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Foreword

All the characteristics and driving force of The Cleveland Clinic are to be found in this
book on pelvic floor function. The Cleveland Clinic is a group practice founded in 1921
on the principles of cooperation, collaboration, and collegiality. Its founders believed that
many physicians working together will discover better solutions to medical problems
than physicians working in isolation. They believed that the combination of disciplines,
with their inherent differences in philosophy and skills, will produce a better outcome
than might have evolved singularly.

The power of the collaborative approach is on full display in this book. The pelvic
floor unites three separate organ systems. Before this time, each has been approached
individually. Urologists, gynecologists, and colorectal surgeons are each trained in their
own disciplines, and the pelvic floor is subsumed in these larger fields of study. When
they combine their focus on the pelvic floor, they bring their unique perspectives and
different approaches to a common goal: the relief of pelvic floor syndromes such as
incontinence and pelvic organ prolapse.

The notion that three disciplines can combine for a better outcome than they would
achieve singly, is a modern-day version of an old fable. The American poet John Godfrey
Saxe (1816-1887) adapted that fable in his poem, “The Blind Men and the Elephant.” It
tells the story of six blind wise men who encounter an elephant for the first time, and
how they try to make sense of it by touch alone. The first blind man falls against the side
of the elephant, and declares that the elephant is like a wall. The second man feels the
tusk and concludes that anything so sharp is like a spear. The third man grabs the trunk
and announces that the elephant is like a snake. The fourth man feels the knee and states
that the elephant is like a tree. The fifth blind man touches the ear and decides that it is
like a fan. The six man grabs the tail and decides it is a like a rope. Each wise man feels
the elephant from his own small perspective and visualizes something different. As indi-
viduals, they think they have the answer. But if they had combined their impressions,
they would have reached a far different conclusion.

The practice of joining with colleagues to visualize a problem from your own per-
spective and the group perspective, can lead to magnificent conclusions and interesting
solutions. That is precisely what happens in this book. By combining the views of three
different disciplines, which have furthered our knowledge of pelvic floor function, it
offers a new and better approach to dysfunction. Medicine has advanced tremendously
in the past half century, more specifically in the past two decades. The dominance of
traditional specialties such as urology, gynecology, and general surgery has given way
to an emphasis on subspecialties such as urogynecology, female urology, and colorectal
surgery. This has allowed experts, such as the authors, to focus on a narrower field, and
enjoy greater success than they might have if their concentration had been diluted by
many broad interests. In this book, they are the personification of teamwork. Their char-
acteristics of focus, innovation, collaboration, and dedication are the very qualities that
will someday advance medicine far beyond anything we can imagine today.

By combining their expertise in this book, the authors have made a tremendous
advance in the understanding of the pelvic floor and its dysfunction. They have raised

vii



viii Foreword

medicine to yet a higher level, and performed a service that will benefit patients with
pelvic floor dysfunction for years to come.

Robert Kay, MD

Vice Chairman, Board of Governors
Chief of Staff

The Cleveland Clinic Foundation
Cleveland OH, USA



Introduction

The aging of our population and arrival of the baby-boomers to advanced adulthood,
with expectations for high quality of life, have led to a greater public awareness and help-
seeking behavior regarding symptomatic dysfunction of the organs found within the
pelvic cavity in women, the female pelvic floor. Women are increasingly less willing to
simply accept incontinence or prolapse as a normal part of the aging process. New tech-
nologies and a greater understanding of the pathophysiology underlying these dys-
functions have provided us with a number of effective tools for treatment of these
patients. Unfortunately, the traditional fragmentation of health care duties among spe-
cialists has led to significant gaps in the treatment of pelvic floor dysfunction. The
concept of the female pelvic floor as a single functional unit has not yet gained wide
acceptance. Importantly, postgraduate training programs have not adapted their cur-
ricula to meet the growing need to produce clinicians with an expertise in the manage-
ment of the various aspects of pelvic floor dysfunction. Thus, there is not a sole clinician
who can care for all of the problems that can develop within the pelvic floor. Under our
current medical care environment, a multidisciplinary team approach will best serve the
needs of symptomatic women. The need for such a team is gaining increasing degrees
of acceptance at referral centers. Unfortunately, multiple barriers are in place to prevent
such teams from forming and functioning efficiently.

There are currently efforts around the world to delineate training requirements for
certification in Urogynecology/Female Pelvic Medicine/Reconstructive Pelvic Surgery
(after training in Obstetrics and Gynecology) and Female Urology (after training in
Urology). Colorectal surgeons and gastroenterologists have long had an interest in
anatomic and functional problems of the lower intestinal tract. Nevertheless, clinicians
caring for adjacent pelvic organ systems have yet to achieve a consensus regarding the
importance and value of the evaluation and management of pelvic floor problems exis-
tent on either side of an anatomic system. As a result, patients may undergo sequential
operative procedures and/or achieve only limited quality-of-life improvement with
therapy.

Realizing the above shortcomings and the frequent coexistence of pelvic floor dys-
function symptoms among many patients referred for care, the Cleveland Clinic, at its
various campuses, has developed a team approach to the care of such patients. Either
within one Pelvic Floor Center, such as at our Fort Lauderdale/Weston, Florida campus
or in very close proximity, such as in our Naples, Florida or Cleveland, Ohio campuses,
patients are evaluated and treated by a team of clinicians with expertise in the various
aspects of symptomatic dysfunction. After coordination of evaluation procedures, a
treatment plan is designed. Whether care involves a combined surgical procedure or
medical intervention, a patient’s medical care is streamlined and patients benefit from
a global quality-of-life improvement. This text represents a compilation of the clinical
approaches of the staff at Cleveland Clinic in the management of disorders involving the
lower urinary, genital, and intestinal tracts. It should be a valuable reference for all cli-
nicians involved in the care of women with symptomatic dysfunction of these systems.
It will be apparent to clinicians from various fields that there are remarkable similari-
ties and analogies in terms of presenting symptoms, evaluation modalities, and treat-
ment approaches. It is the hope of the authors that clinicians will begin to see the various
organ systems as part of a combined unit. As such, recognizing the presence of symp-
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X Introduction

toms involving adjacent organ systems will encourage clinicians to recruit and involve
other clinicians with expertise in addressing such symptoms in order to optimize the
medical care being provided to a symptomatic patient. Our experience has demonstrated
that improvements in quality of life and patient satisfaction can be greater when a com-
prehensive, horizontally integrated approach is utilized, and we look forward to other
centers adopting our model and philosophy of patient care.

G. Willy Davila, MD
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Concept of the Pelvic Floor as a Unit

G. Willy Davila

Disorders of urinary and fecal continence, as well as genital
and rectal support, are common in adult women. Clinicians
who address these problems include urologists, gynecolo-
gists, and colorectal surgeons. Great advances have been
made in the treatment of continence and support disor-
ders. Unfortunately, our current model of vertical integra-
tion for care of disease entities has limited a clinician’s
understanding to the vertical unit in which the clinician
has an expertise. This frequently leads to serial surgeries
because of the lack of identification of dysfunction in an
adjacent organ system of the pelvic floor. There has been
little overlap in the verticalized spectrum of care provided
by urologists (kidneys, ureters, bladder, urethra), gynecol-
ogists (uterus, vagina, perineum), and colorectal surgeons
(colon, rectum, anus). Coexistence of dysfunction of uri-
nary and bowel control is high and is well established.'
Unfortunately, clinicians who address pelvic floor dys-
function syndromes have been slow to adapt their prac-
tice styles to address all pelvic floor dysfunctions in one
setting. Our concept of horizontal integration of pelvic
floor dysfunction evaluation and management (Figure
1-1.1) is not new.” This concept is expanding as clini-
cians realize the importance of a team approach to
evaluation and treatment of pelvic floor dysfunction. We
hoped to emphasize these principles as we prepared this
textbook.

Defining the Female Pelvic Floor

The term “pelvic floor dysfunction” has different meanings
for different clinicians. From our viewpoint, the female
pelvic floor includes all of the structures within the bony
pelvis: from pubic symphysis to coccyx and from lateral
pelvic sidewall to lateral pelvic sidewall. It thus includes not
only the lower urinary tract, reproductive tract, and lower
gastrointestinal tract, but also the neuromuscular com-
ponents of their support. The neuro-musculo-visceral

anatomy of the pelvic floor is described further in Chapter
3-6. The musculature of the pelvic floor includes the levator
musculature and the perineal musculature. The levator
musculature provides support to all of the pelvic floor
organs and is transversed by the urethra, vagina, and anus.
Because the levator muscle complex provides support to all
three organ systems, its weakness will result in impaired
function of any, or all, of the structures that the muscles
support. Muscular dysfunction can result from stretch or
tear injuries to the pelvic floor muscles. However, the most
common etiology for muscular dysfunction is a dener-
vation injury from childbirth or lower back trauma. A
denervation injury will result in partial paralysis of the
supplied muscle groups. As a consequence, any lower back
injury can result in weakness of pelvic floor support. This
is especially true of the lower components of the pelvic
floor. Injury to the pudendal nerve can result in dysfunc-
tion of the urethral sphincter, anal sphincter, and motor
or sensory dysfunction of the perineum. Significant
injury to the pudendal innervation will typically result
in multisystem dysfunction, such as urinary and fecal
incontinence.

The organ systems of the pelvic floor are enveloped in
moderately thick layers of connective neuromuscular
tissue. Labeled as endopelvic fascia, this neuromuscular
tissue provides circumferential support to the three cavi-
ties that transverse the pelvic floor muscles. In addition,
they constitute separating structures between the organ
systems: the vesicovaginal septum and the rectovaginal
septum. Lack of integrity of the fibromuscular layer be-
tween two organ systems will lead to herniation of one
organ system into another. The resultant cystocele, entero-
cele, or rectocele may then result in dysfunction of the
underlying visceral organ including disorders of urinary
continence and storage, or dysfunction of fecal continence
or storage. Frequently, multiple sites of fibromuscular layer
damage are found. This is represented by the frequent
coexistence of prolapse of the anterior and posterior
vaginal walls requiring repair of both.
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Figure 1-1.1. a, Traditional vertical view of pelvic floor dysfunction. b, Horizontal integration of pelvic floor dysfunction. (Reprinted with the permission of The Cleveland Clinic

Foundation.)

Embryologic Origins

Our consideration of the pelvic floor organs as a single
function unit is further augmented by understanding
the common embryologic origin of the structures that
compose the pelvic floor. The urogenital sinus and endo-
dermal cloaca lead to the formation of the structures com-
prising the pelvic floor. It is therefore not surprising that
symptomatic conditions can affect adjacent organ systems,
a clear example being urogenital sinus irritative symptoms
(Chapter 9-2). Abnormal embryologic development can
thus also lead to a predisposition for pelvic floor dysfunc-
tion in certain women, including short urethra syndrome,
shortened perineal body, and altered mucosal sensitivity.
These factors are obviously immutable.

Obstetric Factors

The vaginal birth process represents the common denom-
inator for many pelvic floor dysfunction symptoms. Our
understanding of neuromuscular damage, which occurs
during the vaginal birth process, has been enhanced with
the use of neurophysiologic testing and endoanal ultra-
sound. As such, the vaginal birth process not only results
in significant stretching of the levator musculatures in a
vertical direction, but, more importantly, in stretching of
the pudendal nerves in the vertical direction. Any stretch
of a somatic nerve of more than 12% has been reported

to lead to a degree of permanent injury to that nerve. Dur-
ing the vaginal birth process, perineal descent results in
stretching of the pudendal nerve to a degree in which per-
manent injury can result. Beyond direct injury to muscles
and nerves of the pelvic floor, the vaginal birth process also
results in significant symptomatic as well as occult injury
to the anal sphincteric mechanism. Many anal sphincter
tears are symptomatic. However, it is unknown whether
occult anal tears will result in subsequent fecal inconti-
nence a few years postpartum.’ It is thus not surprising that
there is a high incidence of postpartum flatal and fecal
incontinence.

An aside should probably be made at this point. Our
increased understanding of the neuromuscular conse-
quences of the vaginal delivery process has been the
subject of much debate in the recent past, especially as
relating to the acceptance of elective, on-demand cesarean
delivery. Many cultures around the world have already
espoused and accepted this concept for various reasons,
including resultant pelvic floor dysfunction. In the United
States, this topic has been the subject of significant debate
among obstetricians and gynecologists. The urogyneco-
logic stance on this has been one of providing patients
information regarding potential consequences of pelvic
floor dysfunction and allowing patients to make a decision
whether they wish to undergo an elective cesarean deliv-
ery.* In a preliminary survey of pregnant women, it seems
that providing women with information regarding poten-
tial pelvic floor consequences of a vaginal delivery does not
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alter their decision-making process significantly.” Never-
theless, providing patients information regarding the risks
and benefits of the vaginal delivery process, as with any
other invasive procedure informed-consent process, will
likely become a part of antepartum obstetric care.

Coexistence of Pelvic Floor
Dysfunction Symptoms

Various surveys have been performed to obtain a better
understanding of the coexistence of symptoms of urinary,
genital, and fecal dysfunction. Not surprisingly, there is a
high incidence of coexistence of incontinence and support
defects (Table 1-1.1). It has been reported that in patients
seen with fecal incontinence, 24% to 53% also complained
of urinary incontinence, and 7% to 22% complained of
genital prolapse. Of patients who presented with rectal pro-
lapse, 66% also complained of urinary incontinence and
34% complained of genital prolapse.”® In a survey of pa-
tients who had undergone surgery for rectal prolapse
and fecal incontinence at our institution, with an included
control group of clinic patients, the incidence of urinary
incontinence was 53% in those who had previous surgery
for fecal incontinence and 65% in those who had previous
surgery for rectal prolapse. Genital prolapse was found
in 18% of patients with fecal incontinence and 34% of
patients with rectal prolapse. The control group had a
urinary incontinence incidence of 30% and genital pro-
lapse incidence of 12.5%; both incidence rates are consis-
tent with a normal population.’

The frequent coexistence of symptoms of urinary and
colorectal dysfunction provides further emphasis on the
need for a team approach to the evaluation and manage-
ment of women with any of these conditions. In addition,
the fact that rectal prolapse patients have a higher inci-
dence of urinary incontinence and genital prolapse sug-
gests that rectal prolapse may represent a more advanced
degree of pelvic floor dysfunction. Anecdotally, in patients
we have followed over time with urinary incontinence or
other forms of pelvic floor dysfunction who were treated
either surgically or medically, the progression of pelvic
floor dysfunction was seen with subsequent development
of rectal prolapse not being an unusual finding. There is a
great need to increase our understanding of the natural
history of pelvic floor dysfunction, as its progression
may not be possible to stop, but only slowed by our
interventions.

Current Needs and Future Perspectives

A very strong case can be made for a multidisciplinary
approach to treatment of pelvic floor dysfunction. Cer-
tainly, the concept of serial surgeries in a patient with
pelvic floor dysfunction cannot be beneficial to the patient.
Therefore, correction of all pelvic floor defects at one

Table 1-1.1. Population analysis of the coexistence of pelvic floor dysfunction
symptoms

Population Analyzed

Control FI RP
UI 65%
g A 4
:
S

Ul, urinary incontinence; GP, genital prolapse; Fl, fecal incontinence; RP, rectal
prolapse.®

setting and postoperative physiotherapeutic pelvic floor
rehabilitation may represent the most desirable means of
treating asymptomatic patients. Less-severe degrees of
pelvic floor dysfunction and syndromes not associated
with anatomic alterations are amenable to pelvic floor
rehabilitative interventions. Physiotherapeutic modalities
and their indications will be discussed in Chapter 12. An
emphasis must be made on the fact that pelvic floor phys-
iotherapy will benefit both urinary and fecal continence
disorders. In fact, patients with concomitant urinary and
fecal incontinence, especially associated with urgency
symptoms, are optimal candidates for pelvic floor physio-
therapy/rehabilitation. Although current reimbursement
practices in the United States may pose a barrier to acces-
sibility to pelvic floor rehabilitation, the value of this con-
servative treatment modality has been demonstrated in
many studies involving various types of pelvic floor dys-
function. We consider physiotherapy an integral part of
our treatment plan for many patients with pelvic floor
dysfunction.

If it is determined that a patient has various forms of
pelvic floor dysfunction that are amenable to surgical
therapy, a combined surgical approach is indicated. Our
previous experience has demonstrated that morbidity is
not increased by performing urogynecologic and colorec-
tal surgeries in one setting. In fact, there is no significant
difference in morbidity, length of stay, or recuperation
phase (Table 1-1.2). The longer operative time required for

Table 1-1.2. Colorectal (CRS) and combined colorectal and urogynecologic
surgery (CRS + UG)*"°

Operating
Hospital Complications Return to Work Room Time
Stay (d) (%) (wk) (h)
CRS 3.55 5-6 6.8 1.5-1.8
CRS + UG 3.85 5-8 6.2 4.5-5



a combined surgical procedure does not seem to be asso-
ciated with increased morbidity. Because we do not believe
that one surgeon can address all of the problems of the
pelvic floor, a team surgical approach is most desirable,
and scheduling combined surgical procedures should be
planned when addressing pelvic floor problems that re-
quire surgical intervention.

Components of the Pelvic Floor Team

To provide comprehensive care of pelvic floor dysfunction
to patients seen at a pelvic floor center, an expertise is
required in numerous fields, as listed below:

+ Urogynecology/Female Urology
+ Colorectal Surgery

+ Gastroenterology

+ Physiotherapy

+ Sexual Dysfunction Specialist

+ Mental Health Specialist

+ Nursing Personnel

Communication between the various team members is
very important. At Cleveland Clinic Florida, each service
obtains information regarding dysfunction in the other
compartments and then schedules the patient for appro-
priate evaluation. Our plan is to have a triage nurse to
perform the initial history-taking for patients seen with
any form of pelvic floor dysfunction. This would then allow
scheduling of appropriate consultation and evaluation
services. Constant and accurate communication between
team members is very important, especially as relates to
planning combined surgical interventions. Although we do
not have a combined database at this time, our clinical
databases cross-reference each other in order to be able to
identify patients who are being seen by multiple services.
In addition, joint pelvic floor conferences are necessary
and important to discuss complex cases. We hold a pelvic
floor conference once a month in which joint cases are dis-
cussed and outcomes are provided. We have been able to
achieve an excellent working relationship among the
various subspecialists of the pelvic floor. This is crucial in
the development of a close working relationship, to avoid
any “turf” issues. As such, rectocele repairs are typically
performed via the vaginal approach by the urogynecology
service whereas anal sphincteroplasties are performed by
the colorectal service. Our decisions regarding delegation
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of surgical duties to different services are based on exist-
ing literature. Postgraduate fellows are encouraged to par-
ticipate in the surgical management of problems -
especially when operated on by another service - to allow
for continuity of patient care.

