-
tor injury or dysfunction and may be both a risk 
factor for POP and the result of longstanding 
POP [37, 38]. DeLancey described how the leva-
tor ani muscles relieve connective tissue stress on 
the perineal body and membrane [29], but a large 
gap in the levator ani permits further connective 
tissue trauma and thereby POP progression.

The genital hiatus size is specifically believed 
to contribute to posterior compartment symptoms 
and reflect the degree of perineal descent [16, 
39]. Fialkow et al. measured perineal descent by 
comparing the position of the perineal body dur-
ing strain with an imaginary line connecting the 
ischial tuberosities. They found that posterior 
compartment symptoms in prolapse were associ-
ated with an enlarged genital hiatus >3 cm, result-
ing in perineal descent >2 cm. Thus, some 
surgeons have proposed that pelvic floor recon-
struction that decreases the hiatus reflects resto-

ration of Level III perineal support, and this may 
be associated with improvement in posterior 
compartment symptoms [16].

Several investigators have demonstrated a 
decrease in genital hiatus size after ASC and 
selective posterior colporrhaphy or perineorrha-
phy [16, 28]. Interestingly, Guiahi et al. found 
that posterior wall topography was restored from 
ASC with distal mesh anchoring and no concom-
itant posterior colporrhaphy or perineorrhaphy. 
Specifically, there was a decrease in genital hia-
tus size from 4.0 to 3.0 cm (p = 0.001) and no 
significant change in perineal body measurement 
(p = 0.395) after surgery [23]. They suggested 
that ASC restored posterior wall and perineal 
topography without a concomitant vaginal proce-
dure and questioned the necessity of a separate 
vaginal repair which is associated with unique 
risks.

In contrast, Crane et al. published a series of 
RASC with posterior colporrhaphy as indicated 
and compared the outcomes of women with and 
without concomitant posterior repairs [33]. Both 
groups had a decrease in genital hiatus size after 
surgery, though the concomitant repair group had 
a significantly smaller hiatus size (3.0 vs. 3.5 cm, 
p = 0.01). Perineal body measurements were sim-
ilar. It is difficult to ascertain the impact of poste-
rior repair since some difference in baseline 
factors prompted the surgeon to select colporrha-
phy; enlarged hiatus itself was one cited indica-
tion for concomitant vaginal repair. Yet even the 
RASC-only group of 56 patients had a decrease 
in genital hiatus from mean 5.0 to 3.5 cm (no sta-
tistics reported).

Furthermore, Aslam et al. reported a series of 
125 RASC with a distal mesh anchoring tech-
nique and posterior colporrhaphy in 37% of 
patients [34]. Prolapse beyond the hymen defined 
anatomic failure in this cohort and occurred in 
23% at 1 year. The authors noted that genital hia-
tus size was larger in the failure group compared 
to the success group (5.1 vs. 4.6 cm, p = 0.05). 
Altering the genital hiatus is an option. Many 
women will do well with robotic apical suspen-
sion alone. Alternatively, an enlarged genital hia-
tus can be addressed and options discussed. 
When offered, some women, especially those 
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who are sexually active, may choose to narrow 
an enlarged genital hiatus and provide support to 
an area weakened by childbirth injury. Therefore, 
perineorrhaphy with or without distal rectocele 
repair to narrow genital hiatus and restore sup-
port can be discussed when discussing the risks 
and benefits of surgery.

 Bowel Symptom Impact

Functional disorders of the gastrointestinal tract 
are common in advanced POP and pelvic floor 
disorders [40]. Constipation, straining to defe-
cate, need for splinting, and prolonged pudendal 
nerve terminal motor latency (an objective sign 
of pudendal neuropathy related to incontinence) 
are all more commonly found in women with 
POP or pelvic floor disorders than in women 
without POP or pelvic floor disorders. It is not 
clear, however, whether prolonged defecatory 
dysfunction might contribute to prolapse devel-
opment, or whether POP may lead to defecatory 
dysfunction by an obstructive mechanism. 
Likewise, surgeons have postulated that ASC 
might benefit or compromise defecation. If the 
etiology of dysfunction is obstructive, a vault 
suspension might alleviate blockage and elimi-
nate the need for straining. The contrary argu-
ment states that extensive dissection between the 
vagina and rectum might exacerbate or even 
cause defecatory dysfunction. A 2004 review of 
ASC literature described that the data on 
 defecatory dysfunction are limited due to the 
paucity of prospective studies, poorly described 
baseline bowel function, variability in surgical 
technique and follow-up duration, as well as the 
confounding effects of age, estrogen status, and 
comorbidities [12]. Data on constipation and 
ASC are conflicting, with some studies reporting 
improvement and others reporting de novo or 
worsening constipation after surgery [12, 14].

An analysis of baseline symptoms of the 
CARE trial participants, a landmark multicenter 
randomized trial of ASC with or without Burch 
colposuspension (an anti-incontinence proce-
dure), found that prolapse stage does not directly 
correlate with bowel symptoms [41]. Women 

with advanced POP reported bowel symptoms 
that included constipation, straining to defecate, 
splinting, and anal incontinence. However, vali-
dated bowel symptom questionnaires, POP stage, 
and POP-Q exam measurements were not associ-
ated across multiple analyses except that the 
Colorectal-Anal Distress Inventory (CRADI) 
obstructive subscale scores were actually higher 
(indicating more bother) in stage II compared to 
stage III and IV (p = 0.01).

One year after ASC with or without posterior 
colporrhaphy, >80% of CARE trial participants 
reported resolution of their bowel symptoms 
including: need for splinting, incomplete defeca-
tion, fecal incontinence, and pain prior to defeca-
tion [32]. These symptoms may result not only 
from posterior vaginal prolapse, but associated 
enterocele or perineal body descent, which may or 
may not be addressed with isolated posterior col-
porrhaphy. And remarkably, vault suspension with 
ASC resolved the majority of bowel symptoms 
whether or not this concomitant repair was per-
formed. Thus, even though symptoms and pro-
lapse stage could not be directly linked in a 
cross-sectional analysis, the outcome that vault 
suspension resolves most of the bowel symptoms 
does imply an association with moderate to severe 
POP. Similar findings were reported in smaller 
series [16, 42], while others have reported minimal 
impact of ASC on defecatory dysfunction [14, 43].

Crane et al. reported bowel symptoms in a 
series of RASC with posterior colporrhaphy per 
surgeon discretion [33]. Over half of the women 
reported baseline outlet constipation (sensation 
of incomplete bowel emptying with need to strain 
or splint). One year after surgery, 56% of outlet 
constipation resolved and 44% was persistent 
and there was no difference between RASC with 
or without colporrhaphy. De novo outlet consti-
pation was reported in 14%. The authors con-
cluded that there was a high rate of persistent 
outlet constipation and moderate de novo outlet 
constipation. Over half of baseline defecatory 
symptoms resolved, and concomitant posterior 
colporrhaphy did not appear to significantly 
impact these outcomes. Another RASC series by 
Lewis et al. had similar findings in a series of 423 
patients, though the authors noted a significant 
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difference in baseline symptoms between RASC 
patients with and without colporrhaphy (CRADI 
25.0 vs. 20.1, p = 0.049) [44]. This suggests 
selection bias may be an important factor present 
in this study and others. Further prospective anal-
ysis and rigorous reporting are needed to illumi-
nate whether posterior colporrhaphy with RASC 
is beneficial for bowel symptoms.

 Sexual Function Impact

One classically cited risk of vaginal surgery is the 
development of scar, pain, and subsequent dyspa-
reunia or other negative effects on sexual func-
tion. Posterior colporrhaphy is associated with a 
17–19% risk of postoperative dyspareunia [45, 
46]. The impact of combined abdominal and vag-
inal procedures on sexual function is difficult to 
assess because of the interaction of multiple pos-
sibly confounding factors such as vault tension 
and axis, mesh anchoring, vaginal scar, prior sur-
gery, etc. Adding this separate risk to any changes 
occurring with abdominal vault suspension is a 
theoretical concern when considering concomi-
tant vaginal surgery. Most women who are sexu-
ally active before ASC remain so afterwards 
(including ASC with concomitant posterior col-
poperineorrhaphy) [12, 14]. Common study 
design flaws in sexual function outcomes are fail-
ure to capture dyspareunia when it causes a 
woman to cease sexual activity, underestimating 
the problem, non-utilization of validated sexual 
function instruments, and discrepancies in using 
the entire cohort as a denominator versus only 
sexually active women at the relevant time point. 
Besides the presence of all of these confounders, 
few researchers have looked at sexual function as 
a primary outcome. The evidence for impact of 
ASC/RASC with or without concomitant vaginal 
repair is limited and contradictory.

A systematic review of vaginal and abdominal 
apical suspension complications cited a low rate 
of dyspareunia with either approach (1.5%) [10]. 
It was not specified if this represented de novo 
occurrence. Other retrospective studies support 
the finding of no significant difference between 
dyspareunia rates in ASC and vaginal approach 

sacrospinous ligament fixation [2, 14], or between 
RASC and vaginal approach uterosacral ligament 
suspension, including concomitant repairs in 
both groups [47]. There were significantly more 
sexually active women in the RASC group (83% 
vs. 42%, p = 0.001), which reflects a commonly 
encountered selection bias in these studies.

In contrast, a Cochrane review of ASC and 
vaginal vault suspensions (the analysis combined 
both sacrospinous and uterosacral ligament sus-
pensions) reported a lower rate of dyspareunia 
after ASC (RR, 0.39, p = 0.019) [3]. This review 
included trials utilizing concomitant compart-
ment repairs in both groups.

Retrospective studies of pain with intercourse 
found a 13–32% prevalence of postoperative 
dyspareunia after ASC (8.7–10.5% de novo), but 
resolution of 56–89% of preoperative dyspareu-
nia [14, 48]. Comparably high rates of resolution 
of dyspareunia and moderate rates of de novo 
occurrence have been reported after isolated col-
porrhaphy [46]. It is difficult to draw any linear 
conclusions for expected sexual function out-
comes with the current literature addressing dys-
pareunia in RASC with or without vaginal 
repairs. The relationship is complex. Regardless 
of surgical approach, it appears possible to 
improve, worsen, or not change dyspareunia and 
sexual function. All of these possible outcomes 
should be discussed with the patient during surgi-
cal counseling.

 Mesh Anchoring Techniques

Many pelvic floor surgeons have adapted the 
principles of ASC with a distal mesh anchoring 
technique in an attempt to address Level II or III 
support at the time of apical suspension [12]. 
Mesh anchoring with no anterior fixation may be 
associated with anatomic recurrence in as many 
as one third of patients [22]. No direct or pro-
spective comparisons of these techniques have 
been published.

Different opinions exist on whether the sup-
port achieved obviates the need for concomitant 
vaginal repair. Distal dissection and synthetic 
mesh graft placement between the rectum or 
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bladder and vagina may be of concern to the pel-
vic floor surgeon given the controversy surround-
ing transvaginal mesh. Rapid adoption of 
synthetic mesh-augmented prolapse repairs in a 
short period of time led to relatively high rates of 
complications requiring surgical intervention 
[49]. Although current evidence suggests trans-
abdominal placement of synthetic mesh grafts is 
relatively safe, the distal mesh anchoring tech-
nique warrants close attention with regard to 
intraoperative injuries or postoperative pain. The 
risk of sacrocolpopexy mesh erosion into the 
bladder is a concern that should be considered, as 
there is a small but known risk of erosion into 
adjacent organs. These types of erosions may 
require major reconstruction to manage the seri-
ous nature of a sacrocolpopexy mesh erosion into 
the bladder; particularly if located near the tri-
gone. The location and extent of the mesh place-
ment may require significant reconstruction 
including cystorrhaphy, ureteral reimplantation, 
and even possibly urinary diversion. Long-term 
follow-up is warranted to monitor for erosion 
rates and other complications.

A few RASC/ASC series with distal mesh 
anchoring reported visceral complications and 
open conversion rates. Cystotomies were 
repaired intraoperatively in 1.3–5.3% of cases 
where anterior dissection was performed to the 
level of the trigone [14, 16, 27, 35, 50]. 
Intraoperative bowel injuries occurred in 0–2.3% 
and were also managed intraoperatively in cases 
where the posterior dissection extended just 
proximal to the perineal body [27, 35]. About 
0–5% of cases were converted to open laparot-
omy [27, 35, 50] and 1.2% had a ureteral injury 
[50]. Postoperatively, 1.2–4.3% suffered bowel 
complications (small bowel obstruction, ileus, or 
port site hernia), and up to half of these required 
reoperation [14, 27, 50]. Matthews et al. [35] 
found that prior reconstructive pelvic surgery 
was a risk factor for intraoperative injury in their 
series and suggested that less extensive distal 
dissection would be reasonable in patients with 
significant scar tissue from prior pelvic surgery. 
Not all RASC/ASC series described the distal 
extent of their vaginal dissection and mesh 
anchoring.

There are no comparative or long-term trials 
that describe the impact of mesh anchoring tech-
nique on reoperation rates or symptoms. Distal 
attachment appears to be safe based on observa-
tional data and has conceptual plausibility as an 
alternative approach to other compartmental 
defects during vault suspension compared to con-
comitant vaginal surgery. Anchoring techniques 
allow options for individualizing the apical sus-
pension to support a particular patient’s pelvic 
floor defects—more distal dissection and anchor-
ing may target Level II or III weaknesses when 
present. However, rigorous comparative study 
would be required to confirm any practical benefit 
of distal mesh anchoring techniques. The effect of 
tensioning on prolapse outcomes, complications, 
and recurrence is also difficult to measure. 
Surgeons vary their tensioning of sacrocolpopexy 
mesh from loosely placed to neutral to somewhat 
taut. Adjusting the placement of the apex of the 
mesh can also vary the resulting support. Patient 
factors also vary, including multi-compartment 
defects versus loss of primarily apical support, 
symptoms and goals of treatment, the elasticity of 
the tissues, vaginal length, and pelvic and sacral 
dimensions. Some surgeons feel that an ade-
quately tensioned sacrocolpopexy results in elim-
ination of cystocele defects, provides relief of 
symptoms and support, and prevents prolapse 
recurrence. Sacrocolpopexy mesh tensioning is an 
art which is achieved with experience and with a 
deep understanding of the anatomy, consideration 
for patient symptoms, and possible complications 
associated with the procedure including pain, dys-
pareunia, vaginal exposures, and erosions of mesh 
into the bladder.

 Conclusions

Long-term (greater than 4-year) comparative 
data on RSC outcomes is lacking in the literature. 
The populations included in published series are 
heterogeneous, as are the surgical approaches 
used to treat them. Although outcomes are grossly 
similar and demonstrate positive surgical out-
comes, prospective comparative trials would be 
needed to clearly establish whether an algorithm 
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including selective concomitant vaginal surgery 
is beneficial or not. Furthermore, many studies do 
not differentiate between persistent and recurrent 
prolapse, or between symptomatic or asymptom-
atic recurrence. These points must be clearly dis-
tinguished to establish best practice patterns for 
complex pelvic floor disorders. Inconsistent 
reporting of anatomic versus functional outcomes 
measures limits the comparability of published 
series. The relevance of objective outcomes to 
patient satisfaction has also been called into 
question [6]. Recent guidelines [8] and consensus 
statements by pelvic floor researchers advocating 
improved quality of POP outcomes studies [51] 
should lead to improved uniformity and applica-
bility of outcomes measures in the future.

The impact of RSC with or without concomi-
tant vaginal repair on voiding, defecatory, and 
sexual function is unclear. Multiple confounding 
variables and the limitations of retrospective 
studies using different study inclusion criteria 
and primary outcomes measures limit the quality 
of the literature on these important outcomes.

The best advice for surgical decision-making 
with the available options and literature is to 
individualize the choice to the patient’s needs 
and goals. Relevant clinical factors including 
age, health, fertility status, sexual activity, pres-
ence of dyspareunia, and vaginal length should 
be considered [52]. In the pelvic floor outcomes 
literature, the paramount importance of patient 
goals and expectations for surgery is being rec-
ognized and utilized as a benchmark to define 
surgical success [6, 9, 53]. There is a great deal 
of data on anatomic single compartment recur-
rence rates, but this measure has gradually 
become less relevant to patients and surgeons as 
an outcome because it may not correlate with 
patient’s bother and satisfaction [54]. The evi-
dence for and against concomitant vaginal pro-
cedures at the time of RSC is heterogeneous and 
poses additional research questions. The ulti-
mate choice of whether or not to pursue concom-
itant vaginal repairs should be based on a 
discussion of patient goals and expectations for 
surgery, the known risks and benefits of avail-
able surgical approaches, and should ultimately 
rest on the shared decision- making of patient 
and surgeon.
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 Introduction

Millions of women worldwide have stress uri-
nary incontinence (SUI) and experience signifi-
cant bother from the inability to adequately 
store urine during laughing, sneezing, or exer-
tion [1]. Women suffering from SUI may feel 
socially embarrassed, experience perineal skin 
irritation, and avoid exercise [1–3]. Additionally, 
many women with SUI incur significant finan-
cial costs from managing their incontinence 
[4]. Unfortunately, despite the morbidity asso-
ciated with SUI, many women with SUI do not 
seek medical care and may consider SUI to be a 
normal aspect of aging [5]. Therefore, health 
care providers should consistently ask women 

about the presence of urinary incontinence 
and provide appropriate management when 
indicated.

Women with pelvic organ prolapse (POP) are 
at elevated risk of having SUI [6], and SUI man-
agement in women undergoing prolapse repair 
can be challenging. While many women with 
POP experience SUI preoperatively, a consider-
able proportion of women develop new SUI after 
reconstructive surgery and in essence have SUI 
“unmasked” by prolapse repair. Therefore, pelvic 
surgeons must address the presence of preexist-
ing SUI during prolapse repair and additionally 
consider the possibility of SUI occurring 
postoperatively.

In this chapter, we discuss the concomitant 
management of SUI during robotic female pelvic 
floor reconstruction. Although information in this 
chapter is intended to aid surgeons performing 
robotic surgery, the majority of data on this topic 
has been accumulated from studies that predate 
the widespread use of robotic technology in the 
field of female pelvic medicine and reconstruc-
tive surgery. Nonetheless, the principles of man-
aging SUI during prolapse repair that were 
gleaned from the open and straight-laparoscopic 
surgical experience are extremely applicable to 
managing SUI during robotic pelvic floor 
reconstruction.

mailto:steven.weissbart@stonybrookmedicine.edu
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38

 Background

 Definitions

Women with POP may report the symptom of SUI 
and/or demonstrate the sign of SUI during consulta-
tion. The International Continence Society (ICS) 
defines the symptom of SUI as the “complaint of 
involuntary leakage on effort or exertion, or on 
sneezing or coughing” and the sign of SUI as the 
“observation of involuntary leakage from the ure-
thra, synchronous with exertion/effort, or sneezing 
or coughing” [7]. SUI on prolapse reduction, or 
“occult” SUI, is defined by the ICS as “stress incon-
tinence only observed after reduction of coexistent 
prolapse” [8]. Although not defined by the ICS, de 
novo SUI is commonly referred to as new SUI that 
occurs, or is “unmasked,” after prolapse repair.

These definitions have been fundamental to 
categorizing three different subgroups of women 
with POP that may be seen during preoperative 
consultation: (1) women with POP and the symp-
tom and/or sign of SUI (i.e., complain of SUI or 
demonstrate SUI on nonreduced testing), (2) 
women with POP who only have the sign of SUI 
on prolapse reduction (i.e., women with occult 
SUI), and (3) women with POP without any 
symptom or sign of SUI.

As will be discussed in this chapter, classify-
ing women with POP according to these sub-
groups is clinically meaningful as women in each 
subgroup have different probabilities of experi-
encing SUI after prolapse repair.

 Pathophysiology

The pathophysiology of SUI in women with POP 
is not without controversy. While on an elemen-
tary level, SUI ensues when increased intra- 
abdominal pressure on the bladder overcomes 
outlet resistance, the precise anatomical and physi-
ological deficiencies leading to SUI are debatable, 
and there are likely differing etiologies of SUI in 
women with POP. SUI has traditionally been clas-
sified as occurring as a result of urethral hypermo-
bility, intrinsic sphincter deficiency (ISD), or both.

The two widely held theories describing the 
pathophysiology of urethral hypermobility and 

SUI are the hammock theory (Fig. 4.1) and the 
integral theory (Fig. 4.2). According to 
DeLancey’s hammock theory, SUI ensues due to 
a deficiency of a so-called “hammock” to sup-
port and compress the bladder neck/urethra dur-
ing states of increased abdominal pressure [9]. 
Using cadaveric dissection, he described that the 
bladder neck/urethra rests on a hammock formed 
by the pubocervical fascia, which is attached to 
the levator ani muscle at the arcus tendineus fas-
cia pelvis. During states of increased intra- 
abdominal pressure, this hammock acts as a 
backboard, which compresses the bladder neck/
urethra and prevents incontinence. Anatomic 
deficiencies of the pubocervical fascia and/or 
neuromuscular injury to the levator ani muscle 
can therefore compromise the hammock and 
cause SUI. The hammock theory also substanti-
ates the common co-occurrence of SUI and 
POP. Deficiencies of the pubocervical fascia are 
also considered to be an etiology for anterior 
vaginal wall prolapse [11].

Petros and Ulstem’s integral theory suggests 
that pelvic floor disorders such as SUI, POP, 
 urinary urgency, impaired bowel and bladder emp-
tying, and some forms of pelvic pain are all related 
to laxity in the vagina or its supporting structures, 
such as its ligaments [12]. Pertaining to SUI, their 
theory suggests that urethral closing is under 
muscle control via ligamentous/connective tissue 

Fig. 4.1 As suggested by the hammock theory, the ure-
thra is compressed against the pubocervical fascia of the 
anterior vaginal wall to provide continence. From 
DeLancey [9]; with permission
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attachments to the urethra. Therefore, injury to the 
urethral ligaments/connective tissue can prevent 
appropriate transmission of the muscle activity 
required to close the urethra. Similar ligamentous/
connective tissue injury may additionally contrib-
ute to the development of POP.

The hammock and integral theories have been 
pivotal to explaining the pathophysiology of SUI 
and its relationship to POP, although they do not 
describe the pathophysiology of ISD, which was 
introduced by McGuire [13]. SUI may be caused 
by inherent failure of the urethral sphincter to 
close, and this may occur in the presence or 
absence of urethral hypermobility. Among other 
factors, urethral sphincter competence is depen-
dent upon intact neurologic control and appropri-
ate watertight apposition of the urethral mucosa. 
Therefore, neural injury, as well as urethral 
mucosal deficiency (e.g., due to radiation, 
trauma, or ischemia), may lead to ISD and 
SUI. Clinically, ISD may be a potential reason 
for diminished SUI treatment efficacy [14]. In 
fact, it can be argued that, since most women 
develop urethral hypermobility after vaginal 
delivery yet have no SUI, some degree of ISD 
must be present for SUI to develop, regardless of 
the presence of urethral hypermobility.

While the underlying mechanism for SUI in 
women with POP may be urethral hypermobility, 
ISD, or both, advanced POP is well-known to 
potentially “mask” underlying SUI by displacing 
the bladder neck and “kinking” the urethra. In a 
study of 237 women with symptomatic POP, pro-
lapse stage was inversely related to reported SUI 
[15], and in a urodynamic study of women with 
advanced prolapse, maximum urethral closure 
pressure decreased by 31% upon prolapse reduc-
tion [16]. Thus, underlying anatomic and physi-
ologic deficiencies responsible for causing SUI 
may be obscured by POP and first become appar-
ent postoperatively.

 Incidence

Women with POP have a markedly elevated over-
all incidence of concomitant SUI versus women 
without POP, and studies have reported SUI 
occurring in as many as 80% of women with POP 
[17–19]. However, the exact overall rate of SUI 
in women with POP is unclear, owing to varying 
SUI definitions used in the literature and the 
dynamic nature of SUI in women with POP. While 
the natural history of POP progression (from low 
stages to high stages) is debatable [20], women 
with low-stage POP and SUI may potentially 
have continence restored by advancement of pro-
lapse to a higher stage. Not uncommonly, women 
with POP who are presently continent can report 
a history of SUI that resolved without treatment. 
Therefore, the exact overall incidence of SUI in 
women with POP is difficult to determine. 
Nonetheless, it is clearly important for surgeons 
to appreciate the strong epidemiological relation-
ship between POP and SUI.

Likewise, it is imperative for robotic pelvic sur-
geons to understand the general rates of SUI that 
can occur after pelvic floor reconstruction. Over 
the past decade, considerable research has been 
conducted to ascertain these rates and has pro-
vided a basis for performing an anti- incontinence 
procedure at the time of prolapse repair in some 
women (Table 4.1). While reported rates of post-
operative SUI vary across studies, the data have 
generally suggested that the occurrence of postop-
erative SUI is dependent upon two factors: (1) the 

Fig. 4.2 As suggested by the integral theory, the urethra 
(U) is closed via muscle contraction/forces (arrows). 
Other structures represented in this figure include the 
vagina (V), bladder base (BB), anterior pubourethral liga-
ment (1), midurethral part of pubourethral ligament (2), 
vaginal part of pubourethral ligament (3), uterosacral liga-
ment (4), Hammock closure muscle (PC), Levator plate 
(LP), longitudinal muscle of the anus (LMA), sacrum (S), 
and pubic symphysis (PS). From Petros [10]; with 
permission
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Table 4.1 Randomized clinical trials reporting rates of subjective and objective postoperative SUI

Study Randomization arms
Rate of postoperative 
subjective SUI

Rate of postoperative 
objective SUI

Brubaker et al. [21] (CARE) 
[n = 322](women in the trial did 
not report preoperative SUI)

1. Open sacrocolpopexy  
and Burch 
colposuspension

1. 19% (at 
postoperative 
month-3)

1. 4.7% (at 
postoperative 
month-3)

2. Open sacrocolpopexy 
only

2. 39.7% (at 
postoperative 
month-3)

2. 8.6% (at 
postoperative 
month-3)

Liapis et al. [22] [n = 82]
(women in the trial had occult 
SUI)

1. Vaginal POP repair  
and TVT-O

1. 18.6% (at 
postoperative 
month-3)

1. 9.3% (at 
postoperative 
month-3)

2. Vaginal POP repair 
only

2. 23% (at 
postoperative 
month-3)

2. 28.1% (at 
postoperative 
month-3)

Schierlitz et al. [23] [n = 80]
(women in the trial had 
preoperative occult SUI or 
asymptomatic urodynamic SUI 
and the study included vaginal 
and abdominal POP repairs)

1. POP repair and TVT Rates not reported 1. 15% (at 
postoperative 
month-6)

2. POP repair only No change in Median 
UDI-6 question 3 
score in either group 
(at postoperative 
months- 6 and 24)

2. 66% (at 
postoperative 
month-6)

van der Ploeg et al. [24] 
(CUPIDO-1) [n = 138](women 
in the trial had subjective SUI or 
objective SUI on non-reduced 
test)

1. Vaginal POP repair  
and midurethral sling

1. 22% (at 
postoperative 
month-12)

1. 16% (at 
postoperative 
month-12)

2. Vaginal POP repair 
only

2. 61% (at 
postoperative 
month-12)

2. 44% (at 
postoperative 
month-12)

van der Ploeg et al. [25] 
(CUPIDO-2) [n = 91](women in 
the trial had occult SUI)

1. Vaginal POP repair 
and midurethral sling

1. 14% (at 
postoperative 
month-12)

1. 0% (at 
postoperative 
month-12)

2. Vaginal POP repair 
only

2. 52% (at 
postoperative 
month-12)

2. 35% (at 
postoperative 
month-12)

Wei et al. [26] (OPUS) 
[n = 337](women in the trial did 
not report preoperative SUI and 
the postoperative incontinence 
outcome was not restricted to 
SUI, i.e., incuded stress, 
urgency, or mixed incontinence)

1. Vaginal POP repair 
and midurethral sling

1. 9.4% (at 
postoperative 
month-3)

1. 6.3% (at 
postoperative 
month-3)

2. Vaginal POP repair 
only

2. 24.8% (at 
postoperative 
month-3)

2. 34.4% (at 
postoperative 
month-3)

Abbreviation: TVT tension-free vaginal tape
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presence of preoperative SUI and (2) the perfor-
mance of an anti-incontinence procedure at the 
time of surgery [21, 26–28].

Women with preoperative SUI (i.e., complain 
of SUI or demonstrate SUI on a non-reduced test) 
who do not undergo a concomitant anti- 
incontinence procedure appear to have the highest 
rate of postoperative SUI. The CUPIDO-1 study 
was a European multicenter randomized trial com-
paring vaginal prolapse repair with and without 
concomitant midurethral sling in women with 
POP and symptomatic or objective SUI (on non-
reduced testing). Fifty-seven percent of women 
undergoing isolated prolapse repair reported both-
ersome SUI, had objective evidence of SUI, or 
were treated for SUI at 1 year postoperatively [24]. 
Another randomized trial, which compared pro-
lapse repair with and without concomitant midure-
thral sling in women with POP and preoperative 
SUI (women with SUI upon prolapse reduction 
with a pessary were included), found that 71% of 
women undergoing isolated prolapse repair expe-
rienced SUI at postoperative month three [29].

Women with preoperative SUI who undergo a 
concomitant anti-incontinence procedure have a 
lower rate of postoperative SUI. In the CUPIDO-1 
study, 78% of women undergoing concomitant 
midurethral sling placement experienced absence of 
SUI in comparison to 39% of women undergoing 
isolated prolapse repair [24]. Additionally, while 
16% of women receiving a concomitant midure-
thral sling demonstrated SUI postoperatively, 44% 
of women who underwent an isolated prolapse 
repair had demonstrable SUI. The 16% objective 
failure rate of concomitant midurethral sling place-
ment in this trial appears similar to the objective 
failure rate of midurethral slings in the Trial Of 
Mid-Urethral Slings (TOMUS), a multicenter ran-
domized trial comparing retropubic to transobtura-
tor midurethral slings [30]. Failure rates could be 
due to surgical technique, as prophylactic slings at 
the time of POP repair may potentially be tensioned 
to loosely and result in postoperative SUI.

Women with occult SUI prior to prolapse 
repair appear to be at elevated risk of postopera-
tive SUI (i.e., de novo SUI) compared to stress 
continent women, and performing a concomitant 
anti-incontinence procedure decreases their risk 
of postoperative incontinence [27, 28, 31]. The 

Colpopexy and Urinary Reduction Efforts 
(CARE) study was a large multicenter trial inves-
tigating the effects of performing a concomitant 
Burch colposuspension at the time of sacrocolpo-
pexy in women without SUI symptoms [21]. 
Participants in the study were randomized to 
sacrocolpopexy versus sacrocolpopexy with con-
comitant Burch colposuspension, and participants 
underwent urodynamic testing preoperatively 
(with and without prolapse reduction). The rate of 
occult SUI in the study was 27%, and women 
with preoperative occult incontinence more fre-
quently reported SUI postoperatively whether or 
not they underwent concomitant Burch colposus-
pension [31]. Among women who did not undergo 
a Burch colposuspension, 58% with preoperative 
occult SUI reported SUI postoperatively com-
pared to 38% who did not demonstrate occult SUI 
preoperatively. Among women undergoing con-
comitant Burch colposuspension, 32% with pre-
operative occult SUI reported SUI postoperatively, 
compared to 21% who did not demonstrate occult 
SUI preoperatively.

Another multicenter randomized trial 
(Outcomes Following Vaginal Prolapse Repair 
and Midurethral Sling, OPUS), which investi-
gated the effects of concomitantly placing a 
midurethral sling at the time of vaginal prolapse 
repair, confirmed an elevated rate of postopera-
tive SUI in women with preoperative occult SUI 
[26]. This trial also substantiated a role for con-
comitant SUI treatment. In the OPUS trial, 34% 
of women demonstrated SUI on preoperative 
prolapse reduction testing, and there was a clear 
reduction in postoperative urinary incontinence 
in these women by placement of a concomitant 
midurethral sling (at postoperative month three, 
30% of women receiving a concomitant midure-
thral sling experienced urinary incontinence 
compared to 72% of women who did not).

Women who are stress continent before sur-
gery (i.e., no subjective/objective SUI, including 
no occult SUI) appear to have the lowest risk of 
postoperative SUI [26, 31]. However, the rate of 
postoperative SUI is also decreased in these 
women by performing an anti-incontinence pro-
cedure at the time of POP repair [26, 31]. As pre-
viously mentioned, the rates of postoperative SUI 
in women who did not have occult incontinence in 
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the CARE trial were 38% (no Burch group) and 
21% (Burch group) [21, 31]. In the OPUS trial, 
the rates of postoperative urinary incontinence in 
women who did not have occult SUI were 38% 
(no midurethral sling group) and 21% (midure-
thral sling group) [26]. These results were similar 
to the findings in the CUPIDO-2 study, which also 
compared postoperative SUI rates among women 
with and without occult SUI [25]. Thus, although 
stress continent women may have a lower rate of 
postoperative SUI, they still remain at risk.

Other factors, such as type of prolapse repair, 
may potentially influence the incidence of post-
operative SUI. While large randomized trials 
have established the safety and efficacy of robotic 
pelvic floor repair, there is no high-quality evi-
dence at this time that assesses if using robotic 
technology in pelvic floor reconstruction affects 
postoperative SUI rates [32]. However, findings 
from a meta-analysis suggested that between 10 
and 25% of women undergoing isolated robotic 
sacrocolpopexy need subsequent anti-inconti-
nence surgery [32]. The excellent support of the 
anterior vaginal wall with sacrocolpopexy (either 
open, laparoscopic, or robotic) is likely to result 
in higher rates of postoperative SUI than other 
POP procedures that have less of a “straighten-
ing” effect on the bladder neck.

 Preoperative Decision Making

Deciding whether or not to perform an anti- 
incontinence procedure at the time of robotic 
pelvic floor reconstruction can be challenging. 
As discussed in the previous section (Incidence), 
women with POP have a high rate of SUI preop-
eratively and a considerable risk of experiencing 
persistent SUI or developing de novo SUI after 
prolapse repair. On the other hand, concomi-
tantly treating SUI during prolapse repair poses 
additional surgical risks and not all women 
undergoing isolated prolapse repair experience 
SUI postoperatively. Therefore, pelvic surgeons 
are faced with a clear dilemma during recon-
structive surgical planning. Adding another layer 
of complexity to this dilemma is the fact that 
opposing conclusions can be drawn from exam-
ining the same data on the topic [33, 34]. For 

example, data from the CARE trial can be used 
to support one of three strategies: (1) always per-
form an anti-incontinence procedure during POP 
repair, (2) never perform an anti-incontinence 
procedure during POP repair, and (3) selectively 
perform an anti-incontinence procedure during 
POP repair.

Multiple strategies for managing SUI at the 
time of pelvic floor reconstruction have been 
adapted, and there is no gold standard method of 
management [35]. While SUI can be markedly 
bothersome to women, it is rarely life- threatening, 
and treatment is considered elective. Therefore, 
the decision to perform an anti-incontinence pro-
cedure at the time of robotic pelvic floor recon-
struction should be handled on an individual 
basis and reflect the patient’s risk of postopera-
tive SUI and treatment goals [36, 37]. The risks 
and benefits of performing a concomitant anti- 
incontinence procedure should always be dis-
cussed with the patient during counseling and the 
informed consent process. Understanding the 
advantages and disadvantages of concomitantly 
performing an anti-incontinence procedure pro-
vides the foundation for counseling.

 Advantages of Performing 
a Concomitant Anti-incontinence 
Procedure

There are multiple benefits of performing a con-
comitant anti-incontinence procedure at the time 
of prolapse repair. In many clinical trials, con-
comitant anti-incontinence procedures led to a 
reduction in the rate of postoperative SUI [27, 
28]. Thus, for many women, performing an anti- 
incontinence procedure at the time of prolapse 
repair can obviate the need for further SUI ther-
apy. As many as 56% of women with preoperative 
SUI undergoing isolated prolapse repair may pro-
ceed to subsequent anti-incontinence surgery 
[29]. Needless to say, those women undergoing 
subsequent anti-incontinence surgery are then 
exposed to the risks of an initial anti-incontinence 
operation (e.g., voiding dysfunction, mesh expo-
sure, pain), plus the additional risks of undergoing 
a second operative intervention, including anes-
thetic risks. Therefore, performing a concomitant 
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anti-incontinence procedure during prolapse 
repair may potentially prevent the need for a 
future operative intervention.

After an isolated prolapse repair, some women 
with postoperative SUI may elect to not undergo 
subsequent incontinence surgery and may experi-
ence continued bother from SUI. While as many as 
56% of women undergoing isolated prolapse repair 
proceeded to subsequent anti-incontinence surgery, 
21% of women with postoperative SUI elected not 
to return to the operating room for treatment [29]. 
Furthermore, in a retrospective study of 100 women 
who underwent isolated POP repair, 32% of 
women with postoperative SUI reported their 
incontinence to be bothersome [38]. Therefore, 
these women may have potentially benefitted from 
the performance of a concomitant anti-inconti-
nence procedure; granted, the relationship between 
SUI bother and the decision to undergo anti-incon-
tinence surgery is unclear. However, aside from 
operative intervention, women undergoing isolated 
prolapse repair more frequently undergo additional 
non- operative SUI treatment, such as physiother-
apy, compared to women undergoing concomitant 
anti-incontinence surgery [24].

Thus, the overall advantages of performing 
anti-incontinence surgery at the time of prolapse 
repair are: (1) decreased occurrence of postoper-
ative SUI, (2) decreased need for future SUI sur-
gical therapy, (3) decreased need for further 
non-operative SUI therapy, and (4) empiric treat-
ment of women who may experience bothersome 
postoperative SUI, yet wish to avoid a second 
operative intervention.

 Disadvantages of Performing 
a Concomitant Anti-incontinence 
Procedure

There are also disadvantages of performing con-
comitant anti-incontinence surgery at the time of 
prolapse repair. While anti-incontinence surgery 
decreases the rate of postoperative SUI, many 
women undergoing isolated prolapse repair do 
not experience bothersome SUI postoperatively. 
In women without preexisting SUI, data from the 
CARE trial demonstrated that only 25% reported 

bothersome SUI after isolated prolapse repair 
[21]. Thus, performing an anti-incontinence pro-
cedure in women without preexisting SUI may be 
unnecessary. Furthermore, approximately 39% 
of women with preexisting SUI reported resolu-
tion of SUI after isolated prolapse repair [39]. 
Thus, prolapse repair alone may, perhaps, lead to 
SUI resolution in some women [40].

Women who experience postoperative SUI 
may not be significantly bothered by their inconti-
nence, and women with postoperative SUI still 
frequently report surgical satisfaction [41, 42]. In 
the CUPIDO-1 study, although 61% of women 
undergoing isolated prolapse repair reported SUI, 
only 17% underwent subsequent anti- incontinence 
surgery [24]. Additionally, 7 year CARE data 
found that only 13 women who underwent isolated 
prolapse repair underwent subsequent SUI surgery 
(including injection therapy) [43]. Therefore, it 
may be unnecessary to perform an anti-inconti-
nence procedure in women at the time of prolapse 
repair, as postoperative SUI may not always be 
bothersome or result in further treatment.

Undergoing concomitant anti-incontinence 
surgery at the time of prolapse repair exposes 
women to additional adverse events. Women 
undergoing concomitant midurethral sling place-
ment in the OPUS trial had more urinary tract 
infections (31% vs. 18%; p = 0.008), more epi-
sodes of major bleeding or vascular complica-
tions (3% vs. 0%; p = 0.03), incomplete bladder 
emptying (at multiple time points), and the need 
for urethrolysis (2.4% vs. 0%; p = 0.06) [26]. 
Furthermore, women undergoing concomitant 
midurethral sling had longer operative times and 
larger operative blood loss, albeit only by 11 min 
(p = 0.05) and 24 mL (p = 0.03), respectively. 
Notably, in a different study of women undergo-
ing transvaginal POP repair, the rate of surgical 
intervention to correct obstruction after concomi-
tant midurethral sling placement was equal to the 
rate of subsequent surgical intervention for SUI 
(8.5% vs. 8.3%) [44].

Thus, the overall disadvantages of performing 
anti-incontinence surgery at the time of prolapse 
repair are: (1) unnecessarily treating women for 
SUI (i.e., overtreatment) and (2) potentially 
exposing women to adverse events.
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 De Novo Storage Symptoms

Developing new urinary urgency and/or urge 
incontinence is a well-known phenomenon that can 
occur after isolated anti-incontinence surgery [45]. 
While women who undergo concomitant anti-
incontinence surgery at the time of prolapse repair 
may theoretically be at increased risk of experienc-
ing de novo storage symptoms, the data suggests 
otherwise. In the CARE and OPUS trials, women 
who underwent concomitant anti- incontinence 
procedures did not have worse storage symptoms, 
and a meta-analysis found that the development of 
postoperative urge urinary incontinence was unre-
lated to whether an anti- incontinence procedure at 
the time of prolapse repair [21, 26, 28, 46]. Notably, 
storage symptoms can often improve after isolated 
prolapse repair [47], and whether anti-incontinence 
surgery diminishes or augments this improvement 
is unclear. Therefore, in regard to storage symp-
toms, there is no clear advantage or disadvantage to 
performing concomitant anti-incontinence surgery 
at the time of prolapse repair.

 Approach to Treatment

Ideally, an anti-incontinence procedure would 
only be performed in women who would experi-
ence postoperative SUI, be bothered by SUI, and 
be at low risk of having complications. 
Unfortunately, accurately identifying women 
with these exact characteristics is challenging. 
Therefore, three common strategies to manage 
SUI at the time of prolapse repair have been 
adopted: the universal approach, the staged 
approach, and the selective approach (Fig. 4.3).

In the universal approach, surgeons perform an 
anti-incontinence procedure in all women under-
going prolapse repair, irrespective of preoperative 
testing and SUI risk factors (women who have 
already undergone midurethral sling placement 
may be excluded from this approach). While this 
approach minimizes undertreatment, it exposes 
women to overtreatment and additional surgical 
complications. In the staged approach, surgeons 
never perform a concomitant anti-incontinence 
procedure, irrespective of preoperative testing and 
SUI risk factors, and subsequently offer anti-

incontinence surgery to only those women with 
bothersome SUI postoperatively. While this 
approach minimizes overtreatment, it exposes 
women to undertreatment, as some women will 
have to undergo a subsequent anti-incontinence 
intervention. Additionally, with this approach, 
women with postoperative SUI who elect to not 
undergo a second operative intervention may 
experience persistent bother from their inconti-
nence. In the selective approach, surgeons incor-
porate preoperative testing and SUI risk factors in 
their decision to perform a concomitant SUI pro-
cedure. This approach has the benefits of balanc-
ing overtreatment and undertreatment and is 
predicated on identifying those women who will 
be at the highest risk of postoperative SUI [35].