Summary

The Cleveland Clinic pelvic floor dysfunction team ap-
proach is based on a close and cooperative relationship be-
tween clinicians of the various disciplines involved in the
management of pelvic floor dysfunction. Ultimately, the
patient benefits from these cooperative efforts, because
serial surgeries are avoided. We hope to be able to demon-
strate that outcomes are improved, especially on a long-
term basis. We encourage other clinicians to adopt our
philosophy and team approach, and welcome any visitors
to our institutions as observers or research fellows.
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Epidemiology of Non-Neurogenic Urinary Dysfunction

Usama M. Khater, Gassan Haddad, and Gamal M. Ghoniem

Millions of the general population, particularly women and
the elderly, have bladder dysfunction. Although most
studies have mainly focused on incontinence, more re-
cently, attention has also included overactive bladder
(OAB). Therefore, this chapter will be focused on urinary
incontinence (UI) and OAB, because both of them consti-
tute the most common causes of urinary dysfunction.

In 1988, the International Continence Society (ICS)
defined UI as the involuntary loss of urine that is objec-
tively demonstrable and is a social or hygienic problem.
Recently, the ICS redefined it as the complaint of any invol-
untary leakage of urine.' The impact of the new definition
is that more cases of UI will be discovered and hopefully
treated. Urinary incontinence symptoms mainly are stress
(SUI), which is leakage with physical exertion, urge (UUI),
which is leakage with a strong desire to void, and mixed,
which is a combination of SUI and UUL When SUI is uro-
dynamically proven, it is also called genuine stress incon-
tinence (GSI). Urinary urgency and frequency with urge
incontinence has recently been defined as OAB/wet. There
are other types of incontinence, although less frequent,
including overflow incontinence, functional, and extra-
urethral incontinence.

Urinary Incontinence
Potential Risk Factors

Epidemiologic studies conducted in various populations
reveal a number of variables related to the development of
Ul including several possible risk factors.’

Age

Most studies have found that the prevalence of Ul tends to
increase with advancing age.’” Prevalence has always been
higher in institutionalized adults because residents in insti-
tutions tend to be older and more impaired than commu-

nity dwellers. Some studies have found that the propor-
tions of types of UI differ by age. A survey of young and
middle-aged women suggests that pure stress incontinence
predominates in that age group. Other surveys of older
women suggest that urge and mixed incontinence
predominate.*®

Race

Ethnicity may be associated with Ul There are several
studies of non-Caucasians showing a wide variation in
prevalence.”"! These studies have used different methods
and definitions. Therefore, the results are difficult to
compare. Mattox and Bhattia'* evaluated the prevalence of
incontinence among white and Hispanic women with
similar age, gravity, and parity who had undergone urody-
namic evaluation. The prevalence of OAB/wet (urge incon-
tinence) was 18% in the white population and 9% in the
Hispanic population. In another study of more than 4000
women 70 years of age and older, the prevalence of invol-
untary urine loss was significantly higher in white women
(23%) than in black women (16%)."” There are reports
stating that black South Africans rarely develop stress
incontinence, and they develop the related disorder of
genital prolapse at a rate 80 times lower than whites. The
authors explained the rarity of stress incontinence among
blacks as a function of differing urethral pressures and
length as well as pubococcygeal muscle strength.' In the
United States, Howard et al."” reported clinical data sug-
gesting that African American women have higher urethral
closure pressure, larger urethral volume, and greater
vesical mobility.

Sex
The prevalence rates of Ul are higher in women than in

men. The prevalence range for Ul is 4.5% to 53% in women
and 1.6% to 24% in men.'
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Pregnancy and Childbirth

Urinary incontinence in women is often assumed to be
attributable to the effects of pregnancy and childbirth. The
literature shows that UI is a more common occurrence
among pregnant women compared with other groups of
women, with reported prevalence rates of 31% and 60%."'*
Urinary incontinence during pregnancy is a self-limited
condition. Viktrup et al."” found a 28% prevalence rate of
SUI during pregnancy, with 16% becoming free of symp-
toms in the puerperium. It is still questionable whether
pregnancy itself is a risk factor for Ul in later life or if it is
the vaginal delivery that is the main risk factor. The authors
also compared continent women having delivered vagi-
nally with women who underwent a cesarean delivery and
found a difference in favor of cesarean delivery. However,
3 months after delivery, the difference became statistically
insignificant.

A link between UI and parity has been demonstrated,
and several explanations have been offered. First, child-
birth may result in pelvic floor laxity as a consequence of
weakening and stretching of the muscles and connective
tissue during delivery. Second, damage may occur as a
result of spontaneous lacerations and episiotomies during
delivery. Both may result in impairment of the position and
support of the pelvic organs. Third, the stretching of the
pelvic tissues during vaginal delivery may damage the
pudendal and pelvic nerves, as well as the muscles and con-
nective tissue of the pelvic floor.””

Menopause

Postmenopausal women are more likely to have UI than
premenopausal women. Evidence that atrophy of the uro-
genital mucosa can be reversed with estrogen suggests that
estrogen loss contributes to the problem. However, the lit-
erature is inconsistent in describing the role of menopause
and estrogen loss as significant contributors. Rekers et al.”'
compared premenopausal women with postmenopausal
women and found no significant difference in the preva-
lence of UI between the two groups. Another study found
that women who experience surgical menopause had a
higher rate of UI (36%) compared with those who experi-
ence natural menopause (22%).”

Hysterectomy

The role of hysterectomy is controversial. Some studies
have shown significant association between UI and hys-
terectomy, as well as oophorectomy. Brown et al.” ex-
plained this association by the fact that hysterectomy
may disturb the musculofascial attachments of the bladder
to the surrounding pelvic wall, and oophorectomy results
in surgical menopause.

Epidemiology and Prevalence

Obesity

Obesity and increased body mass index have been shown
to be frequently associated with UL Obesity may cause
stretching and weakening of the muscles, nerves, and other
structures of the pelvic floor. There is clear epidemiologic
support for the role of obesity in UL*

Other Factors

There are many other risk factors that may contribute to
the development of UL Patients with dementia, Parkinson’s
disease, multiple sclerosis, and stroke are at a high risk of
manifesting bladder dysfunction during the course of their
disease. Patients lacking mental orientation have a greater
risk of being incontinent than those with normal mental
status. Studies in nursing homes have suggested a link
between dementia and UL>?*

There are other factors correlated with urinary dys-
function, including chronic obstructive lung diseases,”
smoking,”® diabetes,” constipation, fecal incontinence,”
impaired function of levator muscles, genital prolapse,”
previous gynecologic surgery, perineal suturing,” and
history of childhood enuresis.”

Overactive Bladder
Epidemiology of Overactive Bladder

Overactive bladder is defined by the ICS as a medical con-
dition referring to the urinary symptoms of frequency and
urgency, with or without urge incontinence, when appear-
ing in the absence of local pathologic factors.'

Spectrum of Overactive Bladder

Patients with OAB experience a wide range of symptoms,
including frequency, both daytime and nighttime (noc-
turia), as well as urgency. A continuum of symptomatology
is necessary to accurately describe OAB. Approximately
one-third of patients with OAB have urge incontinence.”

National Telephone Survey

The National Overactive Bladder Evaluation (NOBLE)
program is a nationwide, population-based survey of the
United States adult population. The goals of the program
are to describe the epidemiology of OAB symptoms, assess
the use of coping strategies among people with OAB, and
to estimate the burden of the disease. A validated com-
puter-assisted telephone interview was conducted to assess
bladder symptoms and coping behavior. In all, 17231
households were contacted by telephone from November
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2000 to January 2001. A total of 5204 individuals completed
the telephone interview. Eight hundred sixty-four cases of
OAB were identified: 545 were classified as OAB without
incontinence and 319 were classified as OAB with inconti-
nence. Overactive bladder without incontinence was
defined as four or more episodes of urgency within 4 weeks
preceding the interview plus a frequency of eight or more
voids daily or at least one bladder-control coping behavior.
Overactive bladder with incontinence was defined using
the same criteria as OAB without incontinence plus three
or more episodes of urge Ul within the 4 weeks preceding
the interview. According to data derived from the NOBLE
program, the overall prevalence of OAB in the United States
is 16.6%. This means that approximately 33 million Amer-
ican adults may have OAB, although not all of these indi-
viduals will require treatment.

The results of the NOBLE program, in addition to indi-
cating that the prevalence of OAB is 16.6%, have demon-
strated that the prevalence of OAB is similar between men
(16.0%) and women (16.9%). The incidence increases with
age in both men and women.”

Milsom et al.”’ assessed the prevalence of OAB symp-
toms in men and women 40 or more years of age from six
European countries. There were 16776 interviews con-
ducted in person or by telephone. The overall prevalence
of OAB symptoms in European men and women was
16.6%, and the prevalence increased with age.

Prevalence of Overactive Bladder:
Incontinent Versus Continent

Of the 33.3 million adults with OAB in the United States,
the NOBLE program found that OAB without incontinence
(OAB/dry) was more prevalent in men, whereas OAB with
incontinence (OAB/wet) was more prevalent in women.
Thirty-seven percent of people with OAB have OAB/wet;
the remaining 63% have OAB/dry.”

Prevalence of Symptoms in the United States

Among the representative population, the NOBLE program
assessed the prevalence of the individual bothersome
symptoms that characterize OAB. The prevalence of urge
incontinence was 6%, frequency was 15%, urgency was
22%, and nocturia was 29%.%

Prevalence of OAB and Chronic Conditions
in the United States

Overactive bladder is as prevalent a condition as chronic
diseases such as arthritis, allergic rhinitis, and sinusitis.
Overactive bladder is more prevalent than heart disease,
asthma, diabetes, or Alzheimer’s disease.

1"

Prevalence of Overactive Bladder with
Selected Comorbidities

Overactive bladder with and without incontinence were
more prevalent among men and women with certain
comorbid conditions, including cancer, diabetes, conges-
tive heart failure, neurologic disorder, and, in men, en-
larged prostate.

The prevalence ratio is greater than 1 for most comor-
bid conditions in men and women with OAB with incon-
tinence. Persons less than 45 years of age have higher
prevalence ratios for most comorbid conditions compared
with persons 45 years of age and older. This suggests that
the influence of aging on the prevalence of OAB is a pre-
dominant factor.

Falls and Fractures

Brown et al.** administered a questionnaire to assess the
risk of falls and fractures in 6049 women with UL The
rationale for assessing women specifically with UUI was
that these women have increased diurnal and nocturnal
voiding. Additionally, women with UI often rush to the
bathroom to avoid an episode of incontinence. Therefore,
urgency in these women may predispose them to an
increased risk of falls and fractures. Brown et al. reported
that 19% to 42% of women with UT sustain falls and that
fractures occur in 4% to 9% of falls. Hip fractures are asso-
ciated with a high rate of morbidity and mortality. Weekly
or more frequent episodes of urge incontinence were inde-
pendently associated with a 30% increased risk of falls and
fractures.

Association Between Overactive Bladder
and Depression

Overactive bladder may be associated with an increased
risk of depression. Zorn et al.”® assessed 115 incontinent
patients to determine whether there was an association
between incontinence and depression. Thirty percent of
patients with incontinence had an abnormal Beck Depres-
sion Inventory (BDI) score compared with only 17% of
controls. They found evidence of depression in 60%, 44%,
and 14% of patients with idiopathic urge, mixed, and stress
incontinence, respectively. The authors hypothesized that
OAB and depression may share a common etiology involv-
ing the neurotransmitter serotonin. Whereas it seems that
there is a positive correlation between depression and idio-
pathic urge incontinence, the association between depres-
sion and stress incontinence is less clear.

Economic Costs of Overactive Bladder

The total economic costs of OAB in the United States in
the year 2000 were $18.2 million dollars.” This estimate
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includes direct and indirect costs at the community and
institutional levels but does not consider intangible costs;
therefore, although this current cost of OAB is higher than
the cost of disease states such as osteoporosis and Parkin-
son’s disease, the economic burden of OAB in the United
States may be underestimated.

Impact of Cost to the Patient

To appropriately and accurately assess the economic
burden of OAB, it is necessary to consider three types of
costs: direct, indirect, and intangible costs. Direct costs
include routine care costs (e.g., catheter, pads), treatment
costs (e.g., drugs, behavior therapy), diagnostic costs (e.g.,
physical examinations, urodynamic evaluations), and con-
sequence costs (e.g., treatment for sequels such as falls or
infections). Indirect costs include money, time, and pro-
ductivity that are lost by patients and caregivers because of
the disease. Intangible costs are the most difficult to esti-
mate. These costs are derived from subjectively measured
parameters such as effects on quality of life, welfare and
well-being, and productivity.

Prevalence and Impact

The short form, SF-36 scale is a validated instrument that
provides measurements of various domains reflecting
quality of life. Higher scores represent higher quality of life.
On the SF-36, scores in the physical and mental domains
are significantly lower in men and women with dry or wet
OAB compared with controls.

Affected individuals often limit or even cease participa-
tion in physical activities. Sexual contact and intimacy may
also be avoided. Both work and home life are affected by
OAB. Social interactions may be reduced because of the
need to plan activities and travel around the availability of
toilet facilities.
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Bowel Dysfunction

James Doty and Jonathan E. Efron

Pelvic floor disorders involving bowel dysfunction include
several different clinical problems such as fecal incon-
tinence, constipation, and prolapse of the rectum. These
disorders are often complex, involving the functions of
smooth and skeletal muscles, their nerves, and connective
tissues. Etiologies of these disorders are either posttrau-
matic (such as from vaginal birth or prior anorectal sur-
gery) or acquired, developing from chronic evacuation
problems or with age. In some cases, the cause is idiopathic.
Management strategies for the treatment of these disorders
have evolved and continue to evolve as we better under-
stand the nature of these problems.

Evacuation Disorders

One of the most common complaints of patients seeing col-
orectal surgeons is constipation. The prevalence of chronic
constipation in the United States varies from 2% to 34%."
Constipation is caused by several etiologies. Pelvic outlet
obstruction (POO) is a common cause of constipation and
is attributed to muscular dysfunction of the pelvic floor.
The reported incidence of POO as a cause of constipation
was reported as high as 50% at a tertiary referral center.”
Population studies have demonstrated the prevalence of
POO in the elderly (age 65 years and older) as 20%.’ In a
population study performed by Talley et al.,' the prevalence
of POO was 16.5% in females and 5.2% in males. In another
study that compared age-related prevalence in the same
community of patients, aged less than 60 to more than 65
years, there was an increasing prevalence of POO with
increasing age."’

Multiple risk factors suspected to be associated with
POO have been reviewed. One such risk factor is gender.
Constipation in young and middle-aged adults is approxi-
mately three times more prevalent in women, and the
prevalence increases in both genders with age.* Nons-
teroidal antiinflammatory drug usage has been shown to
be associated with POO in some studies but not in others."’
Other factors such as aspirin, Tylenol, alcohol, and tobacco

use, marriage and employment status, level of education,
and depression have not borne out as significant risk
factors for POO." Laxative and enema abuse have been
associated with POO, but have not been shown to be
significant. There are limited reports of other associated
pelvic floor anomalies with POO. For example, Talley et al.'
reported up to a 28% incidence of proctalgia fugax in
patients with POO.

Among patients with POO, there are several neuro-
muscular-associated or etiologic syndromes, including: 1)
nonrelaxing puborectalis syndrome, 2) rectocele, and 3)
descending perineum syndrome. Nonrelaxing puborectalis
syndrome occurs when there is failure of relaxation or par-
adoxical contraction of the puborectalis muscle at the time
of defecatory effort. Paradoxical or nonrelaxation of the
puborectalis muscle is the cause in 31% to 42% of patients
with POO constipation.>® As a result of the chronic strain-
ing associated with this syndrome, many other associated
disorders may develop including rectal prolapse and
rectocele.

The descending perineum syndrome occurs as a result
of either injury of the sacral or pudendal nerves or damage
to the pelvic floor muscles. Most often, this injury occurs
secondary to childbirth or chronic straining at stool. The
descending perineum syndrome is frequently associated
with constipation and, later, development of fecal inconti-
nence. Its incidence increases with age and it is more
common in women than men.”

A rectocele is defined as a herniation or protrusion of
the anterior rectal wall into the vagina and is associated
with pelvic laxity. Rectoceles are found in 1% of patients
presenting to specialists with complaints of chronic con-
stipation.” They are very common and not often symp-
tomatic, and so they are vastly underreported. Many
rectoceles will remain asymptomatic until the fourth or
fifth decade of life.* The majority of patients with rectoce-
les are multiparous and/or have chronic constipation with
a history of straining.” During vaginal delivery or chronic
straining, damage to the rectovaginal septum, pelvic floor
muscles, and the pudendal nerves may be related to recto-
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cele development.” Rectoceles are also associated with
hysterectomies.’

Prolapse Syndromes

Rectal prolapse occurs when the full thickness of the rectal
wall protrudes through the anus. It is the most common
type of distal digestive tract prolapse.In mucosal prolapse,
only the mucosa of the rectal wall protrudes through the
anus. In contrast, internal intussusception can be full or
partial thickness but the prolapse does not pass beyond the
anus. Intussusception is common in normal, healthy vol-
unteers (up to 50%) and may be normal. It seldom leads to
full prolapse.’

The first description of rectal prolapse is said to be in the
Ebers papyrus 1500 BC. The first treatment as outlined by
Hippocrates involved hanging patients by their heels and
shaking them.'® Obviously, this was rarely successful in the
long term. The true incidence of rectal prolapse (mucosal or
complete) is unknown mostly because of underreporting.
It is associated with long-standing constipation, chronic
straining, pregnancy, prior surgery, female gender, aging,
neurologic disease, mental illness (up to 53% in a study by
Vongsangnak et al.), and other pelvic floor disorders.'""

The peak incidence of prolapse is seen in the fourth and
seventh decades of life,and women are affected more often,
outnumbering men 10 to 1.” In fact, the incidence
increases with age in women, but not in men. Approxi-
mately two-thirds of women with rectal prolapse have neu-
rogenic weakness of the pelvic floor, which is usually a
consequence of childbirth.'" The incidence of prolapse,
however, does not seem to be lower in nulliparous women,
although they are less likely to have associated fecal incon-
tinence." In a study by Karulf et al.,"” 35% of patients with
rectal prolapse were nulliparous. Other associated condi-
tions with rectal prolapse include rectosigmoid cancer, sys-
temic sclerosis, laxative abuse, malnutrition, and increased
intraabdominal pressure. Up to 40% of patients with rectal
prolapse have fecal incontinence, and up to 60% have
constipation.'

Solitary rectal ulcer syndrome (SRUS) is a condition
described classically as a single ulceration of the rectal
mucosa usually anteriorly between 5 and 12cm from the
anal verge."”'® The name of the syndrome, however, can be
misleading, because patients do not need to have ulcera-
tion to be diagnosed with this condition. Typically, patients
present with symptoms of bleeding (56%), passage of
mucous, straining, or a sense of incomplete evacuation.
Endoscopic findings range from mucosal ulcerations to
mild erythema. It is thought that years of straining because
of chronic constipation or birth-related injuries may
weaken the pelvic floor with resultant pudendal nerve
damage. Pudendal nerve damage leads to weakened
sphincters and thus prolapse. Intussuscepted mucosa may
lead to direct mucosal injury or ischemia, which leads to
rectal mucosal injury or ulceration. Associated conditions
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include rectal prolapse, failure of puborectalis relaxation,
increased anorectal angle, abnormal perineal descent, and
decreased anorectal sensitivity to balloon inflation."” Ab-
normal perineal descent has been seen in patients with
SRUS, and behaviors such as digitization have been related.
Other disorders such as defecation disorders, constipation,
fecal impaction, erythema nodosum, and lupus have also
been associated with SRUS.”

The annual incidence of SRUS is 1 to 4 per 100000.
Eighty percent of patients are less than 50 years old.
Females are affected slightly more often than males.” The
mean age of presentation is 49, but 25% of patients present
after age 60.° As noted above, many authors believe rectal
prolapse is the etiology. It is proposed that prolapse causes
ischemia, which leads to ulceration; however, only 30% of
patients with SRUS have rectal prolapse.”

Continence Abnormalities

Fecal incontinence, similar to other pelvic floor disorders,
is vastly underreported by patients, and thus the
true prevalence is unknown. In a telephone survey in
Wisconsin, 2.2% of the population reported incontinence,
half of whom were incontinent to solid or liquid stool.”
Studies using anonymous questionnaires have shown
higher rates, with 4.8% having incontinence to solid stool
and 6.7% with incontinence to liquid stool.”> Women are
50% more likely to report incontinence than men.”

Obstetric trauma is the most important etiologic factor
in the pathogenesis of fecal incontinence in women. There
is evidence that hormonal changes during pregnancy lead
to smooth muscle relaxation attributed to progesterone.
Relaxin is an ovarian hormone that peaks late during preg-
nancy and leads to connective tissue remodeling in the
pelvic floor.”” With parturition, there is stretching of the
levators, stretching and tearing of the rectovaginal septum,
stretching of the vaginal wall, and compression of the
pudendal nerves against the pelvic side wall. All these
factors may contribute to fecal incontinence.

A published study by Sultan et al.* revealed anal sphinc-
ter defects in 30% to 40% of asymptomatic postpartum
females. Fortunately, the minority of these patients were
symptomatic (32%). However, these patients may become
symptomatic later in life or with subsequent vaginal deliv-
eries. In addition, pudendal nerve injury documented by
electromyography has been demonstrated in 42% of post-
partum females by Snooks et al.*>*® Sixty percent of these
patients recovered nerve function 2 months after delivery,
but 40% did not. Four percent of 906 postpartum women
in a study by MacArthur et al.” reported new symptoms of
incontinence after childbirth. Sultan et al.*® showed a 1%
incidence of frank fecal incontinence and a 25% incidence
of decreased flatal control at 9 months’ follow-up after
vaginal delivery.

The incidence of sphincter injury is higher in patients
with perineal tears. Up to 25% of patients developed fecal
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incontinence symptoms after a third degree tear in a study
by Wood et al.” Third degree tears, involving the sphincter
muscle, occur in approximately 0.6% of all vaginal deliver-
ies.”® Repairs of sphincter defects by obstetricians at the
time of injury have shown variable results with up to 85%
of patients having persistent sphincter defects after repair.
These repairs were performed with figure-of-8 in an end-
to-end manner.”® Overlapping repairs have shown better
results with only a 15% incidence of persistent sphincter
defects.” Other studies, however, have not supported these
results. A study by Fitzpatrick et al.”” showed no significant
difference in outcome by either method of repair.

Episiotomies, similar to tears, are associated with incon-
tinence. Sultan et al.”' found episiotomy to be associated
with an increased risk of sphincter injury. Signorello et al.”®
showed a threefold increase in fecal incontinence after
midline episiotomy as compared with spontaneous lacera-
tion; therefore, a mediolateral episiotomy is recommended.

Menopause is noted to be a risk factor for the develop-
ment of altered fecal continence. Some preliminary studies
have shown a plethora of estrogen receptors in the sphinc-
ters of women, and have shown a subjective improvement
in fecal incontinence with estrogen therapy.”” Aging is
also a significant risk factor for fecal incontinence. The
prevalence of fecal incontinence is between 9% and 17% in
women 75 years or older. The incidence is higher in women
(8:1) probably because of a history of obstetric injury and
the loss of estrogen.”

Although vaginal delivery is probably the most common
cause of fecal incontinence, there are several other less
common causes. Other traumatic etiologies include
surgery for perianal fistula (with an incidence up to 34%),
sphincterotomy for fissure, or hemorrhoids.”” Pelvic frac-
tures or direct anal trauma are other traumatic causes.
Infiltration of the nerves and/or muscles by neoplastic
processes can also result in incontinence. Congenital
anorectal malformations or the surgery performed to
correct them account for a small percentage of fecal incon-
tinence. Patients with a postsurgery for imperforate anus
have an incidence of incontinence up to 47% in some
series.”® Idiopathic causes in which there is pelvic floor
denervation or dysfunctional, yet intact, musculature
account for a significant proportion of fecal incontinence,
especially in the elderly population. Etiologies include
incontinence associated with rectal prolapse, chronic
straining at stool, or other neurologic dysfunction. Specific
neurologic causes may include multiple sclerosis, spinal
cord injury, or diabetes in which there may be up to a 9%
incidence of fecal incontinence secondary to autonomic
neuropathy.”

Regardless of the etiology, the prevalence of bowel dys-
function in pelvic floor disorders can be significant. For
many of these problems, treatment is available but not
always satisfactory. As our understanding of these disor-
ders improves, more successful and more durable treat-
ments will likely develop. Patient and physician education,
as well as early intervention, can often make a sizable dif-
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ference in outcome resulting in a true understanding of the
incidence of these problems as well as improved results of
therapy.
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Genital Prolapse, Urogenital Atrophy, and

Sexual Dysfunction

Minda Neimark

This chapter will review the epidemiology, incidence,
prevalence, and risk factors involved with genital prolapse.
In addition, it will also review urogenital atrophy and
sexual dysfunction related to prolapse and its incidence
after pelvic reconstructive surgery.

Genital Prolapse

Genital prolapse is a common condition that can affect
women of all ages. Multiple risk factors have been
identified and studied that are thought to contribute to the
development of genital prolapse, including age, parity,
menopausal status, body mass index (>30kg/m?), race,
genetics, connective tissue disease, tobacco use, chronic
lung disease, chronic constipation, occupational straining,
and previous surgery.

Genital prolapse is a general term for weakening or loss
of support to the pelvic organs (bladder, vagina, uterus, and
rectum) resulting in a herniation of those pelvic organs.
Site-specific pelvic examinations are used to determine the
exact location of pelvic floor weakness, and the current
grading systems [Baden-Walker, pelvic organ prolapse
quantification (POP-Q) system] allow documentation of
the degree of prolapse, which can be communicated to
other clinicians. The types of genital prolapse include:

+ Vaginal vault prolapse — herniation of the vaginal vault
caused by loss of support or weakening of the uterosacral
ligaments, cardinal ligaments, and loss of attachment of
the endopelvic fascia to the white line at the level of the
sacrospinous ligament, or a combination of the above
mentioned.

+ Uterine prolapse - herniation of the uterus caused by loss
of support of the uterosacral and/or cardinal ligaments.

+ Cystocele - herniation of the anterior vaginal wall and
bladder caused by tearing, stretching, or a combination
of the two, of the anterior wall endopelvic fascia. The

insult may either be midline, resulting in a central cys-
tocele, or a lateral insult resulting in a paravaginal defect.

+ Enterocele - herniation of the superior portion of the
posterior vaginal wall caused by tearing, stretching, or a
combination of the two, of the posterior vaginal wall
endopelvic fascia.

+ Rectocele - herniation of the inferior portion of the pos-
terior vaginal wall and rectum caused by tearing, stretch-
ing, or a combination of the two, of the posterior vaginal
wall endopelvic fascia.

Epidemiology

The overall incidence of genital prolapse is underestimated
because of limited patient access to medical care, limited
number of clinicians trained to recognize prolapse, mild
cases of prolapse that may be asymptomatic and therefore
unknown to the patient and ignored by the physician, as
well as the patient’s desire to not disclose her problem to
the clinician. Therefore, the studies published to date that
cite incidence and prevalence of genital prolapse can only
be generalized to similar community settings rather than
to worldwide populations. In addition, the incidence of
grades of prolapse severity are unattainable because, to
date, not all clinicians who treat genital prolapse use the
POP-Q system, which is an objective tool used to grade
genital prolapse. Typically, patients with genital prolapse
have more than one area of weakness, with more severe
prolapse in some areas, depending on the initial damage to
the pelvic floor as well as the length of time the prolapse
has gone untreated.

Surgery for Prolapse

Despite the fact that pelvic organ prolapse is one of the
most common indications for gynecologic surgery, there is
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little epidemiologic information regarding surgical proce-
dures for prolapse. In a 1997 survey, approximately 226 000
women underwent surgery for pelvic organ prolapse in the
United States, making prolapse one of the most common
indications for gynecologic surgery.! The average age of
women undergoing prolapse surgery was 55 years. The
overall rate of pelvic organ prolapse surgery was 22.7 per
10000 women in the United States. This increased with age
to a peak rate of 42.1 per 10000 women aged 60 to 69 years.
Vaginal hysterectomy with rectocele and cystocele repair
was the most common surgery performed. There was a
higher percentage of women aged 70 to 79 years compared
with the other age groups that underwent vault fixation or
suspension. Women in the southern part of the United
States were more likely to undergo surgery for prolapse
than women in the midwest or northern states (29.3 per
10000 vs. 21.7 per 10000 vs. 19.1 per 10000, respectively).
In addition, women aged 30 to 39 and 70 to 79 years in
the South were six times more likely to have prolapse sur-
gery than women in the Northeast."! The Oxford Family
Planning Association followed up more than 17000 women
aged 25 to 39 years for approximately 26 years. The annual
incidence of hospital admission with a diagnosis of pro-
lapse was 0.204%, whereas the annual incidence of surgery
for prolapse was 0.162%.> Depending on the population
studied, up to 14% of all hysterectomies performed are for
genital prolapse.

In a study to review the trends in surgery performed for
pelvic organ prolapse from 1979 to 1997, there was a
decrease in the number of surgeries performed for pro-
lapse, including hysterectomy (abdominal and vaginal),
as well as rectocele and cystocele procedures. However,
there was an increase in vaginal vault suspensions and
fixations.”

Age and Menopause

The incidence of prolapse increases with age, as does the
rate of surgery for prolapse. Luber and colleagues* found
that women seeking help at a pelvic floor disorders clinic
had a mean age of 61.5 years and that more than half of the
women (57%) were aged 60 years and older. It has been
demonstrated that the rate of pelvic organ prolapse surgery
increases with age, peaking in the sixth decade. The life-
time risk of undergoing a single operation for pelvic organ
prolapse by the age of 80 is 11.1%. This incidence will be
influenced by variables including access to a health care
provider trained to treat these problems, financial con-
cerns, and overall medical care access. Surgically managed
patients represent only a small fraction of those affected,
because many women, especially the elderly, are managed
conservatively or never present for evaluation.’

To date, there are no studies evaluating the role of estro-
gen replacement initiated at the start of menopause in pre-
vention of genital prolapse. However, because age has been
shown to be a strong risk factor in the development of pro-
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lapse, it can be assumed that estrogen deficiency, which will
occur in all women in the menopausal years, may con-
tribute to weakening of the supports (epithelium, connec-
tive tissue, muscle). This may be a key factor in the
development and progression of prolapse, explaining the
increased incidence of prolapse in the postmenopausal
years. Estrogen receptors have been identified throughout
the nuclei of the connective tissue and smooth muscle cells
of the bladder trigone, urethra, vaginal mucosa, levator ani
muscle stroma, arcus tendineus, and the uterosacral liga-
ments. The collagen content of the pelvic floor is also estro-
gen dependent. In biochemical analysis of pelvic floor
tissue, it has been demonstrated that there is a reduction
in total collagen content when estrogen concentrations
decrease. In addition, there is a reduction in collagen
content in genitourinary tissue of patients with genital pro-
lapse when compared with patients without prolapse,
regardless of menopausal states.” Hormone replacement
use for longer than 5 years may have a protective role in
pelvic floor dysfunction development.’

Previous Surgery

Reoperation rates for recurrent prolapse have been esti-
mated to be approximately 30%. The time interval between
repeat procedures for recurrent prolapse has been shown
to decrease with each successive repair.” Theoretically, pre-
vious surgical treatment will cause further damage to the
nerves and surrounding support systems and is thus
increasing potential risks for recurrent prolapse. Vaginal
vault prolapse is a late and common complication after an
abdominal or vaginal hysterectomy (Table 2-3.1), with a
reported incidence as high as 43%.° Marchionni and col-
leagues’ found that vault prolapse was higher when a hys-
terectomy had been performed for relaxation compared
with a hysterectomy for benign disease (11.6% vs. 1.8%).
For patients who underwent previous abdominal hysterec-
tomy for benign disease, the incidence of vault prolapse
was 2%, and, for those with a previous vaginal hysterec-
tomy, the incidence was essentially zero.

Development of prolapse after retropubic urethropexy
has been described in the literature with a reported occur-
rence rate of anywhere from 4% to 26%, depending on the
surgical technique used, severity of prolapse, and duration
of follow-up.”” In theory, prolapse occurs after a ure-
thropexy because of the anterior displacement of the infe-

Table 2-3.1. Common sites for genital prolapse

Before Hysterectomy After Hysterectomy

Cystocele Vault prolapse
Uterine prolapse Enterocele
Rectocele Cystocele
Enterocele Rectocele

Vault prolapse
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rior portion of the vagina, which creates a change in vector
forces, therefore making the upper portion of the posterior
vaginal wall susceptible to increases in intraabdominal
pressure.

The vaginal retroversion that is seen after sacrospinous
fixation of the vaginal vault has been suggested to be a pre-
disposing factor for the development of anterior vaginal
wall defects. This is the result of excess intraabdominal
pressure on the anterior vaginal wall from the exaggeration
in the posterior vaginal wall axis deviation. Studies have
indicated that the risk of development of a cystocele after
sacrospinous ligament fixation is up to 20%.'""

Obstetric Factors

Obstetric injury is thought to be a principal factor con-
tributing to the development of pelvic floor dysfunction
(prolapse, urinary and fecal incontinence). This is attrib-
uted to direct muscular and connective tissue injury or to
denervation injury to the pudendal nerve. There is ques-
tion as to whether the mode of obstetric delivery, or just
the event of being pregnant, has a role in developing pro-
lapse. In a case-control study, patients who delivered their
first child before the age of 25 years had an almost fourfold
increase of developing prolapse.” Up to 50% of all parous
women have some degree of prolapse, with 10% to 20%
being symptomatic."” Elective cesarean delivery in a non-
labored patient has been speculated to protect the pelvic
floor from damage leading to prolapse; however, to date
there are no prospective randomized studies to support
this theory. It has been well established that vaginal parity,
notably the first,is an independent risk factor for the future
development of genital prolapse. It was demonstrated that
the odds ratio was 3.0 for women who had one vaginal
delivery and 4.5 for women with a history of two or more
vaginal deliveries."* Mant et al.” analyzed risk factors for
genital prolapse in 17 032 women in family planning clinics
across England and Scotland. In those patients who were
diagnosed with prolapse, parity was shown to have the
strongest relationship to the development of prolapse. The
risk of prolapse increased with each child, up to two chil-
dren; that is, a woman with two children was eight times
more likely to develop prolapse compared with a nulli-
parous patient.

The event of a vaginal delivery results in dilation and
stretching of the pelvic floor - nerves, connective tissue
supports including the uterosacral and cardinal ligaments,
endopelvic fascia, and the perineal body. Stretching of the
pudendal nerve during vaginal delivery is thought to be a
major cause of nerve damage leading to pelvic floor dys-
function including prolapse as well as incontinence. The
type of obstetric event, which results in a neuropathy, has
been evaluated in studies assessing pudendal nerve func-
tion. Tetzschner and colleagues'® demonstrated an increase
in terminal motor latency of the pudendal nerve (PTML)
in women who underwent a vaginal delivery. In a study by
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Sultan et al.,'* PTML was compared in women beyond 34
weeks gestation who either delivered vaginally or by elec-
tive cesarean delivery. Terminal motor latency of the
pudendal nerve was significantly more prolonged in those
women who had a vaginal delivery compared with women
who had an elective cesarean delivery either primiparous
or multiparous. Women who had a cesarean delivery after
the onset of labor also had prolongation of PTML." Instru-
mental vaginal delivery with forceps has been shown to be
responsible for a greater incidence (fourfold increase) of
pelvic floor dysfunction compared with vaginal deliveries
without forceps. This determination is based on objective
data including physical examination."”

Race and Genetics

Population studies have shown that prolapse is more
common in whites, less common in Asians, and uncommon
in blacks. Differences in the incidence of prolapse between
racial groups suggest congenital and cultural factors.
Genetics may also have a role in those women who have
collagen or connective tissue diseases contributing to the
development of prolapse.

Constipation

Chronic constipation and repeated prolonged defecatory
straining efforts have been shown to contribute to pro-
gressive neuropathy and dysfunction.”® It has also been
demonstrated that a history of constipation and extensive
straining during defecation as a young adult, before the
onset of pelvic floor dysfunction, was significantly more
common in women who developed genital prolapse com-
pared with those women who did not develop prolapse
(61% vs. 4%)."