Understanding the number of women who 
need to be treated (i.e., number needed to treat 
[NNT]) with anti-incontinence surgery to prevent 
a case of postoperative SUI highlights the benefit 
of using a selective approach. In women with 
preoperative coexisting SUI (i.e., not occult 
SUI), data from a meta-analysis suggested that 
two women would need to be treated with anti- 
incontinence surgery to prevent a case of postop-
erative SUI [28]. Therefore, pelvic surgeons may 
elect to perform concomitant anti-incontinence 
surgery in women with preexisting symptomatic 
SUI. On the other hand, in women without symp-
tomatic SUI preoperatively, the number of anti- 
incontinence procedures that would need to be 
performed to reduce a case of postoperative SUI 
is considerably higher and is markedly dependent 
upon the presence of occult SUI preoperatively. 
According to the CARE data, 5.4 Burch colpo-
suspensions would have to be performed to pre-
vent one case of postoperative SUI, and according 
to the OPUS data, 3.9 midurethral slings would 
have to be placed to reduce one case of postop-
erative SUI [21, 26, 48]. However, results of pre-
operative occult stress testing significantly alter 
the NNT. In the CARE trial, the NNT among 
women with occult incontinence was 3.8 as 
opposed to 5.7 in women without occult SUI, and 
the NNT among women with occult incontinence 
in the OPUS trial was 2.4 versus 5.7 in women 
without occult SUI. Therefore, preoperatively 
testing for occult SUI provides a key data point 
for surgeons using the selective approach.
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 Testing for Occult Incontinence

While it may be important to test for occult SUI 
for surgical planning purposes, unfortunately, 
there is no superior method for testing. On a basic 
level, testing is performed by reducing prolapse 
and asking women to cough or Valsalva with a 
filled bladder. However, the prolapse reduction 
technique and bladder volume during testing 
clearly affect test results [49]. Visco et al. investi-
gated the test characteristics of commonly utilized 
methods of detecting occult SUI, including using 
a pessary, forceps, swab, speculum, and manual 
reduction [31]. They found an overall occult SUI 
detection rate of 19%, and that using a pessary 
was associated with the lowest rate of detecting 
occult SUI (6%), while using a speculum was 
associated with the highest rate of detecting occult 
SUI (30%). In addition to simple office testing, 
urodynamics may also be used to detect occult 
SUI (as well as measure the maximum urethral 
closure pressure, MUCP). While urodynamics, 
with or without POP reduction, may be useful for 
multiple reasons in women with POP [50], data 
have not suggested a particular benefit in detect-
ing occult SUI compared to other office testing 

[48]. Furthermore, measuring the MUCP (which 
changes with prolapse reduction [16]) may be 
unnecessary as it has not been reliably shown to 
predict risk of occult incontinence or surgical out-
comes. Although the optimal method for occult 
SUI testing is unclear, surgeons may find some 
form of testing to be useful in their practice. On 
the other hand, leading experts in the field are not 
in agreement about considering occult SUI testing 
as a quality of care indictor [51].

In addition to urodynamics, an online calcula-
tor (created by the Pelvic Floor Disorders Network, 
[PFDN], available at http://www.r- calc.com/
ExistingFormulas.aspx?filter=CCQHS) can be 
used to predict a patient’s risk of developing de 
novo postoperative SUI [52]. In examining the 
OPUS data, the PFDN found seven factors that 
were predictive of developing postoperative SUI 
and are integrated into their calculator: age at sur-
gery, number of vaginal births, body mass index 
(BMI), preoperative stress test result, performance 
of an anti-incontinence procedure, incontinence 
associated with urgency, and diagnosis of diabetes 
[52]. Notably, their prediction model actually out-
performed a panel of 22 experts as well as a preop-
erative prolapse reduction stress test alone.

Women planning robotic pelvic floor repair

Ask about SUI symptom

Test for occult SUI, consider using PFDN
calculator

Patient has occult SUI

Assess surgical risk

Anti-incontinence surgery risks outweigh
benefits

Anti-incontinence surgery benefits outweigh
risks

Perform concomitant anti-incontinence
surgery

Do not perform concomitant anti-
incontinence surgery

Patient complains of SUI symptom Patient does not have symptom or sign
of SUI

Fig. 4.3 Example of a selective approach to managing SUI at the time of POP repair. PFDN pelvic floor disorders 
network

4 Concomitant Management of Occult and Symptomatic Stress Urinary Incontinence

http://www.r-calc.com/ExistingFormulas.aspx?filter=CCQHS
http://www.r-calc.com/ExistingFormulas.aspx?filter=CCQHS


46

 Economic Considerations

The three different strategies of managing SUI at 
the time of pelvic floor reconstruction (i.e., uni-
versal, staged, selective) are not likely equivalent 
in cost. However, studies comparing the cost- 
effectiveness between strategies demonstrate 
conflicting results. In a cost-effectiveness analy-
sis based upon CARE data and Medicare reim-
bursement rates, the universal approach was 
found to be the most cost-effective strategy and 
had an incremental cost-effectiveness ratio of 
$2867 per quality-adjusted life year compared to 
the strategy of only performing sacrocolpopexy 
[53]. However, a different study comparing pro-
lapse repair with midurethral sling (n = 16) to 
prolapse repair alone (n = 14) reported differen-
tial cost savings when using a selective strategy 
to manage SUI at the time of prolapse repair [41]. 
Women in this study underwent different types of 
prolapse repair (abdominal sacrocolpopexy, 
sacrospinous ligament suspension, etc.).

 Surgical Technique

Synthetic midurethral sling placement and Burch 
colposuspension are two commonly utilized pro-
cedures to treat SUI at the time of POP repair 
[54]. Historically, other procedures, such as ante-
rior colporraphy, paravaginal repair, transvaginal 
needle suspension, and Marshall-Marchetti- 
Krantz urethropexy, were used to surgically treat 
SUI, but they have been associated with poor 
efficacy and/or high complication rates [55–58]. 
Autologous facial sling placement can be used to 
treat SUI during a concomitant prolapse repair 
[59], but the incision needed for harvesting rectus 
fascia or fascia lata may defeat the purpose of 
performing a minimally invasive robotic repair. 
While urethral bulking agents can be injected 
during prolapse repair, surgeons may elect to use 
bulking agents in the office setting for women 
who experience postoperative SUI. Artificial uri-
nary sphincter placement is no longer routinely 
performed for women [60].

There are no direct comparative data examining 
the safety and efficacy of synthetic midurethral 

sling placement versus robotic Burch colposus-
pension at the time of robotic pelvic floor recon-
struction. However, a meta-analysis (not limited to 
women undergoing prolapse repair) found that 
midurethral sling placement and laparoscopic 
Burch colposuspension appear to have equivalent 
efficacy [61]. Notably, bladder perforations were 
more frequent in women undergoing midurethral 
sling placement, while de novo storage symptoms 
were more common in women undergoing laparo-
scopic Burch colposuspension [61].

 Midurethral Sling

Synthetic midurethral slings are macroporous 
monofilament polypropylene meshes that are 
placed underneath the midurethra via a retropubic 
or transobturator approach. Retropubic midure-
thral slings can be inserted in either a bottom- to-
top or top-to-bottom fashion, and transobturator 
slings can be inserted in either an out-to-in or in-
to-out fashion. While data specifically comparing 
midurethral sling approaches in women with pro-
lapse are lacking, overall data from women with 
SUI suggests that retropubic and transobturator 
slings are equally effective [30, 62]. One excep-
tion may be women with ISD, for whom retropu-
bic slings may be superior [63]. Retropubic slings 
and transobturator slings are associated with dif-
ferent complication profiles [30, 61]. Retropubic 
slings are associated with increased rates of blad-
der perforation and voiding dysfunction, while 
transobturator slings are associated with increased 
rates of groin pain [30, 61] and possibly mesh 
extrusion [64]. Although uncommon, retropubic 
slings are also associated with an increased risk of 
bowel injury, which may be heightened in the 
women with previous abdominal/inguinal surgery 
[45]. Studies are conflicting as to whether opera-
tive time, blood loss, and sexual function are 
equivalent between the two sling types.

Mini-slings are also macroporous monofila-
ment polypropylene meshes, but they are shorter 
than full-length slings. These slings are placed via 
a single vaginal incision and are thought to pose 
less risk than full-length slings. However, a meta-
analysis found mini-slings to be less efficacious 
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than full-length slings in terms of subjective and 
objective cure rates [65]. Regardless, they may 
have a role in women who are undergoing robotic 
pelvic floor repair, as they may improve inconti-
nence while posing less surgical risk [66].

The surgical technique for placing a full- 
length midurethral sling during prolapse repair is 
similar to placement in women without prolapse 
and has been previously described [67]. In brief, 
after robotic pelvic floor repair is completed, the 
robot is undocked, and attention is turned to the 
vagina. Cystoscopy (with a 70° lens) may be per-
formed at this point (to visualize ureteral jets and 
assess bladder wall integrity), or it may be 
deferred until after the midurethral sling trocars 
have been passed. The robot should be kept ster-
ile until after cystoscopy is completed so that it 
may be quickly redocked in the event of sus-
pected ureteral or bladder injury. Midurethral 
sling placement is carried forth by identifying the 
midurethra with the aid of a Foley catheter, dis-
secting bilateral vaginal flaps with Metzenbaum 
scissors (with or without the aid of prior hydrodis-
section) and passing the sling trocars in a retropu-
bic or transobturator fashion. Cystoscopy is 
conducted to rule out bladder perforation and a 
Foley catheter is reinserted. The vaginal mucosa 
is inspected to rule out vaginal perforation, the 
sling is tensioned, and the vaginal incision is 
closed with a delayed absorbable suture. The tro-
car exit sites may be closed with skin adhesive, 
and vaginal packing with or without estrogen 
cream may be used.

 Burch Colposuspension

Burch colposuspension was a frequently used 
procedure to correct SUI in women prior to the 
advent of synthetic midurethral slings. However, 
midurethral slings are more commonly used to 
treat SUI given their advantage of avoiding 
abdominal entry [68]. Yet, for surgeons who are 
already operating within the abdomen, Burch 
colposuspension has a valuable role in treating 
SUI and a robotic Burch colposuspension can be 
performed after robotic pelvic floor repair is 
completed.

The surgical technique for performing a 
robotic Burch colposuspension has been adapted 
from the open and straight-laparoscopic surgical 
experience and has been previously described 
(Fig. 4.4) [69]. In brief, after robotic prolapse 
repair is completed, the robot is kept docked and 
the Burch colposuspension proceeds through the 
previously placed robotic ports. A Foley catheter 
is inserted if not already in place. Using a mono-
polar scissor, the space of Retzius is entered by 
incising the peritoneum of the anterior abdominal 
wall (the bladder may be temporarily backfilled 
to aid in dissection) and dissection is carried to 
the pubic symphysis. Cooper’s ligament is identi-
fied as well as an area of anterior vaginal wall 
that is adjacent to the midurethra to bladder neck. 
Bilaterally, sutures are then passed 2 cm lateral to 
the urethra at this anterior vaginal wall location 
and are gently approximated to Cooper’s liga-
ment. Special care is taken during knot-tying to 
avoid placing undue tension on the vagina/ure-
thra. The robot may be undocked, but should be 
kept sterile until after cystoscopy is completed. 
Cystoscopy (with a 70° lens) is conducted to 
visualize ureteral jets, assess bladder wall integ-
rity, and ensure absence of suture intravesically 
and intraurethrally, and a Foley catheter is rein-
serted. The vagina is examined to ensure absence 
of suture penetrating the vaginal lumen. The 
Burch colposuspension concludes by closure of 
the peritoneum with an absorbable suture and the 
robotic port sites are closed in the standard 
fashion.

 Postoperative Care 
and Complications

The postoperative care of women who undergo 
concomitant anti-incontinence surgery during 
robotic pelvic floor repair includes providing a 
trial of void and ensuring adequate bladder emp-
tying. While Foley catheters in general are ide-
ally removed as soon as possible after surgery, 
the optimal timing of providing a postoperative 
trial of void after robotic pelvic floor repair is 
unclear. Needless to say, a longer period of blad-
der catheterization may be required in cases of 
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cystotomy, ureteral injury, or urethrotomy. The 
risks and benefits of administering prophylactic 
antibiotics to prevent urinary tract infection 
should be considered. If used, antibiotics may be 
administered while the Foley catheter is in place 
or at the time of Foley catheter removal [70].

Surgical trials comparing different anti- 
incontinence procedures have provided high- 
quality evidence of the complication rates 
associated with anti-incontinence surgery [30, 
71]. Unfortunately, these complication rates may 
not be perfectly applicable to women undergoing 
concomitant anti-incontinence surgery at the 
time of robotic pelvic floor repair. In a study 
examining Medicare claims, women who under-
went concomitant anti-incontinence and prolapse 
surgery had a higher rate of outlet obstruction 
compared to women who underwent isolated 
anti-incontinence surgery (9.4 vs. 5.5%) [72]. A 
different study reported a 20% midurethral sling 
failure rate in women undergoing concomitant 
tension-free vaginal tape (TVT) at the time of 
robotic sacrocolpopexy [73]. The authors of this 
study speculated that this high failure rate may be 
attributable to “overcorrection” of the anterior 
vaginal wall that may occur during robotic pro-
lapse repair. This indicates that sling tensioning 
should be tailored to the degree of urethral hyper-
mobility that results after the sacrocolpopexy. 
Further study is needed to clarify the effect of 
robotic prolapse repair on anti-incontinence 
outcomes.

 Conclusions

Women with POP have a high rate of preexisting 
SUI as well as have a high rate of postoperative 
SUI. Performing a concomitant anti-incontinence 
procedure at the time of robotic pelvic floor 
repair can decrease postoperative SUI risk, 
although anti-incontinence procedures are asso-
ciated with additional risks. Further, not all 
women undergoing isolated prolapse repair expe-
rience postoperative SUI. As there is no gold 
standard method of managing SUI at the time of 
robotic pelvic floor repair, surgeons should indi-
vidually consider the advantages and disadvan-
tages of performing a concomitant 
anti-incontinence procedure in each patient. 
Discussing and defining surgical goals with 
women may lead to increased patient satisfaction 
postoperatively.
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5

 Introduction

Pelvic organ prolapse (POP) is a prevalent condi-
tion affecting millions of women worldwide. In 
the United States, over 5.6 million inpatient pro-
cedures for POP were performed between 1979 
and 2006 [1]. It is estimated that the number of 
American women with at least one pelvic floor 
disorder will increase from 28.1 million in 2010 
to 43.8 million in 2050, resulting in a 47% 
increase in the number of women undergoing 
surgery for their conditions [2]. Management 
options for symptomatic POP include observa-
tion, pelvic floor physical therapy, pessary use, 
and surgery via abdominal, vaginal, laparoscopic, 
or robotic approaches.

Restoring apical support is recognized as an 
important component of any surgical procedure 
for POP. The abdominal sacrocolpopexy (ASC) 
technique involves suspension of the vagina 
through attachment to the anterior longitudinal 

ligament on the sacral promontory using a 
bridging material. Sacrocolpopexy has superior 
anatomic outcomes compared to a variety of 
vaginal procedures including sacrospinous col-
popexy, uterosacral colpopexy, and transvaginal 
mesh repairs [3]. Minimally invasive approaches 
to ASC carry several advantages over traditional 
open techniques including shorter hospital 
stays, decreased intraoperative blood loss, and 
less postoperative pain [4, 5]. Both laparoscopic 
and robotic ASC approaches have similar ana-
tomic and functional outcomes, as well as low 
complication rates [6, 7].

Utilization of the robotic approach specifi-
cally has increased in recent years [8]. Robotic 
technology offers enhanced three-dimensional 
visualization, improved dexterity, and wrist-like 
manipulation of instruments with increased free-
dom of movement and elimination of tremor. It 
also offers the ability to use telestration for teach-
ing by allowing a member of the surgical team to 
draw on a touchscreen or in the robotic console. 
Additionally, surgeon comfort may be improved 
given the seated position and ergonomic posi-
tioning of the console [9].

As with most surgical procedures, patient 
selection and positioning, precise operative entry, 
operating room and equipment considerations, 
and a cohesive surgical team are pivotal to suc-
cessful robotic sacrocolpopexy.
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 Patient Selection

All patients should undergo a targeted urogyneco-
logic history and physical examination, including 
assessment of POP in the standing position prior 
to treatment. Initial counseling should include a 
directed conversation to identify the patient’s 
bothersome pelvic symptoms and treatment 
goals. Non-surgical (pessary, observation, physi-
cal therapy) and surgical options for treating 
symptomatic POP should be reviewed in detail. 
Surgical risks including, but not limited to, organ 
injury (urinary tract, bowel, nerve, discs, blood 
vessels, muscles), recurrent prolapse, urinary 
incontinence, voiding dysfunction, prolonged 
catheterization, reoperation, and infection should 
be discussed. Durability and perioperative course 
associated with abdominal (open, laparoscopic, 
and robotic) and vaginal prolapse repairs with 
and without mesh as well as vaginal closure pro-
cedures (colpocleisis) should be reviewed. 
Additionally, the surgeon should discuss the role 
of concomitant anti-incontinence procedures, if 
warranted, with the patient.

Medical conditions may preclude a minimally 
invasive approach, as patients must be able to tol-
erate pneumoperitoneum and the Trendelenburg 
position for an extended period of time [10]. 
Moreover, patient preferences, surgeon skill and 
comfort level, and availability of the surgical 
robot may factor into surgical route planning.

 Patient Positioning

Unlike open or vaginal surgery, where bowel 
packs are used to assist with retraction and visu-
alization of the operative field, robotic ASC 
relies heavily on gravity. Steep intraoperative 
Trendelenburg positioning is essential to clear 
both small and large bowel from the pelvis and 
facilitate access to the presacral space. Unlike 
hysterectomy alone, which can be accomplished 
with lesser degrees of Trendelenburg, maximum 
Trendelenburg is required to safely perform the 
presacral dissection during a robotic ASC.

Because steep Trendelenburg is critical to pro-
cedure completion, it is important to position and 
secure the patient appropriately on the operating 
table to prevent slipping toward the head of the 
bed. Multiple strategies have been reported, 
including positioning patients on a disposable 
piece of egg crate foam that is secured to the 
operating table under the patient’s torso [11]. 
Similarly, gel pads (AliGel or Overlay Pad, 
AliMed, Inc., Dedham, MA) or a bean bag 
(Olympic Vac-Pac, Marlin Medical, Bayswater 
North, VIC, Australia or Bean Bag Positioner, 
AliMed, Inc., Dedham, MA) are used success-
fully (Fig. 5.1).

We recommend the Hug-U-Vac Steep Trend 
Positioner (Allen Medical Systems Inc., Acton, 
MA) as it is quick, easy to use, and provides 
excellent support to the patient’s head, neck, 

Fig. 5.1 Example of gel 
pad used to secure 
patient on the operating 
table
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shoulders, and arms (Fig. 5.2). There are also 
several commercially available, disposable 
memory- foam systems (The Pink Pad, Xodus 
Medical, New Kensington, PA or Devon, 
Medtronic, Minneapolis, MN). Other devices uti-
lize the patient’s posterior neck as a point of sta-
bility (Trengard, DA Surgical, Chagrin Falls, 
OH). A padded strap can be placed across the 
chest to further secure the patient to the operating 
table (Alistrap, AliMed, Inc., Dedham, MA). 
Older techniques, such as those that utilize shoul-
der bolsters secured to the head of the operating 
table, are also available, but may increase the risk 
of brachial plexus injuries [12].

Patients should be placed in the dorsal lithot-
omy position with their bilateral lower extremities 
secured into supportive stirrups. Care should be 
taken to avoid pressure on the popliteal fossa or 
lateral knee, and the patient’s heels should be 
firmly secured in the boot of the stirrup (Fig. 5.3). 
The patient’s arms should be tucked at their sides 
with their arms, wrists, and hands in a neutral posi-
tion and a “thumbs-up” orientation to avoid ulnar 
and radial nerve injury. Care should be taken to 
ensure that no undue pressure is placed on the 
extensor surfaces of the upper extremities. This 
can be accomplished using disposable foam, 
though many commercially available devices such 
as the Hug-U-Vac Steep Trend Positioner (Allen 

Medical Systems Inc., Acton, MA) do not require 
additional padding. The patient’s occiput should 
also be appropriately padded using foam material.

Prior to sterile preparation, the patient should 
be carefully examined to ensure all pressure 
points are appropriately padded. Additionally, 
the patient should be placed in maximum 
Trendelenburg to test that she is adequately sup-
ported and does not move excessively on the 
operating room table. Her vital signs should be 
briefly monitored in this position to ensure appro-
priate cardiopulmonary adaptation. Once patient 
stability and positioning are assured, sterile prep-
aration can be performed. Intraoperatively, care 
should be taken to avoid extreme flexion, exten-
sion, or abduction of the lower extremities to help 
minimize the risk of neuromuscular injuries.

 Port Placement

Abdominal port placement is an essential compo-
nent of performing a robotic sacrocolpopexy. 
Visualization and access to the sacral promontory 
may be compromised if the robotic camera port is 
inserted too caudally on the anterior abdominal 
wall. Additionally, if robotic ports are placed too 
close to one another, arm collisions can occur. A 
variety of port configurations are reported in the 

Fig. 5.2 Patient is in 
dorsal lithotomy and 
steep Trendelenburg and 
secured to the operating 
table using a bean bag 
device
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literature, especially to accommodate variations 
in body habitus. In our experience, different con-
figurations work best for different surgical robotic 
platforms.

For the da Vinci Si robotic system (Intuitive 
Surgical, Sunnyvale, CA), we utilize a “W” con-
figuration to facilitate access to the lower pelvis 
and sacral promontory (Fig. 5.4). After pneumo-
peritoneum is obtained using a Veress needle and 
appropriate insufflation is confirmed, the robotic 
camera is placed through an 8 mm laparoscopic 
port in the umbilicus. Two additional 8 mm 
robotic ports are inserted under direct visualiza-
tion inferior to the umbilicus approximately 
10 cm lateral to the umbilical port to maximize 
access to the pelvis and movement of the robotic 

arms. The final 8 mm robotic port is placed on the 
patient’s left side. This port is located 10 cm lat-
eral to the umbilicus. An optional 8 mm acces-
sory port can be placed on the patient’s right side, 
mirroring the third robotic port. By only using 
8 mm ports, we anticipate that short-term 
increases in postoperative pain associated with 
robotic surgery, compared to laparoscopy, will be 
reduced [13].

If an accessory port is not used, the sacrocol-
popexy mesh can be rolled and passed into the 
abdominal cavity through an empty robotic tro-
car using a laparoscopic needle driver. Newer 
suture management devices (StitchKit, Origami 
Surgical) obviate the need to pass needles into 
and out of the abdomen during stitching. These 
devices can be passed into the peritoneal cavity 
vaginally before cuff closure or through an 8 mm 
port incision before trocar placement. They can 
be removed at the conclusion of the procedure 
through one of the robotic port site incisions.

The da Vinci Xi (Intuitive Surgical, Sunnyvale, 
CA) surgical platform includes several techno-
logical enhancements over its predecessor, the da 
Vinci Si. The da Vinci Xi patient cart has four 
robotic arms that are mounted on a mobile over-
head boom (Fig. 5.5). These arms are thinner 
than previous platform models and the robotic 
arm joints can be manipulated to provide greater 
patient clearance, allowing for closer placement 

Fig. 5.3 Patient’s 
bilateral lower 
extremities are secured 
in supportive stirrups

Fig. 5.4 A “W” robotic port configuration
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of robotic arms with fewer collisions. For this 
system, we have adopted a modified “arc” con-
figuration for port placement (Fig. 5.6). After 
pneumoperitoneum is obtained using a Veress 
needle and insufflation has been confirmed, the 
robotic camera is placed through an 8 mm laparo-
scopic port in the umbilicus. An 8 mm robotic 
port is initially inserted on the patient’s right side 
10 cm lateral and 1 cm caudal to the umbilicus. A 
second 8 mm port is placed on the patient’s left 
side located 10 cm lateral and 1 cm caudal to the 
umbilicus, symmetrically mirroring the port on 

the patient’s right side. Finally, an additional 
8 mm port is inserted on the patient’s left side, 
lateral to the previously placed left-sided port.

 Robotic Docking

The robotic arms are attached to the robotic ports 
in a process called “docking.” It is important to 
place the patient in maximum Trendelenburg 
position prior to docking the surgical robot as this 
is what allows the bowels to shift out of the pel-
vis, facilitating access to the presacral space. On 
the Da Vinci Si system, it is not possible to move 
the operating table after the surgical robot is 
docked. If it is discovered that the operating table 
is not optimally positioned after docking, the 
patient cart must be undocked before positioning 
adjustments can be made.

Various docking techniques are described in 
pelvic surgery. Center-docking, or placing the 
patient cart between the patient’s legs, is simplest 
to perform but leads to limited access to the 
patient’s vagina or rectum for manipulation and 
hinders cystoscopy. Therefore, we suggest a par-
allel docking approach, which places the leading 
edge of the patient cart in direct line with the 
edge of the operating table (Fig. 5.7). The patient 
cart may then be advanced along the edge of the 
operating table until the camera arm reaches the 
umbilical port. This typically results in an over-
lap of 5–10 cm between the patient cart and oper-
ating table. The robotic arms may then be 
attached to the previously inserted ports.

The da Vinci Xi (Intuitive Surgical, Sunnyvale, 
CA) has streamlined the docking process com-
pared to earlier models of the da Vinci system. 
Laser crosshairs on the robotic boom facilitate 
aligning the patient cart with the designated cam-
era port (Fig. 5.8). After the robotic ports have 
been inserted, the camera port is docked first, and 
the camera is focused on the target anatomy, which 
in the case of sacrocolpopexy is the uterus or 
vagina. This “autotargeting” feature then allows 
the remaining robotic arms to autorotate on the 
boom to minimize clashing and optimize perfor-
mance. The flexibility provided by mounting the 
robotic arms on a mobile overhead boom obvi-
ates the need for parallel docking.

Fig. 5.5 Da Vinci Xi with four robotic arms that are 
mounted on a mobile overhead boom

Fig. 5.6 An “arc” robotic port configuration
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Both parallel docking and docking using the 
overhead da Vinci Xi boom allow easy access to 
the vagina or rectum for manipulation during 
hysterectomy, anterior and posterior vaginal dis-
sections, and sacrocolpopexy graft attachment. 
Additionally, cystoscopy or concomitant anti- 
incontinence procedures can be performed while 
the robot is still docked, which promotes proce-
dural efficiency.

 Operating Room Considerations

While patient positioning, port placement, and 
subsequent docking are crucial for operative set 
up, several operating room considerations should 

also be taken into account. The positioning of the 
surgical robot, robotic console, scrub table, and 
anesthesia machines should be optimized to 
facilitate movement of the surgical robot and 
operating room staff as needed. Some surgical 
teams place markings on the operating room 
floor to indicate where each component of surgi-
cal equipment should be placed. Some have even 
marked the floor with tape to outline the path that 
the patient cart should take to dock at the optimal 
position at the operating table. At the console, the 
surgeon should adjust the stool, eyepiece, and 
armrest to allow for maximal ergonomic comfort 
(Fig. 5.9). These settings may be stored in the 
console memory for each surgeon who uses the 
surgical robot regularly.

Fig. 5.7 (a, b) Parallel docking approach using the Da Vinci Si robotic platform

Fig. 5.8 (a, b) Laser 
crosshairs on the robotic 
boom facilitate aligning 
the patient cart with the 
designated camera port. 
Once autotargeting has 
been completed, the 
remaining robotic arms 
autorotate on the boom. 
This obviates the need 
for parallel docking

K. Bochenska and S. Collins



59

 Equipment

Prior to commencing the surgical procedure, a 
survey should be performed to ensure that all 
necessary equipment is present and available. 

Most robotic ASC, with or without hysterectomy, 
can be accomplished using five or six robotic 
instruments, no accessory port, and only one 
instrument change (Fig. 5.10). A systematic 
approach that minimizes instrument changes and 
additional set-up will aid in reducing operative 
times. If a concomitant hysterectomy is planned, 
we recommend the following initial instrument 
configuration for right hand-dominant surgeons 
(robotic arms are described/numbered according 
to the da Vinci Xi system):

• Monopolar scissors in Arm 1
• Camera in Arm 2
• Bipolar Maryland or fenestrated bipolar grasper 

in Arm 3
• Tenaculum (or fenestrated grasper if no uterus) 

or Prograsp in Arm 4

The hysterectomy, anterior and posterior 
dissections, and presacral dissection can all be 
accomplished with this first set of instruments. 
We recommend performing the hysterectomy, 
except for the colpotomy, then sharply dissect-
ing the bladder from the anterior vaginal wall 
and rectum from the posterior vaginal wall 
while applying upward traction on the uterus 
with the tenaculum. A lucite stent (Marina 
Medical, Sunrise, FL) placed in the vagina can 
facilitate hysterectomy, vaginal dissection, and Fig. 5.9 Surgical console ergonomics

Fig. 5.10 (a–f) Robotic equipment including tenaculum
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sacrocolpopexy mesh tensioning (Fig. 5.11). 
The robotic tenaculum may be used to grasp, 
elevate, and deviate the uterine fundus to per-
form a hysterectomy. If a supracervical hyster-
ectomy is performed, the robotic tenaculum can 
grasp the remaining cervix to provide counter-
traction during vaginal dissection and mesh 
attachment. Once the colpotomy is made, the 
lucite stent can be placed in the vagina to main-
tain pneumoperitonium until the vaginal cuff is 
closed. By using the lucite stent, a uterine 
manipulator is not necessary.

Because vaginal manipulation is critical to 
vaginal dissection, mesh attachment, and mesh 
tensioning, the use of stainless steel end-to-end 
anastomosis sizers (EEA, Covidien) in the vagina 
or rectum is also reported. We suggest the use of 
a lucite stent in the vagina because it fills the 
entire vaginal canal and facilitates delineating 
surgical planes. The stent can also be easily used 
to move the vagina in a cephalad direction during 
mesh attachment and tensioning. The bedside 
assistant should be educated on the use and opti-
mal manipulation of the lucite stent to improve 
operative efficiency.

Finally, before exchanging the dissecting 
instruments, the presacral space is identified 
using appropriate bony and vascular landmarks. 
The peritoneum overlying the sacrum is carefully 
opened and the anterior longitudinal ligament is 
exposed below the sacral promontory, near the 
levels of S1–S2. We advise avoiding dissection 
below the level of S3, where entry into the venous 
plexus can result in catastrophic hemorrhage 
[14]. Additionally, we advise avoiding placement 
of suture directly on the sacral promontory, where 
the disc is present 73% of the time [15].

Once all spaces are dissected, a large needle 
driver is placed in Arm 3 and a large suture cut 
needle driver in Arm 1. This promotes operative 
efficiency by necessitating only one instrument 
change. We also place two 2-0 polydiaxone 
sutures through the open vaginal cuff and suture 
the vaginal cuff at this stage, if a total hysterec-
tomy has been performed.

To minimize need for an accessory port, we 
recommend a canister suture delivery system 
(StitchKit, Origami Surgical), which contains six 
sutures of CV-4 polytetrafluoroethylene sutures 
in an enclosed container that can be placed in the 
body through either an 8 mm port or through an 
open vaginal cuff (Fig. 5.12). The sacrocolpo-
pexy mesh may be successfully attached using 
these sutures, and the used needles may be 
returned to the canister, which may be removed 
intact from the abdominal cavity at the conclu-
sion of the procedure.

Wide pore, lightweight polypropylene mesh is 
commonly used to suspend the vaginal apex. The 
mesh may be configured into a “Y” shape prior to 
introduction into the body, or a premade “Y” 
shaped mesh may be purchased. A variety of 
sutures have been described to affix the mesh to 
the vagina including delayed absorbable mono-
filament suture (2-0 PDS, Ethicon) or polytetra-
fluoroethylene sutures (Gore-Tex, Gore Medical, 
Flagstaff, AZ), which we have adopted. 
Additionally, barbed suture may be a promising 
and efficient mode of mesh attachment [16]. The 
type, length, and number of sutures needed for 
the procedure should be communicated to the 
scrub technician and circulating nurse prior to 
starting the procedure to allow maximal prepara-
tion for suturing.

Fig. 5.11 Three different sizes of the lucite stent (Marina 
Medical, Sunrise, FL)
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 Teamwork

As with most surgical procedures, a cohesive sur-
gical team facilitates operating room efficiency. 
Due to the specific nuances associated with 
robotic surgery, including port placement, dock-
ing, and surgical assistance at the bedside, the 
surgical team should be educated prior to the pro-
cedure on their assigned roles as well as the sur-
gical steps of the procedure. In addition to the 
operating room technician, circulating nurse, and 
anesthesia staff, an experienced surgical assistant 
is necessary to provide vaginal manipulation as 
well as a bedside assistance through the acces-
sory port (if used). Finally, using a standard pro-
tocol will expedite the case and allow for the staff 
to anticipate the next step in the procedure.

 Conclusions

Preparation prior to initiating a robotic sacrocolpo-
pexy is paramount to surgical success. With careful 
patient selection and positioning, precise operative 
entry, operating room and equipment consider-
ations, and a cohesive surgical team, the robotic 
sacrocolpopexy can be performed efficiently.
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 Introduction

The incidence of pelvic organ prolapse (POP) is 
increasing in parallel with the growth of the aging 
population and rates of obesity [1, 2]. The opti-
mal treatment modality for POP is dependent on 
multiple factors including patient age, comorbid-
ities, desire for preservation of sexual function, 
patient preference, and surgeon experience. Low 
stage POP can often be adequately addressed 
with a native tissue transvaginal repair; however, 
it has been shown that high stage prolapse is 
invariably associated with loss of apical support 
[3], and reoperation rates for POP at 10 years are 
significantly reduced when a concomitant apical 
suspension procedure is performed at the time of 
anterior colporrhaphy [4].

Commonly performed transvaginal apical sus-
pension procedures include sacrospinous or 
uterosacral ligament fixation. Although these 
procedures have acceptable success rates (79–
87%) [5, 6], abdominal sacrocolpopexy is the 

gold standard for apical suspension with success 
rates in excess of 90% for both open [7, 8] and 
robotic-assisted laparoscopic approaches [9].

Open abdominal sacrocolpopexy was first 
described in 1962 by Lane [10]. Historically, this 
procedure was performed either through a 
Pfannenstiel or lower midline abdominal incision. 
In recent years, the robotic approach has gained 
popularity and is associated with significantly less 
blood loss and shorter length of stay compared to 
the open abdominal approach [11]. Although gener-
ally advantageous, robotic-assisted sacrocolpopexy 
(RASC) does have some disadvantages compared 
to both open and traditional laparoscopic approaches 
including longer operative times and increased cost. 
Furthermore, patients with morbid obesity (body 
mass index >35) or a significant history of previous 
abdominal surgery are often advised that RASC 
may not be feasible. In the authors’ experience, 
patients often choose the open approach if they 
already have a previous abdominal incision.

 Pre-procedure Setup

The setup for RASC has been described in the 
previous chapter; however, a few points regard-
ing patient positioning and setup are worth rein-
forcing. To begin, patients are placed on the 
operating room table in low lithotomy position 
with their legs in adjustable pneumatic stirrups. 
Care should be taken to position the patient such 
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that a weighted speculum can be inserted for any 
transvaginal procedures following the RASC. The 
robot is positioned as such that arm #3 is posi-
tioned next to arm #2 (Fig. 6.1).

The abdomen and genital areas are prepped 
with surgical scrub, and prophylactic intravenous 
antibiotics are administered. The authors typi-
cally choose a first-generation cephalosporin 
unless a concomitant colorectal procedure is 
being performed, in which case a second- or 
third-generation cephalosporin is more appropri-
ate. Pneumatic compression stockings or other 
anti-embolic prophylaxis are routinely used. In 
order to prevent facial trauma, a “butler” tray is 
placed with the edge of the tray aligned with the 
patient’s nose. A separate half sheet is used to 
cover the butler and this also serves as a conve-
nient location to place instruments (Fig. 6.2).

Surgical draping is vital to maintain sterility 
and organization of cords and tubing. When 
placing the initial sterile towels to outline the 
surgical field, the authors have found that using 
incision drapes with adhesive to secure the tow-
els in place prevents inadvertent contamination 
during the remainder of draping and throughout 
the procedure. Once the towels have been placed, 
a standard laparoscopy drape is placed and the 
cords and tubes are inserted within a pocket 

Fig. 6.1 Positioning 
and identification of 
robotic arms

Fig. 6.2 “Butler” tray to prevent facial trauma

Fig. 6.3 Cords and tubing are placed inside the pocket of 
a laparoscopy drape

K.S. Eilber and J. Jamnagerwalla



65

(Fig. 6.3). If the robot is side-docked, then the 
cords should be inserted in a pocket on the side 
opposite the robot.

After port placement (as described in Chap. 5), 
the authors prefer to place the patients in a steep 
Trendelenburg position. This can be accom-
plished by raising the operating room table as 
high as possible then placing the patient in 
Trendelenburg. Once the patient is at the desired 
angle, the operating room table is then lowered to 
desired height. In order to prevent the patient 
from sliding cephalad, the authors routinely place 
the patient on egg crate foam.

 Exposure of Sacral Promontory

The authors routinely begin the procedure with 
exposure of the sacral promontory. If this cannot 
be achieved laparoscopically in a safe and timely 
fashion, then conversion to an open procedure 
should be considered. In order to visualize the 
sacral promontory, the small bowel must be 
retracted cephalad and the sigmoid colon must be 
mobilized out of the pelvis and retracted laterally 
(to the patient’s left). Both the small bowel and 
colon are usually easily retracted unless there are 
adhesions preventing their mobilization. In this 
case, it may be necessary to perform lysis of 
adhesions until they can be adequately retracted 
out of the operative field. Once the sigmoid colon 
is retracted laterally, the sacral promontory is 
typically visualized. Robotic arm #3 can be used 
to retract the colon and maintain exposure of the 
promontory (Fig. 6.4a).

After the sacral promontory is identified, the 
anterior longitudinal ligament must be exposed. 
The authors use a fenestrated bipolar forceps in 
the left robotic arm (robotic arm #2) and an 
electrocautery scissors in the right robotic arm 
(robotic arm #1). The fenestrated bipolar for-
ceps or a vessel sealing device are preferred for 
concomitant hysterectomy. The peritoneum 
overlying the sacral promontory is opened in 
both the cephalad and caudal directions. 
Invariably, there is adipose tissue covering the 
ligament. Obese patients can have significant 
adipose tissue overlying the ligament, so it may 

be useful to periodically have the bedside assis-
tant palpate the promontory to confirm its loca-
tion. Care must be taken to maintain meticulous 
hemostasis during this dissection as presacral 
vessels can cause significant bleeding. If bleed-
ing is encountered, the fenestrated bipolar for-
ceps is well suited to hold pressure on the area 
while the assistant introduces a suction device. 
On occasion, a second assistant port must be 
inserted in the right upper quadrant to enable the 
bedside assistant to perform simultaneous suc-
tion while assisting the surgeon. In the authors’ 
experience, it is extremely unusual to need to 
convert to an open procedure. The ligament is 
readily identifiable by its smooth, white appear-
ance (Fig. 6.4b).

 Opening of Peritoneum

The authors routinely cover the colpopexy mesh 
with peritoneum to reduce the risk of bowel 
obstruction, although data exists that may indi-
cate otherwise [12]. In their series of 128 
patients, Elneil et al. [12] reported no bowel com-
plications following abdominal ASC without 
covering the mesh with peritoneum. However, 
we have witnessed bowel obstruction in the set-
ting of mesh left uncovered, and reoperation 
revealed a closed loop bowel obstruction due to 
small bowel adhering to the mesh.

The peritoneal opening that originated at the 
sacral promontory is extended towards the pelvis 
in a “hockey stick” configuration (veering to the 
right of the sigmoid colon) directed at the poste-
rior vagina. Care must be taken to visualize the 
right ureter during this dissection and to maintain 
adequate distance from the ureter when electro-
cautery is used in order to avoid thermal injury to 
the ureter.

The peritoneal edges should be separated as 
wide as possible to facilitate the subsequent peri-
toneal closure over the mesh. This is especially 
important as one dissects distally in the pelvis (at 
the location of the posterior vagina) as bringing 
the left edge of the peritoneal opening over the 
mesh can be difficult when the peritoneum is not 
well mobilized in this area (Fig. 6.5).

6 Steps of Robotic-Assisted Sacrocolpopexy



Fig. 6.4 (a) Robotic 
arm #3 is used to retract 
the sigmoid colon 
laterally to expose the 
sacral promontory. (b) 
The anterior longitudinal 
ligament is readily 
identified by its smooth, 
white appearance

Fig. 6.5 The 
peritoneum is opened in 
a “hockey stick” fashion 
towards the posterior 
vagina



67

 Dissection of the Vesicovaginal 
Space

Distal dissection of the vesicovaginal space is a 
key part of RASC as distal placement of mesh on 
the anterior vaginal wall can address associated 
cystocele and obviate the need for anterior col-
porrhaphy. If sacrocolpopexy is performed at the 
time of hysterectomy, this tissue plane will have 
already been partly dissected during the hysterec-
tomy; however, when sacrocolpopexy is per-
formed after prior hysterectomy, there can be 
significant adhesions making identification of the 
tissue plane more difficult. Often, the bladder 
completely covers the vaginal apex.

In order to facilitate dissection, the use of a 
vaginal stent is critical. A vaginal stent allows the 
bedside assistant to manipulate the vagina for 
dissection and aids in subsequent suture place-
ment. The authors use an end to end anastomosis 
(EEA) sizer, but there are also commercially 
available stents specifically manufactured for this 
purpose including a lighted version and one that 
can be attached to the operating room table.

Exposure for dissection of the vesicovaginal 
space is achieved by retracting the bladder superi-
orly with robotic arm #3. The vaginal stent is then 
pushed cephalad and posteriorly. In doing so, the 
general location of the tissue plane is identified 
(Fig. 6.6). Sharp dissection in combination with 
electrocautery is usually necessary to initiate the 

dissection, but once the tissue plane is identified, 
blunt dissection is often adequate to complete the 
dissection. When a significant cystocele is pres-
ent, the vesicovaginal space needs to be dissected 
as far distally as possible to facilitate distal mesh 
placement. The authors have found that by plac-
ing the mesh as far distally as possible, even large 
cystoceles can be repaired without the need for 
additional transvaginal repair.

When dense adhesions are present such that 
the tissue plane is not readily identifiable, the 
bladder can be filled with fluid via a bladder cath-
eter to aid in identification of the correct plane. 
Alternatively, a cystoscope can be inserted in the 
bladder and transillumination can outline the 
bladder. Any cystotomy that occurs during this 
dissection is typically small and repaired readily 
with an absorbable suture. In this scenario, a 
bladder catheter should remain postoperatively. 
The duration of catheter drainage and need for 
cystogram are at the surgeon’s discretion and are 
dependent on the size of the defect repaired.

 Dissection of the Rectovaginal 
Space

The rectovaginal space is dissected and extended 
distally in a similar fashion as the vesicovaginal 
space, and distal placement of the posterior vagi-
nal mesh can address posterior compartment 

Fig. 6.6 Dissection of 
the vesicovaginal space
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defects and obviate the need for concomitant pos-
terior colporrhaphy. When this tissue plane is not 
readily apparent, a second EEA sizer can be 
inserted into the rectum to facilitate dissection. It 
is critical to assure that the rectum is completely 
dissected from the posterior vaginal wall to elim-
inate the risk of suturing mesh to rectum.

At completion of the rectovaginal dissection, 
the peritoneum previously covering the posterior 
vaginal wall is now mobilized and made in conti-
nuity with the peritoneal opening that originated 
at the sacrum. Maximal mobilization of the peri-
toneal edges in this area facilitates subsequent 
mesh coverage following the colpopexy.