Female Sexual Dysfunction

Female sexual dysfunction is a generalized term for abnor-
malities in the normal female sexual cycle. It is a highly
prevalent problem affecting anywhere from 30% to 50% of
women in all age groups. The National Health and Social
Life survey of 1749 women found that 43% complained of
sexual dysfunction.”” Only recently have the problems
involved with female sexuality gained recognition by clini-
cians. There are risk factors associated with female sexual
dysfunction including age, menopause, previous surgery,
mental and physical health, and availability of a partner.
In 1966, Masters and Johnson®' first described the female
sexual response consisting of four successive phases —
excitement, plateau, orgasmic, and resolution. This was
later modified to the phases of desire, arousal, orgasm, and
resolution. It is well recognized today that the female sexual
cycle is not just a sequence of events, but a very complex
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entity including biological, psychological, sociocultural,
and interpersonal factors that affect each part of the sexual
cycle.

Sexual Function after Pelvic Surgery

Pelvic surgery to correct prolapse may affect sexual func-
tion for a number of reasons including narrowed vaginal
canal, poor lubrication, and fear of urinary incontinence.
Some studies suggest that sexual dysfunction can occur
up to 20% of the time after surgery for prolapse or incon-
tinence. It is thought that the vaginal dissection may lead
to pelvic floor neuropathy affecting the pudendal nerve,
which subsequently affects vaginal sensation and orgasm.
Hysterectomy has been associated with sexual dysfunc-
tion. It is thought that removal of the cervix alters the
upper portion of the vaginal canal and causes a neuropa-
thy, which is the source for dyspareunia as well as anor-
gasmia. However, studies in the literature are conflicting
as to the exact cause of sexual dysfunction after hysterec-
tomy.” Another possible cause for dyspareunia is poor
estrogenization of the vaginal mucosa in those women
who undergo surgical menopause at the time of a hys-
terectomy. Techniques used to repair the rectocele have
been implicated in the cause of postoperative dyspareunia.
Posterior colporrhaphy using levator plication has been
implicated as a cause for postoperative dyspareunia.
Kahn and Stanton® evaluated 209 women who underwent
a posterior colporrhaphy. They reported an increase in
sexual dysfunction in up to 27% of the women included
in the study. Site-specific repair of rectoceles has been
reported to result in less dyspareunia. In a retrospective
study, 73 women who underwent a site-specific rectocele
repair were followed 6 months postoperatively to evaluate
quality of life, sexual function, and bowel function. It
was demonstrated that sexual function was not affected,
but dyspareunia was significantly improved or cured
after operation in 73% of patients and only worsened in
19% of patients.** Kenton and colleagues™ also reported
a significant reduction in dyspareunia, 92% after site-
specific repair of rectoceles at 1 year. However, to date,
there are no prospective randomized controlled trials
evaluating the two techniques and their impact on sexual
dysfunction.

New-onset dyspareunia after sacrospinous fixation has
been reported in up to 50% of women. This was attributed
to vaginal dryness, vaginal constriction, or a shortened
vaginal length.”

Prolapse

Problems with sexual function have been reported to occur
in women with urinary incontinence and uterovaginal pro-
lapse.” However, the precise relationship between prolapse
and sexual function has not been well documented. In a

Epidemiology and Prevalence

study that compared sexual function in women with and
without uterovaginal prolapse, the authors found that
overall sexual dysfunction in women without prolapse
did not differ from women who had prolapse. In addition,
the degree of prolapse did not have a role in whether
sexual dysfunction occurred among those with prolapse.
Psychological and relationship conflicts tended to have a
greater impact on sexual function for both groups of
women.”®

Menopause

Several menopause-related changes in sexual function
occur that have been described in the literature: dimin-
ished sexual responsiveness, dyspareunia, decreased sexual
activity, decrease in sexual desire, and a dysfunctional male
partner. Sarrel® described the underlying cause of biolog-
ical changes that occurred with sexual dysfunction to be
estrogen deficiency. The postmenopausal ovary has been
shown to be responsible for up to 50% of the testosterone
believed to be associated with libido. Many clinicians
believe that a combination of both estrogen and testos-
terone is required to improve female sexual function.

The effect of menopause on vaginal physiology has been
described. There is a pronounced decrease in pelvic blood
flow. This in turn results in a thinning of the vaginal
mucosa and loss of the normal microbial environment.
With the loss of estrogen, there is change in the integrity
of the vaginal tube, making it less compliant for coitus.
Lubrication is also compromised because of loss of estro-
gen. This has been confirmed with studies demonstrating
that these factors will improve with local estrogen cream
over time.

Atrophy

As modern medicine continues to improve, life expectancy
will continue to increase. It has been estimated that, there
are currently more than 25 million women who will live 30
years beyond menopause. Menopause by definition is an
estrogen-deficient state resulting in physiological changes
to many female organs. The urogenital organs, including
the urethra, bladder, vagina, and vulva, are highly estrogen
dependent. Blood flow to the pelvis is also estrogen
dependent. Without an appropriate estrogen level, urogen-
ital atrophy will develop. This means that 100% of women
who enter into the menopausal state will develop atrophy
of the urogenital system.

When vulvovaginal atrophy occurs, there is a loss of the
vaginal epithelial integrity and loss of normal vaginal
microflora. This results in a thinning of the vaginal mucosa
and bacterial overgrowth caused by the loss of the acidic
state provided by the normal flora. Loss of blood flow to
the pelvis results in loss of the transudation of fluid across
the vaginal mucosa required for vaginal lubrication during
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the normal sex response cycle, leading to dyspareunia.
In addition, there is increased incidence of vaginal and
urinary tract infections. The signs as well as the symptoms
of atrophy probably begin before a woman completes the
transition into menopause. However, the degree of estro-
gen deficiency that results in an atrophic state is unknown
to date, and is likely individually dependent.

The symptomatology from urogenital atrophy varies
among women. Davila et al.*® demonstrated that the degree
of atrophy evidenced on physical examination by vaginal
pH and maturation index did not correlate well with symp-
toms of urogenital atrophy. The treatment for an estrogen-
deficient state is hormone replacement therapy. However,
approximately 40% of women on systemic hormone
therapy will still develop urogenital atrophy requiring
further therapy. Local vaginal estrogen therapy will
improve the vaginal mucosa by reestablishing the normal
microflora and pH, as well as enhancing vaginal epithelial
integrity.
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Gamal M. Ghoniem

t is important for a physician evaluating pelvic floor disorders to differentiate between func-

tional and anatomical abnormalities. Impressive genitourinary bulges very often do not explain
a patient’s symptoms. Many women with a large prolapse may not complain of a bulge, but of
other symptoms such as urinary or fecal incontinence.

The goal of physical examination and subsequent investigation is to explain the symptoms,
identify the causative mechanism and its risk factors, and finally propose treatment. Using
sophisticated testing, it may be possible to even predict outcomes. For example, a patient with
impaired bladder contractility on preoperative urodynamics, who is undergoing a sling proce-
dure for stress urinary incontinence, may need to be taught clean self-catheterization after
surgery. Preoperative counseling to predict such specific outcomes can help to avoid unsatisfied
patients. Because pelvic floor disorders are mainly quality-of-life issues, it is imperative that
physicians discuss with their patients their goals and expectations for the treatments offered to
them.

The following chapters cover multitudes of evaluation. The history and physical examination
are the starting building blocks to what investigation is needed next.



Primary Evaluation of the Pelvic Floor

Nathan Guerette, Dana R. Sands, and G. Willy Davila

Evaluation of the Urogynecology
Patient

Proper evaluation of women with symptomatic pelvic
organ prolapse and urinary incontinence requires an
organized approach. A thorough history and physical
examination along with basic office testing will often
provide ample evidence to make a diagnosis and develop
an effective treatment plan.

Urogynecology History

Urinary incontinence and pelvic organ prolapse are prob-
lems that cause social embarrassment and inconvenience.
It is, therefore, critical to fully understand the patient’s
chief complaint and its effect on quality of life. Detailed
questions should be asked regarding the degree to which
the problem has impacted social functioning and living
situations.

Specific questions will often help clarify the type of
incontinence distressing the patient. Women with stress
urinary incontinence (SUI), or urine loss associated with
exertion, report urine loss with coughing, sneezing, or
laughing. Urine loss during physical activity that increases
intraabdominal pressure, such as running and sit-ups, also
occurs frequently. Women with urge urinary incontinence
(UUI), or urine loss associated with uninhibited detrusor
muscle contractions, will typically also complain of urinary
urgency, nocturia, and symptoms of frequency. These
patients often report an urgency to void that occurs with
little warning and cannot be repressed, with leakage often
occurring on the way to the toilet. They should be asked
how many daytime and nocturnal voids they average.
More than eight voids per day and two voids per night
is considered abnormal. Episodes of enuresis should be
specifically elicited. Urge incontinence will often have trig-
gers such as running water, handwashing, sexual inter-
course, or emotional stress. Inquiry into these contributory

factors will frequently be helpful in making a diagnosis.
Women with mixed incontinence (MI) will have a combi-
nation of stress and urge symptoms. Elucidating which
type of symptoms predominates will be helpful in later
making therapeutic recommendations. A bladder diary,
kept over 3 days, reporting voids, urgency events, inconti-
nence events, and fluid intake can be very useful in clari-
fying often unclear and complex symptoms (Figure 3-1.1).

The degree of urine loss should also be quantified. The
frequency of accidents should be noted. Pad use will often
indicate symptom severity. The patient should be asked if
pads are used and, if so, how many per day.

Voiding dysfunction is common in this population of
patients. Questions about difficulty initiating the void,
interrupted or slow voiding, needing to strain with voiding,
a feeling of incomplete emptying, frequent urinary tract
infections, postvoid dribbling, and double voids will aid
in diagnosis and dictate need for a voiding study during
urodynamics.

Patients with significant prolapse will typically complain
of pelvic pressure or low back pain that worsens with pro-
longed standing. If the prolapse is exteriorized, they will
often note a vaginal mass or bulge. Patients with prolapse
involving the posterior vaginal wall often describe the need
to digitally splint their vagina or manually extract stool in
order to evacuate the rectum.

Sexual dysfunction frequently occurs in conjunction
with incontinence and prolapse, and it should not be
ignored. Although some symptoms may be primarily hor-
monal in nature (i.e., decreased libido, vaginal dryness)
and others primarily neurologic (i.e., decreased vaginal
sensation, secondary anorgasmic), there is frequently a
combination of etiologic factors. In addition, parameters
defining normal sexual function have not yet been deter-
mined because of varying individual characteristics, as
well as cultural factors.

Symptoms related to fecal incontinence and defecatory
dysfunction are discussed later in this chapter.

After the symptoms are well characterized, a complete
medical history should be obtained. Focused questions to
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Figure 3-1.1. Bladder diary.

uncover contributing factors should be asked. Past urologic
and gynecologic procedures such as incontinence surgery,
urethral dilatations, radical hysterectomy, or radiation
treatment might help explain the etiology of the patient’s
symptoms. A careful obstetric history including modes
of delivery, fetal weights, use of forceps, large tears, or
other indications of significant urogenital trauma are
important. Neurologic conditions such as multiple sclero-
sis, Parkinson’s disease, stroke, or previous back trauma
also often contribute to incontinence and prolapse symp-
toms. Pulmonary pathology associated with a chronic
cough is a risk factor for SUI and prolapse and will also
challenge a repair. Moreover, the risk of all forms of urinary
incontinence is increased by up to three times with a
history of smoking.' Therefore, a smoking history is also
important to obtain.

Other conditions associated with repetitive significant
increases in intraabdominal pressure, such as chronic con-

stipation and heavy lifting, are also important to inquire
about because they can be associated with voiding dys-
function, pelvic neuropathy, and pelvic organ prolapse.
The patient’s medications should be thoroughly
reviewed to identify drugs that may be contributing to
symptoms and to prevent untoward interactions. In par-
ticular, usage of medications with o-adrenergic activity
(agonists such as phenylephrine enhance urethral sphinc-
teric function; blockers such as prazosin relax the urethral
sphincter) and cholinergic effects (procholinergic effects,
from bethanechol, increase detrusor form; anticholinergic
effects, from oxybutynin and tolterodine, relax the detru-
sor muscle) should be recorded. The patient’s menopausal
and estrogenation status should be addressed, because of
the marked effect female hormones may have on urogeni-
tal function (Chapter 11-1). Likewise, the patient’s diet and
dietary supplements should be examined to identify
bladder irritants that may worsen possible symptoms.
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Colorectal History

Patients with complex disorders of evacuation will often
have a confusing list of complaints, which can include both
constipation and fecal incontinence. It is important, in the
history of the present illness, to determine the patient’s
baseline bowel function. For patients with constipation, fre-
quency and consistency of bowel movements should be
ascertained. The sensation of the need to evacuate with
significant straining leads the physician to consider outlet
obstruction in the differential diagnosis. Infrequent bowel
movements with no sensation of rectal fullness may lead to
consideration of colonic inertia as a cause for constipation.
It is always important to ask the patient if there is any pro-
lapse of tissue from the anal canal. Often, patients will com-
plain of severe hemorrhoidal prolapse, when in fact, the
patient has full-thickness rectal prolapse. It is always
important to determine whether there is any associated
rectal bleeding. Obviously, occult malignancy must be ruled
out in any patient with changes in bowel habits. For patients
complaining of incontinence, the duration and severity of
the symptoms are important initial questions. A detailed
obstetric history as well as any history of anorectal surgery
or inflammatory bowel disease can provide important
insight into the etiology of fecal incontinence.

The independently validated Cleveland Clinic Florida
Fecal Incontinence Score (0-20) provides an objective
measurement of severity of incontinence both before and
after intervention®® (Table 3-1.1). This score takes into
account the frequency of incontinence to solid, liquid, and
gas, as well as the need to wear protective undergarments
and the impact on the patient’s lifestyle. A detailed bowel
history can also lead the physician to a better understand-
ing of the etiology of the incontinence. Passive soiling, the
unwanted loss of stool without the patient’s awareness, may
indicate internal sphincter pathology. Urge fecal inconti-
nence, the unwanted loss of stool despite attempts to inhibit
defecation, may signify external sphincter pathology. Post-
defecation soiling, the unwanted loss of stool immediately
after bowel movement with normal continence other times
is often a sign of incomplete emptying or perianal disease.
Stool consistency is an important component of conti-
nence. Frequent loose bowel movements can pose a
particular challenge for those patients with borderline con-
tinence. Oftentimes, improvement in the consistency of the

Table 3-1.1. Fecal incontinence scoring system

Sometimes Usually
Type of Rarely <1/wk <1/d Always
Incontinence Never <1/mo >1/mo >1/wk >1/d
Solid 0 1 2 3 4
Liquid 0 1 2 3 4
Gas 0 1 2 3 4
Wears pad 0 1 2 3 4
Lifestyle 0 1 2 3 4
alteration
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stool in these patients can provide great symptomatic relief.
In any patient with pelvic floor dysfunction, it is important
to assess the presence of anterior compartment symptoms,
such as urinary incontinence or prolapse.

A detailed medical and surgical history is important in
the evaluation of any patient. History of metabolic distur-
bances such as hypothyroidism or hypercalcemia may
provide insight into the etiology of constipation. History of
inflammatory bowel disease and proctitis will often con-
tribute to a patient’s symptoms of incontinence. Diabetes
and peripheral neuropathy can also have an important role
in incontinence. As mentioned previously, a detailed birth
history with particular attention to previous episiotomy,
high-birth-weight children, prolonged labor, and the use of
forceps for delivery is of paramount importance. Surgical
history, with a focus on previous anorectal surgery or
bowel resection, will obviously contribute to the evaluation
of these patients. Medications can also have a role in a
patient’s symptoms. Anticholinergic medications, nar-
cotics, and calcium supplements will often contribute to
constipation symptoms. Any medications that cause diar-
rhea will often worsen the severity of incontinence.

Urogynecology Physical Evaluation

A complete physical examination, including a thorough
lower neurologic examination, and gynecologic examina-
tion should be performed for every patient presenting with
complaints of prolapse or incontinence. The general exam-
ination should look for evidence of pulmonary conditions
that might contribute to the symptom profile. Hernias and
masses should be excluded on abdominal examination, and
costovertebral angle tenderness must be ruled out.

Neurologic Examination

Multiple sclerosis, Parkinson’s disease, dementia, minor
cerebrovascular accidents, and numerous additional neu-
rologic processes can have genitourinary dysfunction as
the presenting symptom. Back trauma and surgery, spinal
stenosis, peripheral neuropathy, and damage to pelvic
nerves also predispose women to incontinence and pro-
lapse. Ambulation and mobility problems may jeopardize
an individual’s ability to reach a toilet, and should be
identified. During the examination, the patient’s mental
status should be assessed. Cognitive impairment is a major
impediment to behavioral modification and other forms
of therapy. Realistic expectations regarding the ability
to achieve continence in a demented patient should be
addressed with family members and care providers.
Sensory and motor function of L1-S4 are of particular
importance. Testing for light touch and pinprick over the
perineum, inner and anterior thighs, and pretibial area will
adequately test sensory function. The motor examination
should include extension and flexion of the hip, knee, and
ankle. The intact sacral reflexes are confirmed by checking
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the bulbocavernosus reflex and anal wink. The bulbocav-
ernosus reflex is tested by stroking the labia or tapping the
clitoris and looking for contraction of the bulbocavernosus
and ischiocavernosus muscles. The anal wink is performed
by stroking the perianal skin and noting contraction of the
external anal sphincter. These tests should be performed
bilaterally. Sacral reflexes can be difficult to evaluate and
are often absent in neurologically intact women.

Pelvic Examination

A complete pelvic examination is necessary for proper eval-
uation. The labia and vagina should be inspected for signs
of atrophy, because hypoestrogenemia may contribute to
incontinence and prolapse symptomatology and impair
proper healing after surgery. A vaginal mucosal maturation
index can often help with this assessment. Any ulcerations
of the mucosa should be noted, particularly in women who
have used a pessary. A bimanual examination is important
to rule out pelvic masses and assess for pain. A rectal exam-
ination should be performed, and the resting tone and
power of the rectal squeeze should be recorded. Any rectal
mucosal prolapse should prompt further investigation.
Impaction should be ruled out, because it is strongly asso-
ciated with voiding dysfunction in elderly women.

Prolapse Examination

The prolapse examination should be site specific, carefully
looking for support defects of the uterus, vaginal apex,
anterior vaginal wall, and posterior vaginal wall. This is
performed using a standard Grave’s speculum and needs to
be done in a methodical manner. Typically, we evaluate
uterine and vault support first by having the patient Val-
salva with either the cervix or vaginal apex isolated with
the speculum (Figure 3-1.2). The speculum is then split and
the anterior and posterior vaginal compartments are eval-
uated independently (Figure 3-1.3). The vault should be
supported during anterior and posterior wall evaluation
to accurately develop an understanding of the patient’s
specific pelvic floor weaknesses. It is often necessary to
have the patient stand to accurately assess their degree of
prolapse. The prolapse should be documented with a stan-
dardized system, as described below.

Classification of Pelvic Organ Prolapse

A standardized description and classification of pelvic
organ prolapse is critical for accurate planning of treat-
ment, improving physician communication, and advanc-
ing research. Two systems are currently accepted, the
Baden-Walker Halfway system and the Pelvic Organ Pro-
lapse Quantification (POP-Q) system. The Baden-Walker
system has good interobserver validity and is simpler and
more commonly understood.* In this classification system,
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Figure 3-1.2. Prolapse evaluation with speculum.

prolapse of each vaginal compartment (cystocele, entero-
cele, rectocele, uterus, and vaginal vault) is isolated and the
most dependent position during maximum straining is
recorded. Each compartment is recorded in accordance to
its relationship with the hymen and the mid-vaginal plane
(Figure 3-1.4).

The POP-Q system is the currently established Interna-
tional Continence Society standard for description of
female pelvic organ prolapse.” In this system, six points are
used to make site-specific measurements during maximal
straining (Figure 3-1.5). This replaces previously used
descriptive terms such as cystocele, rectocele, and entero-
cele. The location of the points is recorded in centimeters
above (negative numbers) or below (positive numbers) the
hymen. The points are defined as follows:

Anterior vagina
Point Aa: anterior midline vaginal wall 3 cm proximal to
the external urethral meatus (range, -3 to +3cm).
Point Ba: the most dependent position of the anterior
vagina up to and including the anterior vaginal fornix
or vaginal cuff.

Posterior vagina

Point Ap: posterior midline vaginal wall 3cm proximal
to the hymen (range, -3 to +3 cm).

Point Bp: the most dependent position of any part of the
posterior vagina up to and including the posterior
vaginal fornix or the vaginal cuff.

Apical vagina

Point C: most dependent edge of the cervix or vaginal
cuff after total hysterectomy.

Point D: apex of the posterior fornix in a woman who
has a cervix or the level of attachment of the
uterosacral ligaments to the posterior cervix. It is
useful to differentiate between loss of apical vaginal
and uterine support and cervical hypertrophy.
This point is not used in a woman who has had a
hysterectomy.
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Figure 3-1.3. a, Anterior vaginal compartment evaluation. b, Posterior vaginal compartment evaluation.
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Additional measurements include the genital hiatus
(GH), measured from the urethral meatus to the posterior
hymen in the midline, the perineal body (PB), measured
from the midline posterior hymen to the midanus, and the
total vaginal length (TVL), recorded as the maximum
vaginal length from the hymen. Measurements are organ-
ized as a 3 x 3 grid and/or a vaginal profile diagram.

The overall POP-Q stage is determined according to the
most dependent portion of the prolapse, ranging from
stage 0 (no prolapse) to stage IV (complete eversion).

Urethral Examination

Assessment of urethral function should be included as part
of the initial examination. The anterior vagina and urethra
should be palpated to evaluate for tenderness, masses, or a
urethral discharge that might suggest a diverticulum or
other urethral pathology.

An empty supine stress test (ESST) should be per-
formed. This is done with the patient in the lithotomy posi-
tion after a recent void. The labia are separated and the
woman is asked to cough or Valsalva, and any urine leakage
is noted. Lobel and Sand® conducted a 1996 study and
reported that the ESST had a 98% positive predictive value
for diagnosing SUI documented on urodynamic testing.
We use this test to screen for the presence of intrinsic
sphincteric deficiency.

Another examination technique that is useful for evalu-
ation of urethral support is the Q-tip test. This test is per-
formed by placing a sterile, lubricated cotton swab into
the urethra to the level of the bladder neck with the
patient in the flat dorsal lithotomy position. She performs
a Valsalva maneuver and the maximum angle of deflection
is recorded with a protractor. An angle of deflection of pos-
itive 30 degrees or more from the horizontal is considered
indicative of urethral hypermobility. Although a high
strain angle is associated with the presence of SUI, there is
a large overlap between incontinent and continent women.
Because of this, the Q-tip test should never be used as a
single factor in making a diagnosis, but rather as an
adjunct to the physical examination. It is often useful in
choosing a treatment regimen. We use the Q-tip test along
with testing of urethral sphincteric function to make
therapeutic recommendations in women with SUI
(Table 3-1.2).

Other techniques have been described to assess bladder
neck support. Cystourethrography using contrast material
or a bead-chain has been used. Sagittal images are taken at
rest and with maximum straining. Rotational descent of
the urethra can thus be calculated. The contrast technique
also allows visualization of the proximal urethra. This can
help determine whether there is funneling of the bladder
neck and may diagnose a urethral diverticulum.

Perineal and vaginal ultrasound techniques have also
been described to obtain similar information. In the hands
of experienced operators, sonography seems to produce
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Table 3-1.2. Treatment of stress urinary incontinence algorithm based on
urethral evaluation

Function (UPP, VLPP)

Normal Low
Mobility >30 Kegels, physio, pessary, TVT, Sling (traditional),
(Q-tip test) Burch, TOS

<30 Kegels, physio Bulking agents

UPP, urethral pressure profilometry; VLPP, Valsalva leak point pressure; TVT, tension-
free vaginal tape; TOS, transobturator sling; physio, pelvic floor rehabilitation.

similar results without the risk and complication of
fluoroscopy and contrast materials.

Assessment of Pelvic Floor Function

Weakness of the pelvic floor muscles is a large contributor
to the occurrence of pelvic organ prolapse, urinary incon-
tinence, and fecal incontinence. Proper dynamic assess-
ment of muscle function is a critical component of the
initial evaluation.

Numerous methods have been described to quantify
dynamic pelvic floor function. The most common and sim-
plest techniques currently in use are digital pelvic exami-
nation scales, which note the power and duration of pelvic
floor muscle squeeze and perineal lift. Intra- and interob-
server reliability have been shown to be good, using the
digital assessment. This method’s scientific usefulness is
limited, however, because of its subjectivity.

Perineometry using either electromyography pads or
pressure sensors on a vaginal plug are also frequently used
methods. These are also limited because they are indirect
assessments of muscle activity and subject to numerous
sources of artifact such as contraction of the rectus
abdominus and/or adductor muscles.

Weighted cones are also useful for evaluation of the
pelvic floor. Pelvic floor strength is calculated by the ability
of the patient to retain the progressively weighted cones.
Cone retention, however, is often poorly correlated with
physical findings. This is attributed to retention of the cone
in the posterior pelvis of women with severe prolapse.

The Kolpexin® Pull Test, a new and recently validated
dynamic pelvic floor assessment tool in use at Cleveland
Clinic Florida, attempts to overcome the shortcomings
of the previously described methods and give a more
direct, objective measurement of pelvic floor strength.” To
perform the pull test, the patient is placed in the dorsal
lithotomy position. A lightly lubricated Kolpexin® sphere
with attached force-gauge is then placed in the vagina
above the level of the levators. The patient is then asked
to perform a maximum pelvic floor contraction and the
sphere is withdrawn. The maximum force generated is
recorded in pounds or kilograms to three significant digits.
This test is rapid, inexpensive, and the most direct evalua-
tion tool for pelvic floor strength currently available.
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Diagnostic Testing
Laboratories

All patients should have a clean-catch urinalysis at their
initial visit. If the results are suspicious for infection, the
urine should be sent for culture and sensitivity. Urine
cytology is obtained in patients with persistent hematuria
in the absence of infection. The utility of urine cytology as
a simple test, however, has recently been called into ques-
tion. Additional laboratory tests are rarely needed.

Simple Cystometry and Uroflowmetry

To objectively confirm a diagnosis, simple cystometry and
uroflowmetry can be performed in most gynecology
offices. The patient begins the testing with a full bladder.
She voids in the most natural way possible, and the voiding
time and volume are documented. She should be asked if
this represents a typical void. If she indicates it was not, the
test should be repeated.

The patient is then placed in the lithotomy position,
a sterile preparation is performed, and a catheterized
postvoid residual (PVR) is obtained. We consider a PVR of
more than 100mL to be abnormal, but it should be kept in
mind that standardized normal values have not been estab-
lished and a “normal” PVR in elderly individuals could be
more than 100mL. A large syringe is then attached to the
catheter and the patient is asked to sit up or stand. The
bladder is slowly filled with sterile water. Care must be
taken not to fill the bladder too quickly or with cold water
because these cause artifactual detrusor contractions even
in normal women. A typical filling rate is 50 to 70 mL/min.
Initial filling sensation, normal desire (when the patient
would first consider voiding), and maximum cystometric
capacity is recorded. Normal bladder capacity is 400 to 650
mL although asymptomatic women are not infrequently
outside this range. The water level in the syringe should be
closely monitored. A bladder contraction will cause the
level to increase and may induce urgency and leakage. At
capacity the catheter is removed, and provocative maneu-
vers, such as coughing, heel-bouncing, or running water are
done to induce an incontinence episode. Communication
throughout testing is important to determine whether
the patient’s symptoms are replicated, especially during a
urine-loss event.

Cystoscopy

Irritative voiding, painful bladder symptoms, and per-
sistent hematuria should be evaluated with cystoscopy.
Evidence of neoplasms, inflammation, stones, or trabecu-
lations should be carefully noted. A zero-degree scope can
be used to assess urethral coaptation, presence of a urethral
mass or diverticulum, and bladder neck mobility.
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Perineal Pad Tests

Perineal pad testing can be helpful in evaluating a patient
complaining of urinary incontinence, when objective urine
loss has not been demonstrated on routine office testing.
The patient should be observed over a long enough period
of time to witness their symptoms, with most common
time intervals of either 1 hour or 24 hours.

The 1-hour pad test is usually performed in the office.
The patient’s bladder is prefilled, either with a catheter or
by having the patient drink water, until it feels full or a set
volume is reached (i.e., 250 mL). The patient then performs
a standard set of activities for the hour. These activities
must be representative of routine daily life such as bending,
coughing, and climbing stairs. The pad must be weighed
before and after the test and the weight gain represents the
volume of fluid loss. Every effort should be made to prevent
drying of the pad. Ideally, waterproof underclothing should
be worn during the test period and, once removed, the pad
should be sealed in a plastic bag until it is weighed. It is
important to note that a weight gain of up to 1g over an
hour can be accounted for by sweat and vaginal discharge.

The 24-hour pad test is performed at home. This test is
not as standardized as the 1-hour test. The patient is sent
home with a preweighed pad and is instructed to wear it
for a set period of time (usually 4-6 hours) and then seal
it in a plastic bag. The pad is then reweighed to estimate
fluid loss.

Changes in weight often do not correspond well to
patient and urodynamic assessment of incontinence sever-
ity. A 1998 study by Ryhammer et al.® showed no significant
difference between increases in pad weight between self-
reported incontinent and continent women over a 24-hour
period. This and the time required to perform the tests
have relegated pad weights to a second-line diagnostic
option. They can be useful, however, as an assessment of
severity or to assess improvement after treatment.

In women in whom office evaluation fails to demonstrate
urine loss, Pyridium or another urine-coloring agent can
be used to make objective urine loss on a pad more
obvious. The woman ingests a Pyridium tablet and then
wears a pad for a set period of time. The major shortcom-
ing of the Pyridium pad test is the high false-positive rate.
Fifty-two percent of healthy, continent women in a study
by Wall et al.” had a positive test.

Indications for Complex Testing

Many women with mild to moderate incontinence and/or
prolapse can be satisfactorily treated following the evalua-
tion techniques described above. The impact of the
patient’s symptoms on her lifestyle can often be amelio-
rated with low-risk interventions such as medications,
physical therapy, and behavioral changes. If, however, the
patient does not acceptably improve with conservative
therapy, surgery is being considered, or the diagnosis is
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uncertain, referral to a center that has the capability of per-
forming multichannel urodynamics and other complex
lower urinary tract evaluation testing is warranted. Other
indications for multichannel urodynamics include the
following:

+ Previous failed surgery

+ Exteriorized prolapse

+ Complex urinary incontinence symptoms

+ Intrinsic sphincter deficiency suspected (severe SUI)
+ Urinary retention/abnormal voiding

+ Complex medical problems

+ Pelvic reconstructive surgery planned

Colorectal Physical Evaluation

A detailed physical examination is conducted on all
patients. Careful abdominal examination, looking for any
evidence of tenderness, masses, incisions, or hernias is an
important initial component. Anorectal examination is first
conducted in the prone jackknife position. A proper light
source is essential. Initial inspection of the perianal skin
can reveal any dermatologic conditions such as excoriation
or dermatitis. Previous scars from either episiotomy or
anorectal surgery are identified. The anus is assessed, and
it is noted if the anus is closed or patulous in the resting
state. Assessment of sensation is the next step in the exam-
ination. Any loss of either sharp or dull sensation is noted
in the perianal area. The presence or absence of the anal
wink reflex is also ascertained. Absence of the anal wink
may signify pudendal neuropathy.

Digital rectal examination allows gross estimations of
the patient’s resting anal tone and voluntary squeeze pres-
sure. It is, however, important to exclude accessory muscle
contraction when assessing squeeze pressure. Bidigital
anovaginal examination is used to estimate perineal bulk
and grossly identify sphincter defects. It is with this tech-
nique that the rectovaginal septum is also evaluated for any
defects or masses. When evaluating any patient for pelvic
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floor pathology, it is important to conduct a portion of the
examination with the patient straining or performing a
Valsalva maneuver. This will help to identify increased per-
ineal descent, or the presence of a rectocele, cystocele, or
perineal hernia. Frequently, it will also be necessary to
repeat this portion of the examination, with the patient in
the squatting position or sitting on the toilet. Although the
prone jackknife position allows for excellent visualization
of the anal canal, pelvic organ prolapse can be underesti-
mated with this technique.

After a careful history and physical examination, the
physician is able to diagnose most posterior compartment
pelvic floor disorders. Focused anorectal physiologic eval-
uation and radiographic studies are then obtained to com-
plete the evaluation and determine a treatment plan.
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Urodynamics

Gamal M. Ghoniem and Usama M. Khater

Urodynamic investigation is a functional assessment of
the lower urinary tract, which is performed to provide an
objective pathophysiologic explanation of urinary tract
dysfunction symptoms. Urodynamic studies comprise a
series of tests, and the information provided by these tests
is useful in establishing the etiology of the dysfunction and
selecting the most appropriate intervention. The appropri-
ate test should be selected and performed in an attempt to
answer a specific question regarding the function to be
evaluated. Urodynamic evaluation is an integral part of
the evaluation of patients with voiding dysfunction.
Before urodynamic investigation, a medical history, physi-
cal examination, and voiding diary should be completed.
This information is necessary to select the appropriate
studies and anticipate which events might occur during the
urodynamic investigation.

Uroflowmetry

Uroflowmetry is the measurement of urine flow rate over
time, and is the most commonly used urodynamic study. It
is performed as an initial screening test when voiding dys-
function is suspected, and the results may prompt further
investigations. Uroflowmetry is performed by having the
patient void into a specially designed commode that allows
the volume voided to be measured over time. Uroflowme-
ters use various measurement techniques, such as the rotat-
ing disk method, electronic dip, weight transducers, and
the gravimetric method. The rotating disk method is the
most commonly used; it directs the voided urine onto a
rotating disk, which produces a proportionate increase in
the disk’s inertia. The power required to keep the disk
rotating at a constant rate is measured, thus allowing cal-
culation of the flow rate. The patient is instructed to void
normally in either a sitting or standing position with a
comfortably full bladder, in as much privacy as possible
to remove the inhibitory effect of the test environment.
Privacy, voided volume, and patient’s age and sex are
factors affecting the parameters of uroflowmetry. Reported

uroflowmetric parameters include total voided volume
(V), maximum flow rate (Qmax), time to Qmax, voiding
time (Vt), flow time, and average flow rate (Qave). The
pattern of the flow curve is also observed. Voided volume
represents the total voided volume as a single micturition
event. The maximum flow rate is measured during a single
void, and the time to reach this value is the time to Qmax.
Flow time is the time over which measurable urine flow
occurs. Average flow rate is calculated by dividing the
voided volume over the flow time. Voiding time is the total
duration of micturition including interruptions. When
voiding is completed without interruption, voiding time is
equal to flow time.' The voided volume should be at least
150mL and preferably 200mL (50 mL for a child), because
Qmax increases by 5.6 mL/s with each 100-mL increase of
voided volume, but only up to a voided volume of 200 mL.
In young males, Qmax should be 15 to 25mL/s. Women
typically void with a slightly higher Qmax (5-10mL/s) for
a given volume than men.” A normal flow pattern is a con-
tinuous bell-shaped smooth curve with rapidly increasing
flow rate reaching Qmax within one-third of the total
voiding time (Figure 3-2.1). The first 45% of voided volume
is reached before Qmax is reached. The overall appearance
of the flow pattern may disclose abnormalities. An irregu-
lar pattern or curve with multiple peaks represents inter-
mittent flow in which downward deflections do not reach
2mlL/s. This is often attributable to abnormal straining
superimposed on a detrusor contraction. An interrupted
pattern is consistent with intermittent flow in which down-
ward deflection reaches 2mL/s or less, leading to several
micturitions separated by 2 to 20 seconds, often caused
by straining in the absence of a detrusor contraction.
Obstructed flow is characterized by prolonged flow time,
sustained low flow rate,low Qmax and Qave, and a plateau-
shaped curve (Figure 3-2.2). There is slow initial rise with
an increased time to achieve Qmax, but because the voiding
time is longer, Qmax may be seen relatively earlier.” The
flow pattern of a patient with urethral obstruction is a flat-
topped curve with decreased Qmax, which is reached
quickly, but remains at the same level for most of micturi-
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Figure 3-2.1. Normal flow pattern.

tion. The curve is flat and unbroken, with a large part of
the volume voided at a constant Qmax.* Urinary flow rate
provides useful information about whether there is outflow
obstruction, especially in males. A flow rate greater than
40mL/s is considered superflow. It may be attributable to
decreased outlet resistance,” and is common in women,
particularly those with genuine stress urinary inconti-
nence (SUI) in which outlet resistance is reduced and in
those with marked bladder activity. Although low Qmax
may indicate urinary outlet obstruction, measurement of
the flow rate alone has limited value when determining
whether obstruction is present in a particular patient. To
provide detailed information, uroflowmetry can be com-
bined with a measurement of the postvoid residual volume
(PVR). Postvoid residual volume is the bladder volume
immediately after voiding. It reflects bladder contractility,
and is an excellent assessment of bladder emptying. One
method for measuring PVR is by ultrasound, with a large
stationary machine, or, more commonly, using a small
portable ultrasound unit. Transurethral catheterization
immediately after a voluntary void is the most accurate
method of measuring PVR; however, it is invasive and asso-
ciated with a small risk of infection. Residual volume in an
adult can be up to 25mlL; a residual volume of more than

Figure 3-2.2. Obstructed flow pattern on uroflowmetry.
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100 mL warrants surveillance or treatment. In normal chil-
dren, residual volume is less than 10% of bladder capacity.®
Residual volume may be overestimated in patients with
vesicoureteral reflux, hydroureteronephrosis, or bladder
diverticulum.