 Suturing of Mesh to the Anterior 
and Posterior Vaginal Walls

In the original description of robotic sacrocolpo-
pexy, a permanent, synthetic mesh was used [13]. 
Although the Food and Drug Administration 
safety communications involving mesh specifi-
cally addressed vaginally placed mesh [14], some 
surgeons are still hesitant to use synthetic mesh 
and opt for biologic grafts such as autologous fas-
cia or xenografts. If the former is used, open 
sacrocolpopexy should be considered as harvest-
ing of rectus fascia and the colpopexy can be done 
through a single incision. The authors advocate 
use of synthetic mesh, as randomized controlled 
trials have shown objective cure rates significantly 
higher with mesh use compared with cadaveric 
fascia lata, 91% vs. 68%, respectively, P = 0.007 
[15]. More recently, data has become available 
regarding use of autologous rectus fascia, but 
long-term results are lacking [16].

Polypropylene mesh is the most commonly 
used synthetic mesh. There are commercially 
available products that are specifically manufac-
tured for POP repair. These products are pro-
vided as a sheet that can be cut to the desired size 
and configuration or as a prefabricated “Y” 
shape. Alternatively, a sheet of soft polypropyl-
ene mesh is an acceptable alternative. The 
authors use this type of mesh and cut the sheet of 
mesh into two separate strips as this allows for 
differential tensioning of the anterior and poste-
rior compartments.

Cell ingrowth into mesh occurs within seven 
to 14 days [17], so based on this, an argument 
could be made to use absorbable suture when 
placing mesh; however, there is a dearth of data 
using absorbable suture. Since the initial descrip-
tions of RASC included polytetrafluoroethylene 
(PTFE) suture [13], the authors use Gore-tex® 
suture, which is a monofilament nonabsorbable 
suture made of expanded PTFE. The authors also 
prefer Gore-tex® suture as its texture facilitates 
knot tying without slippage.

For placement of mesh on the anterior vaginal 
wall, one strip of polypropylene mesh is placed 
as far distally as previously dissected, and 
secured in place with a suture (Fig. 6.7). Use of 
the vaginal stent to provide countertraction dur-
ing suture placement is invaluable. Five subse-
quent sutures are placed to create three rows of 
two sutures. Care should be taken not to place the 
sutures too deep as this could result in suture or 
mesh exposure into the vaginal canal. Most 
reports indicate use of six sutures although the 
actual number likely varies based on surgeon 
preference. The authors routinely suture the mesh 
to the cervix if present, as this provides strong 
tissue onto which the mesh can be secured. The 
same is repeated on the posterior vagina.

 Tensioning of the Mesh

After both strips of mesh are sutured to the ante-
rior and posterior vaginal walls, they are then 
sutured to the anterior longitudinal ligament 
overlying the sacral promontory. Robotic arm #3 
is used to retract the peritoneum overlying the 
promontory to expose the ligament. The assistant 
grasps both strips of mesh and, together with the 
surgeon, each strip is adjusted to desired tension. 
If a “Y” mesh is used and there is asymmetric 
tension on the vaginal walls, the mesh can be pli-
cated with a polypropylene suture to correct the 
asymmetry. The vaginal stent should be removed, 
or at least retracted to the mid-vagina, while ten-
sioning the mesh to avoid overcorrection of the 
prolapse. Unfortunately, an objective measure of 
mesh tension does not exist; however, the authors 
release tension if the mesh appears distorted once 
the vaginal stent is removed.
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 Suturing Mesh to the Anterior 
Longitudinal Ligament

Once the desired tension is established, the assis-
tant securely holds the mesh near the promontory 
and the vaginal stent is reintroduced to reduce 
tension on the mesh while it is sutured in place. 
Typically, two sutures are placed into the anterior 
longitudinal ligament to secure the mesh in place. 
The surgeon can secure the mesh strips to the 
ligament in one of two ways: (1) placing both 
sutures through the mesh and ligament then tying 
them down after both sutures have been placed, 
or (2) placing one suture through the mesh and 
ligament and immediately tying it down before 
placing the second suture. The advantages of the 
former are full exposure of the ligament while 
placing both sutures without interference by the 
mesh (Fig. 6.8). An advantage of the latter is that 
once the first suture is tied down, the assistant no 
longer needs to hold the mesh near the promon-
tory and is able to assist in other ways. Regardless 
of technique, the suture should be placed through 
the mesh before it is placed into the ligament so 
that the suture can be tied down immediately if 
any bleeding is encountered. Ideally, any presa-
cral vessels in the vicinity of the dissection were 
cauterized previously so bleeding at the time of 
mesh suturing rarely occurs.

White et al. recommended that sutures be 
placed in a horizontal fashion to maximize ten-
sile strength and reduce the risk of suture pull-
out [18]; however, when necessary, the authors 
do not hesitate to place sutures in a vertical 
fashion in order to avoid vessels in the vicinity. 
A common occurrence during suture place-
ment is placing the sutures too deep and enter-
ing the periosteum of the sacrum. Properly 
placed sutures in the anterior longitudinal liga-
ment alone have adequate tensile strength to 
avoid suture pullout. Cadaver studies have 
shown that the depth of the anterior longitudi-
nal ligament measures 1.4–2.3 mm at the 
sacrum [19]. Risks of deep suture placement 
into the sacrum include pain and increased risk 
of osteomyelitis.

 Closure of the Peritoneum

After the mesh is secured to the anterior longitu-
dinal ligament, any excess mesh is excised. 
Closure of the peritoneum increases operative 
time, but it may reduce the risk of bowel compli-
cations via adhesion of small bowel to the 
exposed mesh. The peritoneum is closed using a 
running, locking Vicryl suture, starting from the 
sacral promontory and heading towards the vagi-
nal cuff. The closure is tension free secondary to 

Fig. 6.7 The mesh is 
placed as far distally as 
possible and sutured in 
place
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the dissection performed earlier. A barbed type 
suture (V-lock™) can also be used to close the 
peritoneum.

 Closure of Trocar Sites

Once the peritoneum is closed, the robot is 
undocked. The camera trocar site and the assis-
tant trocar site (if a 12 mm trocar is used) are 
closed under direct vision using a Carter- 
Thomason® laparoscopic port closure device. We 
prefer this over the use of a traditional suture, 
especially in obese patients, as it allows excellent 
reapproximation of the fascia under direct vision. 
The epithelium of all trocar sites is closed with a 
subcuticular suture.

 Cystoscopy

Cystoscopy is performed at the conclusion of the 
procedure at the discretion of the surgeon. If 
there is any concern for ureteral or bladder injury, 
then cystoscopy is imperative. The incidence of 
ureteral injury after abdominal sacrocolpopexy 
has been reported to be 1% in both open and min-
imally invasive series [20]. To aid in identifying 
ureteral efflux, different agents can be used 
including a preoperative oral dose of phenazopyr-
idine or intraoperative intravenous administra-

tion of indigotindisulfonate sodium, methylene 
blue, or sodium fluorescein. Cystoscopy will also 
confirm that no suture was inadvertently placed 
in the bladder.

 Vaginal Examination

Postoperative vaginal examination is performed 
to confirm appropriate apical support, evaluate 
for any exposed mesh or suture, and determine if 
additional transvaginal anterior or posterior col-
porrhaphy is necessary. It has been our experi-
ence that appropriate apical support almost 
always results in significant anatomic improve-
ment of anterior prolapse and concomitant ante-
rior colporrhaphy is rarely needed. Posterior 
defects, however, often require concomitant 
repair as distal rectoceles may not be adequately 
addressed by sacrocolpopexy.

Other procedures such as a urethral sling or 
other reconstructive procedures are reviewed 
elsewhere in this textbook.

 Postoperative Care

At the conclusion of the procedure, a vaginal 
packing is placed if any vaginal procedures were 
performed and is removed along with the urinary 
catheter on the morning of postoperative day 

Fig. 6.8 Sutures are 
placed in a horizontal 
fashion through the 
anterior longitudinal 
ligament. The suture is 
first placed through the 
mesh and then through 
the ligament
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number one. Patients are encouraged to ambulate 
on the evening of surgery. Analgesia is achieved 
with 30 mg of ketorolac around the clock (renal 
function permitting) and oral narcotics for break-
through pain. Patients are allowed to advance 
their diet as tolerated immediately postopera-
tively. The majority of patients are discharged 
home on postoperative day number one.

 Conclusion

Robotic-assisted sacrocolpopexy has revolution-
ized the treatment of vault prolapse by providing 
a safe, effective, and minimally invasive approach 
for abdominal sacrocolpopexy.
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 The Role of Hysterectomy at the 
Time of Abdominal Apical Repair

 Is the Uterus Just a Passenger or 
a Driving Factor of Prolapse?

In 1934, Bonney suggested a passive role of the 
uterus in uterovaginal prolapse stating “I would 
postulate that prolapse is purely a vaginal phe-
nomenon, in the causation of which the uterus 
does not play any direct part but acts more or 
less a deterrent” [1]. The need for hysterectomy 
at the time of prolapse repair has never been 
proven and, even in rare cases of isolated uter-
ine prolapse, hysterectomy alone is rarely an 
adequate treatment, as it fails to address the 
underlying deficiency causing prolapse. 
Additionally, removal of the uterus disrupts the 
uterosacral- cardinal ligament complex, which 
may further weaken support. Nonetheless, 

 hysterectomy has historically been, and will 
likely remain, a mainstay in the surgical treat-
ment of uterovaginal prolapse. In fact, while 
overall the number of hysterectomies performed 
annually in the United States has declined over 
recent years, the approximately 15–18% per-
formed for pelvic organ prolapse has remained 
relatively stable.

 Rationale and Advantages 
of Concomitant Hysterectomy 
with Sacrocolpopexy or 
Sacrocervicopexy

Fundamentally, the main rationale for hysterec-
tomy at the time of prolapse repair is improved 
durability of the repair compared with a uterine- 
sparing procedure. Long-term comparative data 
on obviating hysterectomy, for example with 
abdominal sacrohysteropexy (Fig. 7.1a), in par-
ticular utilizing the laparoscopic or robotic 
approach, is lacking. Women with stage IV utero-
vaginal prolapse or cervical elongation may not 
be ideal candidates for hysteropexy, although 
data to support this is sparse. The issue of uterine 
preservation is further complicated by wide vari-
ations in technique. A small study of supracervi-
cal hysterectomy with sacrocervicopexy 
(Fig. 7.1b), however, showed superior subjective 
outcomes compared with sacrohysteropexy in 
symptomatic women [2]. Of note, this study was 
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not randomized and selection bias may have been 
a confounding variable in postoperative patient 
satisfaction.

More recently, a retrospective study of 34 
patients who underwent total laparoscopic hys-
terectomy with laparoscopic sacrocolpopexy 
(TLH with LSC) compared with 65 patients who 
underwent laparoscopic sacrohysteropexy by the 
same group of surgeons found significantly 
higher subjective patient satisfaction and impact 
on quality of life based on validated question-
naires in the TLH with LSC cohort [3]. The rate 
of recurrent vaginal vault or uterine prolapse 
≥stage 2 was significantly higher in the laparo-
scopic sacrohysteropexy group. Ten women 
(15.4%) in this cohort had recurrent, symptom-
atic prolapse, while no patients in the TLH with 
LSC cohort experienced recurrent, symptomatic 
prolapse.

Aside from the issues of increased durability, 
other potential advantages of hysterectomy for 
the patient include elimination of the need for 
further contraceptive use for those of reproduc-
tive age, eradication of menses, and discontinua-
tion of ongoing gynecologic surveillance of the 
endometrium and cervix if a total hysterectomy 
is performed. It is also now standard to perform 
salpingectomy at the time of hysterectomy, 
thereby reducing the patient’s risk not only of 
endometrial and cervical, but also ovarian malig-
nancy in a single operation.

 When to Consider Uterine 
Preservation

As overall hysterectomy rates decline, hystero-
pexy is gaining attention. While it remains not as 
well-studied as hysterectomy-based repairs for 
the treatment of prolapse and additional research 
is needed to assess long-term outcomes, there are 
patients for whom a uterine-sparing procedure 
such as sacrohysteropexy may be better suited. 
Compared with hysterectomy and prolapse 
repair, hysteropexy is associated with a shorter 
operative time, less blood loss, and a faster return 
to work [4, 5]. Other advantages include patient 
preference for retaining a healthy organ and 
maintenance of fertility. There have been several 
reports of cesarean section delivery following 
hysteropexy [6, 7].

Importantly, however, there are several con-
traindications to uterine-sparing procedures. 
Women who have uterine abnormalities, endo-
metrial hyperplasia, or neoplasia are not appro-
priate candidates. Other considerations for 
uterine preservation include current or recent 
cervical dysplasia, familial cancer syndromes 
such as BRCA 1 and 2 or hereditary nonpolypo-
sis colonic cancer syndrome, tamoxifen therapy, 
large fibroids, adenomyosis, and inability to 
comply with routine gynecologic surveillance.

A more detailed discussion of sacrohystero-
pexy can be found elsewhere in this textbook.

Fig. 7.1 Hysteropexy (a) vs. cervicopexy (b) vs. sacrocolpopexy (c)
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 Preoperative Considerations 
in Patients Undergoing 
Hysterectomy

 Preoperative Evaluation 
and Informed Consent

Pregnancy must always be ruled out in women of 
reproductive age on the day of surgery. A recent 
normal Papanicolaou test (Pap smear) should be 
documented before performing a hysterectomy. A 
transvaginal ultrasound examination should be 
performed if a pelvic mass or any other abnormal-
ity, such as an enlarged or globular uterus, is pal-
pated during the bimanual pelvic examination. 
Sampling of the endometrium or pelvic ultrasound 
should be performed in patients with irregular or 
intermenstrual vaginal bleeding, postmenopausal 
bleeding, and those who have risk factors for 
malignancy such as polycystic ovarian syndrome 
(PCOS). In women with abnormal uterine bleed-
ing (AUB), it is generally recommended that all 
women older than 45 years of age and women 
45 years or younger with a risk of unopposed 
estrogen exposure (such as seen in obesity or 
PCOS), failed medical management, persistent 
AUB, or other risk factors for endometrial malig-
nancy undergo endometrial biopsy (after exclud-
ing pregnancy) [8, 9]. If there are any suspicious 
findings, consultation with a gynecologic oncolo-
gist is recommended prior to surgery.

As many have stated, informed consent for 
hysterectomy is not a single event but a process. 
Documentation must clearly state that the patient 
has completed childbearing. If mesh is going to 
be used for concomitant sacrocolpopexy, the 
risks and benefits of mesh use for this application 
as well as alternative non-mesh procedures 
should be thoroughly discussed.

 Risk of Unanticipated Uterine 
Malignancy

While the uterus is the most common site of 
gynecologic malignancy in the United States, 
several studies have examined the risk of unan-
ticipated uterine malignancy and demonstrate the 

overall rate is low, approximately 0.3–0.6% 
 [10–12]. While routine screening of all asymp-
tomatic postmenopausal women with endome-
trial evaluation via endometrial biopsy or 
transvaginal ultrasound improves the preopera-
tive detection of endometrial cancer, universal 
preoperative screening is not cost-effective given 
the low overall risk [13]. Screening methods also 
have poor sensitivity, with most cases of occult 
malignancy following hysterectomy for prolapse 
being found in asymptomatic women [10]. Thus, 
currently, there is no strong evidence to support 
performing routine preoperative endometrial 
assessment in asymptomatic women undergoing 
hysterectomy for prolapse.

 Total vs. Subtotal Hysterectomy

A total hysterectomy refers to removal of the 
uterus and cervix. A subtotal hysterectomy 
(supracervical hysterectomy) indicates uterine 
corpus removal only. The cervix is preserved. 
The ovaries and fallopian tubes are not a part of 
the term hysterectomy. Terms such as “partial” 
hysterectomy are imprecise; however, these 
terms are often used by patients to imply that the 
uterus was removed but ovaries were left in situ.

 Impact of Choice on Outcomes

 Risk of Prolapse Recurrence
The effect of leaving the cervix in situ on 1-year 
prolapse recurrence rates following total robotic 
hysterectomy (TRH) vs. supracervical robotic 
hysterectomy (SRH) at the time of robotic sacro-
colpopexy has been examined [14]. In a retro-
spective analysis of 83 women presenting with 
preoperative stage II or greater uterovaginal pro-
lapse, women who underwent an SRH were 2.8 
times more likely to have a recurrent prolapse, 
defined as ≥stage II in any compartment, at 
1 year, compared with those who underwent a 
TRH. When a composite score was used, how-
ever, with success defined as no mesh exposure, 
no prolapse at or beyond point 0 on the Pelvic 
Organ Prolapse Quantification System (POP-Q), 
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and an answer of “no” to the prolapse-specific 
questions in the Pelvic Organ Prolapse Distress 
Inventory 6 (POPDI-6), there was no difference 
between the groups. More women in the SRH 
group reported feeling or seeing a bulge at 1 year 
after surgery and described it as “somewhat both-
ersome,” although this difference was not statisti-
cally significant (18.6% vs. 10.3%, p = 0.29).

As the main difference in postoperative 
POP-Q score was seen in the mean values of 
point Ba, the authors of this study postulate their 
observations may be due to differences in tech-
nique of anterior and apical vaginal wall dissec-
tion, and that this may be more challenging when 
the cervix remains in situ. While in this study, as 
is the case in the authors’ practice, the extent of 
the anterior dissection was reportedly carried 
down to the level of the trigone, it may be theo-
rized that redundant or an excessively long ante-
rior vaginal wall may be more difficult to affix to 
the mesh with the additional length of the cervix 
in situ. In other words, those patients with greater 
anterior vaginal wall length, or predominantly 
anterior prolapse, may be at greater risk of 
recurrence.

Others, however, have suggested that retention 
of the cervix may be beneficial as it allows conti-
nuity between DeLancey level 2 and level 1 api-
cal support. Regardless of the potential role in 
recurrence, which needs further study, retention 
of the cervix has the important benefit of reduc-
ing the risk of postoperative mesh exposure, 
which will be discussed further in this chapter.

 Sexual Function
Small studies in the past have suggested improve-
ments in sexual function for women undergoing 
supracervical hysterectomy compared to those 
undergoing total hysterectomy. These improve-
ments have been attributed to less vaginal vault 
pain, less vaginal shortening, potential advan-
tages in cervicovaginal innervation, and contin-
ued production of cervical mucus in patients 
undergoing supracervical hysterectomy [15–17]. 
More recent and robust studies have not shown a 
difference in sexual function [18, 19]. In a cohort 
of 237 premenopausal women undergoing total 

laparoscopic, supracervical laparoscopic, or total 
vaginal hysterectomy for benign uterine pathol-
ogy, hysterectomy in general, regardless of tech-
nique, had significant positive effects on 
postoperative sexual function and quality of life 
as measured by Female Sexual Function Index 
(FSFI) and EuroQol five dimensions question-
naire (EQ-5D) scores, but postoperative scores 
did not differ among those women who retained 
their cervix versus those who did not [20]. One 
benefit worth mentioning, however, is that 
patients may return to vaginal intercourse more 
quickly following supracervical hysterectomy.

 Risk of Mesh Complications
The risk of mesh exposure following sacrocolpo-
pexy with poly-propylene mesh is significant, 
ranging from 3.4 to 27% [21–24]. Development 
of mesh exposure is likely multifactorial, as 
reflected in the wide variation in these reported 
rates. However, several consistent risk factors 
have emerged from the available data including 
the use of non-Type I polypropylene mesh (those 
with microporous or multi-filamentous structure) 
and smoking, both of which increase the risk of 
mesh exposure [22, 25].

Most relevant to the discussion in this chap-
ter, however, is that concomitant hysterectomy 
increases the risk of mesh exposure. Based on 
multiple retrospective studies, it is now widely 
accepted that performing total hysterectomy at 
the time of sacrocolpopexy with mesh increases 
the risk of mesh-related complications follow-
ing surgery compared with supracervical hyster-
ectomy [23, 24, 26–28]. In a retrospective study 
of 102 women who underwent hysterectomy 
and sacrocolpopexy, a significantly higher mesh 
exposure rate of 14% was observed in the 
women who underwent total hysterectomy and 
sacrocolpopexy compared to a rate of 0% when 
supracervical hysterectomy was performed with 
sacrocolpopexy at 3 months follow-up [23]. In a 
similar retrospective analysis, total hysterec-
tomy was associated with a sevenfold increase 
in mesh exposure rates compared to concomi-
tant supracervical hysterectomy and sacrocol-
popexy [28].
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Therefore, if mesh sacrocolpopexy is indi-
cated at time of hysterectomy, and presuming 
patient factors allow, it is recommended that a 
supracervical hysterectomy and sacrocervico-
pexy be performed. Despite the lessened risk of 
mesh complications with cervical preservation, 
it is still imperative that the surgeon has a thor-
ough discussion of the risks of mesh placement 
and alternative native tissue repair options. 
Lastly, if the cervix cannot be spared and total 
hysterectomy must be performed, the patient 
must be informed of the elevated risk of mesh-
related complications. Common-sense attention 
to technique, such as avoiding vaginotomy and 
avoiding mesh placement in a manner that over-
laps the colpotomy suture line, may help mini-
mize this risk.

Vaginotomy also increases the risk of mesh 
complications during sacrocolpopexy. Attention 
to preserving the integrity of the vaginal wall 
during dissection, particularly of the bladder off 
the anterior vagina, is paramount. Any defects or 
areas of devitalized tissue can result in vaginal 
mesh exposures.

 Patient Selection and Evaluation

Candidates for cervical preservation include 
those with no history of abnormal cervical cytol-
ogy and those with a remote history of abnormal 
cervical cytology, but recent normal screening. 
Regardless of history of cervical dysplasia, 
patients undergoing supracervical hysterectomy 
should be clearly counseled regarding the need to 
continue cervical cancer screening and only 
patients who are reliable for follow-up should be 
selected.

For those patients with a history of abnormal 
cervical cytology or high-risk human papilloma-
virus (HPV), the risk of cervical cancer or need to 
undergo future cervical excision must be assessed 
and considered when contemplating sacrocolpo-
pexy with hysterectomy. The potential ramifica-
tions of not removing the cervix in a patient with 
prior abnormal cytology history should be thor-
oughly discussed with the patient including that 

subsequent surgery to remove the cervix may be 
challenging. The decision whether or not to per-
form total hysterectomy, and therefore the risk of 
mesh exposure, should be weighed against the 
risk of recurrent or progressive cervical dysplasia. 
Non-mesh, native tissue-based approaches to pro-
lapse repair, both vaginal and laparoscopic, 
should also be considered and discussed with all 
patients.

 Technique of Robotic Hysterectomy 
and Sacrocervicopexy

 Principles of the Laparoscopic 
Approach

The benefits of laparoscopic surgery with regard 
to length of hospital stay and patient recovery 
across surgical disciplines are now well- 
established. Although the laparoscopic approach 
is associated with favorable outcomes and mini-
mal morbidity, the use of rigid laparoscopic 
instruments can constrain accessing and suturing 
in the deep pelvis. The surgical robot and its 
articulating instruments clearly provide an 
advantage in this setting. Nevertheless, many of 
the same principles first used for the laparoscopic 
approach can be applied to robotic hysterectomy. 
Many descriptions of the technique exist in the 
literature [29]. Here we will briefly describe our 
technique and tips for this approach.

 Key Technical Steps

 Surgical Team, Patient Positioning, 
and Port Placement
At least one proficient bedside assistant is needed. 
The use of steep Trendelenburg position is key to 
optimize exposure. Limited bowel preparation 
prior to surgery is routinely performed to mini-
mize rectosigmoid distension, which may impact 
visualization of the sacral promontory. It is our 
practice to use enemas on the day prior to sur-
gery. For women with chronic constipation, a 
magnesium citrate bowel cleansing regimen may 
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be more effective. After preparing and draping 
the patient, a Foley catheter is inserted. The uter-
ine manipulator is then placed at this time (based 
on surgeon’s preference). To maximize  efficiency, 
this can be done by the surgeon or qualified assis-
tant, while another member of the surgical team 
is setting up the required instruments and acces-
sories for laparoscopy. Pneumoperitoneum is 
established. Ports are placed in a radial fashion as 
shown in Fig. 7.2.

After confirming the feasibility of the proce-
dure laparoscopically, the robot is docked. We 
prefer a parallel (side) docking approach, which 
has the advantage of providing more space for 
the assistant to manipulate the uterus more com-
fortably. The robotic cart (the patient-side com-
ponent with the arms) is positioned just medial to 
the patient’s left lower extremity, which allows 
full range of motion of the robotic instruments as 
well as allowing the bedside surgeon access to 
the vaginal manipulator and right lateral port for 
assistance using laparoscopic instruments. This 
configuration may be reversed based on surgeon 

preference and/or handedness. Monopolar scis-
sors are then typically placed in the surgeon’s 
dominant hand to facilitate dissection. 
ProGrasp™ forceps are then placed in the left lat-
eral port, presuming the setup described above, 
and a bipolar energy device is placed in the 
remaining port.

 Ureteral Identification
The ureters should be identified early and the 
course of each ureter should be clearly delineated 
prior to surgical management of the adnexa and 
the uterine vessels. A careful incision in the peri-
toneum overlying the ureter in the ovarian fossa 
bilaterally is made and extended to follow the 
course of the ureter toward the cardinal ligament 
(Fig. 7.3). This provides ready identification of 
the ureters during dissection for the remainder of 
the case. We find this is best performed as one of 
the first steps in the case to avoid challenges that 
may be posed by anatomical distortion and visu-
alization as the case proceeds.

 Consideration for Salpingectomy
Recent studies have suggested that high-grade 
serous ovarian cancer predominantly arises 
within the fallopian tubes [30, 31]. This data are 
strongly supported by observations of a decreased 
risk of ovarian cancer in women with a history of 
bilateral salpingectomy (BS) [32]. Therefore, 
risk reduction may theoretically be achieved by 
salpingectomy. In fact, although mainly based on 
data from three studies, a recent meta-analysis 
observed a 49% reduction in ovarian cancer risk 
among women who had undergone BS compared 
with those who had not [33].

These research findings are mainly applicable 
to two patient populations: those with genetic 
risk factors for ovarian cancer, and of interest to 
pelvic reconstructive surgeons, those women at 
population risk undergoing routine pelvic sur-
gery for benign indications, who may benefit 
from incidental salpingectomy.

Salpingectomy is favorable to salpingo- 
oophorectomy at the time of hysterectomy for 
premenopausal women because it avoids the sub-
sequent health risks associated with iatrogenic 

Fig. 7.2 Port placement (CT)
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premature menopause after oophorectomy, 
including coronary artery disease and osteoporo-
sis [34]. Recent studies have indicated that BS 
performed simultaneously with hysterectomy 
does not lead to impaired ovarian function and, 
aside from a minimal increase in operative time, 
does not increase surgical morbidity [35–37].

Thus, based on the available evidence, after 
thorough counseling of the risks and benefits of 
performing this procedure, it is the authors’ prac-
tice to recommend prophylactic salpingectomy 
to patients undergoing hysterectomy at the time 
of sacrocolpopexy. This practice is also sup-
ported by recently published opinions from the 
American Congress of Obstetricians and 
Gynecologists and the Society of Gynecologic 
Oncology [38, 39].

 Technique of Bilateral Salpingectomy
Salpingectomy requires only a minor change in 
surgical technique, yet does require meticulous 
attention in order to preserve ovarian vasculature. 
Salpingectomy should remove the tube com-
pletely from its fimbriated end up to the utero-
tubal junction. Any fimbrial attachments on the 
ovary should be dessicated or removed. Care 
should be taken not to interrupt blood supply to 

the ovary through the infundibulopelvic ligament 
because the collateral vasculature from the tubal 
mesosalpinx is occluded during the tubal removal.

 Technique of Hysterectomy
An energy device is typically used to desiccate 
and divide the round ligament, utero-ovarian lig-
ament, and the fallopian tube. After the round 
ligament is transected, the incision is continued 
over the anterior leaf of the broad ligament 
toward the vesicouterine fold. The bladder is 
 dissected from the lower uterine segment, at least 
2 cm distal to the cervix. The bladder flap is cre-
ated using monopolar cautery. The energy source 
is used to divide the broad ligament down to the 
cardinal ligament, and then to skeletonize the 
uterine artery, which is desiccated at the level of 
the uterocervical junction. The uterine artery is 
divided high on the uterocervical junction and 
medially hugging the “cup” of the uterine manip-
ulator to avoid the ureter (Fig. 7.4). Identification 
of the uterocervical junction can also be done in 
cases without a manipulator by visualization and 
assistant port palpation of the small bulk of the 
proximal surface that creates an identifiable 
“knuckle” on the anterior surface of the utero-
vaginal interface.

Fig. 7.3 Creation of 
peritoneal window over 
left ureter near cardinal 
ligament
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 Removal of the Uterine Corpus
Many approaches have been described for 
retrieval of the uterine corpus including simple 
mechanical, manual, and electromechanical mor-
cellation [40–43]. Techniques have been 
described to extract tissue fragments through an 
extended abdominal port incision, posterior col-
potomy, transcervically, through an abdominal 
port, or through the morcellator itself [44–46].

The role of power morcellation and the recent 
controversy surrounding this technique will be 
discussed in detail in another chapter. In brief, it 
is the authors’ practice to have a thorough dis-
cussion of the current evidence and risks of 
morcellation, including power morcellation, 
and the risks associated with underlying malig-
nancy, which allows the patient to make an 
informed decision. In general, it is the authors’ 
belief that the risk of occult uterine malignancy 
in the form of a leiomyosarcoma in women 
undergoing hysterectomy has been overesti-
mated, particularly in women without suspected 
uterine myomas. However, the recent practice 
of contained morcellation is an enhancement as 
it reduces risk of the spread of benign myome-
trial and endometrial tissue, which can seed and 
become problematic for the patient. At the time 

of this writing, it is currently our practice to per-
form contained manual morcellation with a 
scalpel through the midline abdominal port inci-
sion after placing the uterus in a specimen 
pouch, using Lahey clamps to stabilize the 
uterus as it is morcellated. This allows for con-
trolled morcellation and requires minimal 
extension of the midline port incision. It further 
removes the requirement for the application of a 
power morcellator device and its negative con-
notation, deserved or otherwise.

 Modifications for Sacrocervicopexy

Uterine Amputation
The technique of robotic sacrocolpopexy has 
been discussed in a previous chapter, so this dis-
cussion will be limited to modifications of the 
standard sacrocolpopexy technique and consider-
ations when a sacrocervicopexy is being per-
formed following supracervical hysterectomy. As 
in a sacrocolpopexy procedure, one should start 
at the sacral promontory and expose the anterior 
longitudinal ligament. If the necessary exposure 
cannot be accomplished robotically, then time 
should not be wasted on pursuing the other steps 
of the procedure robotically.

Fig. 7.4 Relative 
position of uterine 
vessels and ureter on 
left. Distance between 
uterine artery and ureter 
is increased cephalad 
displacement of uterine 
manipulator
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As discussed above, leaving the cervix in situ 
reduces the risk of mesh exposure and provides 
a solid platform for mesh fixation. A dissection 
of the anterior and posterior vaginal walls is key 
(Fig. 7.5). This is most easily performed prior to 
uterine amputation, as traction on the uterine 
corpus can be used to improve visualization of 
the surgical planes. However, this dissection can 
be completed after uterine corpus amputation. 
After the vessels are secured, the uterus is tran-
sected at or just below the level of the internal 
os, the  presumed junction between endome-
trium and cervical columnar epithelium. An 
important  technique during division of the uter-
ine vasculature is to ensure cephalad displace-
ment of the uterus by the bedside assistant. This 
maneuver will increase the distance between the 
ureter and the uterine artery. After division of 
the uterine vasculature, the uterus is amputated 
from the cervix. Though there are devices for 
this procedure (LiNA Loop Gold™, Lina 
Medical, Norcross GA), it is the authors’ prefer-
ence to use monopolar scissors. The pelvic side-
wall makes a poor “work bench;” therefore, use 
of an instrument to provide a backboard for the 
cervix during amputation is suggested (Fig. 7.6). 
Cephalad traction on the fundus will help expe-
dite the process. If a uterine manipulator has 

been used, it is generally removed after the mid-
point or two thirds of the cervical width has 
been reached. The authors do not find it neces-
sary to oversew the cervix, but care must be 
taken to ensure adequate hemostasis prior to 
mesh placement.

 Management of the Endocervix

Cauterization or excision of the remaining endo-
cervix is often performed with the goal of 
decreasing post-hysterectomy cyclic bleeding. 
In a randomized study of 140 women who under-
went laparoscopic supracervical hysterectomy 
either with or without “reverse cervical coniza-
tion,” no differences in intermittent postoperative 
vaginal bleeding were observed at 12-month fol-
low- up, occurring in 37% with conization and 
33% without conization [47]. It remains the 
authors’ practice to perform reverse conization 
by cauterization of the endocervical canal with 
monopolar scissor electrocautery (Fig. 7.7). This 
procedure adds minimally to the operative time, 
has little to no associated risks, and has been 
shown by others in a larger retrospective series to 
have a much lower postoperative intermittent 
vaginal bleeding rate of 2% [47, 48].

Fig. 7.5 After uterine 
amputation, anterior 
distension with vaginal 
manipulator assists 
dissection of anterior 
vagina and bladder
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 Vaginal Manipulation

Once the cervix is amputated, vaginal manipula-
tion can be challenging. Many methods have 
been described such as using a robotic tenaculum 
to apply traction to the cervix or using malleable 
retractors or an EEA sizer to delineate the vaginal 
fornices, but devices such as the Colpassist™ 
vaginal fornix manipulator (Boston Scientific, 
Marl-borough, MA) are also very useful for this 
purpose (Fig. 7.8). This device is specifically 
designed for this purpose and provides a strong 

suturing platform. Following these steps, 
 sacrocervicopexy proceeds in a similar fashion to 
sacrocolpopexy.

 Tips and Tricks

 Selection of Uterine Manipulator 
Device
Uterine manipulators are useful tools to help 
expose anatomy during robotic/laparoscopic 
 hysterectomy. Evidence is limited and there are 

Fig. 7.6 Use of accessory instrument to serve as ‘backboard’ during amputation of uterine corpus to protect sidewall

Fig. 7.7 Cauterization 
of endocervix (reverse 
cone) after supracervical 
hysterectomy

J.L. Oliver and C.M. Tarnay



83

likely confounding factors in the available 
 evidence, but use of a uterine manipulator may 
lessen the risk of ureteral injury [49, 50]. This is 
proposed to occur by allowing for improved lat-
eral and cephalad movement of the uterus, 
increasing the distance between the cervix and 
ureter and facilitating dissection of the uterine 
artery and around the cervix. Uterine manipula-
tors also allow for improved exposure of the cul- 
de- sac by providing a mechanism to elevate the 
uterus and provide delineation of the vaginal for-
nices, while maintaining pneumoperitoneum.

Data on the safety of these devices, in general, 
is limited and in need of further investigation. 
Yet, while alternative techniques for handling the 
uterus during laparoscopy have been published, it 
is currently the author’s practice and opinion that 
using a uterine manipulator offers the most effi-
cient method of uterine movement during sur-
gery. It should be noted, however, that many 
FPMRS surgeons, in particular urologists who 
did not use a uterine manipulator in residency, do 
not use a manipulator for robotic supracervical 
hysterectomy.

The Vcare® manipulator (ConMed 
Corporation, Utica, New York) is a lightweight 
disposable instrument (Fig. 7.9a). It does not 

offer independent motion of the intrauterine tip, 
rather it uses leverage to manipulate the uterus. 
The Vcare handles easily, has a wide range of 
motion, offers good delineation, and maintains 
pneumoperitoneum well. However, the light-
weight design may be less suitable to manipu-
late larger uteri. In the setting of an enlarged 
uterus (>12 cm), the authors also find the 
Advincula Delineator™ (CooperSurgical, Inc., 
Trumbull, Connecticut) useful (Fig. 7.9b). 
While similar to other disposable manipulators 
like the Vcare, no studies have examined its 
safety and efficacy.

Fig. 7.8 (a, b) Vaginal positioning devices to assist in 
sacrocolpopexy and sacrocervicopexy. Source: http://
www.bostonscientific.com/en-US/products/pelvic-floor-
reconstruction/upsylon-y-mesh.html

Fig. 7.9 Uterine manipulation devices to assist in uterine 
positioning during hysterectomy. (a–c) VCare® Uterine 
Manipulator/Elevator (ConMed Endosurgery, Utica, NY) 
http://www.conmed.com/endomechanical-instrumenta-
tion/vcare.php Vcare®. (d) Advincula Delineator™. 
VCare® Uterine Manipulator/Elevator (ConMed 
Endosurgery, Utica, NY). http://www.conmed.com/endo-
mechanical-instrumentation/vcare.php
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Several other devices are available for uterine 
manipulation during robotic hysterectomy. A full 
discussion of all available devices is outside the 
scope of this text, so the authors would suggest 
the recent review by van den Haak et al. for the 
interested reader [51]. Considerations in select-
ing a device may include cost, surgeon prefer-
ence, and device-specific complications. 
Surgeons should be aware of the risks unique to 
partly disposable or disposable lightweight uter-
ine manipulators that require assembly, including 
the risk of adverse events due to disintegration of 
the instrument or retained parts. The goal is to 
use a device that is safe, user-friendly for the 
assistant, and appropriate for the surgical plan 
and patient’s anatomy.

 Handling Anatomical Abnormalities

Fibroids
Fibroids are present in over 60% of women. In 
most menopausal women, fibroids have often 
undergone involution and the uterus is smaller 
and subsequently less likely problematic in con-
tributing to surgical management. However, in 
the patient where fibroids are still large, preoper-
ative planning is relevant. Size and location of the 
fibroids can impact the feasibility of the laparo-
scopic approach (as fibroid location may limit 
access to the uterine pedicles), need for morcella-
tion, type of uterine manipulator required, and 
location of port placement. While bimanual exam 
may be used to estimate uterine size, a more 
detailed anatomic assessment with ultrasound or 
MRI can be helpful to determine fibroid anatomy, 
guide patient counseling, and more certainly 
determine the operative plan. For these reasons, 
for women with prolapse selected to undergo the 
laparoscopic approach, it is the authors’ practice 
to utilize MRI so that the number, size, and loca-
tion of the fibroids can be determined. 
Intraoperative modifications, as mentioned 
above, are required for large myomas, particu-
larly ones that are located in the broad ligament 
that may limit access to or distort the uterine 
vasculature.

Previous Cesarean Delivery
In women with previous cesarean deliveries, the 
lower uterine segment and vesicouterine plane 
will be scarred. This can lead to challenges in dis-
section of this potential space, increased bleed-
ing, and an elevated risk of bladder injury during 
mobilization. For this portion of the hysterec-
tomy, sharp dissection without excessive desic-
cation can help with visualization of the proper 
plane. Retrograde filling of the bladder can help 
with identification of the proper plane of dissec-
tion. If there is concern for a cystotomy, technical 
considerations for identification and repair are 
discussed later in this chapter.

Choice of Energy Device for Robotic 
Hysterectomy
The use of energy devices can be implemented 
using the assistant port and hand-held instru-
ments. The robotic system also has options for 
integrated energy devices including monopolar 
and bipolar cautery instruments (electrical 
energy), the da Vinci Harmonic™ ACE (mechan-
ical energy), and the da Vinci PK™ Dissecting 
Forceps (advanced bipolar).

All energy devices used in robotic/laparo-
scopic surgery have distinct thermal spreads 
depending on the power setting and application 
time. Few studies have examined the effect of 
different energy devices on outcomes of robotic/
laparoscopic hysterectomy. Variability in sur-
geon technique and application of these devices 
as well as variation in patient anatomy can com-
plicate studying the impact of energy device 
choice. In a small randomized study of 45 
patients undergoing total laparoscopic hysterec-
tomy, choice of device did not affect operative 
time, blood loss during surgery, or length of hos-
pitalization [52].

It is the authors’ opinion that an important 
consideration in selection of an energy device for 
use during robotic hysterectomy is thermal 
spread (lateral temperature changes which occur 
during use of the device). Devices with wide 
thermal spread may increase the risk of thermal 
injury to surrounding viscera, such as bowel, 
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bladder, and particularly the ureter. Injuries may 
be either immediate or delayed. In an indepen-
dent evaluation of thermal spread of robotic 
monopolar, bipolar, and ultrasonic instruments, 
among the worst performers were the robotic 
scissors, the automatic robotic PKS™, and 
LigaSure™ instruments [53]. These three 
devices, when activated for 1 s at 30 W (the most 
common clinical setting), showed lateral temper-
ature increases above 45 °C as far as 2.6, 2.5, and 
2.8 mm, respectively, from the instrument tip. 
The Maryland bipolar instrument had a 1.5 mm 
spread, and the Harmonic® scalpel had the lowest 
spread at 1.1 mm. A useful clinical tip from this 
study is that thermal spread can be mitigated by 
placing a second instrument alongside the energy 
device and touching the tissue to act as a heat 
sink. The thermal spread decreased by 0.5–
1.0 mm for the instruments tested using this 
maneuver.

Other factors to consider in choosing an 
energy device include its utility as a grasping, 
dissecting, and dessicating instrument. Costs and 
operative time can be minimized with the use of 
fewer robotic instruments and less frequent 
instrument changes during the case.

 Complications

Several potential complications specific to lapa-
roscopic hysterectomy, robotic or otherwise, 
should be considered when selecting and coun-
seling patients. Particularly for hysterectomy 
performed for benign indications, complications 
such as bleeding requiring transfusion or vascu-
lar or bowel injury are low [54]. Among lower 
urinary tract injuries, cystotomy is the most 
common. Women who have undergone prior 
cesarean deliveries are at an increased risk of 
bladder injury at the time of hysterectomy [55–
57]. Cystotomy is most often successfully man-
aged with primary closure and prolonged bladder 
drainage; however, cystotomy does carry a small 
risk of subsequent fistula formation [56]. 
Ureteral injury or stricture and uretero or vesico-
vaginal fistula remain among the most feared 

complications. While some fistulas may be man-
aged conservatively, a significant percentage 
will require reoperation to repair. Large uterine 
size, longer operative time, and bladder injury 
have been associated with vesicovaginal fistula 
formation [56].

If there is any concern for cystotomy, use of a 
diluted dye such as methylene blue to retrograde 
fill the bladder can help identify an injury. 
Fistulas can best be avoided by a multi-layered, 
water-tight, and tension-free cystotomy closure 
that is totally separated from the vaginal cuff. If a 
cystotomy occurs, and closure fulfills these 
requirements, one can continue safely with the 
procedure. Interposition tissue such as omentum 
can be considered to separate the cystotomy from 
the underlying mesh.

The sequelae of a ureteral injury are greatest 
when the injury is missed intraoperatively. These 
may be avoided by intraoperative cystoscopy 
with IV dye to assure ureteral efflux. IV infusion 
of either indigo carmine, methylene blue, or 
sodium fluorescein or preoperative administra-
tion of oral phenazopyridine are all excellent 
means to allow for cystoscopic visualization of 
ureteral efflux. However, cystoscopy is not 100% 
sensitive for detecting ureteral injury, particu-
larly those of delayed thermal nature.

Of specific concern with the rise in robotic 
hysterectomy is an associated increase in the rate 
of urinary tract injury with this approach com-
pared to vaginal hysterectomy. In a recent sys-
tematic review and meta-analysis of 79 studies of 
benign gynecologic surgeries, the rates of intra- 
and postoperative urinary tract injury per 1000 
hysterectomies in which cystoscopy was not rou-
tinely used were highest for robotic procedures 
[58]. Intraoperatively detected rates of ureteral 
and bladder injury were markedly higher with 
routine intraoperative cystoscopy, but cystoscopy 
did not significantly impact the rate of postopera-
tively detected urinary tract injury (i.e., missed 
intraoperative injury) when all types of surgical 
approaches were considered. The studies exam-
ined in this meta-analysis are potentially limited 
by underreporting when routine cystoscopy was 
not used because of undiagnosed injuries and 
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patients lost to follow-up. Data may reflect an 
ongoing learning curve for robotic hysterectomy, 
as some studies suggest these rates may be 
decreasing with time and increased surgeon 
experience, but this observation is nevertheless 
concerning and requires further follow-up.

Other rare but serious complications of total 
hysterectomy include vaginal cuff dehiscence 
with evisceration [59, 60], which has a variable 
timeframe of presentation and unfortunately has 
seen disproportionately higher rates following 
adoption of the laparoscopic and robotic 
approach. Hur et al. reported a vaginal cuff dehis-
cence rate of 0.11% with the vaginal approach 
versus 0.75% with total laparoscopic hysterec-
tomy [61]. More recently in a study of 2382 total 
hysterectomies, there was a 0.96% rate of cuff 
dehiscence, and robotic approach was associated 
with increased odds of cuff dehiscence in a mul-
tivariate analysis [62]. The reason for this remains 
unclear, but the cause is likely multifactorial. Use 
of thermal energy may contribute [63, 64]. Sexual 
intercourse may be a triggering event [65], so it is 
important to examine patients and ensure com-
plete cuff healing before permitting them to 
return to sexual activity. Not unexpectedly, most 
evidence at this point, however, points toward the 
technique of vaginal cuff suturing as the main 
factor likely driving this concerning trend [62, 
66, 67]. While further studies are certainly 
needed, it is the authors’ opinion, as well as 
 others [66], that the magnified view of the robotic 
laparoscope, by giving a false sense of the depth 
of suture placement, leads the surgeon to include 
an insufficient amount of tissue when suturing 
the cuff closed. Inadequate (i.e., loose) tension-
ing may also play a role, facilitated by the lack of 
haptic feedback.

 Conclusions

Hysterectomy is likely to remain a mainstay in 
the treatment of pelvic organ prolapse, particu-
larly as an adjunct to sacrocolpopexy.

Supracervical hysterectomy with bilateral sal-
pingectomy should be performed when patients 
allow. This will decrease the risk of mesh-related 

complications from cervix removal and the 
development of ovarian cancer from retained fal-
lopian tubes. Robotic technology has expanded 
access to the laparoscopic approach for pelvic 
surgeons and allowed this procedure to be per-
formed with less patient discomfort and shorter 
hospital stay, but is not without risks associated 
with adoption of a new approach. Thoughtful 
preoperative planning and the technical consider-
ations discussed in this chapter can help mini-
mize the risk of complications and achieve a 
good outcome for the patient.
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Introduction

In female pelvic floor reconstruction, hysterec-
tomy is frequently performed at the time of con-
current colpopexy for pelvic organ prolapse. 
Robotic-assisted sacrocolpopexy (RASC), the 
laparoscopic version of the gold- standard 
approach to uterine prolapse repair, offers many 
benefits, such as less post-operative pain, a 
quicker recovery, fewer wound complications, 
less post-operative morbidity, and a shorter hospi-
tal stay. Frequently, the uterus is too large to be 
removed from the abdominal cavity through 
either the vaginal outlet or trocar incisions. When 
this is the case, as in patients with uterine leio-
myomas (“fibroids”), either a larger incision must 
be made (“mini-laparotomy”) or the specimen 
needs to be reduced in size by morcellation. This 
can be done by hand, as with a scissors or scalpel, 
or using an electromechanical surgical instrument 
commonly called a “power morcellator.” This 
instrument uses a rotating cylindrical knife 
inserted through a laparoscopic trocar incision to 
divide large tissues into smaller pieces that can be 
removed through the blade’s cylindrical core 

(Fig. 8.1). Such devices are absolutely necessary 
to allow patients with very large uterine fibroids 
to enjoy the benefits of minimally invasive 
surgery.

Prior to the adoption of power morcellation, 
more than 80% of gynecologic surgeons reported 
significant hand fatigue and even carpal tunnel 
syndrome associated with hand morcellation, 
with increasing severity correlating with greater 
caseloads [1]. Power morcellation was first intro-
duced by Steiner in 1993 [2] and approved by the 
US Food and Drug Administration (FDA) in 
1995. The technology greatly improved the capac-
ity to morcellate large tissues, such as the uterus 
or prostate, which previously required open sur-
gery, made minimally invasive surgical tech-
niques practical for a larger number of women, 
particularly obese patients, and reduced surgeon 
strain and injury. Such perceived benefits led to 
the rapid adoption of laparoscopic hysterectomy 
with power morcellation as the most common 
procedure performed for uterine fibroids.

Power Morcellation and the FDA

In April of 2014, however, the FDA issued a 
safety communication [3] discouraging the use of 
power morcellators due to the risk of potential 
upstaging of uterine sarcoma in undiagnosed 
patients. The report was prompted by the case of 
a Boston anesthesiologist who underwent 
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 laparoscopic hysterectomy with morcellation for 
presumed fibroids in 2013. Pathologic review 
revealed uterine leiomyosarcoma (ULMS). At 
re-intervention, the sarcoma was found to have 
spread in the abdominal cavity, and she required 
aggressive treatment for this advanced stage can-
cer. Attributing her poor outcome to the use of 
morcellation during her surgery, she and her hus-
band, a cardiothoracic surgeon, then called for an 
“immediate moratorium on intracorporeal mor-
cellation during minimally invasive hysterec-
tomy” in an open letter to President Barrack 
Obama, Senator Elizabeth Warren of 
Massachusetts, the FDA Commissioner, and the 
leadership of multiple professional medical orga-
nizations. Interestingly, they gave special men-
tion to robotic-assisted surgery, criticizing 
Intuitive Surgical, Inc., for the absence of a 
“readily available warning label advising against 
its use to morcellate tumors with malignant 
potential inside the body” [4] despite concessions 
that the da Vinci robot is not itself a “morcella-
tor.” This petition prompted a review of power 
morcellation by the FDA. In their meta-analysis 
of 18 studies, the FDA reported a risk of 0.28% 
and 0.2% for undiagnosed uterine sarcoma (any 
histology) and ULMS, respectively, in patients 
with presumed fibroids. Explaining that this risk 
was higher than previously estimated, the “FDA 
is warning against the use of laparoscopic power 
morcellators in the majority of women undergo-
ing myomectomy or hysterectomy for treatment 
of fibroids” [3]. In November 2014, the FDA 
warning was upgraded to a black-box warning 
stating that morcellation was contraindicated in 
perimenopausal or postmenopausal women and 

in any “candidates for en-bloc tissue removal” 
[5], which could be literally interpreted to include 
all women.

While not specifically calling for a ban of 
power morcellators, this announcement spawned 
a heated debate throughout the medical and lay 
community. The news media has fanned the 
flames of public fear over the use of power mor-
cellation with features such as “When 
Hysterectomy is a Death Sentence” (USA Today, 
February 2014), “A Surgical Procedure’s Risks, 
Unmentioned” (New York Times, March 2014), 
and “Deadly Medicine: A Common Surgery for 
Women and the Cancer It Leaves Behind” (Wall 
Street Journal, September 2014). Overall, sev-
eral themes emerged from the reporting on this 
issue in the popular press, including the impres-
sions that the risk of dying from cancer is high 
when power morcellation is used, that morcella-
tion is directly responsible for the spread of can-
cer, that patient outcomes would be better if other 
surgical techniques are used, and that device 
manufacturers, hospitals, and doctors were aware 
of this risk and sought to cover it up.

This portrayal of the debate has resulted in a 
powerful community backlash. Hundreds of law-
suits against physicians and device manufactur-
ers are pending trial in state and federal courts. 
The Federal Bureau of Investigation is reportedly 
investigating power morcellators and whether 
manufacturers were aware of the risk of cancer 
spread. Many hospitals and hospital systems 
across the country have halted or limited the use 
of power morcellation. Some insurers have 
stopped covering the procedure, while others, 
like UnitedHealth Group Inc., the nation’s largest 
health insurer, have begun to require prior autho-
rizations. Johnson & Johnson, the parent com-
pany of Ethicon, Inc., manufacturer of the 
Gynecare Morcellex power morcellator, pulled 
the device from the market in July 2014. All of 
these restrictions have caused the vast majority 
of gynecologic surgeons to change their method 
of fibroid removal after the FDA report. One 
study reported that 84% of surgeons had switched 
methods of fibroid removal after the FDA warn-
ing from laparoscopic surgery with morcellation 
to mini-laparotomy [6].

Fig. 8.1 Power morcellation device. The toothed grasper 
is used to deliver the tissue to be morcellated to the rotat-
ing cylindrical blade housed by the external beveled 
sheath
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The medical community overall has been frus-
trated by the drastic change induced by this pub-
lic outcry. A recent commentary by Lisa 
Rosenbaum in the New England Journal of 
Medicine expressed this sentiment well, stating 
that “our capacity to speak science to emotion 
seems to be collapsing” [7]. Statements from 
gynecologists have echoed again and again the 
lack of solid scientific evidence to support a ban 
on the use of power morcellation, reiterating that 
minimally invasive surgery and morcellation 
have benefitted hundreds of thousands of women, 
and it would be a “disservice to deny these 
women this option” [8]. Statements from multi-
ple professional societies have stressed the 
importance of informed consent in shared deci-
sion making for the treatment of presumed benign 
fibroids. While the FDA cannot control the qual-
ity of the data available, they have been harshly 
criticized for the choice of data included in their 
meta-analysis. The FDA report did not address 
conflicting data from multiple meta-analyses 
documenting cancer incidences more than an 
order of magnitude lower than that documented 
in the warning [9]. In addition, the exclusion of 
studies in which no cancer was diagnosed and the 
inclusion of cases in which morcellation should 
probably not have been offered may have drasti-
cally overestimated the cancer risk [10, 11]. The 
American Association of Gynecologic 
Laparoscopists’ Tissue Extraction Task Force 
[12] emphasized that the studies examined by the 
FDA were not stratified by risk factors for sar-
coma and did not reflect data for reproductive- 
age women. The reports were retrospective, 
representing data from referral centers or single 
institutions, spanned several decades with vari-
ous histopathologic criteria, and even included 
women with preoperative diagnoses of sarcoma. 
A Position Statement from the Society of 
Gynecologic Oncology [13] echoes these points 
and recognizes that ULMS and endometrial stro-
mal sarcomas, for which there are no reliable 
methods to differentiate from fibroids, have a 
very poor prognosis even when removed intact.

While many practitioners believe that there is 
a tremendous benefit in continuing to allow mor-
cellation to be used in appropriately selected 

patients, the choice to do so is disappearing. 
While there is no denying that individuals with 
occult aggressive malignancies have suffered 
greatly from their disease, it is our responsibility 
to evaluate the data behind the claims in the FDA 
warning and determine if the conclusions are 
well-founded and benefit our patients and 
society.

“Many women choose to undergo laparoscopic 
hysterectomy or myomectomy because these pro-
cedures are associated with benefits such as a 
shorter post-operative recovery time and a reduced 
risk of infection compared to abdominal hysterec-
tomy and myomectomy.” [3]

Overall, there are significant benefits to 
patients who undergo minimally invasive surger-
ies compared to open techniques [14]. Patients 
have smaller incisions, less post-operative pain, 
and shorter hospital stays [15]. In the case of hys-
terectomy, these benefits are even more pro-
nounced with the assistance of the operative 
robot [16]. In addition to improved recovery for 
patients, there are fewer complications, such as 
wound infections, bleeding requiring transfusion, 
deep vein thrombosis, nerve injury, and genito-
urinary and gastrointestinal tract injuries [17], 
many of which will require readmission and 
reoperation. Patients undergoing open abdominal 
hysterectomy have a threefold greater risk of 
mortality than those who undergo laparoscopic 
hysterectomy [18].

While generally associated with improved 
patient outcomes, there are complications unique 
to the use of power morcellation devices. Direct 
injuries to the bowel and large vessels, while 
uncommon, can occur. A review of the 
Manufacturer and User Facility Device 
Experience (MAUDE) database in 2014 revealed 
66 reports of direct injuries, six of which were 
fatal [19]. These included injuries to the small 
and large bowel (31/66), large blood vessels 
(27/66), kidney (3/66), ureter (3/66), bladder 
(1/66), and diaphragm (1/66). Given the millions 
of procedures performed, these injury rates 
remain very low.

An additional concern with intracorporeal 
morcellation of any type is the development of 
parasitic fibroids or iatrogenic endometriosis, 
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which can require repeat surgical treatment. 
Small chips or tissue fragments released from the 
specimen during morcellation can implant on the 
peritoneum and grow to cause symptoms such as 
pain, gastrointestinal or ureteral obstruction, or 
local organ dysfunction by exerting a mass effect 
[20, 21]. Even if asymptomatic, identification of 
an unknown abdominal mass frequently necessi-
tates additional workup and surgical removal. 
The risk of such masses developing after uterine 
fibroid removal appears to increase significantly 
with the use of morcellation, with an overall inci-
dence of 0.12–0.9% [22–24]. Exposure to 
gonadal steroid hormones increases this risk, 
with both premenopausal status and hormone 
replacement therapy promoting parasitic fibroid 
development and growth.

The most concerning of the complications 
attributed to morcellation, however, is the risk 
that an unrecognized malignancy could be spread 
in the abdomen and pelvis, leading to poor onco-
logic outcomes. This is the focus of the FDA 
safety warning and the main target of activism 
opposing the use of power morcellation.

“If laparoscopic power morcellation is performed in 
women with unsuspected uterine sarcoma, there is a 
risk that the procedure will spread the cancerous tis-
sue within the abdomen and pelvis, significantly 
worsening the patient’s long-term survival.” [3]

Obviously, the disruption of a tumor through 
morcellation is contrary to central oncologic 
principles. Histologically, the destruction of 
specimen architecture abolishes many of the ana-
tomic features that allow a meaningful gross 
description, such as its dimensions, orientation, 
adjacency, borders, and margins [25]. As these 
specimens are often quite large, loss of these 
characteristics could affect the selection of parts 
of the tumor for histology that could be suspi-
cious for malignancy, leading to a delayed or 
missed diagnosis [26, 27]. Even if a focus of can-
cer is discovered, tissue separation may prevent 
adequate determination of margins or adjacent 
spread, leading to suboptimal staging and over- 
or under-treatment.

The heart of this debate, however, is the ques-
tion of whether morcellation specifically, particu-
larly power morcellation, results in the upstaging 

of malignant disease by directly spreading can-
cerous tissue in the surgical field or not. The sig-
nificance of upstaging is particularly important 
for ULMS, as the 5-year survival for stage IV 
cancers is very low (16–18%) in comparison to 
that for stage I cancers (57–95%) [28].

Multiple case reports have reiterated the risk 
of intraperitoneal seeding of sarcomatous tissue 
not seen at the initial surgery of laparoscopic 
myomectomy or hysterectomy using power mor-
cellation [29, 30], which has been corroborated 
by larger case series that give overall upstaging 
rates of 15–64% [31–34]. In one such analysis at 
multiple institutions in Boston, eight cases of 
ULMS inadvertently morcellated during surgery 
for presumed fibroids underwent restaging proce-
dures. Of these, three (37.5%) were upstaged. Of 
the five that were not upstaged, all were alive 
without disease more than 2 years later. Of the 
three that were upstaged, two died and the third 
was alive with signs of disease [33]. In the most 
widely cited study addressing ULMS upstaging 
risk [34], the authors retrospectively reviewed 
1,091 cases of uterine morcellation. Seven cases 
of ULMS were identified, only one of which was 
initially treated at the study institution. This case 
did not demonstrate any dissemination at restag-
ing surgery. The remaining six represented refer-
rals from other institutions after various intervals, 
four of whom had visible reseeding at restaging 
surgery. Three of these patients died, two of 
whom were referred more than one year after 
their initial surgery, making it unclear if the peri-
toneal findings represented true dissemination or 
recurrence of aggressive disease. Both this and 
the previous study are derived from a single 
research group, including the same institutions 
over the same time period. It is unclear if these 
results are independent or if there is significant 
overlap of the patients. While this study is fre-
quently cited as demonstrating that 57% (4/7) of 
ULMS demonstrate dissemination of disease 
after morcellation, this conclusion is somewhat 
misleading given the substantial bias of the popu-
lation involved.

Overall, the data regarding upstaging and the 
direct dissemination of tumor as a result of mor-
cellation are poor. The majority of studies have 
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very low numbers, and few of these studies have 
stratified outcomes with regard to the type of 
morcellation (power vs. hand) or the approach 
(vaginal vs. laparoscopic) used. A recent system-
atic review of the literature by Pritts et al. deter-
mined that upstaging at the time of completion 
surgery occurred for 11/27 (41%) occult ULMS 
in which morcellation (any type) had been used 
and for which staging information was available 
[9]. As only five of these completion surgeries 
were performed immediately after the initial sur-
gery, the remaining six may represent recurrence, 
not seeding. As these numbers assume that all 27 
patients were stage I at their initial resection, it 
remains unclear if these numbers overstate the 
true risk. It is worth noting that, while the review 
focused on morcellation and cancer outcomes, 
three of the articles they considered also included 
a small number of open myomectomies; six 
ULMS were identified from these operations, 
resulting in three recurrences and two deaths, a 
similar rate as that seen after morcellation [35–
37]. From the available data, there is no definitive 
evidence to demonstrate that power morcellation 
confers worse oncologic outcomes than hand 
morcellation or even myomectomy [9]. This does 
not imply that morcellation is completely safe, 
but only serves to emphasize the fact that better 
data is needed before policy decisions are made 
that drastically change practice patterns affecting 
hundreds of thousands of women each year.

Perhaps, a better question is addressed by the 
second half of the FDA statement above: is mor-
cellation associated with poorer long-term sur-
vival in uterine cancer patients? Multiple studies, 
all retrospective, have demonstrated worse onco-
logic outcomes when morcellation is used. A 
recent systematic review and meta-analysis dem-
onstrated a correlation between uterine morcella-
tion and increased intra-abdominal recurrence and 
mortality in patients with unsuspected ULMS 
[38]. Morcellation (any type) increased the overall 
(62% vs. 39%, Odds Ratio [OR]: 3.16) and intra-
abdominal (39% vs. 9%, OR 4.11) recurrence 
rates as well as overall mortality (48% vs. 29%, 
OR 2.42). This data is difficult to interpret. Only 
three of the 11 studies contained in the analysis 
demonstrated survival differences. This included 

two studies by Park et al. which examined 106 
patients with uterine sarcomas (50 with low-grade 
endometrial stromal sarcoma and 56 with ULMS) 
[39, 40] and a single-institution study from Boston 
detailing the outcomes of 58 patients with ULMS 
[41]. All three of these studies are limited by their 
retrospective nature. In addition, as it would be 
unethical to recommend laparoscopic hysterec-
tomy to a patient with a known sarcoma, it is 
almost certain that the morcellation and non-mor-
cellation groups represent fundamentally different 
populations. None of the studies provided a dis-
cussion of the type of preoperative workup, risk 
stratification, reason for referral, or the timing of 
the referral to provide a sense of the selection bias. 
While these data are inconclusive, there remains 
the suggestion that morcellation may worsen out-
comes for a subset of patients with occult sarcoma, 
making the next step to determine the magnitude 
of this risk in patients undergoing surgery for pre-
sumed fibroids.

“Based on an FDA analysis of currently available 
data, we estimate that approximately 1 in 350 
women undergoing hysterectomy or myomectomy 
for the treatment of fibroids is found to have an 
unsuspected uterine sarcoma, a type of uterine 
cancer that includes leiomyosarcoma.” [3]

One of the most challenging knowledge gaps 
in this debate is the real risk of undiagnosed sar-
coma in presumed fibroids. The true prevalence 
has been difficult to estimate from current studies, 
ranging over more than an order of magnitude, 
from 0.45 to 0.014% [11], depending on the meth-
odology of the study. The incidence quoted in the 
FDA report is derived from the analysis of a large 
insurance database review that identified 99 cases 
of uterine cancer (all histologies) in over 200,000 
minimally invasive hysterectomies, only 36,000 
of which used morcellation [42]. This translates to 
an incidence of one uterine cancer discovered in 
every 350 (0.28%) women undergoing minimally 
invasive hysterectomy for benign indications, not 
all of which were for fibroids. In addition, this 
study population was much older than that typi-
cally treated for fibroids: 67 of the 99 identified 
cancers were in patients over 50, so these num-
bers are likely not representative of the overall 
population seeking treatment for fibroids.

8 The Role of Power Morcellation and Controversies
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It is difficult to know what to make of this 
wide range of estimates. All of these studies lack 
risk stratification of the populations, frequently 
with no distinction in the types of uterine can-
cers, no specification of which cases utilized 
morcellation, and the outcomes of these cases. In 
the largest, most comprehensive systematic 
review addressing this question, Pritts et al. [9] 
identified 17 studies with outcomes data for 
patients undergoing hysterectomy or myomec-
tomy for presumed fibroids, excluding in-bag 
morcellation or bag extraction. This pooled anal-
ysis of 29,877 fibroid patients provided a 0.014% 
rate of occult uterine malignancy. This difference 
likely results from multiple differences in meth-
odology, among them is the inclusion of prospec-
tive studies, which typically describe lower rates 
of occult cancer. The predominant difference, 
however, is the restriction of this analysis to 
patients with presumed fibroids. While differ-
ences in methodology make this discrepancy 
understandable, it also makes clear the impor-
tance of asking the right questions when assess-
ing and understanding the real risks to patients.

The vast majority of cases documenting mor-
tality or cancer upstaging after morcellation 
occurred with ULMS, a disease carrying a poor 
prognosis even when discovered preemptively. 
Survival ranges from 15 to 55% depending on the 
number of mitoses per ten high power fields (hpf); 
a high-grade cancer with >10 hpf has a 5-year sur-
vival of only 15%. When embedded and confined 
to a uterus that is removed “en bloc,” patients 
have a better prognosis, increasing the best sur-
vival rates up to 83% [36, 43]. ULMS, however, 
is incredibly rare, with an overall incidence of 
only 0.64/100,000 women [44]. While ULMS 
comprises 70% of all uterine sarcomas, these are 
only 2–7% of all uterine malignancies [43, 45]. 
Sarcomas typically spread hematogenously or 
lymphatically, not usually by direct extension, 
which has led several groups to propose that the 
poor oncologic outcomes after morcellation may 
also result from any approach that does not isolate 
the uterine vasculature before manipulation by 
enhancing hematogenous spread [9]. This may be 
supported by documentation of dissemination 
after open myomectomy [35–37].

The risk of sarcoma in a presumed fibroid in a 
patient younger than 40 is incredibly rare and is 
highest in women over 65 [46]. As the majority 
of fibroid symptoms begin to regress after meno-
pause, the population of postmenopausal women 
seeking surgical treatment for presumed fibroids 
is a fundamentally different population than a 
premenopausal patient with heavy menstrual 
bleeding or pelvic pressure. Thus, a debate about 
the risk and benefits of morcellation needs to 
address population risk stratification and the 
impact of treatment on already poor disease 
outcomes.

“While the specific estimate of this risk [of unsus-
pected sarcoma] may not be known with certainty, 
the FDA believes that the risk is higher than previ-
ously understood.” [3]

The majority of studies detailed above 
addressed the overall incidence of sarcoma in 
patients with presumed benign disease. Many 
surgeons, however, already perform individual-
ized risk assessment, steering the higher risk 
patients away from morcellation-based proce-
dures. To understand the danger that morcella-
tion truly poses for unsuspecting patients, 
perhaps the better question to ask is: what is the 
risk of a patient desiring treatment for presumed 
fibroids who undergoes unintended morcella-
tion of an undiagnosed ULMS with current 
practice patterns? In a recent retrospective 
study, the incidence of ULMS in women referred 
for treatment of fibroids was 0.54% (1:183), but 
rate of unintended morcellation was only 0.02% 
(1:4791). Of the 26 ULMS cases identified, six 
were diagnosed preoperatively, 14 underwent 
abdominal hysterectomy for suspicious risk fac-
tors, and five underwent laparotomy due to 
tumor size. Only one tumor was subjected to 
unintended morcellation in more than a decade 
[47]. In a retrospective cohort study of 1,004 
women undergoing laparoscopic myomectomy 
or hysterectomy with power morcellation over 
more than 10 years at two institutions, two 
endometrial carcinomas, but no cases of ULMS, 
were identified [48]. In a retrospective cohort of 
10,731 patients who  underwent laparoscopic 
supracervical hysterectomy with power 
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 morcellation, an overall occult malignancy rate 
of 0.13% was noted, with individual incidences 
of 0.04% for endometrial stromal sarcoma, 
0.02% (1:5365) for ULMS, and 0.07% for endo-
metrial cancer. At a mean follow-up of 
65.6 months, no recurrences were noted in 13/14 
patients with malignancy: one of the two 
patients with occult ULMS died 13 months after 
surgery from peritoneal carcinomatosis and 
bone metastases [49].

These data are consistent across studies, but 
quite different from the numbers quoted in stud-
ies examined in the FDA meta-analysis. At the 
heart of this difference are the fundamentally dif-
ferent populations examined. While 0.28% of 
women undergoing surgery for presumed fibroids 
may have an undiagnosed malignancy, the risk of 
such a woman undergoing morcellation for her 
condition appears to be much lower, approxi-
mately 0.02% or less. These data are not mutu-
ally exclusive, but are answers to completely 
different questions. When framed in this light, 
the data support equally well the possibility that a 
better-defined patient risk assessment would pre-
vent at least some of the cancer morbidity and 
mortality due to morcellation. So the claims from 
practitioners that minimally invasive surgery 
“employing morcellation remains safe when per-
formed by experienced, high-volume surgeons in 
select patients who have undergone an appropri-
ate preoperative evaluation” [12] appear valid.

“At this time, there is no reliable method for pre-
dicting or testing whether a woman with fibroids 
may have a uterine sarcoma.”

Preoperative Identification of 
Malignancy

While there is no pathognomonic set of features 
that can accurately rule out an unsuspected 
ULMS prior to hysterectomy, there are certain 
features that, if present in aggregate, may caution 
against the use of morcellation or minimally 
invasive removal. If there is any suspicion of 
malignancy, multiple evaluation methods, includ-
ing assessment of individual patient risk factors, 

imaging, and laboratory testing, can be used to 
inform the surgical decision making process 
before intervention.

As older, postmenopausal women undergoing 
surgery for presumed fibroids are at higher risk of 
ULMS, patient age and menopausal status must 
be central in the evaluation of a patient’s preop-
erative risk of malignancy [46, 50]. Abnormal 
uterine bleeding in a postmenopausal woman 
should definitely prompt an evaluation for a 
malignant pathology, but the situation is more 
complex in a woman of childbearing age. 
Malignancy is more likely to be associated with 
non-cyclical bleeding, but this can have a myriad 
of causes in young, reproductive-age women. 
Given the relative rarity of sarcoma in this popu-
lation, the pattern of bleeding is non-diagnostic. 
Women with specific histories of prior treatment 
for pelvic malignancies, particularly those who 
previously received tamoxifen or pelvic radiation 
[51], and those with certain hereditary conditions 
[52], such as Lynch syndrome or Hereditary 
Leiomyomatosis and Renal Cell Cancer 
(HLRCC), are at definitive higher risk of occult 
uterine malignancy and caution should be used in 
these patients when considering a minimally 
invasive surgical approach.

Ultrasound and Magnetic Resonance Imaging 
(MRI) are the most commonly used modalities 
to assess the uterus prior to hysterectomy. 
Ultrasound is more commonly used, likely due 
to its easy availability in the office, but MRI pro-
vides better three-dimensional spatial tissue dis-
crimination and sensitivity [53–56]. While there 
are no diagnostic features for uterine sarcoma on 
either form of imaging [57, 58], several concern-
ing features may raise suspicion if present. 
Presumed uterine fibroids containing occult 
malignancies tended to be larger on average than 
the average fibroid [59, 60], a feature that lacks 
clinical utility given the wide range of sizes of 
benign uterine leiomyomas. A rapid increase in 
size (within 3 months) can be concerning, but 
can occur with fibroids as well [61, 62], and 
there are at least case reports of presumed 
fibroids stable in size for many years that were 
found to contain a sarcomatous component [29]. 
Several reports have suggested that occult 
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 malignancies are more common in solitary pre-
sumed fibroids, with several studies showing 
more than 95% of cancers in solitary lesions [59, 
63]. While recent studies have corroborated that 
occult uterine cancer is more common in solitary 
tumors, these overall rates are likely unrealistic. 
One recent case series of 15 sarcomas identified 
only 47% of occult ULMS in solitary lesions 
[60]. Certain imaging characteristics, such as 
irregular shape [64], “lacunes” (areas of hypoin-
tensity suggesting central necrosis in the absence 
of calcifications), increased peripheral and cen-
tral vascularization [57, 59], and mixed echo-
genic and poorly echogenic regions [65] are 
associated with an increased risk of malignancy, 
but may also occur in degenerated fibroids. On 
MRI, regions of contrast enhancement have been 
helpful in distinguishing ULMS [66–68]; how-
ever, given the prevalence of fibroids, the false 
positive rate of approximately 15% given in 
these studies would misclassify tens of thou-
sands of benign masses.

Computed tomography alone is unable to reli-
ably distinguish occult uterine sarcoma from 
benign leiomyoma [69]. At the moment, there is 
limited utility for positron emission tomography 
(PET) with fluorodeoxyglucose (FDG) to assess 
the risk of occult malignancy. While FDG uptake 
is related to the presence of malignancy [70], 
it is also heavily influenced by estrogen status 
and overall cellularity [71], causing uptake lev-
els to vary widely between tumors [72]. 
Alphafluorobeta-estradiol (FES) may be more 
sensitive than FDG in distinguishing LMS from 
fibroids [73], but further studies will be needed to 
establish its clinical utility.

There are no peripheral blood markers with 
any value in screening for occult uterine malig-
nancy, but in patients with other risks factors, 
hematocrit, CA125, and lactate dehydrogenase 
(LDH) isoforms may have some limited utility. 
In a recent retrospective analysis of 15 patients 
who underwent inadvertent morcellation of 
ULMS for presumed fibroids in comparison to 
age-matched controls, a hematocrit less than 30 
was independently associated with a diagnosis of 
ULMS [60]. As anemia is a common feature of 
women with symptomatic leiomyomas [74], 

however, hematocrit may provide little additional 
information to guide clinical judgment. CA125 is 
elevated in some leiomyosarcomas, especially 
those that are of advanced stage [75, 76]. While 
increased, there is significant overlap of these 
levels with those seen in healthy patients, limit-
ing the clinical utility of this testing. The most 
promising laboratory testing may be the assess-
ment of total LDH and LDH isozyme type 3 ele-
vation. In a prospective series of 227 patients, ten 
with ULMS had elevated enzymes, particularly 
in the relative fraction of isoform type 3, in com-
parison to patients with degenerated fibroids 
[68]. While total LDH elevation is quite non- 
specific, measurement of the combined total and 
isozyme form provided a good discriminatory 
test. As the numbers in this study are still small, 
further studies will be needed to determine the 
reliability of LDH testing. In each of these labo-
ratory tests, a positive result may add to a grow-
ing suspicion of cancer, but without that initial 
suspicion, laboratory testing provides little added 
information.

Several groups have also attempted to deter-
mine the benefit of histological analysis prior to 
surgery. While the benefit of endometrial sam-
pling in the identification of endometrial carci-
noma is well-described, less is known about any 
role for this procedure in the preoperative identi-
fication of uterine sarcoma. In one large retro-
spective series of almost 1,000 patients, 142 
sarcomas were identified, 72 of which had under-
gone preoperative endometrial sampling. 
Sampling identified sarcoma in 62/72 (86%) 
cases, but the patient selection algorithm was not 
clear. If we assume that patients with abnormal 
uterine bleeding or other abnormal evaluation 
were preselected for screening, it is difficult to 
extrapolate what the utility of such testing would 
be in patients without risk factors (presumed 
uncomplicated fibroid) [77]. Needle biopsy with-
out image guidance is of limited utility given fre-
quent large areas of necrosis that could not 
distinguish leimomyosarcoma from degenerated 
fibroid; it is frequently difficult to make such dis-
tinctions, even in intact hysterectomy specimens 
[78, 79]. When performed in conjunction with 
image guidance, needle biopsy provides a nega-
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tive predictive value. In a study of 435 patients, 
all seven patients with occult sarcomas were 
diagnosed by transcervical biopsy alone with a 
final sensitivity, specificity, positive, and  negative 
predictive values of 100%, 98.6%, 58%, and 
100.0%, respectively [80]. Use of such assess-
ment in all patients, however, would result in 
high false positive rates, with significant fear, 
over-treatment, and cost, but might prove to be 
useful adjunctive testing in selected patients. 
There is no information on the possible local 
spread of sarcoma following puncture, however, 
and given the hematogenous pattern of spread for 
sarcomas, it is possible that this may outweigh 
the possible diagnostic benefit.

 Prevention of Complications

While the data regarding outcomes is of poor 
quality, there is sufficient concern raised by many 
of these studies that morcellation may worsen 
outcomes for the small number of patients with 
an occult malignancy. Rather than banning mini-
mally invasive approaches, it is reasonable first 
to consider what methods might be employed to 
improve outcomes and prevent the complications 
associated with morcellation.

While no surgery is completely risk-free, sev-
eral simple techniques can be employed to mini-
mize direct injury from power morcellation. 
During entry, enlargement of the skin and fascial 
incisions to the diameter of the morcellator 
reduces abdominal wall resistance and the force 
needed to manipulate the morcellator. The mor-
cellator blade should be locked inside the pro-
tecting tube during insertion. Use of a midline 
trocar site minimizes the risk of ureteral and ves-
sel injury at insertion and during morcellation. 
Sustaining adequate abdominal distension during 
morcellation as well as maintaining a constant 
awareness and direct visualization of close struc-
tures, particularly the intestines and blood ves-
sels, decreases the risk of direct injury. It is 
crucial to keep the tip of the morcellator in sight, 
which is also facilitated by the use of a morcella-
tor with a nozzle to promote continuous peeling 
rather than boring of the mass [81].

Even in a patient without malignancy, para-
sitic fibroids can develop after morcellation in a 
small number of patients; thus, the patient should 
be aware of this low risk when determining the 
benefits of different surgical approaches. 
Technical factors can also minimize this risk: 
stabilizing the specimen to prevent fast rotation 
during morcellation may reduce this risk. In 
addition, extensive irrigation of the abdomen 
and pelvis in reverse Trendelenburg and careful 
survey of the surgical field after irrigation, 
 particularly in dependent areas, can prevent 
specimen loss. Before considering hormone 
replacement therapy, patients with fibroids who 
previously underwent surgical removal with 
morcellation should be aware of the increased 
risk of developing parasitic fibroids with gonadal 
hormone exposure.

The largest issue remains the prevention of 
poor oncologic outcomes, which realistically can 
never be completely eliminated. From the avail-
able data, pelvic ultrasound, both for operative 
planning as well as cancer screening, should be 
performed in all patients anticipating surgical 
management. MRI is a good alternative method-
ology if there is poor visualization by ultrasound, 
but would be prohibitively expensive if imple-
mented for all patients. For suspicious lesions, 
adjuvant evaluation should be considered includ-
ing the determination of vascularity parameters 
on ultrasound, total LDH and LDH isozyme 3 
laboratory assessment, and possibly histologic 
analysis via endometrial sampling if there is 
abnormal bleeding or a high level of suspicion of 
sarcoma from imaging. While growth rates alone 
are not helpful, presumed fibroid growth on 
GnRH treatment or after menopause may raise 
serious concerns. But as any one of these assess-
ments can be abnormal in the absence of malig-
nancy, no single result can predict the presence of 
occult uterine sarcoma. In the end, the clinical 
judgment of the surgeon remains crucial in risk 
assessment and the determination of the appro-
priate surgical approach. Given that some risk 
will always be present for any surgeries for pre-
sumed fibroids, regardless of the approach, 
shared decision making and informed consent 
must remain important foci of fibroid treatment.
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The development of new technologies to mini-
mize the risk of spread of occult malignancy 
when using morcellation may also significantly 
improve the outcomes of those unfortunate 
patients who, despite our best attempts at 
 screening, undergo suboptimal resection. 
Contained morcellation, such as “in-bag” mor-
cellation (Supplemental Video), is currently 
under evaluation by multiple groups for use in 
uterine morcellation to prevent dissemination of 
occult sarcoma. While the details of each method 
differ, the specimen is placed in a bag and then 
morcellated using a power morcellator under 
direct vision away from the bowel and vessels 
(Fig. 8.2) [82, 83]. In early studies, the techniques 
appear to work well with comparable early out-
comes to hand morcellation and myomectomy. 
Given the rarity of ULMS and the lack of long-
term follow- up, it remains too soon to tell if this 
method significantly improves oncologic out-
comes over uncontained power morcellation [21, 
84–86]. Studies using in-bag morcellation for the 
vaginal removal of known endometrial cancer 
have demonstrated good outcomes without evi-
dence of local spread or distant metastases [87, 
88]. This technique has been used for low-grade 
Renal Cell Carcinoma (RCC) for decades with-
out differences in survival compared to open 
nephrectomy [89, 90]. As ULMS can be a much 
more aggressive tumor than low-grade RCC, 
concerns over tumor spillage with bag rupture 

have remained an issue; such events are thought 
to be rare, but possible, and of uncertain clinical 
significance [86, 91]. Further information and 
longer follow-up is needed before this method 
can be validated to improve the safety of power 
morcellation.

The drastically different rates of occult malig-
nancy in different series might suggest that these 
rates could also be influenced by the training and 
experience of the practitioners selecting appro-
priate patients and performing these advanced 
surgical techniques. One practical approach to 
improving outcomes may be as simple as limit-
ing the use of morcellation devices to those with 
appropriate training, experience, and documented 
current competency [92, 93].

 Overall, Is Abandonment 
of Morcellation a Good Decision?

Unfortunately, there is still insufficient data to 
make a concrete determination as to whether the 
use of morcellation poses an increased risk to all 
patients undergoing surgical treatment for symp-
tomatic presumed fibroids. The majority of the 
available information is based on case histories 
and retrospective studies with low numbers of 
patients, typically without discrimination between 
types of morcellation, patient risk stratification, or 
selection biases, making interpretation and 

Fig. 8.2 Contained (“in-bag”) morcellation. The specimen is first placed in a laparoscopic retrieval bag (a) and then 
morcellated using a power morcellator under direct vision away from the bowel and vessels (b)
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 comparison of the available studies challenging. 
Prospectively acquired data has tended to demon-
strate lower risks than those reported in the retro-
spective studies [11], which is one of the many 
reasons why professionals have called for addi-
tional data before policy decisions are made. 
There is reasonable evidence, however, suggest-
ing that morcellation may worsen the disease-free 
and overall survival of patients with unsuspected 
ULMS who undergo surgical removal. As such a 
negative outcome for some patients may be pre-
ventable, the discussion addressing whether mor-
cellation should be used is an important one. But 
as a ban on the device itself is not the only way to 
prevent complications and improve outcomes, a 
more productive approach would be to focus on 
the acquisition of better data with prospective 
studies, identification of methods to improve 
appropriate patient selection, and development of 
techniques for containment to facilitate safer 
morcellation.

While it is our duty as surgeons to continue 
attempting to improve patient outcomes and 
minimize the potential for morbidity and mortal-
ity, we must also acknowledge that all proce-
dures have some risk that can never be completely 
eliminated. While no one can deny the pain and 
suffering of those harmed, it is our obligation to 
consider rationally the impact of emotionally 
driven policy on the whole of society. The ques-
tion then becomes, should we treat all presumed 
fibroids as potential cancers? While less than 
0.5% of patients may be at risk of an occult 
malignancy, abandonment of morcellation as a 
possible tool in our treatment armamentarium 
will prevent a large subset of patients from ben-
efitting from a minimally invasive approach. The 
advantages to minimally invasive surgery are 
many [14], providing patients with reduced mor-
bidity and mortality rates, faster recoveries, and 
reduced pain in comparison to open surgery, 
even mini-laparotomy. With these benefits 
comes the risk of a poor oncologic outcome for 
those rare occult malignancies. A conservative 
approach treating all fibroids as potential malig-
nancy, however, is not without cost and risk. 
This has already begun to become apparent. A 
study of patterns of care from the Michigan 

Surgical Quality collaborative recently demon-
strated the rates of minimally invasive hysterec-
tomy have decreased since the FDA 
warning regarding morcellation, with concomi-
tant increases in the rates of major surgical non-
transfusion complications and readmissions as 
well as in the cost of care [94]. Given the rarity 
of occult malignancy, this study was not ade-
quately powered to determine if there were any 
changes in the outcomes of occult malignancy in 
patients undergoing hysterectomy for presumed 
fibroids.

Additional analyses have attempted to answer 
this question through modeling, with the caveat 
that the assumptions made in the generation of 
these models are limited by the poor quality of 
the data previously reported. A team from the 
University of North Carolina recently sought to 
compare the relative risks, morbidity, and mortal-
ity from hysterectomy as well as the cost of treat-
ment and mortality from ULMS in a 
comprehensive decision analysis utilizing a 
hypothetical cohort of 100,000 patients with 
symptomatic fibroids not amenable to vaginal 
removal [95]. The authors specified several 
assumptions, primarily that occult ULMS was 
always stage I or II and would be always upgraded 
to stage III when removed laparoscopically and 
that abdominal hysterectomy would always 
remove the specimen en bloc, conditions that 
likely overestimate the risk of morcellation and 
bias the results in favor of open hysterectomy. 
Regardless, the model predicted that, overall, 
there would be five additional deaths per 100,000 
if all procedures were done abdominally and 
would result in lower global quality of life out-
comes. Laparoscopic hysterectomy resulted in 
fewer costly complications with an overall 
increased quality of life years. A recent cost- 
effectiveness analysis determined that, under a 
wide range of probability and cost assumptions, 
non-morcellation hysterectomy via laparotomy 
cost more than minimally invasive hysterectomy 
with morcellation by almost $10,000 [96]. Even 
when the incidence of ULMS in the model was 
doubled from even the highest published esti-
mates, a shift in care towards open hysterectomy 
still proved costly.
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Similarly, a state transition Markov cohort 
simulation model compared the relative risks, 
morbidity and mortality from hysterectomy, and 
death from unsuspected ULMS. Several underly-
ing assumptions limit the utility of this model, 
the largest of which is that laparoscopic hysterec-
tomy can be performed in all patients without 
morcellation with an intact specimen. With those 
conditions, laparoscopic hysterectomy without 
morcellation provided the fewest complications 
and best outcomes. Laparoscopic hysterectomy 
with morcellation performed better than open 
hysterectomy in younger women, but worse in 
older women, reflecting the increased risk in 
these populations [97].

This conclusion reminds us of the dangers of 
dictating surgical approaches on a population- 
wide scale rather than considering the appropri-
ate approach for each individual. In addition to 
traditional laparoscopy with or without morcella-
tion, there are a myriad of surgical options to 
address symptomatic fibroids, including mini- 
laparotomy, laparotomy, myomectomy, colpot-
omy, total abdominal hysterectomy, vaginal 
hysterectomy, and laparoscopic-assisted vaginal 
hysterectomy with or without vaginal morcella-
tion [98]. There are also several novel minimally 
invasive procedures to address fibroid symptoms, 
such as uterine artery embolization and high- 
intensity focused ultrasound (HIFU). While these 
techniques have preceded a diagnosis of malig-
nancy in several case reports [99–102], the real 
risk of a negative impact on oncologic outcomes 
is unknown. Optimal approaches, determined by 
each patient’s unique risk profile, may differ sig-
nificantly for individual patients. As all proce-
dures have risk, surgeons should be able to 
engage patients in the decision process to deter-
mine which approach may provide the most rea-
sonable risk for that individual. Appropriate 
informed consent, not dictation of clinical prac-
tice, must be the centerpiece of surgical decision 
making.