When a normal Qmax and normal voided volume
without residual urine are present, infravesical obstruction
or reduced contractility is unlikely. Several nomograms
have been used to interpret measured flow rates. Siroky’s
nomogram is used for males; the Liverpool nomograms
have scales for males and females. A peak flow more than
the 90th percentile on the Liverpool nomogram may in-
dicate detrusor instability.” A low Qmax in the presence
of significant residual volume indicates obstruction. A
low Qmax without significant residual volume indicates
reduced contractility. However, a pressure flow study can
provide more accurate diagnosis and differentiation of the
two conditions.

Cystometry

Cystometry is a measure of bladder pressure in response to
filling. A cystometrogram (CMG) is a graphic representa-
tion of pressure as a function volume: the x axis represents
volume and the y axis represents pressure. Filling CMG is
an excellent representation of the passive properties of the
detrusor (i.e., viscoelastic properties). Several parameters
are measured by this investigation: bladder filling sensa-
tion, stability, compliance, capacity, control over micturi-
tion, detrusor contractility, and emptying.

Single-channel Cystometry

Cystometry can be performed as a single-channel study in
which the intravesical pressure [the pressure within the
bladder (Pves)] is measured during filling and storage. It
consists of a Foley catheter in the bladder attached to a
wide-mouthed syringe without plunger and held at the
level of the superior edge of the pubic symphysis. Saline is
incrementally poured into the syringe and thus by retro-
grade flow into the bladder. The height of the saline column
indicates the pressure of the tonic segment of the cysto-
metric curve. A detrusor contraction during bladder filling
results in a rapid increase in the saline column. With this
technique, the monitored pressure is the intravesical
pressure (Pves). This reflects the cumulative effects of all
sources of pressure on the bladder, namely, intraabdomi-
nal pressure (i.e., the pressure surrounding the bladder)
and detrusor pressure (i.e., the pressure derived from
active and passive bladder wall smooth muscle activity).
With single-channel recording, it is difficult to ascertain
the exact source of the increase in Pves, caused by either
detrusor contraction or increased intraabdominal pressure
(e.g., cough or patient movement). To distinguish the
source of the increased Pves, the patient should be asked
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Figure 3-2.3. Multichannel cystometry
showing normal CMG.

to hold his or her breath, or multichannel cystometry
should be performed.

Multichannel Cystometry

During multichannel cystometry, concurrent measure-
ments of intravesical (Pves), abdominal (Pabd), and ure-
thral pressures (Pura) are performed (Figure 3-2.3).
Detrusor pressure (Pdet) is estimated by subtracting Pabd
from Pves. Electromyography (EMG) is also monitored.
Intravesical pressure represents the action of two forces
acting upon the bladder: Pdet and Pabd (Figure 3-2.4).
Detrusor pressure is a component of Pves that is created by
passive and active forces in the bladder wall. Passive forces
are produced by the viscoelastic property of the bladder

Figure 3-2.4. Urodynamic algebra.

wall, and active forces are created by detrusor contraction
and tone. Exterior forces act upon the bladder as Pabd.
Therefore, Pves = Pdet + Pabd, and Pdet = Pves — Pabd. In
a nearly empty bladder, Pdet = 0 as in the situation Pves =
Pabd (Pabd may be slightly greater than Pves because of
rectal balloon compliance).

Technical Aspects

Urodynamic laboratories use various instruments and
techniques (Figure 3-2.5). There are a variety of catheters,
such as microtip, air-charged, fiberoptic, and water-
infused. Our department uses water-infused catheters.
Microtip catheters are primarily used by urogynecologists.
Intravesical pressure is measured by placing a catheter into
the bladder that both fills the bladder and detects the pres-
sure. The catheter has two lumens: one for filling and
another for monitoring pressure. A triple-lumen catheter is
used when urethral pressure is simultaneously monitored.
Because the rectum and bladder are in close proximity and
the intraabdominal pressure experienced by both organs
is equal, abdominal pressure is measured with a rectal
balloon catheter. Vaginal pressure monitoring may be used
in women; however, the vagina is subject to many anatom-
ical changes that may alter pressure transmission. The
vagina should be used if there are anatomical changes of
the rectum. The rectal tube should be soft and moderately
sized, with a maximally distensible balloon. After instru-
mentation, the bladder is filled. Historically, both liquid
and gas have been used as the filling medium. Gas is
inexpensive and allows rapid filling. However, it is unphys-
iologic, compressible, and easily provokes detrusor overac-
tivity, and is not suitable for studying voiding and leakage.
The liquid filling medium may be saline, water, or radi-
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ographic contrast. The bladder can be filled either ante-
gradely or retrogradely. The latter is used more often in the
office setting because of time considerations. The temper-
ature of the liquid should be either room or body temper-
ature. According to the International Continence Society
(ICS), the filling rate is considered fast (>100mL/min),
medium (10-100mL/min), or slow (<10/min).® Natural
bladder filling averages 1 to 2mL/min. Rapid infusion may
induce involuntary contractions or give the appearance of
decreased compliance. A rapid infusion rate is used to
provoke occult detrusor instability, to provoke contractions
in a patient who did not demonstrate them at a slower infu-
sion rate, or to determine the presence of sensation in a
large bladder.® Slow infusion is used for children and adults
with small functional capacity or unusual sensitivity to
filling at medium filling rates. At Cleveland Clinic Florida,
we use room-temperature sterile water as a filling medium,
with a filling rate of 60 mL/min in adults and 30 mL/min in
patients with suspected overactive (unstable) bladder. A
triple-lumen 7-French catheter is used for filling and pres-
sure measurements. Catheter sizes larger than 8 French
are discouraged, because they may impede voiding. The
patient’s bladder is filled in the supine or sitting position,
and the patient is then asked to void in either a standing
or sitting position.

Figure 3-2.5. Multichannel urodynamic
unit.

Intrepretation

Bladder Capacity

There are three bladder capacities. Functional capacity is
the average volume of urine voided during the day. The ICS
recommends use of a voiding diary to measure functional
capacity. Anatomical capacity is obtained during endo-
scopic examination with the patient sedated or under anes-
thesia. Cystometric capacity is a combination of patient
report and clinician judgment during a cystometric study,
and is the volume at which a patient who has normal sen-
sation feels that they can no longer delay micturition. In
absence of sensation, cystometric capacity is the volume at
which the clinician decides to terminate filling. Adult cys-
tometric capacity should be 300 to 600 mL. Women have
larger bladder capacity than men. Bladder capacity in chil-
dren is calculated by the equations, Cap (mL) = (age in
years +2) X 30, or Cap (mL) =30 mL + 30 mL X age in years.’

An enlarged bladder capacity is seen in patients with
chronic distention and sensory or motor impairment.
Small capacity may be found in patients who have sensory
urgency, unstable detrusor contractions, infection or
inflammation, or after bladder surgery or radiation, and is
related to low compliance.
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Compliance

Compliance is change in volume per change in pressure,
and is expressed in milliliters/centimeter water. It repre-
sents bladder distensibility and is attributed to the vis-
coelastic properties and spherical shape of the bladder.
Absence of involuntary contractions during filling also
contributes to bladder compliance. As a result, the detru-
sor pressure remains low throughout bladder filling. Nor-
mally during bladder filling, the detrusor pressure does not
exceed 5 to 10cm H,0 greater than the starting pressure.
Therefore, the kidneys are protected.

The CMG is divided into four phases. The first three
phases occur during filling and the fourth occurs during
voiding. Phase I reflects the bladder’s initial response to
filling. Phase II is the tonus limb and reflects the bladder
pressure during the majority of the filling phase. Phase III
occurs when the upper limit of viscoelastic properties is
reached and the pressure begins to increase. Phase IV rep-
resents the voluntary contraction. Compliance is calculated
at the end of filling as A volume/A Pdet.

According to Ghoniem,'’ compliance in the normal indi-
vidual is =20 mL/cm H,0. Compliance less than 10mL/cm
H,O0 is clinically significant (Figure 3-2.6). Low compliance
is found in patients with severe outlet obstruction,
meningomyelocele, chronic inflammation (tuberculosis
and schistosomiasis), and after radiotherapy. High compli-
ance may be associated with large capacity and overdis-
tended bladders, and has little clinical significance as an
isolated finding."

Ghoniem Compliance Nomogram
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Figure 3-2.6. Impaired compliance.
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Bladder Sensation

Measurement of sensation during cystometry is subjective
and variable. Sensitivity and functional capacity are best
determined with voiding diaries and not by CMG. The first
sensation is the first awareness of filling, and is consider-
ably variable. Many patients describe a filling sensation
immediately. Typically, the first sensation to urinate is felt
at 90 to 150 mL. The normal desire to void is the feeling that
leads the patient to pass urine at the next convenient
moment, but when voiding can be delayed if necessary. A
strong desire to void is felt when there is a persistent urge
to void without the fear of leakage. Urgency is a strong
desire to void accompanied by fear of leakage or pain.
Urgency is felt at 200 to 400 mL and bladder fullness occurs
at 300 to 600 mL. Pain during bladder filling or micturition
is abnormal.

Early sensations of filling (sensory urgency) may indi-
cate inflammation, unstable detrusor contractions, or
decreased bladder compliance. Delayed sensations of filling
may represent a neurologic disorder such as peripheral
neuropathy of the pelvic plexus, trauma, or disease affect-
ing the sacral nerves.

Stability

Normally, the bladder stores increasing volumes of urine
without a significant increase in pressure because of com-
pliance and absence of involuntary detrusor contractions.
The bladder should contract only during the voluntary act
of voiding. Under certain circumstances, the bladder may
show involuntary contractions, which may be associated
with symptoms (Figure 3-2.7). These involuntary contrac-
tions are divided into two categories by the ICS: idiopathic
and neurogenic detrusor overactivity. Idiopathic detrusor
overactivity is defined as involuntary contractions not
associated with an underlying neurologic lesion. The
cause of this overactivity may be idiopathic, aging,
infection, inflammation, or bladder outlet obstruction.
Neurogenic detrusor overactivity is defined as involun-
tary contractions associated with a known neurologic
lesion, typically an upper motor neuron lesion. Idiopathic
and neurogenic detrusor overactivity may be indis-
tinguishable on CMG.' The terms idiopathic and neuro-
genic overactivity are defined strictly by the patient’s
neurologic status rather than the appearance on CMG.
While recording the contractions, the clinician must
ensure that they are involuntary, because patients may
become confused during the study. During the involuntary
contractions, the patient’s symptoms must be reproduced
(e.g., urgency), and the bladder volume as well as any
leakage should be recorded. Absence of involuntary con-
tractions does not exclude the existence of contractions,
especially if the patient’s symptoms are not reproduced
during testing.
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Rectal Contractions

Rectal contractions may occur during multichannel uro-
dynamic studies. Although previously considered artifacts
or variants of normal, Combs and Nitti'' have reported that
rectal contractions occur more frequently in patients with
voiding dysfunction. Ghoniem" evaluated 71 patients with
symptomatic benign prostatic hyperplasia (BPH) during
110 urodynamic studies. Thirty-three had detrusor insta-
bility. Rectal contractions were found in 40% of patients
with symptomatic BPH and unstable bladder (detrusor
overactivity), and in 10% of symptomatic BPH patients
without bladder instability. This difference was statistically
significant (Figure 3-2.8).

Stress-induced Detrusor Instability

Increased abdominal pressure during coughing may
trigger uninhibited detrusor contractions in some patients.
If the contractions are associated with incontinence, the
leakage occurs because of the contractions and not the
increased abdominal pressure itself. This phenomenon is
responsible for 7% of 98 women with stress incontinence."
Identification of stress-induced instability can have im-
portant implications in the treatment of this type of
incontinence. Anticholinergics and timed voiding are the
treatment of choice in such situations. Skilled Kegel exer-
cises (i.e., pelvic floor muscle contractions) before an antic-
ipated cough may abort such contractions.

Figure 3-2.7. Neurogenic overactive
bladder with low compliance and unin-
hibited contraction.

Pressure-flow Studies

Pressure-flow studies are simultaneous measurements of
detrusor pressure and urine flow rate (Figure 3-2.9). They
provide more accurate and useful information than
uroflow rate alone. The major goal of these studies is to
diagnose outlet obstruction and distinguish obstruction
from impaired detrusor contraction. Approximately 20 to
35cm H,0 of pressure is required to drive urine across the
normal male urethra." Women void with lower detrusor
contraction and pressure, and higher flow rates than men."”
Detrusor pressures more than 30 cm H,O typically indicate
the presence of some degree of obstruction. No generally
accepted pressure-flow criteria for obstruction in women
exist.

The results of pressure-flow studies can be classified
according to a number of nomograms. Most of these
nomograms have been described in men because of the
high prevalence of bladder outlet obstruction in this pop-
ulation. The drawback of these nomograms is the broad
boundary between obstruction and nonobstruction. In
Abrams-Griffith (ICS) nomogram, the Qmax and corre-
sponding Pdet at the maximum flow rate are plotted
against each other (Figure 3-2.10). The detrusor pressure
is expressed in centimeters of water on the y axis and
uroflow is expressed in milliliters/second on the x axis. The
location of the plotted maximal flow point on the graph
determines the presence, absence, or an equivocal state of
obstruction.'®
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Figure 3-2.10. The Abrams-Griffith nomogram depicting three pressure flow zones:
obstructed, nonobstructed, and equivocal.

Leak Point Pressure

Historically, leak point pressure was introduced by
McGuire et al."” as a method to predict which children with
myelodysplasia were at increased risk of upper urinary
tract impairment because of chronically increased bladder
pressure. The leak point pressure is the bladder pressure at
which leakage occurs. The increase in bladder pressure
resulting in leakage may originate from either the detrusor
or from increased abdominal pressure. Therefore, two leak
point pressures have been described: the bladder or detru-
sor leak point pressure (DLPP) and the abdominal leak
point pressure (ALPP). Each measures the closure function
of the entire bladder outlet under various circumstances.
Abdominal leak point pressure is the intravesical pressure
at which urine leakage occurs as a result of increased
abdominal pressure in the absence of a detrusor contrac-
tion. The increase in abdominal pressure can be produced
during the study by asking the patient to cough (CLPP) or
perform a Valsalva maneuver (VLPP). Although coughing
can produce higher abdominal pressures, a Valsalva
maneuver produces a more well-controlled abdominal
pressure. If a Valsalva maneuver fails to produce leakage,
CLPP can be done. The DLPP is the value of detrusor pres-
sure at which a leak occurs in the absence of an increase in
abdominal pressure. Detrusor leak point pressure was
introduced in myelodysplastic children as an indicator of
the risk of upper tract deterioration. McGuire et al."”
reported that DLPP exceeding 40 cm H,0 with low compli-
ance is associated with imminent risk of upper urinary
tract damage. Abdominal leak point pressure evaluates
stress incontinence and the total outlet resistance includ-
ing intrinsic sphincter function.'”® Low ALPP is associated
with a severe degree of incontinence in some reports but
is found to be not related to degree of incontinence in
others."””' Abdominal leak point pressure less than 90 cm
H,O suggests intrinsic sphincter deficiency (ISD).*™*
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Urethral Pressure Profile

Urethral pressure profile (UPP) is a measure of urethral
resistance along the urethral lumen. The measurement can
be made at one point in the urethra over a period of time
or at several points along the length of the urethra. There
are three techniques used to measure UPP: the perfusion
method, catheter-mounted transducers, and air-charged
balloon catheter profilometry. We employ the most widely
used perfusion method. Intravesical pressure should be
measured to exclude a simultaneous detrusor contraction
and to calculate the closure pressure. The intraluminal
pressure can be determined at rest, at any given bladder
volume, during cough, or during voiding.

Stress UPP (during cough) measurement evaluates pres-
sure transmission from the abdominal cavity to the
urethra. In patients with stress incontinence, this pressure
transmission is inadequate and the urethral closure pres-
sure becomes negative with coughing. Voiding urethral
pressure is used to determine the pressure and site of ure-
thral obstruction. This technique is plagued by artifacts
secondary to catheter movement. Relevant measurements
relating to resting UPP include maximal urethral pressure
(MUP), maximal urethral closure pressure (MUCP), and
functional urethral length. The maximum pressure meas-
ured is the MUP, and the maximum difference between
urethral pressure and intravesical pressure is the MUCP.
The functional profile length is the length of the urethra
along which the urethral pressure exceeds intravesical
pressure in women. Pressure transmission ratio is the
increment in urethral pressure with stress, as a percentage
of the simultaneously recorded increment in intravesical
pressure.'

The drawback of UPP is that no normal values have been
defined, and considerable variations have been reported.
Although MUCP tends to be lower in women with genuine
stress incontinence, there is overlap between SUI patients
and normal subjects. Other drawbacks of UPP are its
difficulty to standardize and perform. Also, the correlation
between SUI severity and low MUCP has limited rele-
vance.”* Although UPP has limited applications because of
broad inter- and intraindividual variations, it can be used
to diagnose ISD, or “low pressure urethra.”