One possible method to reduce the risk of 
unintended morcellation would be to perform 
imaging analysis, such as an office-based trans-
vaginal ultrasound, prior to surgery. If any suspi-
cious factors are identified at this screen, such as 

irregular margins, high vascularity, or central 
necrosis, physicians could recommend additional 
evaluation prior to consideration of morcellation, 
such as measurement of hematocrit and LDH iso-
forms, additional imaging, or histological analy-
sis. These results, coupled with the patient’s age, 
presence or absence of abnormal uterine bleed-
ing, and hormonal status, would generate an 
overall risk profile that could guide the choice of 
appropriate surgical approach. Brolmann et al. 
[11] proposed that the development of a stan-
dardized treatment algorithm that could be shared 
with patients (in which individual risk factors are 
considered in the decision-making process) 
might better aid patient understanding of the 
risks in each surgical approach.

Again, we must remember that no single risk 
factor is discriminatory and no pre-surgical eval-
uation can completely eliminate the risk of occult 
malignancy in a presumed uterine fibroid. 
Multiple suspicious findings, particularly in a 
postmenopausal patient, may raise concern about 
proceeding with morcellation. In a young woman 
without abnormal imaging characteristics, how-
ever, laparoscopic hysterectomy with morcella-
tion remains a reasonable approach providing 
significant benefit to the patient with very low 
risk of occult malignancy. As it remains unclear 
whether power morcellation truly poses unique 
dangers to the small numbers of patients with 
occult uterine sarcomas, more extensive investi-
gation is needed before system-wide policies are 
enacted. New techniques, such as contained (in- 
bag) morcellation, while still young, promise to 
make minimally invasive surgery and morcella-
tion safer. Greater experience with these tech-
niques in conjunction with appropriate training 
and credentialing at every level may also help 
improve the outcomes of minimally invasive 
approaches. As a field, our focus should be on 
participation in studies and registries to help bet-
ter address these knowledge gaps and to evaluate 
objectively the individual and societal risks to 
these new techniques. But in the end, rather than 
dictating methods of care to all based on ambigu-
ous data with unclear conclusions, the medical 
community needs to focus on a model of shared- 
decision making in which a complete and accu-
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rate discussion of the risks and benefits to each 
approach is balanced with each patient’s personal 
goals for care.
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Sacrohysteropexy

Bilal Chughtai and Dominique Thomas

 Introduction

Pelvic organ prolapse (POP) affects an increasing 
number of women over the age of 50 as the aging 
population grows in size [1, 2]. An estimated 
300,000 procedures to correct this condition are 
performed annually in the US alone [3]. Over the 
last several years, interest in uterine-preservation 
has been on the rise due to a woman’s desire to 
maintain her sense of self, prolong her childbear-
ing potential, and preserve sexual function [4, 5].

The appropriate surgical approach for patients 
with POP depends on a number of different fac-
tors including the degree of prolapse, the patient’s 
general health status, her current physical activity 
level, desire for sexual function, and the sur-
geon’s experience and skill with the procedure. 
Vaginal hysterectomy with apical suspension has 
been the most common approach of correcting 
POP [6]; however, a hysterectomy does have sig-
nificant long-term sequelae that some women 
with POP are not willing to accept.

 Reasons to Utilize a Uterine-Sparing 
Approach

An increasing number of women are opting for 
uterine-sparing surgery at the time of POP sur-
gery for a multitude of reasons, including their 
desire to prolong their childbearing years and 
maintain a sense of self [6, 7]. In a study of 213 
women in which surgical outcomes were similar 
across different procedure types, 36% preferred 
uterine-preservation, 20% chose hysterectomy, 
and 44% had no preference. If uterine- 
preservation was perceived as being superior, 
then 46% preferred this method compared to 
11% for hysterectomy. Interestingly, even when 
hysterectomy had a higher success profile, 
uterine- preservation still remained a popular 
choice at 21%. Importantly, women who believed 
the uterus was important to their sense of self had 
increased odds for preserving their uterus 
(OR = 28.2; 95% CI, 5.00–158.7) [4].

Hysterectomy has been perceived to also have 
significant effects on a woman’s personality and 
femininity, as well as her postoperative sexual 
function [8]. Different factors such as nerve dam-
age and shortening of the vagina following a hys-
terectomy can all lead to a negative impact on a 
woman’s self-esteem and sexual function. Thus, 
the utilization of uterine-preserving procedures 
can help to boost a women’s body image, her over-
all self-esteem, and her sexual femininity [9]. It is 
important to counsel women that a  supracervical 
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hysterectomy should not impact either sexual 
function or hormonal status, as this is a common 
misconception among women. One disadvantage 
of preserving the uterus is that women who opt for 
these procedures are at continued risk for cervical 
and endometrial cancer [10].

However, because a woman’s pelvic anatomy 
is not altered during uterine-sparing surgery, 
there are fewer complications such as shorter 
length of hospital stay, less intraoperative bleed-
ing, and decreased operating times. Studies dem-
onstrating the benefits of uterine-preservation 
have given momentum to the healthcare field to 
develop better procedures for POP surgery. The 
known benefits are faster healing times, less 
invasive surgery, and a reduction in postoperative 
risks. In a study by Dietz et al., women were ran-
domized to either undergo a vaginal hysterec-
tomy or sacrospinous hysteropexy [11]. They 
evaluated recovery time, anatomical outcomes, 
functional outcomes, and quality of life [11]. 
Women who did not have their uterus removed 
took less time to return to work (43 days vs. 
66 days, p = 0.02) [11]. Both the vaginal hyster-
ectomy and sacrohysteropexy were comparable 
in terms of functional outcomes and quality of 
life. However, women who underwent vaginal 
hysterectomy had a lower incidence of stage 2 
uterine descent (3%) when compared to sacro-
hysteropexy (27%).

Sacrohysteropexy, a uterine-preserving surgi-
cal technique, can be achieved via many different 
surgical approaches including open abdominal, 
traditional laparoscopy, and robotic-assisted lap-
aroscopy. Despite this, there is no real data 
explicitly stating which method is superior [9, 
10, 12]. When choosing an appropriate technique 
for a surgical candidate, many factors bear impor-
tance such as the surgeon’s experience and the 
patient’s general health status.

 Abdominal Sacrohysteropexy

The abdominal sacrohysteropexy (ASH) may 
require both transvaginal and transabdominal 
access [13, 14]. Patients are placed in a low 
lithotomy position, and a midline infraumbilical 

or Pfannenstiel incision is made to enter the 
peritoneal cavity [15]. As described by 
Barranger et al., “... a transverse incision was 
made through the peritoneum between the 
uterus and the bladder...Polyester fiber mesh, 
roughly 3–4 cm wide, was then attached to the 
anterior [vaginal] wall, with four or five stitches 
of interrupted nonabsorbable suture, which 
were then passed through the right and left 
broad ligaments and then attached to the poste-
rior cervix” [15]. Another mesh is attached to 
the posterior vaginal wall in similar fashion. In 
the posterior peritoneum, an incision is made 
over the sacral promontory, and the anterior and 
posterior meshes are then attached to the liga-
ment overlying the sacral promontory with two 
nonabsorbable sutures to elevate the vagina and 
uterus. The original peritoneal incision can then 
be closed to cover the mesh using a continuous 
suture. Care should be taken to avoid the meso-
colon and the right ureter [15].

Barranger et al. evaluated the long-term effi-
cacy of ASH in women with prolapse. A total of 
30 women with an average age of 35.7 years who 
underwent the uterine-preserving technique were 
included in the study between 1987 and 1999 
[15]. All women simultaneously underwent a 
Burch procedure and posterior colporrhaphy. 
Intraoperative and postoperative complications 
were relatively low in this cohort, at 6.6% and 
13.3%, respectively. Mean follow-up was 
94.6 months. Two cases (6.6%) presented with 
recurrent prolapse at the last physical examina-
tion, and one of these patients required surgical 
retreatment because of symptomatic prolapse, 
specifically the anterior compartment. No other 
patients presented with recurrent prolapse, nor 
did they need surgical re-intervention. In conclu-
sion, ASH was demonstrated to be a safe and 
effective treatment for women with uterine- 
prolapse who are of childbearing age.

Costantini et al. evaluated the use of sacrohys-
teropexy for POP, aiming to report on extended 
follow-up in 55 patients who underwent the 
uterine- preserving method [14]. All the partici-
pants in the study were followed on an annual 
basis. Voiding and storage symptoms resolved 
postoperatively in 42 (93.4%) and 30 (83.3%) 
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patients, respectively. All patients retained sexual 
activity [14]. De novo stress urinary incontinence 
was exhibited in four patients. In summary, this 
procedure was effective in treating not only POP, 
but it was also effective in preserving postopera-
tive sexual function.

In another series, Leron and colleagues 
reported on sacrohysteropexy in 13 women [16]. 
The mean age of the cohort was 38 years. In total, 
12 women had second-degree prolapse and one 
patient presented with third-degree prolapse. 
There were no reported intraoperative or postop-
erative complications. Mean follow-up was 
16 months, and at this time period, only one 
woman had first-degree prolapse [16]. 
Preoperatively, four women (30.8%) reported 
constipation, and this number increased to seven 
(53.8%) women postoperatively [16].

An additional study evaluating abdominal 
sacrohysteropexy reported on the results of 20 
women with uterine-prolapse [17]. The mean age 
of the participants was not mentioned, but mean 
follow-up was 25 months. Postoperatively, 19 
patients expressed that their sexual function had 
improved, while three of these patients reported 
dyspareunia [17]. Postoperative quality of life 
(QOL) and symptom inventory scores were sig-
nificantly lower (improved) compared to those 
taken at baseline, indicating that this cohort had a 
high rate of satisfaction and no symptoms related 
to prolapse following the procedure.

Although ASH has acceptable reported out-
comes, potential complications of abdominal 
sacrohysteropexy include bowel injury, small 
bowel obstruction, wound-site infection, and 
recurrent prolapse [15, 17]. Dietz et al. reported 
recurrent prolapse in 22% of women [18].

 Laparoscopic Sacrohysteropexy

The two main laparoscopic sacrohysteropexy 
techniques include laparoscopic suture sacrohys-
teropexy (LSH) and laparoscopic mesh sacrohys-
teropexy (LMH) [12]. Either laparoscopic 
technique is very difficult compared to the open 
abdominal approach. The surgeon has to not only 
be well-versed in laparoscopy, but also needs to 

be very sound with their knowledge of the pelvic 
as well as the retroperitoneal anatomy.

The advantages of laparoscopic sacrohystero-
pexy over an open approach are shorter recovery, 
significantly less blood loss, and more readily 
visible anatomy. Postoperatively, women experi-
ence less pain, length of stay (LOS) in the hospi-
tal is much shorter, aesthetically the incision is 
much smaller and less visible, while maintaining 
sexual function and vaginal anatomy. 
Furthermore, the number of intraoperative adhe-
sions is relatively low, which can prevent infertil-
ity in the future. This procedure is performed 
similarly to the open sacrohysteropexy described 
above [15].

 Suture Sacrohysteropexy
Suture sacrohysteropexy is a safe and reliable 
method for women who need an effective treat-
ment for the management of uterine POP, but 
wish to avoid the use of mesh. This procedure is 
unique in that the uterosacral ligaments are 
attached to the cervix following the closure of the 
pouch of Douglas. Krause et al. describes the 
procedure by first introducing a 10-mm laparo-
scope using the Hasson technique. A total of three 
ports are inserted: one at each iliac fossa and one 
suprapubically at the midline. The supravaginal 
portion of the posterior cervix is suspended from 
the sacral promontory using suture material that 
is monofilamentous and nonabsorbable. Exact 
suture type was not described. Another set of 
sutures are placed at the posterior end of the cer-
vix and at the insertions of the uterosacral liga-
ments attached to the promontory, where a stitch 
is employed back towards the cervix [19].

A study by Maher et al. evaluated laparo-
scopic suture hysteropexy in 43 women [20]. 
Mean follow- up was 12 ± 7 months and mean 
operative time was 42 ± 15 min. The mean blood 
loss was less than 50 mL. During the follow-up 
period, it was found that 35 (81%) patients had 
no symptoms of prolapse. Furthermore, 34 (79%) 
had no evidence of prolapse on exam. 
Interestingly, two women subsequently sustained 
pregnancies without prolapse. Both women 
underwent elective Cesarean delivery. This pro-
cedure is very effective in correcting the prolapse 
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without  rendering the cervix incompetent for 
successful pregnancy.

Krause et al. initiated a prospective study of 
women who underwent laparoscopic suture hys-
teropexy [19]. Over the course of 2 years, 81 
women underwent this procedure for prolapse. 
During the follow-up period, a total of 65 (87.8%) 
women had no symptoms of prolapse. Sixty-four 
women (82.4%) had a Visual Analog Patient 
Satisfaction Score (VAS) ≥ 80% (VAS: 0–100, 
0 = complete failure, 100 = complete success), 
indicating an overall satisfaction with surgery.

 Mesh Sacrohysteropexy
Laparoscopic mesh sacrohysteropexy (LMH) 
differs from laparoscopic suture sacrohystero-
pexy (LSH) in that it uses a nonabsorbable mesh 
to suspend the uterus as opposed to suturing the 
uterosacral ligaments [5]. This procedure proves 
to be effective in correcting the prolapse, main-
taining normal vaginal axis and sexual function 
[10]. When contemplating a uterine-preserving 
procedure for POP, the LMH is usually the pre-
ferred method of choice. Often times, this has to 
do with the surgeon’s skill set as well as experi-
ence with performing the surgery.

The surgeon introduces four laparoscopic 
ports, which include two 5-mm lateral ports, one 
11-mm suprapubic ports, and one 11-mm umbili-
cal ports [12]. The uterus is then suspended from 
the sacral promontory using bifurcated polypro-
pylene mesh.

Price et al. investigated the outcomes of LMH 
using bifurcated polypropylene mesh [12]. A 
total of 51 women were included in the study, all 
of whom had uterine-prolapse that was evaluated 
in two ways: (1) objectively using the Baden- 
Walker halfway system via vaginal examination 
as well as pelvic organ prolapse quantification 
(POP-Q) scale, and (2) subjectively using the 
International Consultation on Incontinence 
Questionnaire of vaginal symptoms (ICIQ-VS). 
The mean age of the patients was 52.5 years. All 
of the women in this cohort were sexually active, 
with some expressing a desire to bear children in 
the future. The procedure was successful for 
all but one of the patients. This patient had a 

symptomatic, persistent grade-2 uterine-pro-
lapse. This patient had to undergo a repeat lapa-
roscopy and mesh was tightened further 
(shortened) by mesh plication with Ethibond 
sutures. This helped to reduce the uterine-pro-
lapse significantly. During the follow-up time 
period, there was significant improvement in the 
patients’ QoL, sexual well- being, and prolapse 
symptoms. This study demonstrated the feasibil-
ity of this procedure in correcting prolapse with 
overall favorable outcomes.

In a retrospective case series, Rosenblatt et al. 
investigated the clinical outcomes of laparo-
scopic sacrocervicopexy [21]. A total of 40 
women underwent the procedure using synthetic 
mesh. Preoperatively, the mean C value of the 
Pelvic Organ Prolapse Quantification (POP-Q) 
staging system was −1.13, and at 6 weeks post-
operatively, the mean C was −5.28. At 6 months 
postoperatively, the mean C value was −5.26, 
and at 1 year, it was −4.84. The authors deter-
mined this was an effective treatment for women 
desiring uterine-preservation.

A benefit of both LSH and LMH is that the 
complication rates are very low. The most com-
mon complications reported are prolapse recur-
rence, mesh erosion, and large bowel injury (2%) 
[5]. Generally, the mesh is attached to the poste-
rior surface of the cervix and upper vagina, then 
sutured distal to the sacral promontory. An issue 
arises using this approach when the surgeon is 
faced with a patient who also has anterior wall 
prolapse because there may be inadequate sup-
port of the anterior vaginal wall with LMH. In 
fact, any anterior defects should be addressed 
transvaginally at the time of hysteropexy using a 
posterior-only strip of mesh, as the anterior vagi-
nal wall support is inferior to that of a sacrocol-
popexy with both anterior and posterior mesh 
strips. In this case, there have been reports of 
bringing the mesh to the anterior cervix and 
vagina through the broad ligament, similar to that 
described for open ASH. One concern with this 
procedure is that it may inhibit uterine expansion 
during pregnancy in the future due to potential 
constriction of the uterine vasculature. Vree et al. 
described a 50 year old multiparous patient who 
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had mesh placed medial to the uterine vessels 
during LMH using blunt needles to capture the 
mesh arms [22]. Whether this is safe in women 
desiring later pregnancy is unknown.

In summary, laparoscopic sacrohysteropexy is 
a reliable and effective method for patients with 
POP who wish to preserve their uteri. 

 Robotic-Assisted Laparoscopic 
Sacrohysteropexy

An alternative to traditional laparoscopic sacro-
hysteropexy for women wishing to undergo a 
uterine-preserving surgery is robotic-assisted 
laparoscopic sacrohysteropexy (RALS). 
Surgeons opting for this method have a three- 
dimensional view of the pelvic anatomy, which 
allows for more precise suturing and dissection 
capabilities [23]. Furthermore, the overall 
maneuvering capacity is greatly increased. 
Similar to traditional laparoscopic sacrohystero-
pexy, RALS also results in shorter LOS in the 
hospital, less morbidity, and decreased postoper-
ative pain compared with open approaches.

The technique is performed by first position-
ing the patient similar to that for robotic-assisted 
sacrocolpopexy as described in previous chapters 
in this textbook. A total of five incisions are 
placed in a W-configuration as follows: two 
8-mm trocars for the robotic arms, one 12-mm 
trocar for an assist port, and one 12-mm trocar for 
the camera above the umbilicus [24]. The utero- 
vesical junction is dissected as well as the perito-
neum of the posterior uterus. This is to create 
tunneling at the broad ligament opening. The sur-
geon then makes an incision in the peritoneum 
over the sacral promontory in order to expose the 
anterior longitudinal ligament. From the promon-
tory, a tunnel is created through the peritoneum 
until the sacro-uterine ligament region is reached. 
The posterior vaginal wall and posterior fornix is 
pushed up by a vaginal retractor. The bladder and 
the anterior vaginal plane are dissected via the 
anterior fornix. A nonabsorbable polypropylene 
monofilament mesh is placed between the vagina 
and the rectum and a second between the vagina 

and bladder. Next, the broad ligament is opened 
on the right side with the anterior mesh taken 
through this opening. “The anterior and posterior 
meshes are then combined and drawn through the 
peritoneal tunnel. The distal ends of these meshes 
are then fixed on the anterior longitudinal liga-
ment of the sacrum with one or two nonabsorb-
able sutures. The peritoneum is then 
re-approximated over the mesh and closed with 
absorbable sutures” [24].

Mourik et al. evaluated the use of RALS as a 
uterine-preserving technique by assessing the 
outcomes on the quality of life [24]. This pro-
spective study involved 50 women with uterine- 
prolapse. The quality of life for this cohort was 
assessed using the Urogenital Distress Inventory 
(UDI) and Incontinence Impact Questionnaire 
(IIQ) self-questionnaires designed for Dutch 
speaking persons [24]. The questionnaires were 
administered pre- and postoperatively. Follow-up 
assessments were collected up to 29 months. 
Preoperatively, overall well-being for the patients 
was approximately 67.7%, and postoperatively, 
this improved to 82.1% (p = 0.03%). Furthermore, 
patients reported that their overall feelings of 
nervousness, embarrassment, and frustration had 
significantly reduced following the procedure. 
The overall satisfaction following the procedure 
was 95.2%. The mean operating time was 
223 min, but with more experience the overall 
operating time decreased. Mean blood loss was 
less than 50 mL and the average LOS in the hos-
pital was 2 days.

Geller and colleagues assessed the short-term 
outcomes of robotic sacrocolpopexy in compari-
son to ASH. The primary outcome was POP-Q 
score at 6 weeks [23]. Secondary outcomes 
included blood loss, length of stay (LOS), bowel 
obstruction, wound infection, and urinary reten-
tion. Seventy-three patients underwent the 
robotic procedure and 105 patients had ASH 
[23]. The mean C point for the POP-Q system 
was slightly better for those who had robotic sur-
gery compared to ASH (−9 vs. −8, p = .008). 
Furthermore, mean blood loss was also signifi-
cantly lower (103 ± 96 mL vs. 255 ± 155 mL, 
p < .001) for the robotic approach.
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 Pregnancy After Uterine-Sparing 
Surgery

The current information available on pregnancy 
following uterine-preserving surgery POP is 
sparse. Furthermore, there is a paucity of data 
detailing how women of childbearing age who 
undergo POP surgery are informed about the 
possible effects of pregnancy and eventual 
delivery on the reconstruction. A Cochrane 
review by Maher et al. found that, of 257 women 
who had received corrective POP surgery, 9.4% 
[24] had become pregnant following the proce-
dure [1]. Ten of these women delivered vagi-
nally, six by Cesarean delivery, while eight of 
the pregnancies were terminated for unknown 
reasons.

Lewis et al. reported a case of a 35-year old 
woman who had been treated with a laparoscopic 
sacrohysteropexy [25]. Following the procedure, 
the woman was able to successfully conceive 
6 months later, delivering via Cesarean section. 
There were no signs of prolapse 12 months post-
partum; however, at the 2-year follow-up she had 
recurrent apical prolapse. Her recurrent prolapse 
was treated by robotic-assisted laparoscopic 
supracervical hysterectomy, sacrocolpopexy, and 
perineorrhaphy. Two years following this proce-
dure, there were no symptoms of prolapse.

 Outcomes of Uterine-Sparing 
Surgery

A major factor when considering this procedure 
is understanding the recurrence rate post- 
procedure. Many studies have been conducted in 
order to understand this phenomenon in com-
parison to methods that do not spare the uterus, 
such as hysterectomy. A study by Hefni et al. 
found no differences in the recurrence rate 
between women who opted for the uterine- 
preserving method compared to hysterectomy 
[26]. Another study by van Brummen et al. found 
similar results when comparing sacrospinous 
hysteropexy and vaginal hysterectomy [27]. 
Despite this, patients undergoing hysterectomy 

for POP had a higher risk of “urge incontinence 
and overactive bladder symptoms compared to 
sacrospinous hysteropexy; a uterine-preserving 
procedure” [27].

 Conclusions

Sacrohysteropexy has been shown to be safe and 
effective in women who wish to preserve the 
uterus, and it allows women to maintain normal 
sexual activity and potentially bear children in 
the future [4]. In addition, there is less blood loss, 
shorter LOS in the hospital, and overall decreased 
operating times compared to procedures in which 
the uterus is removed. Furthermore, women 
undergoing sacrohysteropexy report higher sur-
gery satisfaction, better QOL scores, and overall 
high self-esteem. Although sacrohysteropexy can 
be performed in a variety of methods, the robotic- 
assisted laparoscopic approach has the most lit-
erature to support its use. In summary, women 
with POP who wish to have uterine-preserving 
surgery can consider sacrohysteropexy a safe and 
viable option.
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 Introduction

The introduction of contemporary, minimally 
invasive procedures designed for the female 
reproductive system dates back to 1898 [1], when 
early forms of intrauterine evaluation, currently 
termed hysteroscopy, were first described by 
Duplay and Clado. Gynecologic surgeons began 
to investigate the role of diagnostic laparoscopy 
in the late 1960s [2], but they did not begin to 
tackle more complex procedures, such as hyster-
ectomy, until the first case was described in 1988 
by Dr. Harry Reich [3]. Several decades later, 
innovative technologies such as the Zeus robotic 
surgical system (Computer Motion, Goleta, CA) 
were devised to facilitate more intricate proce-
dures and enable surgeons to operate in difficult 
to reach locations. Despite its technology, this 
particular device was not widely adopted by 

gynecologists and was discontinued in 2003, 
only two years after being cleared by the US 
Food and Drug Administration (FDA), likely 
because of low volume of procedures.

The next robotic surgical system that was 
introduced to the market was the da Vinci plat-
form (Intuitive Surgical, Sunnyvale, CA), which, 
unlike Zeus, rapidly gained popularity and 
received FDA approval for gynecologic proce-
dures in 2005. Since that time, the da Vinci surgi-
cal system has been used by gynecologic surgeons 
for myomectomy, hysterectomy, microscopic 
tubal reanastomosis (MTR), sacrocolpopexy, 
excision of endometriosis, extirpative surgery for 
reproductive cancers, and adnexal surgery.

The introduction of robotic-assisted surgery 
(RAS) has not been without controversy or 
debate. This, in part, is borne from financial and 
competitive pressures at the institutional and 
physician levels. The relative saturation docu-
mented in both urologic and certain gynecologic 
procedures represents a strong indicator of these 
pressures to change and how best to provide sur-
gical care. The combination of the almost “too- 
quick” implementation of a complex device into 
the healthcare setting represents a potential quag-
mire of large-scale safety concerns, but also lim-
its our capacity to evaluate these tools in a 
systematic fashion. This dilemma is further 
heightened by the related challenge of how we 
should implement multi-disciplinary educational 
programs. The lack of consistent outcomes 
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reporting further restricts our ability to establish 
treatment paradigms specific to RAS, especially 
when proven, non-robotic minimally approaches 
already exist.

The objective of this chapter is to provide the 
reader with a current and evidence-based review 
to facilitate a thoughtful approach to the surgical 
care for women. Please see Table 10.1 for a sum-
mative comparison of the below disease states 
and how they compare based on surgical approach.

 Disease States

 Uterine Myoma

One of the most perplexing findings when evalu-
ating women with a variety of pelvic complaints 
is the presence of uterine myomas, frequently 
called fibroids. These benign tumors of the repro-
ductive tract are so common that in population 
studies they can be detected by ultrasound in 
40–60% of women by age 35 and 70–80% by age 
50, with a higher prevalence among those of 
African ancestry [4]. The clinician is then faced 
with the task of linking the findings with the 
symptoms, rather than simply treating something 
which could otherwise be coined an unrelated 
bystander, given the high prevalence in women. 
Uterine myomas can cause pelvic pressure, uri-
nary frequency, constipation, and abnormal uter-
ine bleeding. In specific circumstances, 
depending on location and size, they can be 
linked with reduced fertility in couples trying to 
conceive. Surgical management of uterine 
myoma, the focus of this segment, represents 
only one of many options for women who are 
symptomatic. Figure 10.1 demonstrates location 
of myoma and their potential for abnormal uter-
ine bleeding or pressure-related symptoms.

 Myomectomy

The original uterus-sparing surgical concept is 
actually a group of procedures collectively called 
myomectomy, whereby the myoma is enucleated 
and the muscular defect reconstructed with suture 

in a layered fashion. This repair is critical to the 
integrity and contractile function of this smooth 
muscle during pregnancy. The open approach 
was first reported by Atlee in 1845 [5] and is con-
sidered the gold standard for women wishing to 
conceive.

The most appropriate myomectomy approach 
and technique depends upon a number of factors 
including the patient’s desire for future fertility 
as well as the size, number, location, and rela-
tionship of the deepest aspect of the myoma(s) to 
the uterine serosa. An abdominal approach [open, 
laparoscopic (LM) or robotic-assisted laparo-
scopic myomectomy (RALM)] is most appropri-
ate for transmural lesions, when the myoma 
extends from a submucosal location to the serosa.

The principle potential advantages of LM and 
RALM, compared to the open approach, include 
reduced morbidity, shorter hospitalization, 
improved cosmesis, and faster return to normal 
activity (Table 1) [6]. Notwithstanding these ben-
efits, an open approach remains a commonplace 
procedure due to the complexity of the laparo-
scopic approach, primarily due to the skillset 
needed to identify the myoma(s) of interest with 
less tactile feedback and to place multiple sutures 
laparoscopically, which are often in deep and 
difficult-to-access spaces.

The da Vinci robotic surgical system was 
designed to overcome these dynamic surgical 
obstacles. The first case series of RALM was 
reported by Advincula more than a decade ago 
[7]. Although the average procedural time was 
230 min, the perioperative outcomes were prom-
ising. As a result, the robotic platform seemed to 
represent an enabling device for an otherwise 
complex procedure. Early adopters believed that 
the instrument articulation, which allowed the 
surgeon to enucleate anatomically challenging 
myomas and effectively reconstruct large surgi-
cal defects, may be the defining feature of the 
device when it comes to myomectomy. Evidence- 
based guidelines for surgical candidacy of either 
LM or RALM have yet to be defined. Experts 
typically refer to 15 cm as a relative maximum 
size limit for an isolated myoma when consider-
ing a laparoscopic or robotic-assisted approach, 
but location, number of myomas, and volume of 
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Table 10.1 Comparison of outcomes based on surgical approach

RAS vs. laparotomy RAS vs. laparoscopy

Myomectomy

OR time Longer Same (slightly longer)

EBL Less Less

LOS Shorter Same

Recovery Faster Same

Complications Fewer Same

Clinical outcome Same RAS: more complex cases

Hysterectomy

OR time Longer Longer

EBL Less Same

LOS Shorter Same

Recovery Faster Same

Complications Fewer Same

Clinical outcome Same Same

Endometriosis

OR time Longer Longer

EBL Less Same

LOS Shorter Same

Recovery Faster Same

Complications – Same

Clinical outcome – Same

Fallopian tube surgery

OR time Longer Longer

EBL Same Greater

LOS Same Same

Recovery Faster Same

Complications – –

Clinical outcome Similar pregnancy rate Similar pregnancy rate

Adnexal surgery

OR time Longer Same (slightly longer)

EBL Less Same

LOS Shorter Same

Recovery Faster –

Complications – Higher

Clinical outcome – –

Endometrial CA

OR time Longer Same (slightly shorter)

EBL Less Less

LOS Shorter Shorter

Recovery Fewer Same

Complications Shorter –

Clinical outcome More nodes More nodes; obese women

Cervix CA

OR time Same Similar

EBL Less Less

LOS Shorter Similar

Complications Same Similar

Recovery – –

Clinical outcome – Similar nodes
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disease represent equally critical variables when 
considering this approach.

With clear benefits of a minimally invasive 
approach to myomectomy, both LM and RALM, 
specific questions remain as to which represents 
the ideal approach for the individual patient. The 
leiomyoma recurrence rates and likelihood of 
severe complications appear to be similar in 
women undergoing myomectomy by either 
approach [8], but it would appear that when per-
formed by a skilled operator, RALM may allow 
for a minimally invasive completion of more 
complex cases. The data currently available on 
fertility outcomes indicate that the two approaches 
are also similar, with about 50–60% conception 
rates in the follow-up period with resulting preg-
nancy outcomes, as well comparable risk of 
spontaneous abortion, preterm delivery, and uter-
ine rupture [9].

Gargiulo and colleagues evaluated the periop-
erative outcomes of similar groups of women 
undergoing either LM or RALM, both by high- 
volume surgeons who had a preference for surgi-
cal approach. Both the laparoscopic and robotic 
surgeons had reached the perceived learning 
curves for the respective technique. In this obser-
vational study, the authors documented similar 

findings in each group with two exceptions: a lon-
ger operating time (absolute difference of 77 min) 
and a higher estimated blood loss (absolute differ-
ence 24 mL) for the robotic group. A major con-
founder was the introduction of barbed suture, 
only utilized by the laparoscopic group. This 
suture type allowed for faster uterine reconstruc-
tion with the potential for decreased blood loss 
because of its ability to close the defects more 
efficiently and by creating an internal tourniquet 
within the myometrium [9]. Barakat and col-
leagues evaluated the outcome of 575 women 
undergoing myomectomy performed at a single 
institution, comparing all three approaches [10]. 
The majority of cases (68.3%) were performed by 
laparotomy with the remaining evenly distributed 
between LM and RALM. Consistent with other 
study findings, patients undergoing the open 
approach experienced a shorter procedure com-
pared to LM (absolute difference 29 min), whereas 
those undergoing RALM experienced the longest 
operating time (absolute difference of 55 min vs. 
26 min for open and LM, respectively). Patients 
who underwent open myomectomy had more 
blood loss compared to both LM or RALM, as 
well as a longer hospital stay. Mean myoma size 
and weight of those in the RALM were closer to 
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that of those undergoing open myomectomy, sug-
gesting an increased capacity to address larger 
myomas. Reproductive outcomes were not 
assessed in this retrospective trial. The authors 
concluded that RALM may allow surgeons to per-
form more difficult cases laparoscopically and 
prevent conversion to laparotomy.

One critical surgical tenet for performing 
RALM is that the surgeon utilizes the same 
technique(s) described for the abdominal counter-
part. Surgical planning with appropriate imaging 
and knowledge of where the myomas sit within 
the uterus allows for better efficiency in the oper-
ating room. Specifically, this allows the surgeon 
to decide which myomas to address and in what 
particular order, allowing for streamlined removal 
and repair. Maintaining proper surgical planes 
between the myoma itself and overlying myome-
trium will minimize bleeding and subsequent 
hematoma formation which impedes muscular 
repair. Gentle tissue handling and appropriate use 
of electrosurgery will further aid in tissue repair 
and minimize adhesion formation.

Robotic instruments commonly used are 
monopolar Metzenbaum scissors or hook, using a 
low voltage setting, a Maryland dissector that can 
aid in enucleation of the myoma from its bed, and 
a single tooth tenaculum or claw grasper that can 
be used to place traction on the myoma. Many 
surgeons typically use a dilute form of vasopres-
sin (example: 20 units vasopressin diluted in 
50 mL normal saline) to minimize bleeding as the 
overlying serosa and myometrium are incised. 
Bleeding during this portion is expected since 
these muscular tissues have abundant blood sup-
ply, and so a combination of vasoactive agents 
and electrosurgery will help to keep the surgical 
field clear. An incision is created to allow for 
adequate exposure, but smaller serosal injuries 
will minimize subsequent adhesion formation.

Enuclation is the process by which the myoma 
is removed from its bed. Typically, there is a rela-
tively avascular cleavage plane between the 
myoma surface and myometrium. Excessive 
bleeding during this portion of the procedure 
may indicate dissection within an incorrect plane. 
Once removed, the defect must be repaired in 
layers with absorbable suture of the surgeon’s 

choosing. The advent of barbed suture resulted in 
a similar phenomenon as did the robotic plat-
form, allowing for a more efficient and hemo-
static myometrial reconstruction and enabling 
surgeons not as skilled in laparoscopic suturing 
to offer this procedure.

Upon completion of the myomectomy, the 
myomas must be extracted from the peritoneal 
cavity. With the current and limited use of 
mechanical morcellators, many surgeons are 
removing uterine myomas with a scalpel and 
some form of a containment system. Adhesion 
prevention with use of a barrier remains a sepa-
rate discussion, but it is the opinion of this author 
that surgical technique and use of a minimally 
invasive approach are key to reducing this poten-
tially morbid phenomenon.

 Hysterectomy
Notwithstanding an arsenal of options currently 
available for women with uterine myoma, hyster-
ectomy remains one of the most commonly per-
formed procedures in North America, with over 
400,000 cases performed on an inpatient basis 
[11]. Common indications for hysterectomy 
include both benign and malignant disorders, 
with myoma being the most common. Substantive 
literature exists in support of vaginal hysterec-
tomy as the route of choice when feasible, given 
the excellent outcomes and shorter convales-
cence when compared to abdominal hysterec-
tomy (AH) [12]. Nevertheless, the utilization of 
this approach seems to have stalled at approxi-
mately 20% of all cases performed in the U.S. 
[12]. Laparoscopic approach to hysterectomy 
(LH) confers similar outcomes, but at a higher 
overall direct cost, primarily due to longer oper-
ating times and use of disposable instruments 
such as trocars and electrosurgical devices.

Early publications addressing the role of 
robotic assistance in hysterectomy focused on 
patients who had undergone multiple prior 
Cesarean deliveries and developed significant 
anterior cul de sac adhesions [13]. Although only 
six patients were described in this retrospective 
review, the authors believed the tool could enable 
surgeons to undertake more challenging cases. 
Since then, two randomized trials were published 
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evaluating perioperative outcomes of robotic- 
assisted laparoscopic hysterectomy (RALH) and 
LH for benign disorders, representing more typi-
cal clinical scenarios. Both studies, of similar 
design, documented significantly longer total 
operating times (31–72 min) in the robotic arms 
for a comparable group of patients with uterine 
weights of approximately 250 g. Other variables 
related to the procedure, including postoperative 
complications, were similar in both arms of both 
studies. In an attempt to minimize the impact of 
surgical experience, both groups enlisted sur-
geons skilled in conventional laparoscopy and 
who had completed at least 20 robotic proce-
dures. Other reasons that could account for dif-
ferences in operative time include setup and the 
complexity of the device, both of which require a 
well-versed team in the operating room and elec-
trosurgical instrumentation. It could be argued, 
however, that the robotic surgeons were still in 
the early phase of their learning curve. At the 
time of publication, it was felt that only 20 cases 
were needed for the average surgeon. However, 
for effective team functionality, the flattening of 
the learning curve more likely occurs upward of 
50 cases [14].

In 2007, less than 1% of all hysterectomies in 
the U.S. were performed with robotic assistance 
[11]. An astonishing uptake of procedures was 
noted nationwide, such that by 2010, the number 
of cases increased to 9.5%. Early adopters were 
seeing rates as high as 22% only 3 years after 
implementing this service within their institutions 
(Fig. 10.2). Prior to the introduction of the robot, 
the rates of all minimally invasive hysterectomies 
remained relatively static in prior years. It was felt 
that this disruptive technology could represent the 
next phase in surgical management for women 
with reproductive disorders. A robust database 
review of sample cases from 2007 to 2010 docu-
mented similar findings from earlier work with 
regard to clinical outcomes and cost, with a typi-
cal RALH resulting in a direct cost increase of 
over $2000. Perhaps limited by errors in misclas-
sification and missing variables, this population-
based analysis provided data consistent with other 
prospective trials and highlighted the need to stra-
tegically implement robotic services.

Using the same database, reviewing outcomes 
from 2005 to 2010, a separate group of authors 
demonstrated slightly different findings [15]. 
They found that more surgeons performing RALH 
were able to perform hysterectomy on larger uteri 
(>250 g) compared to those using conventional 
laparoscopy (7.4% vs. 5.5%), while operating on 
women with more comorbidities (21.6% vs. 
15.2%) and experiencing fewer conversions to 
laparotomy (2.5% vs. 7.2%). An interesting and 
unexpected finding, in contrast to other studies, 
was that the overall complication rate was signifi-
cantly lower in the robotic group, even when 
compared to women who underwent any other 
approach to hysterectomy including open, laparo-
scopic, and vaginal hysterectomy. Women under-
going open hysterectomy had a mortality rate ten 
times higher compared to any other approach; 
however, the rate of this event was low at ≤0.2% 
in all groups. Selection bias may have also con-
tributed to worse outcomes in the open group.

 Endometriosis

Endometriosis is defined as the existence of 
endometrial glands and stroma external to the 
endometrial cavity and myometrium. It is a com-
mon condition that occurs in approximately 15% 
of reproductive aged women, but has been docu-
mented in all stages of life [16, 17]. The prevail-
ing theory of pathogenesis of endometriosis, 
postulated over 90 years ago by Sampson, is one 
of reimplantation of endometrial glands and 
stroma that gain access to the peritoneal cavity 
via retrograde menstruation. It has been sug-
gested that, in women with endometriosis, there 
is a deficient cell-mediated immune response and 
therefore a resultant failure of the peritoneal 
mechanisms designed to clear the menstrual 
effluent. Separately, the peritoneum may demon-
strate altered physiology and response to foreign 
stimuli resulting in increased levels of inflamma-
tory markers in women with endometriosis, 
resulting in adherence and perpetuation of endo-
metrial glands and stroma [18].

Endometriosis is frequently asymptomatic, 
and its presence in a patient with pain may not 
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always be the actual cause of the pain. In fact, 
endometriosis is commonly encountered in 
women with pelvic pain of other etiologies. 
However, in many instances, endometriosis is 
clearly the cause of any one or combination of 
dyspareunia (pain with sexual intercourse), dys-
chezia (pain with bowel movements during men-
strual period), dysmenorrhea (cyclic menstrual 
pain), and other types of pelvic pain. Although 
neither the stage of endometriosis nor the site of 
implantation necessarily correlates with the 
degree of pain experienced, the depth of infiltra-
tion beneath the peritoneal or mesothelial surface 
does [19]. Furthermore, it appears that noncycli-
cal pain is more common in women with deep 
infiltrating endometriosis. Women with endome-
triosis may also experience subfertility, even in 
the absence of pain.

Although a host of nonsurgical treatment 
 paradigms exist, women with deep infiltrating 
endometriosis are more likely to represent a 
group of women recalcitrant to medical therapy. 
Radical excisional procedures are often required 
to improve chronic pain, and the infiltrative pro-
cess of this category of endometriosis represents 
a known surgical challenge, even in the most 
experienced of hands. Significant alteration in 
normal anatomic relationships not only predis-
poses to inadequate resection, but also predis-
poses the patient to surgical complications. 
Historically, surgical options were managed by 
laparotomy, followed by the advent of modern 
day laparoscopy. The role of robotic surgery for 
deep infiltrating endometriosis remains to be 
defined, as outcomes data have been limited to 
retrospective analyses. Nezhat and colleagues 

Fig. 10.2 (a) Hysterectomies (%) performed via each surgical route by year of procedure. (b) Procedures (n) per-
formed each year stratified by indication for surgery. From [11]; with permission
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published one of the larger initial series, describ-
ing 30-day perioperative outcomes in 86 women. 
In this single surgeon review, the majority of 
patients (>75%) had more advanced stages of 
endometriosis, yet outcomes were similar in both 
robotic and conventional laparoscopic groups 
[20]. The main difference between the groups 
was operative time, with the robotic group requir-
ing an additional 77 min (mean difference) (lon-
ger operative time in the robotic group). The use 
of hysterectomy as part of the treatment plan and 
rate of surgical complications were also similar.

In 2015, Magrina and colleagues published 
data on 493 women, all of whom had advanced 
stages of disease [21]. A large team was involved 
in their care and surgeons were adept in both tra-
ditional and robotic-assisted surgical techniques. 
Although surgeon preference influenced which 
patient was treated with which modality, periop-
erative outcomes were not drastically different 
among the groups, with the exception of two key 
patient characteristics: those who were managed 
with RAS were more likely to have undergone 
more procedures and more radical procedures 
specific to endometriosis-related surgery during 
the incident. This finding likely accounted for the 
difference in operating time of 26 min. In the 
absence of a randomized trial, which is currently 
underway, the role of RAS for patients for deep 
infiltrating endometriosis remains controversial. 
At this point in time and for this indication, sur-
geon preference remains the driving force for 
perioperative decision making.

 Fallopian Tube Surgery

Microsurgical tubal anastomosis allows for 
reconstruction of the fallopian tube after inter-
ruptive procedures designed for permanent steril-
ization. A small percentage of these women will 
reinvest in their desire to conceive, and this 
option, if successful, represents their ongoing 
ability to conceive in the future and avoid costly 
cycles of in vitro fertilization (IVF). Further, the 
success rates are quite high, making this an 
attractive option for some couples. This proce-
dure requires delicate tissue handling, and the 
reanastomosis is dependent on the use of 

extremely fine suture. Historically performed by 
laparotomy under microscopic guidance, the pro-
cedure has more recently been performed by con-
ventional laparoscopy. Falcone described the first 
robotic technique in 2007, having performed his 
first case in 2001, and all studies since have been 
retrospective in design [22]. Similar to other pro-
cedures within gynecology, operative times have 
been consistently longer when compared to lapa-
roscopy or mini-laparotomy, at greater cost and 
with similar reproductive outcomes (tubal 
patency and subsequent rate of pregnancy) [23]. 
Robotic assistance represents yet another option 
for surgeons who offer this procedure.

 Adnexal Surgery

Surgical management of benign adnexal masses 
involves either adnexectomy (removal of the 
ovary and tube) or cystectomy (removal of the 
cystic portion while preserving the ovary and/or 
tube) and can be managed either by laparotomy 
or conventional laparoscopy. In an attempt to 
define the role of RAS for managing adnexal 
masses, Wright and colleagues evaluated surgical 
outcomes from 87,514 women who underwent 
either conventional laparoscopic surgery or 
robotic-assisted surgery for this indication [24]. 
They found that the rate of intraoperative compli-
cations was significantly higher in women who 
underwent both robotic adnexectomy and cystec-
tomy, although the absolute difference was small 
(3.4% vs. 2.1%, OR = 1.60; 95% CI, (1.21–2.13) 
and (2.0% vs. 0.9%, OR = 2.40; 95% CI, (1.31–
4.38), respectively. Based on these findings, it 
would be difficult to justify use of the device for 
this indication as a standalone procedure. 
However, when performed at the time of robotic 
sacrocolpopexy, the additional cost of oophorec-
tomy is little more than operative time and patho-
logical processing.

The above data specifically refers to adnexal 
pathology as the primary surgical indication. 
Offering women salpingoophorectomy (removal 
of the ovary and tube) as a concomitant proce-
dure during hysterectomy or sacrocolpopexy 
depends on the age and desire of the patient, as 
well as incidental abnormal findings encountered 
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during surgery. Emerging data regarding wom-
en’s heart health has changed the historical para-
digm of removing ovaries prematurely [25]. 
Mathematical models that reference population- 
based studies suggest women should strongly 
consider preserving their ovaries if younger than 
50 years if no increased genetic predisposition 
exists. Since many women undergoing sacrocol-
popexy are well into menopause, offering salpin-
goophorectomy is quite reasonable. Adnexal 
structures are not always imaged in anticipation 
of pelvic reconstructive surgery, so awareness of 
some abnormality may not always be known 
beforehand. If an abnormal appearing ovary is 
encountered in a younger patient who might oth-
erwise preserve her ovaries, intraoperative con-
sultation with a gynecologist may help to guide 
urologists with the decision to leave the ovary in 
place or to recommend removal.

 Reproductive Cancers

Reproductive cancers were readily targeted as 
disease states amenable to robotic-assisted sur-
gery, and prior to the introduction into main-
stream surgery, the majority of women with such 
cancers were treated by laparotomy. A recent sur-
vey published in 2015 of the Society of 
Gynecologic Oncology members showed a 
remarkable increase in the overall use of robotic 
surgery among members compared to the previ-
ous survey in 2007 [26]. This survey demon-
strated that 97% of respondents performed 
robotic surgery compared to 27% who responded 
in the previous survey less than a decade prior 
[26]. Similar to trends in urologic oncology, 
robotic-assisted laparoscopic hysterectomy with 
lymphadenectomy for endometrial and cervical 
cancers were procedures identified by gyneco-
logic oncologists as almost more appropriate or 
commonly performed than by conventional lapa-
roscopic approach.

 Endometrial Cancer

In the developed world, endometrial cancer is the 
most common cancer of the female genital tract 

with an estimated 60,050 new cases in the most 
recent cancer statistics report [27]. Obesity repre-
sents an established risk factor, and as the rates of 
obesity increase in North America, epidemiolo-
gists predict a continued increase in the rates of 
endometrial cancer. Fortunately, most patients 
present with early stage disease and treatment are 
focused on surgical staging followed by adjuvant 
treatment for more advanced stages of disease 
and with more aggressive cell types. 
Hysterectomy and bilateral salpingoophorec-
tomy, with or without nodal assessment, is the 
mainstay of surgical management. For grade 1 
endometrioid adenocarcinoma, the most com-
monly diagnosed variant, no further treatment is 
needed. RAS has been performed for endometrial 
cancer since 2005.

Studies have consistently demonstrated the 
feasibility of RAS for surgical staging of endo-
metrial cancers and report significantly reduced 
surgical morbidity while maintaining similar sur-
vival curves when compared to laparotomy [28]. 
Perioperative measures such as estimated blood 
loss, length of stay, and cancer-specific markers 
including lymph node yield are enhanced with 
RAS [29]. When evaluating outcomes of this 
approach to surgery based on age, an  independent 
risk factor for postoperative morbidity, RAS had 
an improved safety profile in women over the age 
of 65 years when compared to a similarly aged 
group undergoing laparotomy [30]. Although 
most of the trials to date are nonrandomized, 
comparative, or observational, even larger scale 
multi-centered trials evaluating women with 
higher grade disease demonstrate similar safety 
and outcome profiles of minimally invasive 
approaches compared to laparotomy [31]. A 2010 
meta-analysis reported findings from trials com-
paring robotic to conventional laparoscopic 
approach and found that women who underwent 
RAS experienced less blood loss and a lower rate 
of complications, although not statistically sig-
nificant [8]. What remains difficult to assess from 
these studies is the experience of the operator and 
bias towards using one approach over the other, 
especially as the trend in the US has been shifted 
towards robotic surgery in recent years. 
Nevertheless, consistent with literature focusing 
on benign disease, longer operative times were 
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seen with robotic surgery compared to laparot-
omy [29].

Of real clinical significance, however, is the 
demonstration by several studies of the safety of 
robotic surgery in the obese and super obese popu-
lations [Body Mass Index (BMI) greater than 40 
and 50, respectively] [32, 33]. Women with signifi-
cant BMI represent surgical challenges not only to 
the surgeon, but also to the anesthesiologist, and 
are at greater risk for perioperative morbidity. 
When the robotic platform was used in these popu-
lations of women, no differences were seen when 
comparing outcomes to women with lower BMI 
with respect to length of stay, blood loss, complica-
tion rates, number of nodes retrieved, recurrence, 
and ultimate survival [32]. Not surprisingly, there 
was a correlation between increasing BMI and 
conversion to an open procedure [33].

 Cervical Cancer

Cervical cancer is the third most common malig-
nancy found in women worldwide [26]. 
Fortunately, due to good screening programs, the 
majority of patients in North America are diag-
nosed in early stages of disease and survival rates 
are relatively high. Radical hysterectomy is the 
standard surgical procedure for the treatment of 
early stage disease. As with endometrial cancer, 
laparotomy represents the historical benchmark 
for surgical management. The first case series of 
robotic radical hysterectomy for cervix cancer 
was published in 2008 [34]. Since that time, 
numerous studies have further evaluated the role 
of the robotic platform. A recent systematic 
review and meta-analysis comparing intraopera-
tive and short-term postoperative outcomes of 
robotic radical hysterectomy to laparoscopic and 
open approaches for early stage cancer has been 
conducted [35]. The study found that robotic- 
assisted radical hysterectomy may be superior to 
open approaches, with lower blood loss, shorter 
hospital stays, less febrile morbidity, and fewer 
wound-related complications [35]. When com-
pared to conventional laparoscopy, robotic radical 
hysterectomy resulted in comparable outcomes.

While radical hysterectomy is the standard 
surgical procedure for the treatment of early 

stage cervical cancer, another option that exists 
for women who desire to preserve fertility and 
have a tumor size of less than 2 cm is radical 
trachelectomy. During the trachelectomy proce-
dure, a cervical cerclage is typically placed to 
assist with future pregnancies and decreased risk 
of preterm birth. The first robotic-assisted trach-
electomy was performed in 2007 [36]. In 2012, a 
study examined the accuracy and reproducibility 
of robot-assisted trachelectomy in women with 
early stage cervical cancer and demonstrated no 
differences between this approach and vaginal 
radical trachelectomy, in terms of remaining cer-
vical length, a marker for future pregnancy out-
comes [36]. The placement of the cerclage, 
however, was more precise with the robotic- 
assisted surgery [36]. This procedure remains a 
viable option for select women.

 Ovarian Cancer

While ovarian cancer is a relatively uncommon 
tumor of the female reproductive tract [27], it is 
the most common cause of cancer death from a 
gynecologic tumor in the developed world, 
accounting for 5% of all cancer deaths. Because 
early ovarian cancer causes minimal, nonspecific 
symptoms or no symptoms at all, the majority of 
cases are diagnosed in the advanced stage, with 
only 15–20% of cancers diagnosed in early stages. 
The traditional surgical approach consisted of a 
midline laparotomy incision to perform staging 
and debulking. While robotic surgery has become 
widely accepted for treatment of endometrial and 
cervical cancer, its role in managing ovarian can-
cer remains controversial. Data to support the role 
of robotic-assisted surgery in ovarian cancer is 
currently limited to case reports and case series 
[37, 38] for staging procedures for those with 
early disease and surgical debulking in patients 
with advanced and recurrent disease [39].

 Conclusions

Technological advances and innovation play an 
integral role in how gynecologists provide surgi-
cal care for women, but few have had such a 
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 dramatic and rapid impact as the da Vinci surgi-
cal platform. The mechanical advantages enable 
surgeons trained in minimally invasive tech-
niques to offer patients nontraditional surgical 
options and add clinical value to patients with 
more complex disease states. From an epidemio-
logical viewpoint, this technology has trans-
formed surgical practice more than any other 
device in such a short period of time. Whether 
this trajectory continues on the same path remains 
uncertain. Nevertheless, as surgical performance 
becomes more of a transparent measure and the 
dollars for healthcare more restricted, surgeons 
must be strategic about new modalities until 
well-designed studies demonstrate consistent and 
true benefit.
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 Introduction

Rectal prolapse is a dynamic disorder caused by 
damage to the pelvic support structures, which 
has been attributed to the shearing forces of vagi-
nal childbirth, connective tissue disorders, neu-
ropathy, congenital defects, chronic constipation, 
or pelvic surgery [1]. This pelvic floor weakness 
often affects the entire pelvic floor muscular dia-
phragm resulting in the descent of one or more of 
the pelvic organs (i.e., uterus, vagina, bladder, 
rectum). It is estimated that up to 50% of parous 
females will experience partial or complete 
 prolapse of one or more organs in their lifetime 

[2, 3]. Pelvic organ prolapse is becoming a sig-
nificant concern in the aging population, and the 
prevalence in the United States is expected to 
increase by 46% to 4.9 million cases by the year 
2050 [4].

Traditionally, the medical and surgical man-
agement of pelvic organ dysfunction was con-
fined to each specialty. Urologists and 
gynecologists would repair pelvic organ prolapse 
of the anterior and middle (apical) compartments, 
while separate treatment would be performed by 
a colorectal surgeon for posterior compartment 
(rectal) prolapse. Addressing the combined 
pathology in a piecemeal approach likely alters 
the physical stressors of the non-treated compart-
ments. This compartmentalized approach resulted 
in higher prolapse recurrence, worsening pro-
lapse of a different compartment, and worsening 
bowel symptoms. In addition, it results in addi-
tional surgeries for the patient. Virtanen and col-
leagues found that isolated treatment of middle 
compartment prolapse by sacrocolpopexy 
resulted in 26% of patients developing constipa-
tion, 22% developing difficulty with evacuation, 
and 26% developing pain and pressure during 
defecation (this can be from the prolapse and 
possibly enterocele) [5]. In fact, concomitant pel-
vic floor disorders such as cystocele, enterocele, 
and rectocele are present in 15–30% of patients 
with rectal prolapse [6, 7]. A multidisciplinary 
approach combining the expertise of colorectal 
surgeons, gynecologists, and urologists is 
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 essential for the treatment of women suffering 
from multi-compartment prolapse in order to 
optimize surgical outcomes aiming for the lowest 
recurrence, improved bowel function, and better 
quality of life.

 Patient Evaluation

Every woman being evaluated for pelvic floor 
dysfunction should be routinely questioned 
regarding the presence or absence of symptoms 
within all three pelvic compartments: anterior 
(bladder), apical (vault/uterus), and posterior 
(rectum). Specific questioning for symptoms 
associated with pelvic floor disorders such as uri-
nary incontinence, fecal incontinence, or organ 
prolapse needs to be performed. Many women 
suffering from these disorders are too embar-
rassed to inform their doctor or have the percep-
tion that these symptoms are a normal part of 
aging and, therefore, untreatable. Patients with 
pelvic organ prolapse can present with a myriad 
of symptoms (Table 11.1). Important questions to 
ask patients regarding rectal prolapse include:

 1. Do you have a protrusion from the rectum?
 2. How often does the protrusion occur? With 

each bowel movement? Does it occur with 
standing or coughing?

 3. Do you need to push the prolapse in or does it 
spontaneously reduce?

 4. How long have you had the prolapse?
 5. Do you have a history of constipation and 

straining?
 6. Do you suffer from fecal incontinence? If so, 

to what extent?

A thorough physical examination evaluating 
all the pelvic floor compartments is essential for 
determining what surgical treatment to recom-
mend. It is important to note that complete rectal 
prolapse (rectal procidentia) is a full-thickness 
protrusion of the rectum through the anus 
(Fig. 11.1), while incomplete rectal prolapse 
(partial rectal procidentia) consists of internal 
rectal prolapse to, but not through, the anal canal. 
Both represent degrees of severity along the con-
tinuum of pelvic floor prolapse and should be 
appropriately diagnosed and treated.

The simplest method of diagnosing complete 
rectal prolapse is to visualize this in the office by 
having the patient reproduce the prolapse while 
straining in the left lateral position or while sit-
ting on a commode. Sometimes it can be difficult 
to reproduce, and we have found it helpful for 
patients to take a photograph at home. In addi-
tion, rectal examination should focus on evalua-
tion of sphincter tone and function, as well as the 
presence of a patulous anus, rectocele, solitary 
rectal ulcer, and/or rectal mass. How do we know 
who should be referred for more than a 

Table 11.1 Symptoms of pelvic organ dysfunction

Pelvic pressure or heaviness

Urinary incontinence or retention

Fecal incontinence

Constipation

Protrusion or bulge from vagina and/or rectum

Pain

Rectal bleeding or mucous discharge Fig. 11.1 Complete rectal prolapse (rectal procidentia)
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 sacrocolpopexy? If patients deny having a protru-
sion or defecation problems, we do not think any 
further work up is necessary. But, the right ques-
tions need to be asked. Many patients will not 
openly tell you unless you ask. In addition, many 
patients either think it is their hemorrhoids or are 
afraid it may be something worse such as cancer 
and so they don’t inform anyone.

While vaginal and rectal prolapse are diag-
nosed by physical examination, the presence and 
extent of associated pelvic floor dysfunction 
requires dedicated imaging studies. Fluoroscopic 
defecography (Fig. 11.2) or dynamic magnetic 
resonance imaging (MRI) (Fig. 11.3) prove 

 critical in identifying the various anatomic defects 
present and ensuring the involvement of appropri-
ate specialties in an attempt to improve surgical 
outcomes and decrease recurrence. There is con-
sensus that most types of vaginal prolapse can be 
staged and surgery planned without imaging. In 
fact, most “enteroceles” that occur in the setting 
of high stage vaginal vault prolapse are  without 
symptoms and are addressed by a sacrocolpopexy 
without formal enterocele repair. However, rectal 
prolapse is often caused by severe straining 
caused by an enterocele that protrudes between 
the posterior vaginal wall and the anterior rectum 
(usually in the setting of good apical vaginal sup-
port). In the setting of rectal prolapse, it is very 
important to obtain if the patient has an entero-
cele. A common mistake is to correct the prolapse 
without repairing the enterocele. This results in a 
very high recurrence rate. Additional preoperative 
studies may be warranted based on the patient’s 
clinical evaluation which are beyond the scope of 
this chapter (Table 11.2).

 Surgical Treatment of Multi-visceral 
Organ Prolapse

Although much progress has been made regard-
ing the preoperative assessment and necessity for 
a combined surgical repair when addressing 
multi-visceral organ prolapse, the optimal Fig. 11.2 Example of flouroscopic defecography

Fig. 11.3 Dynamic 
magnetic resonance 
imaging of rectal 
prolapse. Note the 
enterocele, which results 
in severe straining and 
likely exacerbated her 
rectal prolapse 
symptoms
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 procedure for treatment of this disorder is still not 
defined. In our practice, we approach all pelvic 
reconstruction surgery through a multidisci-
plinary approach with colorectal surgeons, urolo-
gists, and gynecologists discussing the pathology, 
patient selection, and approach. In our opinion, 
this offers the best chance for curative interven-
tion with the aim of improving symptoms and 
quality of life.

Abdominal sacrocolpopexy is considered the 
gold standard procedure for the surgical correc-
tion of vaginal vault prolapse. Sacrohysteropexy 
is an option for women who wish to preserve 
their uterus (see Chap. 9). Simultaneous repair 
of rectal prolapse includes anterior or posterior 
rectopexy, with or without placement of mesh, 
and with or without sigmoid resection. Watadani 
and colleagues studied open sacrocolpopexy and 
rectopexy for combined middle and posterior 
compartment prolapse, demonstrating that it is a 
safe procedure with low risk of recurrence, 
improved bowel function, and improved quality 
of life scores [8]. Many surgeons have transi-
tioned to performing this procedure through a 
minimally invasive approach, initially with lapa-
roscopic instrumentation and, more recently, 
with robotic technology. This evolution of 
approach is born from the enhanced capabilities 
of robotic instrumentation for operating in the 
deep pelvis as compared to rigid laparoscopic 
instruments. For years, surgeons operating in the 
pelvis have had to adapt to the limitations of 
laparoscopic  instrumentation, which include 
operating at an oblique angle in the cone-shaped 
pelvis utilizing static instrumentation. However, 
robotic surgery mimics the surgeon’s maneuvers 
and is more consistent with open surgical tech-
niques. The da Vinci surgical system has several 
advantages including three-dimensional visual-
ization, wristed instrumentation that restores 
seven degrees of freedom, zoom magnification, 

and a third working arm. The end result is finer 
dissection with improved exposure, visualiza-
tion, and suturing (particularly anteriorly and 
deep to the sacral promontory). Previously, deep 
pelvic dissection and the required pelvic sutur-
ing proved challenging and was limited to expert 
laparoscopic surgeons. The learning curve for 
robotic surgery, especially in the pelvis, does not 
appear as steep as for traditional laparoscopic 
surgery [9].

 Combined Robotic Sacrocolpopexy 
and Posterior Rectopexy: 
Techniques and Surgical Options

Rectopexy vs. sigmoid resection. There is no 
consensus among colorectal surgeons about the 
best approach for repair of rectal prolapse. 
Traditionally, if a patient has severe constipation 
associated with a redundant sigmoid colon and 
rectal prolapse, she is recommended to have sig-
moid resection and rectopexy. If there is no evi-
dence of a redundant sigmoid colon, then a 
rectopexy alone is advised. This continues to 
evolve as new techniques emerge such as the 
 ventral mesh rectopexy that will be discussed 
later in this chapter.

 Step 1. Intubation

The patient is placed directly on a thick foam pad 
on the operating table in order to prevent sliding 
with Trendelenberg position during the opera-
tion. After general endotracheal anesthesia is 
administered, the patient is placed in low lithot-
omy position in Allen stirrups. The patient’s arms 
are padded with foam and tucked at the sides. 
A urinary catheter is then placed in a sterile field.

 Step 2. Port Placement

Once the abdomen and perineum are prepped and 
draped, a 12 mm curvilinear incision is made in 
the periumbilical position. A Veress needle or a 
Hassan technique is used to achieve trocar place-
ment, followed by insufflation to 12–15 mmHg 

Table 11.2 Ancillary preoperative studies and imaging

Colonoscopy

Anal manometry

Urodynamics

Cystoscopy

Colonic Transit Marker Study
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CO2 pneumoperitoneum. The da Vinci camera 
(Intuitive Surgical, Sunnyvale, CA) is introduced 
and a general inspection is performed. A 0° or 
30° down camera can be used, based on surgeon 
preference. We prefer the 30° down scope 
because we can visualize over the sacral promon-
tory better in the presacral space.

Under direct visualization, two 8-mm trocars 
are placed on each side along the mid-clavicular 
line just below the umbilicus. A third 8-mm tro-
car is placed in the left lower abdomen along the 
mid-axillary line. Finally, a 1-mm trocar is placed 
at the right lower abdomen along the mid- axillary 
line as an assistant port approximately 4 cm 
above the anterior superior iliac spine. The Si 
robot arms should be placed a minimum of 10 cm 
apart in order to avoid arm collisions; however, 
the robotic arms can be placed closer with the Xi 
robot (Fig. 11.4).

 Step 3. Docking

The patient is placed in steep Trendelenberg posi-
tion with slight left side up. The da Vinci bedside 
cart is side-docked in order to maintain access to 
the vagina and rectum during the course of the 
procedure (Fig. 11.5). The small bowel is 
retracted out of the pelvis and the relevant pelvic 
landmarks are identified.

 Step 4. Instrumentation

Once the robot is docked, monopolar shears are 
placed in the number 4 (right lower quadrant) 
port. A bipolar grasper is placed in the number 3 
(left mid-clavicular) port, and either a Prograsp 
forceps or Cadiere forceps is placed in the num-
ber 1 (left mid-clavicular) port with the camera at 
the supraumbilical port. For the left-handed sur-
geon, the instruments in ports 1 and 3 are 
reversed. The Cadiere forceps is less traumatic 
for retracting the sigmoid mesentery, while the 
Prograsp forceps improves traction for manipula-
tion of the more sturdy pelvic structures. We 
would recommend starting with the Cadiere for-
ceps and only switch to the Prograsp forceps if 
the Cadiere is unable to properly retract the tis-
sues such as the mesentery.

 Step 5. Mobilization of the Sigmoid 
Colon and Rectum

The sigmoid colon is mobilized out of the pelvis. 
The sigmoid mesentery is retracted up and 
towards the left to identify the superior hemor-
rhoidal vessels and sacral promontory. Using the 
monopolar shears, the peritoneal reflection is 
opened starting approximately 2 cm above and 
just to the right of the sacral promontory and 

Fig. 11.4 Port 
placement
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extending down to the rectovaginal septum. Care 
is taken to identify and preserve the right ureter. 
Using careful dissection, the superior hemor-
rhoidal vessels are elevated off the retroperito-
neum and the left ureter is identified through the 
length of the dissection. Once all anatomic struc-
tures are properly identified, the rectum and 
mesorectum are mobilized using monopolar 
shears to complete the dissection as far inferiorly 
as the pelvic floor musculature. The hypogastric 
nerves are identified posteriorly and carefully 
preserved during this dissection. This portion of 
the dissection is usually performed by the 
colorectal surgeon.

 Step 6. Sacrocolpopexy

Once the rectum is mobilized, the sacrocolpo-
pexy is performed by the urologist, urogynecolo-
gist, or gynecologist as described by several 
authors [10, 11]. The presacral dissection is facil-
itated by the sigmoid mobilization already per-
formed, though often Female Pelvic Medicine 
and Reconstructive Surgery (FMPRS) surgeons 

perform additional dissection until the anterior 
longitudinal ligament is fully exposed. The vagi-
nal peritoneum is incised and the vagina is dis-
sected free from the bladder and prerectal fat. A 
Y-shaped piece of mesh or graft (or two separate 
pieces, based on surgeon preference) is sutured to 
the vaginal apex and anterior and posterior vagi-
nal walls with permanent suture. The tail end of 
the mesh is attached to the anterior longitudinal 
ligament at the sacral promontory as described 
elsewhere in this book.

 Step 7. Posterior Rectopexy

The colorectal surgeon returns to the console to 
perform the rectopexy. The rectum is elevated 
cephalad and the cuff of the mesorectum is 
sutured to the sacrocolpopexy mesh or just 
above it with permanent suture. We prefer to use 
2-0 Gortex or 2-0 Ethibond suture. We place two 
to three figure-of-eight sutures on the right side 
of the mesorectum. The peritoneum is closed 
over the mesh with absorbable sutures of 2-0 
Vicryl.

Fig. 11.5 DaVinci Xi Robot system docked in place using a side-docking technique
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 Surgical Options

Redundant Sigmoid Colon
In patients with a redundant sigmoid colon diag-
nosed by either colonoscopy, barium enema or 
dynamic MRI, and constipation symptoms, a 
concomitant sigmoid colon resection may be 
warranted. In this situation, the sigmoid colon 
and rectum are mobilized as previously described. 
The distal transection is performed at the top of 
the rectum, identified as the individual taenia coli 
splay out to cover the rectum circumferentially. 
The mesentery is ligated with either with a vessel 
sealer or a vascular-loaded stapler. The rectum is 
transected with the robotic stapler (usually with a 
green load stapler that have larger size staples). 
The proximal resection point is selected by iden-
tifying an area of healthy colon that will allow for 
a tension-free anastomosis with removal of the 
redundant portion of colon and also allow for the 
remaining colon to cradle without tension along 
the left lateral side wall. Once this is completed, 
the robot is temporarily undocked and a small 
Pfannenstiel incision is made. The redundant 
colon is removed and the proximal bowel is tran-
sected. A circular anvil is placed in the colotomy. 
A purse-string suture is created using 2-0 Prolene 
at the end colotomy. A circular anvil is placed 
through the colotomy and secured in place with 
the purse-string suture. The colon is then returned 
to the abdomen and the fascia is closed. The 
abdomen is re-insufflated, an endoanal circular 
stapler is introduced transanally, and the anasto-
mosis is performed in the traditional manner with 
straight laparoscopic instruments. Once insuffla-
tion is re-established, the proximal colon is 
aligned properly along the left lateral side wall. 
The mesentery should be facing medially to 
avoid a rotation of the colon. Following a rectal 
examination, the endoanal circular stapler is 
introduced in the rectum and carefully advanced 
to the staple line. Under direct visualization, the 
spike is brought out adjacent to the staple line in 
the middle of the end rectum. The anvil on the 
proximal bowel is grasped and secured to the 
spike. Prior to closing the instrument, all areas 
are carefully inspected to make sure the bowel is 

aligned properly again as well as to assure there 
is no incorporation of any surrounding tissues. 
The circular stapler is closed, fired, and removed. 
The anastomosis is evaluated both with an air 
leak test and flexible sigmoidoscopy. After nor-
mal saline is placed in the pelvis, the proximal 
bowel is gently occluded with a grasper. A sig-
moidoscopy is performed to check for any evi-
dence of an air leak at the anastomosis and to 
visually inspect the anastomosis. Upon comple-
tion of the anastomosis, the robot is returned to 
the field and the remaining portion of the surgery 
is continued.

When the sigmoid resection and sacrocolpexy 
are combined, there are unique considerations to 
consider surgically. First, based on surgeon pref-
erence, we often use acellular human dermis 
allograft instead of mesh (Flex HD® allograft, 
extra thick) in the event of a colon leak. Second, 
we take a “tag team” approach. After the sigmoid 
resection, the presacral and vaginal dissections 
are performed (± hysterectomy). Based on sur-
geon preference, the vaginal mesh/graft attach-
ments can be performed prior to the sigmoid 
resection, so that as much surgery is completed 
before the bowel anastomosis is done. Then, the 
vaginal mesh/graft is attached to the sacral prom-
ontory with two, 2-0 Gore-Tex sutures. At this 
time, the rectopexy is performed by tacking the 
sigmoid directly to the sacrocolpopexy graft/
mesh (our preferred approach), or by tacking it to 
the promontory directly. Any concomitant vagi-
nal procedures are performed at the end of the 
case, often at the time of port closure.

Ventral Mesh Rectopexy
Anterior placement of mesh to the rectum and a 
ventral rectopexy has gained popularity. This 
technique allows for anterior mobilization of 
the rectum with the mesh secured between the 
ventral aspect of the rectum and posterior 
aspect of the vagina and then attached at the 
sacral promontory [12]. This avoids dissecting 
in proximity to the pelvic nerves and sacral 
venous plexus as required with the posterior 
approach. Ventral mesh rectopexy has become 
an established procedure for the treatment of 
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both internal and external rectal prolapse [13]. 
This technique has been performed in Europe 
for a number of years and is currently establish-
ing footsteps in the United States. A combined 
sacrocolpopexy can readily be performed with 
this technique. The general consensus in the 
United States is to use biologic mesh for the 
ventral rectopexy. Biologic or synthetic mesh 
can be used for the sacrocolpopexy.

Robotic Sacrohysteropexy
In women who desire a uterine-sparing proce-
dure, robotic sacrohysteropexy is an option, as 
described by Rosenblum [9]. Laparoscopic or 
robotic approaches have been shown to have 
less operative bleeding, shorter operative 
times, and fewer post-operative symptoms as 
compared to an open approach for sacrohys-
teropexy [14].

In a study reviewing their experience with 
laparoscopic sacrohysteropexy, Rosenblum 
et al. documented zero intraoperative complica-
tions (0/15) and that uterine prolapse improved 
in all patients undergoing this procedure. 
However, the same study noted that only 12 
(80%) women appreciated symptomatic 
improvement [15]. On the contrary, a larger 
European trial reported overall patient satisfac-
tion to be above 95% after undergoing this pro-
cedure [16]. Robotic sacrohysteropexy is 
described in more detail in Chapter 9, but 
deserves mention here since we see young 
women with symptomatic rectal prolapse who 
are found to have significant uterine prolapse by 
exam or by history. Many of these women are of 
childbearing age and wish to preserve fertility. 
In these cases, we have had success with a pos-
terior strip sacrocolpopexy with acellular human 
dermis (Flex HD® allograft, extra thick), often 
in combination with an anterior repair per-
formed vaginally at the end of the case. It should 
be mentioned that numbers are small, follow-up 
is short, and data is lacking on outcomes of 
delivery after sacrohysteropexy. Nonetheless, 
with proper patient counseling, this is a safe 
option for women at a uniquely high risk of vag-
inal and rectal prolapse recurrence.

 Mesh: Biologic Versus Synthetic

With the increased public awareness of the FDA 
safety communications regarding synthetic mesh 
and vaginal prolapse repair, the use of mesh ver-
sus biologic graft, especially in the setting of con-
comitant sigmoid resection, remains a very highly 
debated issue. Some studies have compared native 
tissues (cadaveric fasica lata) to mesh-based 
sacrocolpopexy and have showed poor long-term 
results with fascia lata (93% success at 1 year in 
mesh group vs. 62% in fascia lata group [17]). 
This increase in anatomic success comes with the 
cost of significant mesh extrusion rates (up to 
19%). In our hospital’s experience of 78 women 
randomized to robotic versus laparoscopic ASC, 
however, mesh-related complications were 
acceptably low. Covering the mesh with perito-
neum and performing supracervical (vs. total) 
hysterectomy for uterine prolapse are important 
steps in reducing mesh-related complications. 
When biologic graft is preferred, it is likely that 
newer biologic materials, specifically acellular 
cadaveric dermis, hold more promise than cadav-
eric fascia lata. No difference has been uncovered 
in terms of dyspareunia or sexual function 
between mesh and non-mesh repairs [18].

Given the concern for erosion and other post- 
operative complications with the use of synthetic 
mesh (most commonly polypropylene), many 
have investigated the use of biologic mesh as a 
substitute. This material is much more costly, but 
comes with easier handling properties and is less 
prone to infection. Thus, when performing sig-
moid colectomy in addition to vaginal floor repair 
as described above, biologic mesh may be 
 considered. In addition, the biologic meshes con-
fer a lesser degree of adhesiogenesis and may 
decrease the rate of post-operative bowel obstruc-
tions. They also allow us to forego the step of cov-
ering the mesh with peritoneum, which saves time. 
While the final outcome on the biologic versus 
synthetic mesh debate remains unknown, a small 
study has compared synthetic and biologic mesh 
in ventral mesh rectopexy. In this study, there was 
no difference in recurrence or mesh complications 
(3.7 vs. 4.0% and 0.7 vs. 0.0%) [12].
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 Outcomes

As discussed previously, a combined multidisci-
plinary approach is essential for the best possible 
surgical outcomes. When looking at combined 
sacrocolpopexy and rectopexy, there are signifi-
cant improvements in the pelvic floor distress 
inventory (PFDI) and patients with mixed symp-
toms significantly improved in terms of their 
colorectal distress [8, 19].

Mesh can be safely inserted, but further data is 
needed to clarify the biologic versus synthetic 
debate. In addition, sacrocolpopexy can be per-
formed in an open manner, but can also be done 
with a minimally invasive technique. While there 
is a paucity of data comparing the efficacy of a 
laparoscopic versus robotic technique [20], some 
small studies have shown that urinary and gastro-
intestinal symptom improvement is better with 
robotic procedures [21].

 Conclusions

Pelvic organ prolapse remains an important clini-
cal problem for many women with the expecta-
tion of an increased incidence in the future. 
Surgical management with a multidisciplinary 
approach remains the procedure of choice for 
cure. Both laparoscopic and robotic approaches 
are viable and likely represent an improvement 
over open techniques.

The use of mesh has been shown to decrease 
recurrence, although this comes with the addition 
of the risk for mesh extrusion and mesh infection 
(in the setting of bowel injury or an anastomotic 
leak). Both synthetic and biologic grafts have 
been used safely, and the choice should be deter-
mined by the concomitant procedures (i.e., bowel 
resection), graft availability, and the results of 
future, well-designed studies.
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 Prevalence

Unlike cystocele and rectocele, considered to be 
pseudo-hernias, an enterocele is a true herniation 
of the small bowel through the rectovaginal sep-
tum. Initially considered a rare entity, enterocele 
was first described as a condition chiefly affecting 
elderly, multiparous females and thought to occur 
secondary to pelvic floor atrophy and aging [1]. 
As interest in pelvic floor pathology grew, it 
became clear that the prevalence of symptomatic 
enterocele proves much more common and affects 
a wider age range than previously believed. In 
radiologic studies of healthy female volunteers, 
approximately two-thirds of women with entero-
cele had previously undergone hysterectomy 
(18%), leaving a significant number (10%) who 

had spontaneously developed an enterocele [2]. A 
prospectively maintained defecography database 
of 912 patients revealed 104 enteroceles (11% 
incidence) with a mean age of 63 years (range, 
21–86 years), with the vast majority occurring in 
females (18 males, 0.02%). Only 25 patients had 
an isolated enterocele (defined as reaching within 
3 cm of the anorectal angle), with the majority 
(76%) displaying additional pelvic floor organ 
prolapse, rectocele, or perineal descent [3]. These 
numbers correlate well with those regarding the 
expected accompaniment of vaginal vault pro-
lapse with other pelvic floor pathology, such as 
cystocele, rectocele, and enterocele found in 72% 
of patients [4]. Clearly, enterocele is not as rare as 
once believed, and an effort must be made to iden-
tify this entity in all patients presenting with 
symptomatic pelvic floor prolapse.

 Anatomic and Physiologic 
Considerations

An enterocele defect is not a pathology of a given 
pelvic floor compartment per se, but rather a defect 
of the support structures attaching and defining 
these compartments. There is some controversy 
over the etiology of these defects. The traditional 
theory is that of gradual stretching and weakening 
of the pelvic fascia that allows for the potential 
spaces between pelvic organs to widen, deepen, 
and eventually allow symptomatic organ prolapse 
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and/or herniation [5] (Fig. 12.1). Other researchers 
suggest that the pathophysiology of enterocele lies 
in specific defects and detachments of the pubo-
cervical fascia or rectovaginal septum [6, 7]. 
The “site specific” theory of enterocele develop-
ment is supported by the creation of an apical 
enterocele which occurs after failure to close the 
resulting endopelvic fascial defect overlying the 
vaginal cuff (which is created during hysterec-
tomy) (Fig. 12.2). The recognition of the defective 
supporting structure(s) leading to a given entero-
cele is key in achieving successful repair.

A brief review of the key supporting structures 
and potential spaces within the pelvis is impor-
tant in understanding enterocele defects and in 
serving as a guide to the appropriate repair. By 
viewing the pelvis as three compartments: ante-
rior (bladder, urethra), middle (vagina, cervix, 
uterus), and posterior (anal canal, rectum), we are 
able to conceptualize pelvic organ prolapse in an 
organized way. However, it is important not to 
lose sight of the pathology causative of pelvic 
organ prolapse. The organ structures are bystand-
ers in the process, though often blamed as the 

Fig. 12.1 A natural increase in intraabdominal pressure 
during the sensation to defecate exacerbates the entero-
cele intrusion through the Pouch of Douglas (Reprinted 
from American Journal of Obstetrics and Gynecology, 

180(4), Cruikshank SH, Kovac SR, Randomized compari-
son of three surgical methods used at the time of vaginal 
hysterectomy to prevent posterior enterocele, 859–65., 
Copyright (1999), with permission from Elsevier)

Fig. 12.2 Small bowel 
herniating through the 
vaginal apex forming an 
apical enterocele 
(Reprinted from 
American Journal of 
Obstetrics and 
Gynecology, 179(6 Pt 1), 
Miklos JR, Kohli N, 
Lucente V, Saye WB, 
Site-specific fascial 
defects in the diagnosis 
and surgical management 
of enterocele, 1418–22, 
Copyright (1998), with 
permission from 
Elsevier)
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perpetrators. Defects in the pubocervical, endo-
pelvic, and rectovaginal fasciae are the root cause 
of organ prolapse. Study of the anterior, middle, 
and posterior compartments will reveal the spe-
cific defects present and guide repair.

In the structurally sound pelvis, the vagina is 
anchored anteriorly to the bladder by the pubo-
cervical fascia and posteriorly to the rectum by 
the rectovaginal fascia. A natural hiatus is present 
for the cervix and uterine fundus. The upper 
quarter of the vagina is suspended by the cardinal- 
uterosacral ligaments, the middle half by lateral 
attachments, and lower quarter by the urogenital 
diaphragm/perineal body fusion plane [8]. These 
levels correspond to De Lancey’s levels 1, 2, and 
3, respectively (see Chap. 3). Failure of any, or a 
combination, of these levels will cause vaginal 
vault prolapse and allow the small bowel to 
occupy the potential space between the vagina 
and rectum, producing a posterior enterocele. 
The distinct apical enterocele will occur when 
the endopelvic fascia overlying the vaginal cuff 
is disrupted and/or thinned, typically during hys-
terectomy. The small bowel is then afforded 
direct contact with the uncovered vaginal epithe-
lium and an apical enterocele occurs [6].

The sensation to defecate is likely created, or 
contributed to, by the sensation of pressure and 
stretch of the levator ani musculature. Patients 
with enterocele experience the herniated small 
intestine pressing upon the pelvic musculature 
and anterior rectal wall. This produces the misin-
terpreted urge to defecate. Subsequent straining 
at unproductive defecation increases the intraab-
dominal pressure, intensifying this sensation as 
the small intestine is pushed more strongly 
against these receptors. This leads to further 
attenuation of Denonvillier’s fascia, widening of 
the Pouch of Douglas, and deepening of the 
enterocele as symptoms continue to worsen [19]. 
A simple test is useful in identifying this process. 
Explain this process to the patient and, at the next 
occurrence, have the patient leave the toilet and 
position themselves with hips well above shoul-
ders (i.e., hips elevated on cushions). Relief of 
the sensation to defecate suggests that gravity has 
assisted the small intestine in falling out of Pouch 
of Douglas and predicts success after surgical 
repair of the enterocele.

 Presenting Symptoms

The symptoms of enterocele can be classified 
into two categories: (1) pelvic discomfort and (2) 
altered bowel function. Symptoms of pelvic dis-
comfort from an enterocele can include pelvic 
pain, pressure, a sensation of prolapse/protru-
sion, and dyspareunia. Symptoms of obstructed 
defecation are the most common symptoms of 
enterocele. Patients describe a sensation of a ball 
in the rectum, which leads them to making sev-
eral unsuccessful visits to the toilet in an attempt 
to relieve this sensation. Others will complain of 
the sensation of incomplete emptying, straining, 
infrequent bowel movements, or episodes of 
fecal incontinence. A history of chronic straining 
and constipation is often present; however, there 
is some question as to the role of enterocele in 
causing the symptoms of obstructed defecation 
and concomitant partial or complete rectal pro-
lapse may be the true cause of the symptoms. 
This highlights the need for complete pelvic 
floor evaluation prior to embarking on repair [9]. 
One study of 310 women with pelvic organ pro-
lapse found no difference in bowel function 
among those with and without enterocele [10]. 
Often, the patient will detail a history of chronic 
constipation that has been present for years, but 
has more recently become associated with addi-
tional pelvic complaints. This supports the 
notion that functional symptoms are likely due 
to multiple factors which are gradually worsen-
ing and eventually come to the clinician’s atten-
tion once they have passed an individual’s pain 
and bowel function threshold of complaint. By 
this time, multiple pathologies are likely to be 
present and the identification and correction of 
each pelvic compartment is paramount. The his-
tory must seek out the symptoms typical of 
enterocele cited above, as well as other possible 
contributing factors. Questions regarding uri-
nary incontinence, the presence of a vaginal 
bulge, difficulty evacuating bowel movements, 
and rectal prolapse should all be routine. The 
development of symptoms occurring after hys-
terectomy should alert the clinician to the possi-
bility of an apical enterocele as the causative 
agent. Lastly, patients with enterocele and asso-
ciated obstructed defecation often develop 
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symptomatic anorectal disorders such as hemor-
rhoids or fissuring and pelvic floor pathology 
may prove to be the unifying diagnosis.

 Diagnostic Evaluation

 Physical Examination

A thorough, focused pelvic exam with the intent of 
uncovering pathology in all compartments is para-
mount. The pelvic exam should evaluate the ante-
rior and posterior vaginal walls, cervix, urethra, 
rectum, anus, and perineum. This is usually 
achieved in the lithotomy position; however, sub-
sequent bimanual exam for enterocele may be bet-
ter achieved in standing position. After static exam 
is performed, the patient should be asked to strain 
and each component evaluated with attention to 
cervical descent, cystocele, perineal descent, rectal 
prolapse, rectocele, and presence of a patulous 
anus. During bimanual exam, the examiner should 
attempt to palpate bowel interposed between the 
vagina and rectum. Again, this is often better dem-
onstrated with the patient standing.

In advanced cases, enterocele with complete 
loss of fascial attachments will herniate through 
the vaginal orifice. Rarely will the diagnosis be so 
obvious. The majority of patients will have a lesser 
degree of enterocele, remaining a hidden diagnosis 
contributing to, rather than solely responsible for, 
a litany of complaints generally focused around 
pelvic discomfort, sensation of prolapse, and the 
act of defecation. Even in cases where the diagno-
sis is clearly evident, it is important to fully evalu-
ate the pelvic floor for synchronous pathology. 
This allows one to address all surgical aspects of 
pelvic floor dysfunction during a single interven-
tion, while, at the same time, increasing the prob-
ability of a successful outcome.

 Imaging

The vast majority of enteroceles are not detected 
on physical exam and require designated imaging 
to detect their presence [11]. Dynamic imaging of 
the pelvic floor is the key component to identify 
and address all aspects of pelvic floor pathology. 