Intrinsic Sphincter Deficiency

Poor function of the internal sphincter is referred to as
intrinsic sphincter deficiency (ISD). McGuire (20) recog-
nized this condition in some women with recurrent SUI
and low urethral closure pressure, and defined it as type III
SUL. Pure ISD is relatively easy to diagnose, because the
urethra is fixed and incontinence occurs with low pressure.
It is often seen after multiple failed incontinence surgeries
or radiation therapy. The ALPP is used to determine
whether ISD exists in the presence of urethral hypermo-
bility. It is generally accepted that proximal urethral closure
pressure less than 10cm H,0, and that ALPP of 60 cm H,0
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or less indicates ISD. A “gray zone” exists between 60 and
90 cm H,0. Ghoniem et al.”® classified ISD into three sub-
groups based on videofluorourodynamic findings and
ALPP (Figure 3-2.11). ISD-A can be diagnosed only by

Figure 3-2.11. ISD classification (Ghoniem). ISD-A: Low poximal wetland pressure,
high leak pressure. ISD-B: Beak-shaped bladder neck. ISD-C: Pipe stem urethra.
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Table 3-2.1. Classification of ISD

1SD-A 1SD-B ISD-C
Stress test + Mostly + Always
Bladder neck at  Closed at rest,open  Beaked shaped,  Pipe stem open at
FUDS with stress open at rest rest
ALPP (tm H,0) <120 <90 <70

Source: Ghoniem et al.**

+ = positive

videofluorourodynamic, because radiographic diagnosis
cannot be performed when the bladder neck is not open at
rest (Figure 3-2.11a). ISD-B is characterized by a beak-
shaped open bladder neck at rest and an ALPP of less than
90 cm H,0 (Figure 3-2.11b). ISD-C is characterized by an
open, fixed, nonfunctioning urethra (pipe stem) with the
bladder neck in a high position, and an ALPP of less than
70 cm H,O (Figure 3-2.11c) (see Table 3-2.1).

Videourodynamics

Videourodynamics combines a routine urodynamic study
with X-ray or ultrasound imaging. Videourodynamics/
fluorourodynamics (FUDS) is used for patients with com-
plicated lower urinary tract dysfunction. In patients with
neurologic conditions and lower urinary tract dysfunction,
videourodynamics may enable a more accurate diagnosis.
Because of the invasiveness, radiation exposure, and high
initial and running costs, FUDS should not be considered
as a first-line evaluation.

The indications for videourodynamics in incontinent
patients are neurogenic lower urinary tract dysfunction
and incontinence. In these patients, FUDS may help define
the cause of incontinence when simple urodynamic studies
do not lead to a definite diagnosis, or after failure of initial
therapy based on less complicated methods of diagnosis.

The advantages of videourodynamics stem from the
simultaneous measurement of pressure and visualization
of the anatomy. Videourodynamics may reveal the
following:

+ Incompetent bladder neck

+ Inadequate urethral closure during filling

+ Location of urethral obstruction during voiding
+ Descent of the bladder base

+ Bladder base hypermobility (Figure 3-2.12)

+ Intrinsic sphincter deficiency

+ Incontinence as a leakage of contrast medium, which is
demonstrated fluoroscopically

+ Dyssynergia between detrusor and external sphincter or
bladder neck

+ Any sign of reflux during the filling or voiding phase

» Bladder or urethral diverticulum or other anatomical
malformations
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Figure 3-2.12. Bladder neck movement 2 cm during cough (hypermobility).

Technical Aspects

Images are captured during filling, and cine-loops are
recorded during straining, coughing, and voiding. A
postvoid image can show residual volume and may demon-
strate urethral diverticulum. The CLPP should be recorded
to check descent of the bladder base.

Ambulatory Urodynamics

Conventional or laboratory urodynamic studies are
unphysiologic and conducted under unfavorable condi-
tions for the patient and for a brief duration of time. Con-
ventional studies typically involve artificial bladder filling

Evaluation

with a specified liquid at a specific rate. Ambulatory uro-
dynamics were developed to measure lower urinary tract
function under more physiologic conditions (utilizing
natural filling and during the subject’s everyday activities),
and to improve the sensitivity and accuracy of the urody-
namic diagnosis. Ambulatory urodynamics systems have
three main components: transducers, a recording unit,
and an analyzing system. The transducers measure the
pressures. The recording system is portable and battery
powered, and the information collected is downloaded
onto a personal computer for analysis. Two techniques are
used to detect urine leakage: electrical conduction or tem-
perature change. The urine loss sensors on the transducer
catheter detect leakage, and the patient uses an events
marker and voiding diary to record their activities so that
leakage episodes can be correlated with physical activities.
Comparative studies of office and ambulatory urodynamic
techniques have indicated that continuous monitoring
during activity significantly increases the diagnosis of
detrusor instability.”*” Ambulatory urodynamics also
shows lower pressure increases during filling and increased
amplitude of voiding pressures.”” Ambulatory urody-
namics is time consuming, and it requires considerable
interpretative skill. Its use is limited because there are no
standardized parameters for normal or abnormal voiding.

Electromyography

Electromyography is the study of electrical activities gen-
erated by muscle, using either surface or needle electrodes.
It provides useful information about sphincter function,
but is most valuable when performed with cystometry.
Although direct needle electromyography of the urethral
sphincter provides the most accurate information, surface
electrodes are more often used. Electromyography record-
ing shows the activity of the voluntary component of the
urinary sphincter mechanism and the overall activity of
the pelvic floor. The interpretation is mainly restricted to
the recording of progressively increasing EMG activity
during bladder filling (guarding reflex). Reduced or silent
EMG activity during bladder filling may indicate an incom-
petent urethral closure mechanism. Normally, EMG activ-
ity should decrease during voluntary voiding; if this does
not occur, urethral function may be overactive. Increased
EMG activity during voiding may indicate abdominal
straining. Waxing and waning of the sphincter EMG during
voiding suggests a functional obstruction (detrusor-
sphincter dyssynergia). Surface EMG technique is also
valuable when judging the effect of pelvic floor training
therapy and can be used in biofeedback treatment.
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Imaging of the Genitourinary Tract in Females

M. Louis Moy and Sandip P. Vasavada

Pelvic organ prolapse and pelvic floor relaxation are
common problems in older multiparous women, affecting
approximately 16% of women aged 40 to 56 years." A
detailed knowledge of pelvic anatomy is paramount for the
proper evaluation and management of such patients.
Although a thorough pelvic examination is always indi-
cated, even experienced clinicians may be misled by the
physical findings, having difficulty differentiating among
cystocele, enterocele, and high rectocele by physical exam-
ination alone. Depending on the position of the patient and
strength of the Valsalva maneuver, the surgeon may be
limited in his or her ability to accurately diagnose the com-
ponents of pelvic prolapse. Furthermore, with uterine pro-
lapse, the cervix and uterus may fill the entire introitus,
making the diagnosis of concomitant anterior and poste-
rior pelvic prolapse even more difficult. Regardless of the
etiology of the support defect, the surgeon must identify all
aspects of vaginal prolapse and pelvic floor relaxation for
proper surgical planning. Accurate preoperative staging
should reduce the risk of recurrent prolapse. Therefore, it
must be understood that radiographic evaluation has an
important role in the identification of these defects, and
should be considered as an extension of the physical exam-
ination. One must realize that not all patients with complex
pelvic floor pathology need imaging; however, it does
enhance one’s knowledge of the patient preoperatively, and
accordingly finds its utility.

Imaging Techniques
Intravenous Urography

An intravenous urogram (IVU) is often used for the eval-
uation of hematuria, for the purpose of identifying a renal
mass, renal or ureteral stone, upper tract urothelial filling
defect, and hydroureteronephrosis. Furthermore, the func-
tional nature of the IVU often allows the physician to
distinguish between obstructive and nonobstructive
hydronephrosis.

The most common reasons for obtaining an IVU in
a woman with pelvic organ prolapse are to detect
hydronephrosis and to evaluate for ureteral obstruction
from previous pelvic surgeries. Moreover, although
ureteral injuries during hysterectomy occur in 0.1% to
2.5% of cases, it has never been shown that routine preop-
erative IVU in patients with pelvic prolapse actually
reduces the incidence of ureteral injury. Although the inci-
dence of hydroureteronephrosis is low in the prolapse
patient, it does increase with worsening pelvic prolapse,
and is more common with uterine prolapse than with vault
prolapse. As such, routine IVU in the setting of pelvic organ
prolapse is not necessary unless one is concerned about
urothelial pathology.

Fluoroscopy

Fluoroscopy is an excellent technique for investigating
pelvic organ prolapse. By instilling contrast material into
the bladder (anterior compartment), vagina (middle
compartment), or rectum (posterior compartment), the
dynamic relationships among the pelvic organs may be
viewed in real time.

Cystography

Lateral phase cystography is still used quite often because
it allows for a static view of the bladder and bladder outlet
in relation to the remainder of the bony pelvis. Voiding
cystourethrography is mainly used for demonstrating a
cystocele, evaluating bladder neck hypermobility, and
demonstrating an open bladder neck at rest (sphincteric
incompetence). Dynamic lateral fluoroscopy at rest and
during straining is an important adjunct to the urody-
namic evaluation - useful for demonstrating the presence
of, and degree of, urethrovesical hypermobility and cysto-
cele formation. Although the radiographic findings do not
always correlate well with urodynamic findings, in some

47



48

patients, especially the incontinent ones, cystographic
demonstration of an open bladder neck makes the diag-
nosis of sphincteric incompetence or intrinsic sphincter
deficiency more certain. Other pathologic conditions that
may be detected by voiding cystourethrography include
vesicoureteral reflux, vesicovaginal fistula, and urethral
diverticula, which further substantiates its utility.

Defecography

Defecography, or evacuation proctography, is used for eval-
uating the posterior (anorectal) compartment. Commonly
measured variables include rectal volume, rectal emptying,
perineal and pelvic floor muscle function, and anal sphinc-
ter function. Although the clinical value of defecography in
the evaluation and management of constipation is not well
proven, the presence of an obvious anatomic abnormality
in a fecally incontinent patient such as a large rectocele,
severe intussusception, or prolapse, supports surgical
intervention. Furthermore, sigmoidoceles and upper rectal
pathology and prolapse may lead to the decision to resect
this portion of bowel in severe redundancy. To properly
evaluate the sigmoid colon, one must specifically discuss
this with the radiologist ahead of time or even perform a
formal barium enema study. Concomitant therapy of a
large sigmoidocele may allow one to effectively manage
coexisting defecatory dysfunction with the prolapse
repair.

Evacuation proctography relies on opacification of the
rectal vault with barium paste. Instilling the paste is quite
cumbersome, requiring a large-caliber enema. Typically,
80 to 300mL of paste is instilled, often confounded by
reflux into the sigmoid colon. Fluoroscopic images are
recorded with the patient relaxed and while performing
active contraction of the pelvic floor; this should result in
elevation of the pelvic floor musculature. The patient is
then examined during cough and during maximal strain-
ing maneuver, noting any pelvic floor descent or fecal
incontinence. Finally, defecation is accomplished, and note
is made of any rectocele, incomplete emptying, or need for
digital assistance with evacuation (functional phase of the
study).

In the cooperative patient, dynamic proctography allows
precise identification and quantification of a rectocele,
measured as the maximum extent of an anterior rectal
bulge beyond the expected line of the rectum. Rectal intus-
susception may be visible as a circumferential invagination
of the rectal wall, presenting as mucosal prolapse through
the anus in its most severe form. Limitations of this exam-
ination are the cumbersome and potentially painful instil-
lation of rectal barium paste, lack of correlation between
the viscosity of the paste and the individual patient’s stool,
and the inability of many patients to defecate on command.
Additionally, the presence of a rectocele in and of itself may
be of limited concern, because previous studies have shown
that an anterior rectal bulge is often demonstrated in nul-
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liparous asymptomatic patients. Furthermore, the presence
of, or size of, a rectocele does not correlate well with the
completeness of barium evacuation.

Colpocystourethrography

First introduced in France in 1965, the colpocystourethro-
gram combines opacification of the bladder, urethra, and
vagina.” Modified and made popular in the mid 1970s,
the colpocystourethrogram is a dynamic study of pelvic
support and function. The anatomical relationships among
the bladder, urethra, and vagina may be demonstrated, and,
when combined with proctography, may be even more
useful in outlining the anatomy of the normal pelvis and
of complex pelvic organ prolapse.

The accuracy of dynamic colpocystoproctography is
even further enhanced by opacifying the small bowel. The
patient drinks oral barium 2 hours before the examination.
With the vagina, bladder, small intestine, and rectum
opacified, the vaginal axis may be measured at rest and
with straining, and any prolapse of the anterior, middle,
or posterior vaginal compartment is evident. Moreover,
the examiner should be able to distinguish among various
organs that may prolapse into a widened rectovaginal
space, differentiating enterocele from sigmoidocele,
further refining the operative approach.

Magnetic Resonance Imaging

The development of fast-scanning magnetic resonance
imaging (MRI) techniques has improved our ability to
describe and quantify anatomical changes that may cause
pelvic floor relaxation. Yang et al.” were the first to popu-
larize dynamic fast MRI for the evaluation of pelvic organ
prolapse. Since then, other investigators have shown that
MRI is more sensitive than physical examination for
defining pelvic prolapse.*® Whereas some advocate the use
of contrast opacification of the bladder, vagina, and
rectum, others have shown that the vagina, rectum,
bladder, urethra, and peritoneum are adequately visualized
without any contrast administration. By avoiding instru-
mentation of the vagina or urethra, iatrogenic alteration of
the anatomy is minimized.

Magnetic resonance imaging, however, can noninva-
sively survey the entire pelvis. The excellent differentiation
among soft tissues and fluid-filled viscera provides visual-
ization of the musculofascial support structures of the
pelvic organs. Our group and others have previously
demonstrated the clinical utility of MRI for evaluating
bladder neck and urethral anatomy, and the utility of
dynamic MRI for assessing pelvic floor descent and genital
prolapse, and development of dynamic rapid sequencing
has greatly improved the diagnostic utility of MRI by
allowing exquisite anatomical detail during brief breath-
holds (Figures 3-3.1 and 3-3.2). Magnetic resonance
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Figure 3-3.1. Magnetic resonance image of the pelvis demonstrating significant cys-
tocele with descent of bladder base and trigone well below pubic symphysis.

imaging has become our choice for imaging patients with
suspect urethral diverticula (Figure 3-3.3).

There are, however, several limitations of this technique.
Defining normal values is difficult, because it would be
quite expensive to perform dynamic MRIs on nulliparous
women without any urologic complaints. Our choice for
the nonprolapse group (normal patients) included patients
in whom we desired an imaging study to evaluate pathol-

Figure 3-3.2. Magnetic resonance image demonstrating a well-supported bladder
(white on T2-weighted study), but significant enterocele behind it.
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Figure 3-3.3. Magnetic resonance image of urethral diverticulum (see arrow).

ogy other than pelvic prolapse, such as recurrent infec-
tions, pelvic pain, and urethral pain. Another limitation is
that a collapsed rectocele may not be visualized because of
competition among prolapsing pelvic organs for limited
introital space. In fact, physical examination has been
shown to be slightly more accurate in demonstrating rec-
tocele formation than MRI. Additionally, the study must be
performed supine, simply because there are no upright
MRI machines available at this time. However, dynamic
MRI with relaxing and straining views has been shown to
clearly demonstrate organ prolapse during straining in
the supine position. An erect MRI is the next logical ad-
vancement. Finally, claustrophobic patients and those with
cardiac pacemakers cannot go into the enclosed magnet.
Despite these limitations, dynamic MRI has become the
study of choice at our institution for evaluating high-grade
pelvic prolapse and pelvic floor relaxation. Because this is
a new technique, a standardized system for describing and
quantifying organ prolapse and pelvic floor relaxation is
important.

Magnetic resonance imaging findings were compared to
physical examination and intraoperative findings. HASTE-
sequence MRI was more accurate than physical examina-
tion in identifying cystoceles, enteroceles, vault prolapse,
and pelvic organ pathology such as uterine fibroids, ure-
thral diverticula, ovarian cysts, and Nabothian and
Bartholin’s gland cysts.” Comiter et al.’ found that with
dynamic MRI, surgical planning was altered in more than
30% of cases, most often because of occult enterocele not
appreciated on physical examination.

In patients with severe prolapse, especially with renal
insufficiency, the surgeon must rule out obstructive
hydroureteronephrosis. This may be accomplished by mag-
netic resonance urogram, adding only minimally to overall
examination time, and with no additional morbidity. Mag-



50

netic resonance imaging may also be useful for the radi-
ographic evaluation of stress incontinence. Hypermobility
of the proximal urethra and bladder neck descent are
important pathological features in the diagnosis of genuine
stress urinary incontinence.”® Measurement data on
dynamic MRI for the bladder neck position and the exten-
sion of cystocele at maximal pelvic strain are comparable
with lateral cystourethrogram data.’

Summary

A detailed working knowledge of normal and abnormal
female pelvic anatomy is necessary for the proper evalua-
tion of pelvic organ prolapse. However, even the most
experienced gynecologist or urologist may have difficulty
distinguishing among prolapsing organs competing for
introital space. Accurate identification of all aspects of
vaginal prolapse and pelvic floor relaxation are vital, not
only to permit adequate surgical planning, but also to
reduce the risk of recurrent prolapse. Radiographic evalu-
ation of the woman with pelvic organ prolapse and pelvic
floor relaxation should be viewed as a valuable extension
of the physical examination. Urography, voiding cystogra-
phy, dynamic colpocystodefecography, and MRI are each
useful for the evaluation of pelvic prolapse and pelvic floor
relaxation. Magnetic resonance imaging will continue to
have an increasingly important role, because of its superior
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visualization of fluid-filled viscera and soft tissues, and the
ability to simultaneously visualize all important pelvic
organs without the need for patient preparation or instru-
mentation, or exposure to ionizing radiation.
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Anorectal Physiology

T. Cristina Sardinha and Dana R. Sands

The last decade has brought a wealth of new information
and methods for the evaluation of the structural and func-
tional integrity of the anal sphincters and pelvic floor. Anal
ultrasound, electromyography, pudendal nerve terminal
motor latency assessment, anal manometry, and cinede-
fecography have all been used to evaluate patients with a
plethora of disease states. The etiology and subsequent
treatment plans for functional disorders such as fecal
incontinence, constipation, and anal pain syndromes are
often delineated in the anorectal physiology laboratory.
This chapter will focus on two integral parts of any
anorectal physiologic evaluation, anal manometry and
defecography.

Anorectal Manometry

Anal manometry provides important information about
the functional status of the anal sphincters and distal
rectum. There is no standardized method of manometric
evaluation, although several methods have been de-
scribed.! Microtransducers can be used in the anal canal
and are well tolerated by patients. Multichannel water per-
fused catheters are perhaps the most common tool used to
perform anal manometry. Flow rates of 0.3 mL per channel
per minute are required to adequately measure outflow
pressure.” Higher flow rates can result in accumulation of
fluid and distortion of the measurements.