Traditionally, this has been obtained with X-ray 
defecography studies. More recently, magnetic 
resonance imaging (MRI) defecography is sup-
planting classic defecography. Some suggest this 
is due less to improved images and detection, but 
more to reluctance on the part of both patient and 
radiologist to pursue classic defecography. We, 
however, believe that dynamic MRI with rectal 
contrast (MRI defecography) provides superior 
anatomic and physiologic detail of all three com-
partments in both static and functional states. The 
limitation of MRI defecography stems from the 
inability to truly document the patient’s anatomy 
during the act of defecation—as we are generally 
instructing patients to “push as if you are passing 
stool,” rather than having them defecate out con-
trast material as with a flouroscopic defecogra-
phy study.

Evacuation proctography was initially limited 
to a fluoroscopic technique. This requires the 
patient’s rectum to be filled by a thick, radi-
opaque paste via rectal tube, followed by defeca-
tion while undergoing fluoroscopic imaging 
seated on a radiolucent commode (Fig. 12.3). 
This often produces consternation on the patient’s 
part, in addition to significant radiation exposure. 
It does provide excellent images and a true physi-
ologic evaluation of defecation. It is important 
that the small bowel has also been opacified with 
oral contrast prior to imaging to enhance identifi-
cation of the small intestine.

The advent of MRI defecography allows for 
excellent images of all three compartments and 
obviates the need for additional studies if the 
bladder, uterus, or other pelvic organs require 
imaging. Patients find the procedure much more 
agreeable, as they do not need to actually defe-
cate during the process. In addition, they are 
spared exposure to ionizing radiation. MRI in the 
seated position is best suited for this exam, but it 
is not readily available at many institutions. 
Regardless, we have been very satisfied with 
images obtained with standard, supine MRI. The 
addition of an evacuation phase, rather than sim-
ple instruction to bear down, is considered 
 mandatory by some [12]. Gousse et al. compared 
physical examination, MRI, and intraoperative 
findings and found the sensitivity, specificity, and 
positive predictive value of MRI in identifying 
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enterocele to be 87%, 80%, and 91%, respec-
tively [13]. In a systematic review of dynamic 
MRI imaging for pelvic organ prolapse, Broikhuis 
et al. confirmed that dynamic MRI proves useful 
within the subset of identifying the presence of 
enteroceles as a component of pelvic floor pro-
lapse [14]. For those interested, we highly rec-
ommend an excellent review of dynamic MRI, 
available online by searching: Dynamic MR 
Imaging of the Pelvic Floor: a Pictorial Review 
[15] (Table 12.1).

Fig. 12.3 X-ray defacography. (a) Resting. The patient 
has an incidental rectocele. (b) Patient initiates bear- 
down, collapsing the rectum. (c) Enterocele forming as 

patient continues to bear-down. (d) Enterocele deepens as 
intra-abdominal pressure increases

Table 12.1 Grading of enterocele as visualized by evac-
uation proctography

Grade

1. Enterocele descending to the upper one third of the 
vagina

2. Enterocele descending to the middle one third of the 
vagina

3. Enterocele descending to the lower one third of the 
vagina

Reproduced from Oom DM, Gosselink MP, Schouten 
WR. Enterocele—diagnosis and treatment. Gastroenterol 
Clin Biol. 2009 Feb;33(2):135–7. Copyright © 2009 
Elsevier Masson SAS. All rights reserved
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 Additional Studies

Obtaining a history consistent with enterocele, a 
confirmatory physical exam and appropriate 
dynamic imaging of the pelvis allow us to  correctly 
identify all components of a given patient’s pelvic 
floor pathology, leading to selection of appropriate 
interventions. On occasion, certain adjunctive 
studies are indicated. First and foremost, colonos-
copy should be performed to evaluate for signifi-
cant redundancy of the sigmoid colon or “kinking” 
of the rectosigmoid junction, which would alter 
the choice of surgery to include resection of this 
segment of bowel. Moreover, other possible causes 
of the patient’s symptoms, such as tumor, stricture, 
and solitary rectal ulcer, must be ruled out.

In the patient with complaints of constipation, 
functional studies of the bowel are also indicated. 
In our practice, we routinely order a SITZMARKS® 
study (Fig. 12.4) to distinguish whether the cause 
of constipation is due to colonic inertia or 
obstructed defecation. A capsule is ingested by 
the patient, which dissolves in the upper GI tract 
releasing 24 radiopaque rings. The patient then 
returns for serial abdominal X-rays on certain 
days over the following week—we typically 
obtain films on post-ingestion days three, five and 
seven. This allows for determination of overall 
colorectal function and aids in determining if con-
stipation is due to colonic motility (i.e., colonic 
inertia) or defecatory dysfunction (i.e., obstructed 
defecation). If greater than 80% of the rings have 
been evacuated in the one-week evaluation period, 
the test is considered normal. If the test is abnor-
mal (i.e., five or more markers remain), then we 
focus on where the markers are located. If all have 
advanced to and clustered in the rectum, this sug-

gests that the patient’s colonic motility is normal 
and the constipation is due to obstructed defeca-
tion of either functional or anatomic nature (such 
as rectal prolapse, enterocele, rectocele, descend-
ing perineum syndrome, and paradoxical puborec-
talis contraction/anismus). If the remaining 
markers are scattered throughout the colon or 
have not reached the rectum, then this represents 
colonic inertia and the pathology lies in the motil-
ity of the colon and not in a functional/anatomic 
issue with defecation.

Patients with anismus (a.k.a. paradoxical 
puborectalis contraction) experience dysynergis-
tic contraction of pelvic floor musculature. The 
puborectalis muscle forms a sling around the rec-
tum with both ends of the muscle anchored ante-
riorly at the pubis. The muscle is usually 
contracted, creating a kink (anorectal angle) in the 
rectum which helps maintain continence. During 
normal defecation, the puborectalis muscle should 
relax, allowing for straightening of the anorectal 
angle and passage of stool. Patients who experi-
ence paradoxical puborectalis contraction/anis-
mus exhibit a further tightening of this muscle 
during attempts to defecate. This leads to 
increased “kinking” of the anorectal angle and an 
inability to pass stool. We have been satisfied with 
the ability of dynamic pelvic MRI (MRI defecog-
raphy) in revealing the non- coordinated muscular 
activity present in these patients. However, some 
clinicians will directly measure the anorectal 
pressures present during defecation by obtaining 
dedicated anorectal manometry studies on any 
patient with suspected obstructed defecation. 
Lastly, a urologic workup should be considered 
for all patients in order to diagnose occult urinary 
stress incontinence or other disorder, which may 
worsen if not addressed at the time of enterocele 
or vaginal prolapse repair.

 Robotic-Assisted Enterocele Repair

Multiple options exist for the treatment of entero-
cele. Both transvaginal and transabdominal sur-
gical approaches are available, but for the 
purposes of this textbook, we will focus on our 
preferred approach (robotic-assisted transabdom-
inal) followed by an evaluation of outcomes. The 

Fig. 12.4 Sitzmarker study interpretation. (a) Normal 
colonic motility with <5 residual Sitzmarkers at 1 week. 
(b) Residual Sitzmarkers throughout the colon due to 
colonic inertia. (c) Residual Sitzmarkers are concentrated 
in the rectum due to obstructed defecation
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transvaginal approach is not within the scope of 
this chapter and it appears inferior to abdominal 
repair (see section “Outcomes”). The key to pre-
venting an apical enterocele is in preventing its 
formation—we encourage specific attention to 
prophylactic cul-de-sac obliteration and vaginal 
support performed at the time of hysterectomy.

 Pre-operative Considerations

We prepare all patients as for bowel surgery, even 
in cases when we do not anticipate a concomitant 
bowel resection. This includes giving both 
mechanical and antibiotic bowel preparation the 
evening before surgery. This includes a mechani-
cal bowel preparation with either an osmotic and/
or stimulant laxative. Please note that sodium 
phosphate preparations should not be used in 
patients with decreased renal function, hypercal-
cemia, or those on ACE inhibitors due to possibil-
ity of irreversible renal failure secondary to 
phosphate deposition. These patients should be 
given an osmotic-only PEG (polyethylene glycol) 
solutions. In addition to mechanical bowel prepa-
ration, we also perform antibiotic preparation with 
modified Nichols and Condon protocol the night 
prior to surgery of 1 g oral neomycin at 2:00 pm, 
3:00 pm, and 10:00 pm and 500 mg metronidazole 
at 3:00 pm and 10:00 pm. This not only ensures 
proper practice if a bowel resection is required, but 
also reduces the weight of the colon and provides 
easier, less traumatic handling. In addition, all 
patients receive an appropriate pre-operative anti-
biotic, sequential compression devices and throm-
boprophylaxis in the pre-operative area. 
Pre-operative glucose levels are checked and 
addressed prior to surgery and normothermia is 
ensured prior to, and throughout, the case. An oro-
gastric tube is placed and the urinary catheter 
should be prepped into the surgical field.

 Positioning/Exposure

As enterocele repair chiefly involves suturing, 
patients should be positioned according to the 
primary procedure being performed (i.e., sig-

moidectomy, rectopexy, sacrocolpopexy, etc.). 
For repair of an isolated enterocele defect, we 
recommend lithotomy positioning with a mini-
mal amount of Trendelenburg and the patient’s 
left side up, which allows gravity to displace the 
small intestine out of the pelvis. Proper exposure 
requires retraction of the uterus, when present, 
anteriorly. This can be easily achieved with the 
use of a fan retractor, transvaginal EEA sizer, or 
by introducing a Keith needle and temporarily 
tacking the uterus to the anterior abdominal wall.

 Docking/Port Placement/Equipment

The bedside cart is docked along the patient’s left 
side, either with right angle “side-docking” or 
oblique docking at the patient’s left hip. Side- 
docking has the benefit of affording easy access 
to the perineum during the course of the case.

Port placement is dependent on the platform 
being employed (da Vinci Si versus Xi). Again, 
one should place ports based on the primary pro-
cedure being performed. For an isolated entero-
cele repair, the ports can be limited to a camera 
port at the umbilicus and two working ports 6 cm 
to either side. The final arm does not need to be 
docked. An assistant port should also be placed 
for suctioning, suture passing, and anterior retrac-
tion of the uterus (Fig. 12.5).

We preferentially utilize the monopolar shears 
and either ProGrasp or Cadiere forceps for 

Fig. 12.5 Optimal port placement using the da Vinci Si/
Xi platform
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manipulating tissue. Our suture of choice is 2-0 
Ethibond for both its strength and superior han-
dling qualities/ease of intra-corporeal suturing.

 Surgical Technique
 1. After positioning the patient, the small bowel 

is placed into the upper abdomen providing 
exposure of the rectosigmoid colon, sacral 
promontory, uterus, vagina, and bladder. Key 
landmarks are identified, including the ureters 
and pelvic vasculature. If present, adhesive 
bands are taken down to achieve adequate 
working space/visualization.

 2. Any simultaneous procedure is performed per 
standard robotic/laparoscopic technique. In 
all instances, the enterocele repair is per-
formed after completion of the concomitant 
procedure. For instance, in conjunction with a 
sigmoid resection and rectopexy, the dissec-
tion, resection, anastomosis, and rectopexy 
are all performed prior to repairing the entero-
cele defect. Likewise, the enterocele defect is 
closed as the final step in a combined sacro-
colpopexy/enterocele repair.

 3. Once the primary procedure has been com-
pleted, an end-to-end anastomosis (EEA) sizer 
is placed into the vagina to assist with traction 
and reveal the extent of the enterocele defect. 
If present, the uterus is reflected towards the 
anterior abdominal wall, while the rectosig-
moid junction is gently retracted cephalad.

 4. The deepest portion of the enterocele is then 
grasped and multiple, concentric purse-string 
sutures of 2-0 Ethibond (Ethibond Excell poly-
ester suture) are used at the peritoneal level. 
Between three and five layers are often needed 
to completely obliterate the sac. Caution must 
be paid to avoid damage to the rectum and ure-
ters. The closure must be complete, as any gap 
(“air knots”) in tying down the suture will risk 
internal herniation of small bowel into the 
remaining defect [16] (Fig. 12.6).

 5. A Halban culdoplasty can be used to buttress 
this repair after hysterectomy. Additional 
sutures are placed in a posterior/anterior direc-
tion to incorporate the native peritoneum pos-
teriorly, outermost layer of the rectum, vaginal 
cuff and, finally, the peritoneum of the entero-
cele repair anteriorly [16] (Fig. 12.7).

Notes:
• When a sacrocolpopexy has been performed, 

it is critical to completely cover any exposed 
mesh with peritoneum. Closing peritoneum 
over the mesh after completion of sacrocolpo-
pexy will go a long way in obliterating the 
enterocele defect. The remaining defect can 
then be obliterated (see step 2 above).

Fig. 12.6 A purse-string suture is placed at the enterocele 
cul-de-sac [Reprinted from Urology, 56(6 Suppl 1), 
Winters JC, Cespedes RD, Vanlangendonck R., 
Abdominal sacral colpopexy and abdominal enterocele 
repair in the management of vaginal vault prolapse, 
55–63, Copyright (2000), with permission from Elsevier]

Fig. 12.7 Stitches in the anterior/posterior direction are 
used to incorporate pelvic structures and buttress the 
repair [Reprinted from Urology, 56(6 Suppl 1), Winters 
JC, Cespedes RD, Vanlangendonck R., Abdominal sacral 
colpopexy and abdominal enterocele repair in the man-
agement of vaginal vault prolapse, 55–63, Copyright 
(2000), with permission from Elsevier]
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• In the case of an isolated apical vaginal defect 
subsequent to hysterectomy, site-specific 
defect repair is indicated. Several techniques 
have been described and an excellent review is 
provided by James Carter [8]. The key is the 
obliteration of the defect by systematically 
recreating the pericervical ring at the vaginal 
apex. This is achieved by identifying the 
uterosacral ligaments, which are buttressed in 
an anterior/posterior orientation, followed by 
obliterating the remaining apical defect as the 
pubocervical and rectovaginal fascial edges 
are brought together to recreate coverage of 
the vaginal apex (this often requires mesh 
implantation due to tissue attenuation).

Closure
All trocar sites of 10 mm or larger are closed with 
0-Vicryl at the fascial level, and if an extraction 
site was employed (i.e., for simultaneous bowel 
resection), the fascia is closed with #1-PDS. Skin 
can be approximated with a subcuticular closure; 
however, in cases with a concomitant bowel 
resection, we generally use skin staples.

 Outcomes

Surgery for enterocele repair should have three 
aims: (1) objective repair of the defect, (2) relief 
of symptoms, and (3) durability. Eradication of 
the defect is best studied by pre- and post- 
operative imaging studies. Determining the cor-
responding resolution of symptoms proves more 
difficult due to the subjective nature and diffi-
culty in assessing/attributing patient outcomes to 
a given portion of, an often, multi-component 
surgery. Finally, the durability of any given repair 
requires longer term study, which will aid in 
directing us towards native tissue techniques ver-
sus mesh reinforcement as more data becomes 
available.

Objective evidence of the successful eradica-
tion of an enterocele defect is illustrated through 
a comparison of pre-operative and post-operative 
defecography studies in patients. Oom et al. 
revealed that 90% of enteroceles were success-

fully treated by the abdominal approach; how-
ever, 25% of patients experienced recurrence of 
pelvic discomfort and 75% noted persistent 
obstructed defecation [2, 17]. These findings are 
echoed by several groups [3, 17].

A second method of assessing the success of 
an enterocele repair is through comparison of 
pre-operative and post-operative symptoms of 
pelvic pressure, abdominal pain, obstructed def-
ecation, and fecal/urinary incontinence. Jean 
et al. evaluated these metrics in 62 consecutive 
women undergoing enterocele repair by a single 
surgeon. Pelvic pressure was less frequent after 
abdominal colporectosacropexy than prior to 
surgery (p < 0.01), with complete resolution in 
41/56 patients and improvement in 10/56 
patients at 27 ± 13 months after surgery. 
Importantly, there were no significant differ-
ences found in symptoms of obstructed defeca-
tion, lower abdominal pain, or fecal or urinary 
incontinence after surgery [17]. These findings 
are also supported by Takahashi et al. who found 
that the characteristic symptoms of difficulty 
emptying (61 patients), post-evacuation dis-
comfort (54 patients), and pelvic pain (28 
patients) were improved or resolved after sur-
gery. Eleven patients (10 females) underwent 
enterocele repair. Three of the 11 patients 
reported complete resolution of pelvic pain. The 
remaining eight patients experienced reduced 
symptoms, mainly resolution of pelvic heavi-
ness, but still had difficulty emptying or post-
evacuation discomfort. This study supports the 
notion that the common symptoms of pelvic 
pain or heaviness respond better to enterocele 
repair than do either post-evacuation discomfort 
or difficulty in defecation; they conclude that 
selected patients with pelvic pain rather than 
obstructed defecatory symptoms might benefit 
more from surgical repair.

An important distinction should be made in 
regard to obstructed defecation in the presence of 
sigmoidocele. Although less common than 
enterocele, sigmoidoceles are not rare and these 
patients have shown significant improvement of 
constipation symptoms after surgical repair of 
the support defects [18].
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Stephen Cruikshank et al. evaluated three 
methods of prophylactic enterocele repair at the 
time of vaginal hysterectomy [19]. One hundred 
consecutive women undergoing vaginal hysterec-
tomy were randomly assigned to a vaginal 
Moschcowitz repair, an abdominal McCall-type 
repair with culdoplasty/plication of uterosacral 
and cardinal ligaments/elevation of vaginal apex 
and, finally, a peritoneal-only closure of the pouch 
of Douglas. The patients were evaluated at six-
weeks, three-months, and annually for three years. 
The first prolapses were detected at one year (11 
with stage 1 or 2) and this increased to 16 at 
two years. The McCall-type procedure proved 
statistically superior at three years (p = 0.004), 
with only two of 32 patients developing recur-
rence. The other two procedures carried failure 
rates of 30% (10 of 33) with vaginal Moschcowitz-
type repair and 39% (13 of 33) with peritoneal 
closure only. This study underscores the impor-
tance of including fascial repair and re-establish-
ing the fascial support structures in order to 
produce a lasting result. This follows suit with 
other studies evaluating vaginal versus abdominal 
approaches to pelvic organ prolapse. A random-
ized study of 80 women (vaginal 42, abdominal 
38) with follow-up ranging from one to 5.5 years 
(mean 2.5 years) was performed by Benson, et al. 
The groups were similar in age, weight, parity, 
and estrogen status, and history of previous pelvic 
surgery (56%). Surgical success was present in 
58% of abdominal approaches versus 29% of vag-
inal approaches. No significant difference existed 
in morbidity, complications, hemoglobin change, 
dyspareunia, pain, or hospital stay [20].

 Conclusions

Successful treatment of symptomatic enterocele 
demands a thorough workup to identify any con-
tributing pelvic pathology and an interdisciplin-
ary team approach in the selection and 
performance of the appropriate procedure. As evi-
denced above, patient selection is also key and a 
frank discussion must occur with each patient 
regarding their specific set of symptoms and 
whether and to what extent surgery can be 

expected to rectify them. This may be one area of 
surgery that goes against the age-old adage of “if 
you operate for pain, you (the surgeon) get pain,” 
as it appears that pelvic discomfort and pressure 
complaints fare better than resolution of obstruc-
tive defecation. Having decided to embark on 
repair, we feel strongly that an abdominal 
approach, with both suspension and closure com-
ponents, best achieves a durable repair of the 
enterocele defect. We have migrated to perform-
ing this with the da Vinci robot and find several 
advantages. A single center randomized trial 
found no difference in operative time, length of 
hospital stay, or technical success (based on post- 
operative MRI) between laparoscopic and robotic 
ventral rectopexy [21]. We have completely tran-
sitioned from the laparoscopic to a robotic 
approach in our practice. We have found that the 
technical advantages achieved with wristed instru-
ments, 3D visualization, and improved ergonom-
ics greatly simplify pelvic surgery. These 
attributes combine to make working and suturing 
in the deep pelvis more precise and enjoyable. By 
erasing the difficulties of working in the deep pel-
vis, particularly caudal to the sacral promontory, 
that are encountered when using straight-line lap-
aroscopic instrumentation, the robotic approach is 
extremely well-suited for enterocele and pelvic 
floor surgery and we strongly encourage its use.
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 Introduction

The etiology and incidence of urogenital tract 
fistulas varies geographically. In developing 
countries, urogenital fistulas are a common 
complication of obstructed labor during child-
birth [1]. In the United States and other devel-
oped countries, these fistulas are uncommon 
and are most often sequelae of gynecologic sur-
gery, and less often as a result of radiation ther-
apy or obstetric injury [2]. Vesicovaginal fistulas 
(VVF) are the most common type of urogenital 
fistula, with approximately 5,000 repairs for this 
condition performed annually in the United 
States [3].

Successful VVF repair is dependent on the 
health of the surrounding tissues and surgical 
technique. As such, the optimal method of repair 
continues to be debated. Traditionally, repair 
techniques have been via either a transvaginal or 

an abdominal approach. The transvaginal 
approach is associated with a faster recovery and 
decreased morbidity, while the abdominal 
approach allows for easier access to proximal fis-
tulas and affords the opportunity to provide sec-
ondary coverage with an omental or peritoneal 
flap. Over the past 20 years, minimally invasive 
laparoscopic techniques have been developed 
and utilized in an effort to replicate the advan-
tages of an abdominal approach while minimiz-
ing morbidly and recovery time.

Laparoscopic dissection and intracorporeal 
suturing are technically challenging. By provid-
ing the advantage of improved instrument dexter-
ity, range of motion, motion scaling, and 
three-dimensional magnified imaging, robotic 
assistance has helped overcome these difficulties 
and decreased the learning curve for this proce-
dure [4].

This chapter focuses on techniques and issues 
surrounding robot-assisted laparoscopic surgical 
repair of VVF. Literature regarding optimum 
patient selection, post-surgical follow-up, and 
outcomes will be discussed. An overview of sur-
gical techniques will also be presented.

 Patient Selection

Prior to selecting a candidate for robotic VVF 
repair, it is important to consider if surgical repair 
can be done via a transvaginal approach. As a 
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natural orifice, transvaginal approach to VVF 
repair remains the most minimally invasive form 
of repair. The procedure can be performed in an 
outpatient setting with minimal morbidity and 
blood loss. Multiple layers of closure can be per-
formed with or without flap coverage. Both a 
peritoneal and Martius flap can be used during 
transvaginal repair. Efficacy of transvaginal VVF 
repair is upwards of 90% [5]. Sexual function and 
continence rates appear to be similar following 
either transvaginal or abdominal approach [6].

Most pelvic surgeons are trained in vaginal 
approaches to vesicovaginal fistula repair. When 
discussing the role of robotic approaches, one 
may hear a reconstructive surgeon say “all vesi-
covaginal fistulae can be repaired vaginally. 
There is no role for the robot here.” Although in 
many cases this is true, there are certain circum-
stances where robotic technology changes an 
operation from a trainee-dependent struggle for 
exposure to an artistic, secure repair, performed 
in the same amount of time with comparable 
morbidity.

The decision to perform a robotic VVF pri-
marily depends on the location of the fistula tract 
as well as the mobility of the vaginal apex, often 
a function of parity. A more distal VVF might 
best be addressed vaginally. However, in the case 
of a VVF that occurs at the time of hysterectomy, 
the fistula is usually located at the vaginal cuff, 
the most proximal aspect of the vagina. In a 
woman with a high apex (such as a woman who 
has not given birth vaginally), vaginal exposure 
can be difficult and require the aid of one or more 
assistant surgeons. Robotic assistance can be 
quite useful here.

There are other instances when a vaginal sur-
geon may choose an abdominal approach to fis-
tula repair, regardless of robotic technology. An 
abdominal approach may be favored in cases of a 
fistula located in close proximity (<1 cm dis-
tance) to the ureter. An abdominal approach 
should be considered when there is diminished 
vaginal access, which can be seen following radi-
ationassociated vaginal narrowing. Another is the 
rare fistula that involves a tract from the bladder 
to the uterus or, after supracervical hysterectomy, 
the cervical os. And lastly, an abdominal approach 

is preferred for the combined surgical manage-
ment of a ureteral injury and a VVF. Any time, if 
such an abdominal approach is planned and the 
patient is a candidate for laparoscopy, robotic 
assistance may be considered.

 Timing of Repair

In addition to surgical approach, there is debate 
regarding the optimal timing of VVF repair. With 
two to three weeks of catheter drainage alone, 
spontaneous closure of VVF can occur in approx-
imately 7% of cases [7]. This is especially true in 
cases of small fistulas with catheter drainage ini-
tiated prior to tissue epithelialization. If sponta-
neous closure does not occur, formal repair is 
required. Traditionally, timing of fistula repair 
depends on the readiness of the surrounding tis-
sue. Favorable tissue conditions include good 
vascularity, absence of infection, and reduced 
inflammation. Most inflammatory granulation 
tissue will dissipate after six to 12 weeks after 
gynecologic surgery.

In the robotic VVF literature, four series 
reported have specified timing of repair [8–11]. In 
each of these cases, a minimum of three months 
elapsed prior to repair. The main advantage of 
expedient VVF repair is minimizing patient dis-
tress and concern due to continuous incontinence 
[12, 13]. While data regarding outcomes follow-
ing early robotic-assisted VVF repair is lacking, 
several reports of laparoscopic repairs have illus-
trated good outcomes following more immediate 
closure. A series of 16 patients with VVF follow-
ing abdominal hysterectomy underwent laparo-
scopic repair at ten to 28 days following inciting 
event without a trial of conservative management. 
In this group, the average fistula size was 2 cm at 
presentation. Outcomes were confirmed by cysto-
gram and no recurrences were reported with fol-
low-up for an average of nearly 6 months [14]. A 
second series of 13 patients undergoing early 
laparoscopic repair at two to four weeks found 
only one failure at an average of 21 months of 
follow-up [15]. Although experience with early 
robotic-assisted repair has not been published, 
based on successful outcomes from previous 
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 literature describing laparoscopic repairs, early 
robotic repairs should be feasible if the surround-
ing tissue is healthy. Until more data is established 
in the literature, we consider six weeks to be the 
minimum time period to wait before repair. One 
must not be pressured by surgeons involved in the 
initial surgery (that caused the injury), who wish 
for immediate problem resolution, to operate 
sooner than is optimal for the patient.

A final consideration prior to planning robotic 
VVF repair is the nature of previous repair 
attempts. Robotic VVF repair has been success-
fully done following prior transabdominal and 
transvaginal repairs with success reported at 12 
months follow-up [10]. Results of outcomes 
between open and robotic in repair of recurrent 
supratrigonal VVF have been compared in one 
study. Patients undergoing robotic repair had less 
operative blood loss and shorter hospital stay 
with equal success rates [16]. Unavailability of 
omentum, due to adhesions or use in prior repair, 
may necessitate the use of alternative tissue inter-
positioning with peritoneal or colonic epiploica 
flaps. We have also used cadaveric dermis as 
interposition tissue with good success. Following 
previous abdominal repairs, adhesiolysis with 
laparoscopic scissors may be required to allow 
for placement of additional ports.

 Pre-operative Work-up

Evaluation for a urogenital fistula begins with a 
history and physical. Fistulas between the urinary 
tract and vagina typically result in painless uri-
nary leakage. Continuous urine leakage is seen 
with vesicovaginal fistulas. Intermittent, posi-
tional leakage is more characteristic of a uretero-
vaginal fistula. Other causes of vaginal drainage 
after gynecological surgery as well as overflow 
urinary incontinence should be excluded. Though 
normally of a thicker consistentcy, watery dis-
charge can occur from the cervix or the vagina. 
Transient drainage of a seroma can also produce 
vaginal leakage

On speculum exam, a recent fistula may 
appear as an area of granulation tissue. For small 

or proximally located fistulas, examination under 
anesthesia or a dye test may be necessary for 
visualization. A cystoscopy should be performed 
in all patients to assess for other bladder injuries, 
surgical sutures or clips and to determine the 
number of intravesical fistula orifices. A conven-
tional or computed tomography (CT) cystogram 
with at least 300 milliliters of contrast can facili-
tate detection and localization as well.

As approximately 12% of patients with a vesi-
covaginal fistula will have a concomitant uretero-
vaginal fistula or ureteral injury, it is important to 
evaluate for upper tract injury with either CT uro-
gram or retrograde pyelogram [17].

 Operative Technique 
and Considerations

There are important operative considerations and 
techniques for successful robotic VVF repair. 
Prior to repair, it is important to consider antibi-
otic coverage as well as identification of the fis-
tula tract and ureters. Technical aspects unique to 
robotic surgery include the induction of pneumo-
peritoneum, port placement, and fistula dissec-
tion. Closure technique is also critical. The use of 
tissue interposition during robotic VVF repair, 
though not always needed, is a good option in 
certain cases.

 Antibiotic Prophylaxis
Prior to repair, patients should be tested and 
treated for the presence of bacteruria. While 
infection prophylaxis is important for outcomes, 
there is a lack of strong evidence regarding the 
duration of prophylaxis [17]. A survey of sur-
geons performing VVF repair found that 30% 
use a single dose of antibiotics, 15% use for 
24 h, and 45% use for more than 24 h [18]. Our 
preference is to give coverage with parenteral 
antibiotics starting just prior to the procedure. A 
first- or second-generation cephalosporin is usu-
ally given orally for the first five days after sur-
gery [19]. Oral antibiotic prophylaxis is 
continued until all catheters and drains are 
removed.
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 Cystoscopy and Ureteral 
Catheterization
During the initial portion of the procedure, the 
patient should be placed in low lithotomy posi-
tion to facilitate cystoscopy and vaginal exam. If 
feasible, the fistula should be identified and cath-
eterized on vaginal exam to allow for later cysto-
scopic and intra-operative localization. 
Alternatively, a ureteric catheter can be placed 
cystoscopically through the fistula and retrieved 
through the vaginal introitus. Placement of a fis-
tula catheter (such as a Foley catheter or a Fogarty 
catheter if the fistula is small) can be helpful for 
subsequent laparoscopic localization. In cases of 
large fistula, a catheter can be placed transvagi-
nally into the bladder and the balloon inflated to 
allow bladder distention for cystoscopy. Ureteral 
localization and protection should be done by 
placing retrograde ureteral catheters or double J 
stents over a guided wire. In cases where the fis-
tula is too close to the ureteral opening to allow 
for retrograde placement, robotic-assisted bilat-
eral ureteral catheterization has been done. 
However, such a close proximity to the ureteral 
orifice (<1 cm) more likely warrants a concomi-
tant reimplant. Following cystoscopy, a 20–22 Fr 
urethral catheter should be placed as well to 
allow for intra-operative bladder filling. 
Suprapubic catheters can also be placed intra- 
operatively for post-operative management, 
but we usually manage patients with just a large 
urethral catheter (in addition to a peritoneal 
drain).

 Pneumoperitoneum
While in lithotomy position, the robot should be 
docked with the patient in the steep Trendelenberg 
position. The robot is placed between the patient’s 
legs; thus, these should be positioned with maxi-
mum separation to facilitate robot docking and 
manipulation of the vaginal apex by the assistant 
during the procedure. Pneumoperitoneum is 
induced using the Veress needle technique at the 
level of the umbilicus, where the optical trocar is 
positioned (as in a robotic sacrocolpopexy). 
Maintenance of pneumoperitoneum can be 
achieved with traction on the urethral catheter 
and a petroleum jelly-soaked sponge in the 

vagina. Alternatively, an occlusion balloon 
placed over an end-to-end anastomotic (EEA) 
sizer can be used to allow for position mainte-
nance and manipulation of the vaginal apex while 
preserving pneumoperitoneum [20]. We have 
also placed a bulb syringe vaginally to occlude 
the vagina during cuff closure.

 Port Placement
Port placement is similar to that in a sacrocolpo-
pexy. Once the abdomen is insufflated, the upper 
margin of the pubic bone and the anterior supe-
rior iliac spines are identified and marked. A 
12 mm camera port is placed in the midline 
approximately 21 cm from the upper margin of 
the pubic bone (arm 2 = camera arm). Our prefer-
ence is to use a direct-vision placement technique 
to introduce the initial 12 mm trocar. The 8 mm 
robotic camera (for SI and recent models) is 
placed through the obturator of a 12 mm clear- 
tipped trocar, and the trocar is twisted to visualize 
peritoneal entry. Older models of the robot (such 
as the S) necessitate the use of a smaller camera 
(such as a cystosopic lens) to allow for direct 
vision through the camera port. The remaining 
trocars are placed under vision as well. Two 
8-mm robotic arm ports (arms 1 and 3) are placed 
lateral to the rectus muscle bilaterally, located 
17 cm from the pubic bone. These ports are 
placed at least 10 cm from the midline port, to 
prevent outside robotic arm collision. A robotic 
fourth arm port is placed on the left, just superior 
to the anterior iliac spine. An assistant port, rang-
ing from 8 mm to 12 mm is placed just superior 
to the right anterior iliac spine. The fourth arm 
port and also the assistant port are also placed 
10 cm from robotic arms 1 and 3, again to prevent 
collision.

 Initial Dissection
Initial dissection is performed using a combina-
tion of blunt and sharp dissection with Maryland 
fenestrated bipolar forceps and monopolar curved 
scissors, respectively (Fig. 13.1). A fenestrated 
bipolar may actually grasp the tissue better than 
the Maryland, especially when there is significant 
adherence of the vagina to the bladder. The ante-
rior surface of the vagina and the superior aspect 
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of the bladder should be exposed. Intestinal con-
tents are packed superiorly either by the assistant 
with a laparoscopic retractor or by the surgeon 
using the fourth robotic arm. Often the steep 
Trendelenburg obviates the need for additional 
retraction of the intestines. The dissection is 
extended until the rectovaginal pouch is com-
pletely free of any tissue content.

 Fistula Localization: Transvesical vs. 
Extravesical Technique
Following initial dissection, the next step involves 
fistula localization and excision (Fig. 13.2). Two 
techniques have been described in the literature. 
The traditional transperitoneal approach to VVF 
repair was popularized by O’Conor and involves 
a transvesical approach. This technique requires 
bivalving the bladder to localize the fistula [21]. 
The advantage of the transvesical O’Conor dis-
section is the ability to identify the fistula tract 
and completely dissect it free. Liberal cystos-
tomy can also help identify the ureteric orifices. 
The transvesical approach was performed via 
laparotomy until the first laparoscopic case was 
published in 1994 [22].

However, improved visualization and angled 
camera offered by the robotic approach has 
opened up debate as to whether a large opening 
of the bladder is necessary at all. Long posterior 
vesical incisions may compromise bladder func-
tion and capacity and increase operative time and 
blood loss. Laparoscopic and robotic VVF repair 

with extravesical approaches have been per-
formed with good success. Pooled data from 
laparoscopic and robotic repairs indicate nearly 
equal representation in the literature of both the 
transvesical and extravesical approaches, and 
that both techniques have similar success rates 
[23]. Three cases of robotic extravesical repair 
have been reported with recurrence-free results 
in each [8, 24, 25].

Numerous methods have been described to 
identify the fistula location in order to perform 
VVF repair without bivalving the bladder. 
Transvaginal manipulation of the previously 
placed fistula catheter can facilitate extravesical 
fistula localization. Transillumination, via cys-
toscopy or vaginoscopy, has also been reported. 
In one series, the authors described the use of 
concomitant cystoscopy to aid with develop-
ing the vesicovaginal plane and localizing the 
fistula tract [26]. Other authors have described 
the use of vaginal transillumination via vaginos-
copy to facilitate dissection and localization of 
the fistula [27]. Focusing the light of the cysto-
scope or vaginoscope on the fistula while switch-
ing off the robotic camera light allows for 
improved intra-abdominal visualization and 
localization.

The robotic approach to fistula repair provides 
exceptional magnification, making identification 
of the fistula much easier than a vaginal approach. 
Since more fistulas occur at the time of hysterec-
tomy and involve the vaginal cuff, we take the 

Fig. 13.1 Initial dissection with monopolar scissors. 
Fenestrated grasper used for tissues handling and 
retraction

Fig. 13.2 Fistula localization using previously placed fis-
tula catheter (yellow) can help minimize cystotomy
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same approach to fistula repair as we do a colpo-
pexy and separate the bladder from the anterior 
vaginal wall. The area that is most adherent is 
usually the fistula tract. Once it is identified and 
opened and fluid is seen, it is the urethral cathe-
ter. Then the critical component of the dissection 
is further separating the bladder and vagina distal 
to the fistula tract, so that the bladder and vagina 
are no longer adherent.

No randomized or comparative trials exist to 
compare the results of transvesical and extravesi-
cal approach to laparoscopic or robotic VVF 
repair. It is likely that adherence to the proper 
techniques of fistula surgery is likely more impor-
tant than the approach. Regardless of technique, 
it is important to have clear and wide exposure of 
the fistula tract to allow for closure of the fistula 
edges (and, based on surgeon preference, exci-
sion of the fistula tract), while preserving both 
ureteric orifices.

 Fistula Excision and Bladder 
Mobilization
Once the fistula tract is identified and the poste-
rior wall of the bladder is dissected off the ante-
rior vaginal wall, the fistula tract can excised 
using monopolar scissors. The excised portion is 
sent for pathological examination. Bladder mobi-
lization allows for a tension-free closure. Blunt 
and wide dissection should be limited to avoid 
injury to the trigone and ureteral orifices. 
Bleeding in the region of the fistula is best con-
trolled with bipolar cautery in order to minimize 
excessive tissue necrosis from monopolar energy.

 Bladder Closure and Conclusion
The bladder should be closed in vertical fashion 
to minimize the contact between the planned hor-
izontally closed vaginal suture line. The bladder 
is closed in two layers using absorbable suture 
(2-0 Vicryl). Following bladder closure, the 
integrity of the repair should be tested. Data 
pooled from 44 studies of laparoscopic and 
robotic VVF showed that success rates were 6% 
higher in cases where a bladder fill test was per-
formed [23]. The bladder should be filled with 
180–200 mL of saline through the urethral cath-

eter to assess for the absence of extravasation. 
Any defects should be closed with interrupted, 
absorbable suture.

 Vaginal Closure
Once the bladder is closed, reapproximation of 
the vagina begins (Fig. 13.3). A horizontal clo-
sure with absorbable suture (2-0 Vicryl) in a run-
ning, locking fashion is usually used (re-creating 
a new vaginal cuff). However, if the bladder 
repair was performed horizontally, the vaginal 
closure should be vertical such that the suture 
lines do not overlap. The integrity of the vaginal 
closure can be tested by removing the vaginal 
sponge or sizer and assessing for the preservation 
of pneumoperitoneum.

 Tissue Interposition
Following vaginal closure in a non-radiated 
patient, mobilization and placement of tissue 
interposition is usually not necessary (Fig. 13.4). 
The need for flap interposition for VVF repair 
has been evaluated during time of open transab-
dominal VVF repair. Several retrospective series 
have shown success rates ranging from 63 to 
97.5% for fistulas less than 10 mm repaired with-
out interposition flaps [28, 29]. Laparoscopic 
repair of VVF without tissue interposition has 
been reported with good success, though num-
bers are limited. Two separate series of five and 
two VVFs, each less than 10 mm, repaired lapa-
roscopically without interposition showed 100% 
success at one-year follow-up [13, 30]. As noted 

Fig. 13.3 Horizontal vaginal closure with absorbable 
suture in a running locking fashion
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by Miklos et al., flap coverage is not a substitute 
for careful dissection and closure. However, 
omental or peritoneal interposition in the vesico-
vaginal space takes limited time and morbidity to 
perform and provides an additional layer to pre-
vent recurrence.

The advantage of a transperitoneal approach is 
the ability to use a vascularized pedicle for flap 
coverage between the bladder and vagina. If one 
is planning to use omentum, it is wise to suture 
the omentum to the abdominal wall (to be used 
for the later interposition) before placing the 
patient in steep Trendelenburg. Often the omen-
tum retracts entirely and is difficult to find roboti-
cally. One disadvantage of the robotic approach 
is the relative lack of flexibility when preparation 
of the omentum would be necessary. As such, 
several authors have described the use of regional 
flaps and other techniques of interposition during 
robotic VVF repair. A commonly reported tech-
nique is a peritoneal flap interposition, which 
avoids the need for omental preparation or colon 
mobilization [10, 11]. Other authors have 
described success with interposition using the 
epiploic appendices of the sigmoid colon [8, 10]. 
Fibrin glue was used as interpositioning material 
in the first reported case of robotic VVF repair 
[31]. A cadaveric amniotic graft has also been 
used for robotic-assisted VVF following 
radiation- induced damage [32].

An omental interposition can also be done 
robotically by taking the patient out of 
Trendelenberg position, but this requires undock-

ing and repeat docking. If omentum is unavail-
able or cannot be adequately mobilized, the 
epiploic appendices of the sigmoid colon or a 
peritoneal flap from a nearby location (usually 
the peritoneum overlying the bladder) can be 
used as tissue for interposition. The interposi-
tioned tissue should be fixed using absorbable 
suture on the distal and lateral vaginal walls. The 
fixation sutures should be adequately distanced 
from the suture line of the vaginal closure. 
Importantly, the graft needs to be located such 
that it prevents the suture lines from re- 
establishing the fistula tract. When interposition 
tissue is not available, as in the case of a fistula 
with surrounding inflammation or large fistula, 
we have used acellular cadaveric dermis as inter-
position tissue with good success.

Following satisfactory fistula closure, a drain 
is left in the rectovaginal pouch. At conclusion, 
the robotic and assistant trocars are removed 
under optical guidance. The fascia of the 12-mm 
trocars is closed with monofilament non- 
absorbable, number one running suture.

 Patient Follow-up, Outcomes, 
and Complications

Bladder drainage following repair is important 
for successful outcomes. Most authors have fore-
gone the use of suprapubic drainage, especially 
in cases where the bladder is not bivalved. If 
hemostasis is a concern, a suprapubic catheter 
should be placed. In the absence of injury or 
extensive peri-ureteral dissection, the ureteral 
catheters can usually be removed at the conclu-
sion of the procedure. The surgical drain can be 
removed once output has minimized. The 
reported duration of urethral catheter drainage 
following robotic VVF repair ranges from 10 to 
21 days. Most authors perform imaging with 
either retrograde cystogram or voiding cystoure-
throgram (VCUG) at the time of catheter removal.

Ten reports of robotic VVF repair in 31 
patients have been reported. Follow-up ranged 
from three to 24 months with no recurrences 
reported (Table 13.1). Reported cases of robotic 

Fig. 13.4 Tissue interposition with Alloderm sutured in 
place
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VVF have shown a mean operative time ranging 
from 141 to 305 min. The length of stay ranged 
from one to seven days with the majority of 
patients having a post-operative stay less than 
3 days. The largest systematic review of laparo-
scopic and robotic VVF repair found a 2% rate of 
conversion to laparotomy. The rates of urinary 
tract infection, wound infection, and enterotomy 
were all less than 1% [23].

 Conclusion

Robotic-assisted VVF repair is a safe and feasi-
ble option. Outcomes appear comparable to vagi-
nal, abdominal, and laparoscopic repair. In cases 
where vaginal repair is not ideal, robotic assis-
tance offers a minimally invasive technique that 
is technically feasible. Compared to traditional 
open abdominal repair, robotic repair appears to 
have decreased morbidity with shorter hospital 
length of stay.
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 Introduction

 Background

Ureteral reimplantation, also referred to as a ure-
teroneocystostomy, is the general term used to 
describe the surgical re-anastomosis of the ureter 
to the bladder and is typically performed for ure-
teral injury or inadequate drainage of the kidney 
due to a ureteral defect. It can be performed using 
an open, laparoscopic, or robotic-assisted laparo-
scopic technique.

 Embryology and Anatomy 
of the Ureter

The ureter begins to develop in utero at approxi-
mately the fourth to fifth weeks of life when the 
ureteric bud arises as an outpouching from the 
mesonephric duct. The ureteric bud grows later-

ally and fuses with the developing metanephros, 
which eventually develops into the fetal kidney. 
At this point, the ureter is patent, although no 
urine is produced by the metanephros. As the 
metanephros ascends, the ureteric bud continues 
to branch and forms the renal pelvis. The ureter 
temporarily loses its lumen, but regains its 
patency at approximately 40 days. Patency of the 
ureter is maintained when the metanephros 
begins to produce urine at nine weeks of develop-
ment [1, 2].

The mature ureter has three areas of natural 
relative narrowing: (1) the ureteropelvic junction, 
(2) crossing of the iliac vessels, and (3) the ure-
terovesical junction. The blood supply to the ure-
ter is drawn from multiple overlapping and 
redundant vessels; however, none of the tributar-
ies are named given their small size and high 
degree of variability. The proximal (upper third) 
ureter receives its blood supply from the renal 
artery. The middle third of the ureter receives its 
blood supply from branches of the common iliac 
arteries, abdominal aorta, and the gonadal arter-
ies (testicular artery in males; ovarian artery in 
females). The distal (lower third) ureter receives 
its blood supply from branches of the internal 
iliac artery, superior vesical artery, and middle 
rectal artery. In females, the ureter receives addi-
tional blood supply from the uterine artery and 
vaginal arteries. In males, the ureter receives 
additional blood supply from the inferior vesical 
artery. Each ureter is encased in a relatively thick 
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adventitial layer where these vessels form vast 
and extensive anastamotic networks. Due to this 
diffuse arterial network, devascularization of the 
ureter is rare [3, 4].

 Etiology and Diagnosis of Ureteral 
Injury

Ureteral injury is most commonly caused by lap-
aroscopic or open surgical dissection adjacent to 
the ureter using monopolar cautery. In laparo-
scopic hysterectomy, the incidence of thermal 
injury to the ureter requiring intervention is 
approximately 1–2% [5–7]. A similar injury can 
also be seen during colon and rectal surgery, pel-
vic lymphadenectomy, tubal ligation, and ther-
mal ablation of endometriosis [8–10]. Ureteral 
injury is less common with vaginal hysterectomy 
compared with open and laparoscopic hysterec-
tomy [11]. Additional iatrogenic causes of ure-
teral injury include partial or complete division, 
application of vascular clips to control bleeding 
that inadvertently ligate the ureter, and blunt dis-
section next to the ureter causing devasculariza-
tion of a ureteral segment. Non-iatrogenic causes 
of ureteral occlusion that may require ureteral 
reimplantation include malignancy (internal fill-
ing defects or mass effect from external ureteral 
compression), urolithiasis, infection, or trauma.

Identification of a subtle intraoperative ure-
teral injury can be difficult and is often missed 
during surgery. Accumulation of small areas of 
amber, clear fluid can easily be confused with 
peritoneal fluid, lymphatic fluid, or irrigant. As 
most ureteral injuries are due to thermal injury 
and do not violate the ureteral lumen, the surgeon 
cannot rely upon the presence of hematuria or 
pneumaturia to aid in the diagnosis, as in the case 
of bladder perforation.

The vast majority of operative ureteral injuries 
are identified several days after surgery. Patients 
present with signs and symptoms of ureteral 
obstruction such as flank pain, fever, chills, nau-
sea, or vomiting [12]. They may present with 
peritonitis, causing generalized abdominal pain 
and leukocytosis [13]. These postoperative symp-
toms are non-specific and can also be attributed 
to infection or abscess, bowel injury, ileus, or 

bowel obstruction and must be placed into the 
correct clinical context.

If a ureteral injury is suspected, imaging is 
recommended with a renal ultrasound, triphasic 
computed tomography (CT) urogram with intra-
venous contrast, or magnetic resonance imaging 
(MRI) with contrast. If a ureteral obstruction is 
present, the imaging study will demonstrate 
hydronephrosis of the affected side with hydro-
ureter down to the level of the lesion. If a urine 
leak is present, the CT or MRI may show a fluid 
collection or ascites. Once a ureteral injury is 
suspected, retrograde pyelogram or antegrade 
pyelogram can be used to confirm the diagnosis. 
A ureteral stent can be attempted at the time of 
retrograde pyelogram. If a ureteral injury is 
determined late (such as several months after the 
injury), a nuclear renal scan will aid in the evalu-
ation of flow and function of the kidney,

Ureteral injuries are typically categorized by 
two variables: (1) location along the ureter and (2) 
length of the defect. The location of the defect is 
classified as either proximal, middle, or distal. 
Determining the location of the lesion is crucial as 
there are different management strategies to opti-
mally treat each type of defect. The location can 
be diagnosed by performing a retrograde pyelo-
gram, antegrade pyelogram, triphasic CT urogram 
study with IV contrast, or MRI with contrast. In 
some instances, a nuclear renal scan flow phase 
can reveal a distinct transition point that can sig-
nify the point of obstruction. The length of the 
injury is much more difficult to determine. If a 
complete ureteral obstruction is present, then the 
best way to diagnose the filling defect is to per-
form simultaneous antegrade and retrograde 
pyelograms. If a partial ureteral obstruction is 
present, many times the length of the defect can 
be measured by utilizing either a retrograde 
pyelogram or an antegrade pyelogram.

 Management of a Ureteral Injury

 Immediate Management

Once a ureteral injury is identified, the primary 
goal is to preserve renal function on the affected 
side by decompressing the kidney to allow for 
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unobstructed flow of urine. This can be accom-
plished in several ways. If the injury is clearly 
identified intraoperatively, treatment options 
include (1) excision of the ureteral defect and pri-
mary anastomosis, (2) ureteral reimplantation, 
(3) cutaneous ureterostomy, or (4) ligation of the 
ureter and nephrostomy tube placement. Ureteral 
ligation and nephrostomy is reserved for unstable 
patients or in a trauma situation where other 
major injuries need to be addressed. If ureteral 
injury is suspected but not easily identified, as in 
the case of a ureteral contusion or thermal injury, 
then a ureterogram followed by antegrade or ret-
rograde ureteral stenting is a reasonable option 
(Fig. 14.1).

If there is a delay in diagnosis or intraopera-
tive management at the time of injury is unsuc-
cessful, then percutaneous nephrostomy with or 
without antegrade stenting is the treatment of 
choice in the immediate setting. Many times, the 
degree of ureteral injury is not evident at the time 
it occurs, especially in the case of thermal inju-
ries, as devitalized tissue may take several days 
to demarcate and weeks to stricture. Therefore, 

many patients are managed with nephrostomy 
drainage to allow the injury to fully mature before 
definitive treatment.

 Delayed/Definitive Management

Definitive management of ureteral injuries can be 
performed either ureteroscopically or by formal 
surgery. Ureteroscopic management is typically 
reserved for partial obstruction in a stented ure-
ter. Techniques include use of the holmium laser, 
cold knife, hot knife, and balloon dilation. 
Robotic-assisted laparoscopic surgical tech-
niques are utilized to definitively manage mature 
ureteral injuries and can be used in all settings 
traditionally managed with an open technique. 
Longer defects may require the use of a psoas 
hitch with or without a Boari flap or even ileal 
ureter interposition. The remainder of this chap-
ter will focus on a discussion of those techniques 
with step-by-step instructions on how to perform 
a robotic-assisted laparoscopic ureteral reimplan-
tation (ureteroneocystostomy).

Fig. 14.1 Retrograde pyelogram demonstrating extrava-
sation of contrast from a ureteral injury marked by white 
arrow (left panel). Combined retrograde and antegrade 

pyelogram demonstrating filling defect of the ureter 
marked by black arrow (right panel)
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 Robotic-Assisted Laparoscopic 
Ureteral Reimplantation

 Preoperative Preparation

A urine culture is typically obtained preopera-
tively as these patients are at increased risk of 
either active urinary tract infection or asymp-
tomatic bacteriuria given obstruction and pres-
ence of either a nephrostomy tube or ureteral 
stent. Culture-specific antibiotics should be 
given for at least three to five days before sur-
gery. Additionally, a bowel preparation to 
decompress the colon is often used. An example 
of a regimen would be two doses of magnesium 
citrate in the afternoon and evening before sur-
gery followed by a Fleet’s enema before bed-
time. Lastly, most ureteral injuries secondary to 
previous pelvic surgery occur in the distal third 
of the ureter; therefore, the following discussion 
will include a step-by-step approach to roboti-
cally reimplanting the ureter in a patient with a 
distal ureteral injury.

 Patient Positioning, Trocar Placement, 
and Robot Docking

The patient is positioned in dorsal lithotomy 
position using Allen stirrups on the operating 
room table with the arms adducted using sleds 
(plastic upper extremity limb holders). The 
operating room table is then placed in maximum 
Trendelenburg position. The abdomen is shaved, 
prepped, and draped in a standard sterile fash-
ion. A urinary catheter is inserted per urethra 
into the bladder and placed to gravity drain-
age. Pneumoperitoneum is obtained in a stan-
dard fashion through any variety of techniques. 
Typically, the anterior abdominal wall is ele-
vated manually, and a Veress needle is intro-
duced into the abdominal cavity in the right 
upper quadrant. Low initial pressures of 
0–5 mmHg on insufflation at approximately 2 L 
per minute confirm proper Veress needle posi-
tion. The abdomen is insufflated to approxi-
mately 15 mmHg pressure, where it should 
remain for the remainder of the laparoscopic 
portion of the procedure.

The camera trocar is placed just above the 
umbilicus. Three robotic trocars are placed: two 
are pararectus median trocars placed approxi-
mately 10 cm off the midline and 17 cm from the 
symphysis pubis bilaterally and the third is placed 
laterally, approximately two fingerbreadths off 
the anterior iliac crest, on the side opposite from 
the ureteral injury. Assistant trocars can be placed 
on the same side of the ureteral injury. All trocars 
should be placed under direct vision, if possible. 
A 30° down or 0° camera lens is ideal, depending 
on surgeon preference. The robot is now docked 
between the patient’s legs. Typically, the surgeon 
will use monopolar scissors in the right hand, any 
type of bipolar graspers in the left hand, and an 
athermal grasper in the fourth arm. Figure 14.2 
diagrams the standard trocar locations.

 Colon Mobilization and Identifying 
the Ureter

The goal of the next phase of the surgery is to 
expose the ureter and ensure that it has adequate 
length to reach the dome of the bladder in a 

Fig. 14.2 Schematic of trocar sites for a right robotic- 
assisted ureteral reimplant. Note that two robotic 8mm 
trocars are positioned on the contralateral side of the 
intended side of surgery
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tension- free fashion. All peritoneal adhesions 
blocking access to the ureter and colon should be 
taken down sharply with care to avoid bowel 
injury. The posterolateral peritoneum can be 
opened near the white line of Toldt to expose the 
ureter as it crosses the iliac vessels. To allow 
more distal exposure of the ureter, the bladder 
can be mobilized. This can be performed by 
incising the peritoneum just lateral to the medial 
umbilical ligaments and then dividing the ura-
chus. The dissection is carried down towards the 
pelvis using a combination of sharp and blunt 
dissection to peel these structures off the anterior 
abdominal wall. This will mobilize the bladder 
and allow access to the bladder pedicles. Now the 
ureter is divided proximal to the injury and the 
distal end is ligated. Ligation can be performed 
with any number of materials including absorb-
able or non-absorbable sutures (such as Vicryl or 
silk suture) or clips (metal or synthetic polymer). 
It is our preference to use the Weck® Hem-o-lok® 
Polymer Locking Ligation System. The dissec-
tion of the ureter is continued proximally until 
the ureter is mobile enough to reach the dome of 
the bladder.

 Ureteral Reimplantation

The bladder is filled with 200–300 mL of saline. 
The dome of the bladder is located and a 3–4 cm 
detrusorotomy is created, leaving the mucosa 
intact (the mucosa will bulge if this is done prop-
erly). Next, the ureter is spatulated, ensuring that 
there is healthy, non-strictured ureter present. 
Next, a 1–1.5 cm cystotomy at the end of the 
detrusorotomy is made and the corners of the 
spatulated ureter are anchored at 6’o clock and 
12’o clock using two separate 4-0 absorbable (we 
prefer Monocryl) sutures. One of the Monocryl 
sutures is run to complete half of the anastomo-
sis. Alternatively, interrupted sutures can be 
placed to complete half the anastomosis, based 
on surgeon preference. This provides sufficient 
strength to prevent tissue from tearing while 
placing a double-J stent. A double-J ureteral stent 
loaded over a wire is passed into the proximal 
ureter and renal pelvis using a standard stent 

pusher. The robotic instruments allow the wire 
and stent to be easily manipulated. The wire is 
removed, and the distal end of the double-J stent 
is placed through the cystotomy into the bladder 
using robotic graspers. The second Monocryl 
suture is now placed in a running (or interrupted) 
fashion to complete the implant. The bladder is 
filled to determine the integrity of the anastomo-
sis. If leakage is present, interrupted Monocryl 
sutures can be used to close any defects. 
Interrupted Vicryl sutures are used to close the 
detrusorotomy. A drain should be introduced 
through one of the ports and placed in a depen-
dent portion of the pelvis.

Alternatively, in patients with a thin bladder 
wall, a full thickness opening can be made in the 
bladder. The anastamotic sutures can incorporate 
full thickness bites of the bladder wall and ureter. 
If a Foley catheter is to be left in place for several 
days postoperatively, an intraperitoneal drain is 
not always necessary.

 Undocking and Closure

The robot is undocked and all trocar sites are 
closed in an appropriate fashion at the discretion 
of the surgeon. The drain is secured, and the bulb 
placed to suction. A urinary catheter is left in the 
bladder and placed to gravity drainage. If a neph-
rostomy tube is present, it can either be removed 
or capped. The patient is extubated and trans-
ferred to the recovery area.

 Psoas Hitch and Boari Flap

In some situations, dissection of the ureter alone 
will not provide adequate length to perform a 
tension-free ureteral reimplantation. When this 
situation occurs, bridging the gap between the 
ureter and bladder can be achieved by  performing 
a psoas hitch (Fig. 14.3) with or without a Boari 
flap. To perform a psoas hitch, the contralateral 
superior vesical pedicles can be ligated and 
divided to allow the dome of the bladder to move 
closer towards the ureter. The bladder is then 
tacked down to the ipsilateral psoas muscle using 
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interrupted Vicryl suture. To avoid injury to the 
genitofemoral nerve, the sutures should always 
be placed vertically, in line with the muscle 
fibers. If the gap between the bladder and ureter 
is adequately bridged, then the ureter should be 
reimplanted as previously described.

If a psoas hitch does not provide adequate 
length to bridge the gap between the ureter and 
the bladder, then a Boari flap can be used 
(Fig. 14.4a). The base of the Boari flap should be 
at least 4 cm with a distal tip that is at least 2 cm. 
The flap is then tubularized. For added support, 
the Boari flap can be fixed to the psoas muscle, 
again with fixation sutures in line with the fibers 
of the psoas muscle. The ureter is then spatulated 
and reimplanted into the Boari flap. The posterior 
half of the anastomosis is completed first, the 
bladder flap is tubularized over a ureteral stent, 
and then the anterior anastomosis is completed 
(Fig. 14.4b). The cystotomy is closed in a water- 
tight fashion in two or three layers using Vicryl 
suture (Fig. 14.4c). A urinary catheter should be 
left in place for at least seven to ten days to allow 

adequate decompression and healing of the blad-
der. Some surgeons leave a suprapubic tube in 
place to maximally decompress the bladder when 
a Boari flap is performed. Robotic Assistance in 
creation of a Boari flap has been reported to 
shorten the duration of catheterization, to lower 
blood loss, and to lower complication rates [14].

 Postoperative Management

The most important element of the postoperative 
care of the patient is to ensure adequate bladder 
drainage to prevent over-distention and risk of 
damage to the anastomosis. Gentle irrigation of 
blood clots that form in the bladder is the typical 
management of a poorly draining catheter. The 
intraperitoneal drain can typically be removed 
one to three days after surgery when output has 
decreased to less than 50–60 mL per day and 
urine in the catheter is clear. Elevation of the 
patient’s serum creatinine postoperatively can 
signify a urine leak, and the drain fluid should be 
sent for creatinine. Assuming a normal and rou-
tine postoperative course, the urinary catheter 
can be removed five to six days after surgery. The 
indwelling ureteral stent is left in place four to six 
weeks and removed endoscopically in the office 
as an outpatient procedure.

 Prevention of Ureteral Injuries

While there is no way to completely eliminate the 
risk of ureteral injury during pelvic surgery, there 
is no substitute for good surgical technique. 
Many injuries are associated with blind dissec-
tion and liberal use of monopolar electrocautery. 
Careful and meticulous dissection is the best 
method to avoid ureteral injuries. When extensive 
dissection is required in the area of the  ureter, 
identifying and marking the ureter with vessel 
loops can be helpful.

Some patients may be at higher risk of ure-
teral injury because of peritoneal adhesions or 
inflamed tissues, especially those patients who 
have had previous abdominal surgery, pelvic 
radiation, or other inflammatory bowel, bladder, 

Fig. 14.3 Illustration of a right psoas hitch. The contra-
lateral vascular bladder pedicle has been ligated, and the 
bladder is lateralized and tacked down to the right psoas 
muscle. The psoas hitch sutures are parallel to psoas mus-
cle fibers
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or gynecological conditions. A patient with an 
enlarged uterus, endometriosis, and clinically 
significant pelvic organ prolapse may also be at 
increased risk for ureteral injury [15, 16]. The 
primary surgeon may consult a urologist to 
place ureteral stents preoperatively to aid in the 
identification of the ureters intraoperatively. 
There are several stent types used (open-ended 

ureteral access catheters, double-J ureteral 
stents, lighted ureteral stents, and whistle-tip 
stents). And while use of preoperative stents 
may not reduce the risk of ureteral injury, they 
do aid in the identification of intraoperative ure-
teral injuries so that they can be repaired at the 
time of surgery [17, 18]. Whenever ureteral 
integrity is in question intraoperatively (and 

Fig. 14.4 Illustration of a right psoas hitch and Boari 
flap. A psoas hitch does not cover the ureteral defect (a). 

The flap created and tubularized (b). Completion of clo-
sure of the bladder; the ureter is reimplanted at the apex of 
the Boari flap (c)
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preoperative stents were not placed), one can 
always give IV dye (in the form of fluorescein, 
methylene blue, or indigo carmine) and visual-
ize ureteral efflux cystoscopically.

 Conclusions

Ureteral injuries are a known complication of 
pelvic surgery. Immediate management should 
focus on maintaining renal function by providing 
urinary drainage into the bladder or percutaneous 
nephrostomy. Robotic-assisted laparoscopic ure-
teral reimplantation is an excellent way to repair 
a distal ureteral defect once the ureteral injury 
has had time to mature.
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 Introduction

Urinary incontinence and pelvic organ prolapse 
are prevalent conditions that affect millions of 
women worldwide. Approximately 23.7% of 
women report at least one pelvic floor disorder 
(PFD) [1], and it has been estimated that 10% of 
women undergo surgery for urinary incontinence 
or pelvic prolapse in their lifetime [2]. However, 
with the increased awareness of PFDs, these 
numbers likely represent an underestimate.

As more attention has been placed on PFDs 
and their treatment, newer techniques have been 
introduced into the armamentarium of therapeu-
tic options. Among the newer approaches that 
have been implemented are minimally invasive 
techniques, including robotic surgery, which 
have become a mainstay of reconstructive ther-
apy. Given this evolution, it is imperative for sur-
geons to be familiar with the risks, benefits, and 
alternatives of these newer procedures. While 
robotic surgery provides many advantages, 
including increased visibility due to magnifica-
tion, ease of performance over laparoscopic sur-
gery, shorter hospital stays, and decreased 
postoperative pain and recovery time, complica-

tions related to the approach can occur. This 
chapter will focus on complications of robotic 
surgery and prevention strategies that can be 
applied to several techniques performed roboti-
cally to treat PFDs.

 Types of Complications

Though robotic surgery is considered to be a 
minimally invasive approach, complications may 
occur—some that are similar to the risks of open 
surgery and others that are unique to robotic and 
laparoscopic surgery. Laparoscopy in urologic 
surgery has a reported complication rate of up to 
13% [3] and a mortality rate of 0.2–0.97% [3, 4]. 
The rate of conversion from laparoscopy to an 
open procedure in a series of a variety of laparo-
scopic urological cases was 1.2–1.5% in two 
large single-institution series [3, 5]. Regarding 
pelvic floor reconstruction specifically, a meta- 
analysis of robotic sacrocolpopexy revealed an 
intraoperative and serious postoperative compli-
cation rate of 3% (range 0–19%) and 2% (range 
0–8%), respectively [6]. Patients should be thor-
oughly and carefully counseled on the potential 
complications that include, but are not limited to, 
hemorrhage, infection, neurovascular or visceral 
injury (that may occur outside of the field of view 
and therefore be missed), failure to progress, 
necessity to convert to an open procedure, cardio-
pulmonary events, and complications specific to 
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the robotic approach, including mechanical prob-
lems and issues related to trocar placement and 
insufflation. Failure of the surgery to progress 
can occur when there are dense adhesions or 
other anatomic or technical issues that prevent 
the surgery from advancing toward the goal.

 Minimizing the Risk 
of Complications

 Patient Selection

The main keys to minimizing complications in 
robotic surgery are careful patient selection and 
surgeon preparedness. Surgeons should antici-
pate the potential risks as they pertain to each 
individual patient, with meticulous attention to 
detail and, whenever possible, minimize avoid-
able pitfalls. Past medical and surgical history 
and a careful physical examination should be 
performed, keeping in mind the numerous factors 
that can have specific implications in robotic sur-
gery. Contraindications to robotic and laparo-
scopic surgery include coagulopathy, active 
bowel obstruction, hemoperitoneum or hemoret-
roperitoneum, intra-abdominal or abdominal 
wall infection, and suspected malignant ascites 
[7]. It is imperative to keep patients informed 
about all the known risks, benefits, and alterna-
tives of treatment for their condition.

 History

A history of chronic obstructive pulmonary dis-
ease (COPD) places patients at risk for hyper-
carbia due to the pneumoperitoneum. Elevated 
carbon dioxide (CO2) levels can be arrhythmo-
genic due to the effects of CO2 on the myocar-
dium. Accordingly, patients with COPD should 
be evaluated with preoperative arterial blood 
gas and pulmonary function tests, and patients 
with cardiac arrhythmia should be treated 
preoperatively.

Prior abdominal or pelvic surgery or history of 
peritonitis can result in challenges with safe entry 
into the abdomen. Other concerning history 

would include benign ascites, abdominal hernia, 
and aortic or iliac arterial aneurysms.

 Physical Examination

Overall performance status should be considered, 
particularly in the case of elective surgery such as 
that related to the treatment of pelvic floor dys-
function. Morbid obesity can render robotic sur-
gery difficult due to the need for longer 
instruments, limited range of motion of the 
instruments, and challenges with obtaining and 
maintaining pneumoperitoneum. Morbid obesity 
can also result in elevated airway pressures that 
result in the need for abandonment of laparos-
copy. Surgical scars may offer insight into the 
potential difficulty of trocar placement, and it has 
been suggested that when intra-abdominal adhe-
sions are a concern, the abdomen is best entered 
subcostally at the left midclavicular line.

Abdominal wall hernias, organomegaly, or a 
pulsatile mass suggestive of an abdominal aortic 
aneurysm should be investigated preoperatively 
to ensure the safest route of entry for the patient.

 Perioperative Preparation

 Equipment Failure
Complications related to equipment malfunction 
are largely preventable with meticulous attention 
to detail. One series of 8,240 robotic surgeries at 
eleven institutions reported an equipment mal-
function rate requiring cancellation of the case at 
0.4%, with malfunction of the robotic arms or 
optics as the most commonly reported reason [8]. 
Proper training of the surgeon and operating 
room staff to familiarize the team with the equip-
ment, including its capabilities and limitations, is 
imperative. Knowledge of troubleshooting tech-
niques and partnership with the technical assist 
team are also important in order to minimize 
complications related to the equipment failure.

 Patient Positioning
Proper positioning and padding of pressure 
points are critical to ensure safety in robotic sur-
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gery. Generally, in pelvic floor reconstruction, 
patients are placed in the lithotomy or low 
lithotomy position. Care must be taken to avoid 
excessive flexion of the hips or outward rotation 
of the legs, the latter of which can cause stretch-
ing of the femoral nerve. For pelvic floor sur-
gery, the arms may be tucked by the patient’s 
sides, and the hands and wrists should be placed 
in neutral position and pronated to avoid bra-
chial plexus injury. Compressions stockings and 
sequential compression devices should be 
placed on the lower extremities to minimize the 
risk of deep vein thrombosis. All pressure points 
and bony prominences, including elbows, heels, 
and calves, should be padded to minimize the 
risk of rhabdomyolsis, compartment syndrome 
[9], or venous thrombotic events. The patient 
should be secured to the table using well-pad-
ded safety belts or tape across the chest, particu-
larly given the frequent use of the extreme 
Trendelenberg position in pelvic floor recon-
structive cases. Shoulder braces should not be 
used in this circumstance due to the risk of bra-
chial plexus injury. Gel pads or beanbags can be 
helpful in preventing cephalad migration of the 
patient.

Neurologic complications may not be recog-
nized until the postoperative period when the 
patient has difficulty with ambulation or describes 
sensory changes. Careful neurologic examination 
should be performed, and a neurologic consulta-
tion obtained. While nerve palsies can resolve 
within the first few postoperative days, recovery 
can also be slow, requiring prolonged physical 
therapy.

 Intraoperative Complications

 Complications During Abdominal 
Access
Complications related to entry into the abdomen 
are critical to understand. Irrespective of 
whether access is obtained via insertion of a 
Veress needle or open Hassan technique, injury 
to viscera or vasculature can occur during this 
step or during the subsequent insertion of the 
trocars.

 Veress Needle Insertion
Improper positioning of the Veress needle into 
the abdominal wall can initially be difficult to 
detect. In fact, 1–2 L of carbon dioxide (CO2) can 
be instilled with misleading abdominal distention 
and tympany that appear normal before incorrect 
placement is realized. However, if initial pres-
sures exceed 10 mmHg, one should consider the 
possibility that the Veress needle is not located 
intra-abdominally. Assymetric abdominal disten-
tion or a sudden rise in insufflation pressure 
should also alert the surgeon to malposition of 
the needle. If incorrect needle placement is sus-
pected, the Veress needle must be repositioned. 
In the event of multiple unsuccessful needle 
placement attempts, CO2 evacuation and conver-
sion to the Hasson technique should be 
considered.

Incorrect Veress needle placement can be 
avoided by confirmation of proper placement of 
the Veress needle prior to insufflation of the 
abdomen using the “aspiration, irrigation, aspira-
tion”, or “drop” technique as well as confirming 
that the needle can be easily advanced 0.5–1.0 cm 
without resistance. Upon entry into the abdomen, 
aspiration should not return blood, urine, or 
bowel contents; irrigation with sterile fluid 
should pass easily without resistance; repeat 
aspiration should return nothing; removal of the 
syringe should result in a prompt “drop” of the 
fluid level.

 Hasson Technique
The rate of complications related to entry via the 
open technique is rare compared with that using 
the Veress technique, though the complications 
are generally similar. Bowel that is adherent to 
the underside of the abdominal wall can present a 
problem during access.

 Vascular or Visceral Injury
When aspiration though the Veress needle returns 
blood, urine, or bowel contents, entry into a ves-
sel, the bladder, or bowel, respectively, should be 
suspected. Typically, the needle can simply be 
removed, but once proper entry into the abdomen 
has been accomplished, the area of concern 
should be carefully inspected for hemostasis and 
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integrity of the viscera. When initial insufflation 
pressures are elevated, consideration of entry into 
a solid organ or the abdominal wall should be 
considered, the latter described in the section 
above.

For vascular injuries, application of pressure 
to the area of concern can facilitate hemostasis. If 
hemodynamic instability ensues, a general sur-
gery or vascular consultation should be obtained. 
The risk of vascular complications can be mini-
mized by entry into the abdomen in avascular 
areas such as subcostally at the midclavicular 
line or supero-medial to the anterior superior 
iliac spine. When entering at the umbilicus, the 
needle should be pointed toward the pelvis. 
Making a small incision through which the fascia 
can be grasped, pulled up, and stabilized can also 
facilitate safe entry.

Complications involving the bladder can be 
minimized with Foley catheter placement prior to 
abdominal entry. Similarly, a nasogastic tube can 
be inserted to decompress the bowel. Entry into 
the lumen of the bowel can be heralded by asym-
metric distention of the abdomen. Emanation of 
malodorous gas from the Veress needle can sug-
gest intralumenal placement. The needle can be 
withdrawn and replaced at a different site, or an 
open Hassan technique can be utilized. When 
injury with the small Veress needle occurs, some 
authors advocate that formal repair of the injury is 
not necessary [10]. Indeed, it is thought that minor 
insufflation needle injuries of the bowel likely 
occur more frequently than recognized. Larger 
injuries, such as that which can occur due to inju-
ries from trocar placement, should be repaired to 
avoid postoperative complications [11].

 Complications Related to Insufflation

Surgeons should be knowledgeable about poten-
tial complications related to insufflation, how to 
detect them, and how to address them.

 Subcutaneous Emphysema
Superficial placement of the Veress needle, peri-
port leakage due to large port incisions, elevated 
intra-abdominal pressures, or prolonged surgical 

time can result in subcutaneous emphysema, 
indicated by crepitus over the abdomen or thorax. 
It is important that insufflation be stopped if there 
is any doubt about proper placement of the nee-
dle. In this situation, conversion to open tech-
nique should be considered. If a port site leak is 
suspected, a pursestring stitch or Vaseline gauze 
can be placed around the trocar. Care to direct the 
trocar toward the surgical field can decrease 
torque on the site that pulls the incision open. 
When a persistent leak is encountered, conver-
sion to a larger trocar or a balloon trocar can be 
considered. Decreased pressure settings can also 
be helpful in the case of port leaks and subcuta-
neous emphysema.

 Barotrauma
Elevated intra-abdominal pressures can result in 
barotrauma that, if unrecognized, can lead to 
more serious complications. Barotrauma is 
defined as physical injury or damage to body tis-
sues due to pressure related to gas within a space; 
in the case of laparoscopy or robotic surgery, the 
abdomen. Initial signs of barotrauma may include 
increased ventilation pressure requirements, 
hypotension due to decreased venous return, and 
consequent impaired cardiac output. Causes of 
barotrauma can include malfunction of the insuf-
flator or use of other pressure-producing devices 
such as an argon beam coagulator, which is 
rarely, if ever, utilized in pelvic floor reconstruc-
tion. Nevertheless, when an argon beam coagula-
tor is utilized, a port valve should be opened to 
minimize the pressure effect.

When any of the above signs occur, the abdo-
men should be desufflated until hemodynamics 
return to normal. An attempt should be made 
such that re-insufflation does not exceed 
10 mmHg.

 Pneumothorax, Pneumomediastinum, 
Pneumopericardium
In rare instances, serious complications including 
pneumothorax, pneuomediastinum, or pneumo-
pericardium can occur as a result of increased 
pressures or leakage of gas along natural openings 
in the diaphragm. Pneumothorax can present with 
subcutaneous emphysema, decreased breath 
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sounds, and/or hypertension or hypotension. A 
large bore needle should be placed through the 
chest followed by placement of a chest tube. 
Pneumopericardium, which has an estimated inci-
dence of 0.8%, may have no signs or may affect 
cardiac function. If hemodynamic decompensa-
tion occurs, the abdomen should be desufflated 
and pericardiocentesis should be considered.

 Hypercarbia
Hypercarbia is one of the most common causes of 
cardiac dysrhythmia during laparoscopic surgery. 
Patients with underlying pulmonary disease (e.g., 
advanced COPD) are at particularly high risk of 
developing hypercarbia intraoperatively. If hyper-
carbia occurs, first steps include decreasing insuf-
flation pressures to <10 mmHg or desufflation of 
the abdomen, hyperventilation, and increasing 
tidal volume or positive end expiratory pressures. 
If these maneuvers are not successful in correct-
ing the elevated CO2 levels, a rare occurrence, 
changing the insufflant to helium has been sug-
gested. However, complications related to helium 
have also been described [12, 13].

 CO2 Embolism
Insufflation directly into vasculature can lead to 
the devastating complication of a CO2 embolism. 
This fortunately rare occurrence can occur shortly 
following insufflation or from direct injection of 
CO2 into a large vessel or organ that can result in 
blockage of the right ventricle or pulmonary 
artery. As with most of the complications dis-
cussed up to this point, this can be avoided by use 
of proper technique to confirm placement of the 
Veress needle. A CO2 embolus can be heralded by 
acute cardiovascular collapse, cardiac arrhyth-
mia, cyanosis, or pulmonary edema. There may 
be an abrupt increase in end tidal CO2 and 
hypoxia noted by the anesthesia team. The first 
response is desufflation and placement of the 
patient in the Trendelenberg and left-side down 
position (left lateral decubitus) to allow the gas 
bubbles to rise to the apex of the right atrium and 
prevent entry into the pulmonary artery. 
Hyperventilation with 100% oxygen should be 
performed and aspiration of the right heart via 
central line considered.

 Injury Related to Trocar Placement
Clearly, the highest risk trocar placement is the 
first blind trocar that is placed following insuffla-
tion. A visual obturator can be utilized to mitigate 
the risk of vascular or visceral injury. Subsequent 
trocars can be placed under some visualization, 
though adhesions can still render secondary tro-
car placement challenging.

 Visceral Injury
Injury to the bladder during port placement can 
be avoided by first ensuring an empty bladder 
with Foley placement. If bladder injury is sus-
pected, the bladder can be filled to identify the 
site of injury and the defect should be formally 
repaired. This is then followed by Foley catheter 
drainage.

Bowel injury with a trocar should also be for-
mally repaired, and a general surgery consulta-
tion should be considered, based on one’s comfort 
level. It should be noted that bowel injury can be 
a complete transection (through both walls), or 
through just one wall into the lumen of the bowel. 
The latter can be detected by visualization of the 
mucosa of the bowel. Through-and-through 
injury can be harder to detect and may not be 
noted until secondary trocars are passed, allow-
ing for visualization of other trocar entry sites.

 Vascular Injury
Bleeding at any trocar site can result in dripping 
from the abdominal wall around the trocar. This 
complication can be minimized by the use of 
blunt trocars and transillumination of the abdom-
inal wall to identify the inferior epigastric vessels 
prior to trocar passage. Should trocar site bleed-
ing occur, this can be addressed using electrocau-
tery applied through an opposite port. Direct 
pressure on the skin around the port can be help-
ful to tamponade the bleeding vessel. 
Alternatively, the trocar can be systematically 
torqued in different directions to identify the site 
of bleeding, and the vessel can be oversewn. 
Landman et al. [7] suggest the passage of a Keith 
needle along one side of the trocar. The needle is 
then brought back up through the abdominal wall 
on the contralateral side of the trocar to tampon-
ade the bleeding vessel. A bolster made of several 
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folded up gauze sponges can be secured down 
onto the skin using a #1 nylon suture to provide 
further pressure.

Injury to the great vessels upon placement of 
the trocars is a rare but serious complication that 
can be signaled by sudden hypotension and 
hemodynamic instability. If profuse bleeding is 
noted, the vascular or trauma team should be 
called, the abdomen opened, and proximal and 
distal control of the vessel obtained. If the trocar 
is still in place, it should be left in place to pro-
vide some tamponade and to facilitate identifica-
tion of the injury.

 Thermal and Mechanical Injuries
Thermal injury can occur as a result of several 
mechanisms including direct application of elec-
trocautery, coupling, and failure of insulation. 
Direct injury via monopolar cautery can create a 
larger injury, while bipolar injuries are more 
focused and require direct handling of the tissue to 
occur. Coupling essentially involves conduction of 
thermal energy through contact of metal instru-
ments with each other and surrounding tissues. 
Faulty insulation can result in the same outcome.

Thermal injuries to the bowel can appear as a 
small, blanched area on the serosa. Because the 
injury can be subtle and because injury can occur 
outside of the field of vision, it may go unrecog-
nized for up to several weeks postoperatively. 
Patients may present with fevers, chills, nausea, 
vomiting, abdominal or trocar site pain, and/or 
signs of peritonitis. Bowel injury should be con-
sidered in any patient who presents as such within 
the first several weeks postoperatively. Patients 
may have leukocytosis with or without a left 
shift. Due to the intraoperative pneumoperito-
neum, air under the diaphragm on abdominal 
imaging is not a reliable finding.

Small injuries discovered late in the postoper-
ative period can be managed expectantly with 
observation and antibiotics; however, if the 
patient is ill, abdominal exploration should be 
performed. It is important to differentiate between 
a seroma, which many patients will have follow-
ing laparoscopic or robotic surgery, and an 
abscess. Seromas will resolve spontaneously and 
should not be aspirated due to the risk of intro-
ducing infection into a self-limited collection. 

Because thermal injuries that occur as a result of 
monopolar energy result in larger injuries, wide 
excision of tissue surrounding the injury should 
be performed. Conversely, bipolar injuries can be 
managed with a more localized excision.

This risk of thermal injury can be minimized 
by confirmation of intact insulation of instru-
ments, direct visualization of the entire metal 
area of instruments prior to applying electrocau-
tery, meticulous isolation of the area to be cauter-
ized from surrounding tissues, establishing that 
the surgeon is the only individual who controls 
the cautery, and avoidance of leaving unattended 
cautery instruments in the abdomen.

Even with careful attention to detail, direct 
injury to bowel or vasculature can occur. These 
are more often immediately recognized than are 
thermal injuries and can be addressed promptly. If 
superficial injury to the serosa of the bowel is 
noted, it can be oversewn. If entry into the lumen 
occurs, resection versus primary repair can be 
performed with irrigation of the abdominal cavity 
with copious amounts of antibiotic solution. 
Dependent upon the skill level of the surgeon, 
bowel injuries can be addressed robotically; how-
ever, many require laparotomy. If the bowel injury 
is not suspected until the postoperative period, a 
CT scan with oral contrast can confirm the diag-
nosis and the need for immediate return to the 
operating room to definitively address the injury.

In pelvic floor reconstruction, specifically 
sacrocolpopexy, the most common potential site 
of bleeding is at the anterior sacral space during 
exposure of the anterior longitudinal ligament at 
the sacral promontory. This region is rich in vas-
culature, with the pelvic plexus and the middle 
sacral vein and artery being located between the 
common iliac vessels. If bleeding is encountered 
in this region, direct pressure can be placed on 
the area, the insufflation pressure temporarily 
increased, and thrombogenic products and tacks 
may be utilized [14].

 Postoperative Complications

Postoperative complications are not unique to 
robotic surgery. However, there are several issues 
of which the minimally invasive surgeon should 
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be aware in order to promptly address any poten-
tial issues of concern.

 Bowel Herniation and Incisional 
Hernia

Herniation of bowel into the port site incisions 
can occur. Patients may present with abdominal 
pain, nausea/vomiting, or pain at a specific port 
site in the early postoperative period. This situa-
tion requires surgical attention, but is best 
avoided by direct visualization upon removal of 
the trocars at the end of surgery and visual inspec-
tion of each of the port sites to ensure that no 
omentum or bowel has been entrapped. The fas-
cia of bladed trocar sites >10 mm should be for-
mally closed. Some authors support the 
non-closure of non-midline port sites placed with 
bladeless, radially dilating muscle-splitting tro-
cars of up to 12 mm [15]. When return to the 
operating room is necessary, pneumoperitoneum 
can be reestablished and the affected loop of 
bowel or omentum gently removed with atrau-
matic graspers intra-abdominally combined with 
manual reduction through the port site. The 
bowel should be carefully inspected to ensure 
viability, and if there is any concern, resection of 
the compromised segment should be performed.

 Bowel Injury

As discussed previously in this chapter, bowel 
injury may not be detected intraoperatively, par-
ticularly if it is due to a thermal injury. Any 
patient who presents postoperatively with 
abdominal pain, fevers, leukocytosis, or signs of 
peritonitis should have bowel injury in the dif-
ferential diagnosis.

 Deep Vein Thrombosis 
and Pulmonary Embolism

Deep vein thrombosis (DVT) and pulmonary 
embolus (PE) are potential complications of any 
surgery, with risk that increases with 
increased length of operative time. Although 

studies have not demonstrated an elevated risk of 
DVT with laparoscopic surgery, the theoretical 
effects of decreased venous return related to the 
increased intra-abdominal pressure created by 
the pneumoperitoneum should be considered. 
Best practice recommendations for DVT prophy-
laxis should be referenced, and appropriate pro-
phylaxis, such as pneumatic compression 
stockings and in some patients, low molecular 
weight heparin, should be implemented [15, 16].

 Rhabdomyolysis and Compartment 
Syndrome

Rhabdomyolysis and compartment syndrome are 
rare complications following long-duration mini-
mally invasive surgery [7, 9, 17]. In urology, 
rhabdomyolysis has most frequently been 
reported in patients with high BMI who have 
undergone renal surgery requiring the lateral 
position with a kidney rest placed under the body. 
The flank pressure resulting from the flexed posi-
tion compounded by the kidney rest has resulted 
in this serious complication. Compartment syn-
drome has been reported in prolonged gyneco-
logical procedures related to the lithotomy 
position and resultant pressures on the lower 
extremities. Although these complications are 
fortunately rare, surgeons should be aware of 
their possibility and consider this condition in 
patients who present with severe pain in the 
lower extremities following long pelvic floor 
reconstructive surgeries. When rhabdomyolysis 
is suspected, serum creatinine kinase should be 
checked. Normal CK levels range from 45 to 
200 U/L. With rhabdomyolysis, CK levels can 
rise to 10,000–200,000 U/L or more. For com-
partment syndrome, evaluation of compartment 
pressures and/or orthopedic or general surgery 
consultation can be obtained.

 Ocular Complications

Ocular complications are rare complications in 
laparoscopic surgery [18]. Corneal abrasions, 
which are not unique to minimally invasive sur-
gery, will generally resolve without lasting 
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sequelae. Corneal abrasions can occur due to 
direct trauma to the open eye from facemasks or 
other objects, exposure that causes drying of the 
eye, and chemical injury from, for example, solu-
tions such as betadine. A devastating but rare 
complication thought to be associated with 
increased ocular pressures related to prolonged 
steep Trendelenberg position, is ischemic optic 
neuropathy that can lead to permanent loss of 
vision. Both the surgical and anesthesia teams 
should be aware of these potential complications 
and take measures to minimize these risks.

 Conclusions

Over the past few decades, laparoscopic and 
robotic surgery have become major components 
of urologic and urogynecologic surgery. Indeed, 
robotic surgery has become a mainstay in female 
pelvic floor reconstruction. Procedures that once 
required sizeable incisions and extended periods 
of convalescence can now be performed with 
greatly improved comfort and shorter recovery 
times. The ability to provide a minimally inva-
sive approach for patients with pelvic floor disor-
ders desiring to address issues that affect their 
quality of life has been satisfying for patients and 
surgeons alike. That said, it is imperative that cli-
nicians be aware of the potential complications 
that can occur with robotic surgery and be pre-
pared to address them and be proficient at doing 
so. Arming oneself with knowledge prepares one 
to provide the best possible care for patients.
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