The resistance of flow from the catheter determines
pressure measurements, which can be taken in a continu-
ous manner (continuous pull-through) or at set levels
within the anal canal (station pull-through). The continu-
ous pull-through technique requires the catheter to be
removed at a continuous speed from the anal canal, using
a computerized motor. This technique can provide a
detailed recording of both the radial and longitudinal pres-
sure profiles, while computer analysis can then generate a
three-dimensional representation of the anal canal. The
station pull-through technique measures anal canal pres-
sures at 1-cm increments in the anal canal. It has been the-

orized that this method provides a more accurate assess-
ment of anal pressures because there is a stabilization
period before each reading, thereby reducing artifact.’ This
is the method used at the Cleveland Clinic Florida. The tip
of the catheter is placed at 6cm cephalad from the anal
verge. Anal pressure measurements are taken at 1cm inter-
vals after stabilization of the catheter for 20 to 30 seconds.
Rest and squeeze pressures are recorded at each centime-
ter up to 1 cm from the anal verge. After documentation of
the pressures in the anal canal, rectal capacity, compliance,
and rectoanal inhibitory reflex are tested. The evaluation of
the rectal capacity will provide information regarding the
rectal potential to accommodate the fecal matter if defeca-
tion must be delayed.

Measurements
Resting Pressure

The mean resting pressure in healthy volunteers ranges
from 40 to 70 mm Hg. The internal anal sphincter generates
the majority of the resting pressure.* This smooth muscle
is in a continuous state of maximal contraction accounting
for 55% to 60% of resting tone. The external anal sphinc-
ter contributes less to the resting anal tone. The final deter-
minant of resting anal tone is the contribution of the
hemorrhoidal plexi. Patients with alterations in continence
related to the internal anal sphincter often have low base-
line resting pressure.

Squeeze Pressure

The maximal squeeze pressure in healthy individuals is two
to three times the baseline resting value. The external anal
sphincter is the main contributor to the generation of these
pressures. Traumatic defects of the external anal sphincter,
whether obstetric or from surgery, often result in decreased
squeeze pressures.
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High-pressure Zone

The high-pressure zone is defined as the length of the
internal anal sphincter through which pressures are greater
than half of the maximal resting pressure. The high-
pressure zone is approximately 2 to 3cm in women and 2.5
to 3.5cm in men.*

Rectoanal Inhibitory Reflex

The rectoanal inhibitory reflex is thought to have a role in
the fine adjustments of continence. Rectal distension,
usually with small volumes (10-30mL), causes a contrac-
tion of the external anal sphincter followed by a pro-
nounced internal anal sphincter relaxation. This reflex
enables the sensory mucosa of the anal canal to “sample”
the contents of the distal rectum and the patient to distin-
guish between gas, liquid, and solid stool. This reflex is
absent or abnormal in patients with Hirschsprung’s
disease, Chagas’ disease, dermatomyositis, and
scleroderma.

Rectal Sensation

Alterations in rectal sensation can lead to decreased fecal
continence. Rectal sensation is measured with an intrarec-
tal balloon and incremental instillation of known volumes
of air. Sensation is generally achieved with 20mL of air.
Overflow incontinence can result from a decrease in rectal
sensation and subsequent fecal impaction.

Rectal Compliance

Compliance is determined by the change in pressure asso-
ciated with a change in volume. This is calculated by sub-
tracting the volume of first sensation from the maximum
tolerable volume and dividing by the change in pressure at
these two points. A noncompliant rectum can contribute to
fecal incontinence if the patient is unable to accommodate
the amount of stool presented to the rectum. This is
common in conditions that cause proctitis.

Manometry is an important tool to evaluate patients
with fecal incontinence. This test will determine functional
weakness of the internal and/or external anal sphincter
as well as identify the presence of sensory or muscular
defects. Rectal capacity and compliance may also be
significantly decreased in patients with fecal incontinence,
proctitis, or loss of rectal reservoir. The role of manomet-
ric evaluation in patients with constipation is somewhat
controversial. Manometry may have a role in the assess-
ment of patients with paradoxical puborectalis contrac-
tion, lifelong history of constipation, especially in children
and patients suspicious for Hirschsprung’s or from areas
endemic for Chagas’ disease.
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Cinedefecography

Cinedefecography is a radiologic evaluation of the func-
tional status of the anus, rectum, and sigmoid. It is an
important part of the physiologic evaluation of patients
with constipation, pelvic organ prolapse, and rectal pain.

The dynamic evaluation of the defecation mechanism is
an important tool in the overall investigation of evacuatory
disorders. Defecography involves the instillation of a thick
barium paste into the rectum as well as a water-soluble
contrast into the vagina, with the subsequent radiographic
imaging of evacuation. Both still and dynamic images
are obtained with the patient seated on a radiolucent
commode. Using standard fluoroscopic technique, the
evacuation process is visualized and recorded with the aid
of a videocassette recorder connected to the fluoroscopy
device. Lateral X-ray films are taken during the different
phases of the test, including resting, squeezing, and
pushing. At the completion of the rectal emptying, static
pictures are also taken to document the completion of
evacuation of the contrast. From the still images, several
measurements can be obtained.

Measurements

All measurements are taken from rest, squeeze, and
push-static films:

Anorectal angle - angle between the axis of the anal canal
and the posterior rectal wall (Figure 3-4.1).

Puborectalis length - distance between posterior anorectal
angle and the anterior symphysis pubis.

Perineal plane distance - line drawn from tip of coccyx to
anterior pubic symphysis (perineal plane). Perpendicu-
lar line drawn from perineal plane to the anorectal angle.
This distance measures perineal descent. Increased per-
ineal descent (>3cm) in either the resting or squeeze
phase correlates to fixed or dynamic descent, respec-
tively (Figure 3-4.2).

Sigmoidocele - the degree of descent of the lowest portion
of the sigmoid colon. First degree = above the pubococ-
cygeal line; second degree = below the pubococcygeal
line and above the ischiococcygeal line; third degree =
below the ischiococcygeal line (Figure 3-4.3).

A wealth of information is gained from the dynamic
images including the presence and significance of a recto-
cele or sigmoidocele (Figure 3-4.3), paradoxical puborec-
talis contraction (Figure 3-4.4), intussusception (Figure
3-4.5), prolapse, ability to straighten the anorectal angle,
and the ability to empty the rectum. Seven hundred forty-
four patients at the Cleveland Clinic Florida underwent
defecography,’ 60% of whom were constipated; 12.5% had
“normal studies,” 25.7% had rectoceles, 11% had sig-
moidoceles, 12.6% intussusception, and 30% had a combi-
nation of findings. The number of significant findings
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Figure 3-4.1. Anorectal angle on defogram.

Figure 3-4.2. Perineal descent on defogram (A) on rest and (B) on push.
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Figure 3-4.3. Sigmoidocele (1) and rectocele (2) on defogram, preevacuation (A) and postevacuation (B).

Figure 3-4.4. Paradoxical puborectalis contraction on defogram, on rest (A), on squeeze (B), and on push (C).
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Figure 3-4.5. Intussusception on defogram.

within this group of patients underscores the need to
always correlate radiographic findings with the clinical
evaluation.

A normal cinedefecography is expected to demonstrate
complete relaxation of the puborectalis muscle, a perineal
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descent less then 3cm during rest, and complete evacua-
tion of the rectal contrast.

Defecography is extremely helpful in the evaluation of
patients with constipation. The documentation of the
ability or inability to empty the rectum leads the physician
to focus treatment plans on either the evacuatory mecha-
nism or disorders of intestinal transit. The identification of
pathology on the defogram allows the physician to corre-
late the anatomic abnormality with its impact on the evac-
uatory mechanism.

Conclusion

The anorectal physiology laboratory provides a wealth of
information for the physician treating patients with evac-
uatory difficulties. The combination of anal ultrasound,
electromyography, pudendal nerve terminal motor latency
assessment, anal manometry, and cinedefecography allow
for a complete evaluation of the posterior compartment of
the pelvic floor. Proper interpretation of the studies and
correlation with the clinical complaints of the patient are
essential for the effective treatment of evacuatory
dysfunction.
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Anorectal Ultrasound

Juan J.Nogueras

During the past decade, anal imaging studies have become
increasingly popular as diagnostic tools in the manage-
ment of patients with both benign and malignant anorec-
tal disorders. As surgeons become more comfortable with
the application of these modalities, the indications for
their use continue to expand. Anal ultrasonography is an
accepted modality for the evaluation of several conditions,
including fecal incontinence, anal sepsis, and anal cancer.
Other ultrasonographic modalities are also used to image
the anal canal, including transvaginal ultrasonography
and transperineal ultrasonography. Magnetic resonance
imaging (MRI) is yet another modality to image the anal
region that seems to be increasing in popularity as its avail-
ability widens. Each of these imaging modalities and their
indications for use in the anal canal will be discussed.

Anal Ultrasonography

Law and Bartram' described the technique of anal ultra-
sonography in 1989, and in the past 14 years, the technique
has achieved widespread popularity. In recent years,
endoanal ultrasonography has emerged as a popular diag-
nostic modality for anal sphincter mapping and imaging.
The procedure is performed as an outpatient procedure,
is relatively quick, is virtually painless, and therefore is
preferred by patients over other more invasive tests, such
as needle electromyography. Anal ultrasonography can
provide a detailed image of the anal sphincter muscula-
ture.” The internal anal sphincter (IAS) appears endosono-
graphically as a hypoechoic circular band, which is seen
most prominently at the level of the mid anal canal. The
range of thickness of this muscle is 1.5 to 4mm for males
and 2 to 4 mm for females. There does not seem to be a rela-
tionship between IAS thickness and body weight, gender,
or height, but there is a direct correlation for thickness with
advanced age.’ The external anal sphincter (EAS) appears
as a thicker circular mixed echogenic band outside of
the hypoechoic internal sphincter. Other structures
of the pelvic floor, such as the puborectalis, urethral

sphincter, vagina, and outlines of the bony pelvic and
ischiorectal fossae, are also demonstrated on endoanal
ultrasonography.*

There is no special preparation necessary for anal ultra-
sonography. The patient is positioned in the left lateral
decubitus position. A digital rectal examination is per-
formed to evaluate for anal lesions, stenosis, and tone. We
use a Bruel & Kjaer scanner with a 10-MHz transducer that
has a sonolucent hard plastic cover filled with degassed
water. A condom filled with ultrasound gel is placed over
the probe and is lubricated with gel. This provides for effec-
tive acoustic coupling in the anal canal. Transducers vary
in frequency; a probe with a higher frequency provides
clearer sonographic images (resolution) but has a shorter
focal range (penetration). A 7.0-MHz probe has a focal
length of 2 to 5cm, whereas a 10.0-MHz probe has a focal
length of 1 to 4cm.

Image Interpretation

The anal canal is divided into three compartments. The
upper anal canal (Figure 3-5.1) is defined as the level where
the puborectalis muscle sling is clearly seen. At this level,
there is a normal separation of the muscle fibers anteriorly.
It is important to recognize this anatomic level, or this
anterior muscle separation can easily be misinterpreted as
a sphincter defect.

The mid anal canal (Figure 3-5.2) represents the location
where the IAS and EAS wrap around the anal canal cir-
cumferentially. We have arbitrarily chosen the site where
the IAS muscle is at its maximum width as the mid anal
canal; this is the level where sphincter defects are most
often seen. The IAS is seen as a hypoechoic ring, which is
surrounded by the mixed echogenic EAS.

The distal anal canal (Figure 3-5.3) represents the level
where the IAS has tapered and is no longer visible, and the
predominant muscle is the subcutaneous portion of the
EAS. This mixed hyperechogenic band should be circum-
ferentially intact.
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Figure 3-5.1. The upper anal canal.

Defects in the external or internal sphincters are defined
as breaks in the continuity of the sphincter ring. The radial
extents of the sphincter defects are measurable by the 360-
degree view provided by the probe. Defects in the sphinc-
ters can be caused by obstetric trauma or prior operative
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Figure 3-5.2. The mid anal canal.
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Figure 3-5.3. The distal anal canal.

procedure including hemorrhoidectomy, sphincterotomy,
and fistula surgery. Endoanal sonography is reliable in
assessing sphincter injury and is often used in the evalua-
tion of patients with fecal incontinence.

Defects of the IAS (Figure 3-5.4) are easily recognized
given the prominent appearance of the IAS in the mid anal
canal. Typically, patients will present with a history of
anorectal surgery or dilatation. In this scenario, there is a
defect of the IAS in the left lateral quadrant with a thick-
ening of the remaining IAS, suggesting a retraction
phenomenon.
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Figure 3-5.4. Defect of the internal anal sphincter.
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Defects of the EAS occur for a variety of reasons such as
birthing injuries, prior anal fistula surgery, and trauma.
The appearance of an EAS defect is, by definition, a break
in the circumferential integrity of the mixed hyperechoic
density pattern. A defect can have either a hypoechoic or a
hyperechoic density pattern. It can be difficult to differen-
tiate between scarring from prior surgery and a true defect.
In these difficult cases, there may be a role for electromyo-
graphy single-fiber density studies. A good example of an
anterior EAS defect is demonstrated on Figure 3-5.5, where
the EAS is discontinuous anteriorly with a defect measur-
ing 142 degrees.

To easily measure the perineal body thickness, a finger
is inserted into the vagina, held gently against the posterior
vaginal wall, and then the distance between the anal
mucosa and the ultrasonographic reflection of the finger is
measured (Figure 3-5.6). Zetterstrom et al.” determined
that more than 90% of their patients with incontinence had
perineal body thickness measurement less than 10mm.
Moreover, this maneuver improved the visualization of
sphincter lesions in the majority of patients.

In patients with sphincter defects shown on endoso-
nography, mean resting and squeeze pressures were
significantly lower than in patients without anal sphincter
defects in 46 subjects.® However, when the group was
divided by clinical history (symptomatic incontinence vs.
asymptomatic), the association of results between manom-
etry and endosonography was not significant. There was a
correlation between anal ultrasound findings and fecal
incontinence.

The ability to delineate clinically occult injuries of the
anal sphincter musculature remains one of the strongest
arguments in support of the anal ultrasound for the inves-
tigation of the patient with incontinence. Some investiga-
tors have advocated that ultrasonography combined with
pudendal nerve terminal motor latencies be recognized as
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Figure 3-5.5. Defect of the anterior external anal sphincter.
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Figure 3-5.6. Measure of perineal body thickness.

the procedures of choice in the work-up of the patient
with incontinence.”” Each of the individual physiologic
tests offers valuable information relevant to the continence
mechanism, whereas ultrasonography yields results that
are complementary to other tests. However, in this age of
cost containment, ultrasound offers the advantage of pro-
viding a great deal of anatomic data in a single test. The
patients clearly prefer this examination to other more
painful procedures, such as needle mapping with elec-
tromyography. This fact also allows ultrasonography to
serve as a surveillance tool to monitor the results after
sphincteroplasty.'’

Fistulas

Law et al.'' performed ultrasonography in 22 patients
with a diagnosis of recurrent perianal sepsis or fistula
in ano. Internal openings were defined as breaks in the
mucosal layer. Fistula tracts created hypoechoic bands
within the intersphincteric plane and usually communi-
cated with a cavity or scar that appeared as hypoechoic
areas. Hypoechoic defects within the EAS were interpreted
as transsphincteric fistula tracts. All sonographic data
were prospectively collected, and compared with surgical
findings. Ultrasonography correctly identified the internal
opening in 8 of 12 patients, the primary tract in 11 of
12 patients, a superficial abscess in 2 of 3 patients, and
an intersphincteric abscess in 10 of 12 patients. The
ultrasound, however, failed to identify an infralevator
abscess in three patients and a supralevator abscess in two
patients.

Cho'* defined the endosonographic criteria for an inter-
nal opening. He identified three criteria: intersphincteric
tract, internal sphincter defect, and subepithelial breach.
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The combination of all three findings yielded a 94% sensi-
tivity, 87% specificity, 81% positive predictive value, and a
96% negative predictive value.

Choen et al.”” performed a prospective trial comparing
the accuracy of digital examination and anal ultrasonog-
raphy in defining the anatomy of the fistula. They discov-
ered no statistical difference between the consultant or
research fellow’s digital assessment and ultrasonography
in identifying intersphincteric and transsphincteric tracts.
These investigators found ultrasonography to be of no help
in identifying suprasphincteric and extrasphincteric tracts
compared with the clinical examination, which was accu-
rate in 78% of these cases. These authors therefore believed
that ultrasonography had limitations in the evaluation of
the complex fistula.

Yang et al."* reported our initial experience with anal
ultrasonography for anal fistulas. Sonographic data were
compared with surgical findings in 11 patients with
fistulas and 6 patients with a suspicion of abscess. In 82%
of the patients, sonographic findings correlated with the
operative findings. In one patient, a horseshoe fistula was
incorrectly assessed as a lateral transsphincteric fistula,
and in another patient with Crohn’s disease, the primary
tract was not visualized. We have since used hydrogen per-
oxide injection of the tract as an image-enhancement
technique during anal ultrasonography for complex and
recurrent fistulas.” Fistula tracts typically have a hypoe-
choic appearance. With the injection of hydrogen perox-
ide, the tract becomes hyperechoic as a result of the
bubble-induced increased echogenicity. We believe this
technique has helped us to identify tracts more easily. Poen
et al.' also have found hydrogen peroxide injection to be
useful in delineating the anatomic course of perianal
fistulas. In a study of 86 patients, endoanal ultrasound was
able to identify 74 anal fistulas (43 transsphincteric, 11
intersphincteric, 6 suprasphincteric, 3 superficial, and 11
anovaginal tracts) of which surgery confirmed the type of
fistula in 86% and the location of the internal opening in
81%."

In evaluating rectovaginal fistulas, Yee et al."® concluded
that noncontrast endoanal ultrasound was not useful for
the identification of the tract of the rectovaginal fistula.
They found that the ultrasound study identified only seven
of the rectovaginal fistulas. However, 23 sphincter injuries
in 25 patients were identified, and they suggest that anal
ultrasonography be used preoperatively in patients with
rectovaginal fistulas to identify sphincteric defects.

The superiority of MRI over anal endosonography for
the assessment of anal fistulae and abscesses has been con-
troversial. Magnetic resonance imaging has been shown to
be superior in some studies. For example, in a study of 39
patients conducted by Maier et al.,' MRI demonstrated a
sensitivity of 84% and a specificity of 68% in identifying
fistula, whereas endoanal ultrasound showed a sensitivity
of 60% and specificity of 21%. Meanwhile, another study
evaluating fistulas and abscesses complicating Crohn’s
disease by Orsoni et al.” demonstrated that anal ultra-
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sound was more accurate than MRI with sensitivities of
89% and 48%, respectively, in identifying fistulas, and 100%
and 55%, respectively, in identifying abscesses.

Pain

In the evaluation of anal pain, ultrasonography is useful in
eliminating abscesses and fistulas as causes for acute pain.
Intersphincteric abscesses are difficult to diagnose clini-
cally but can easily be found with endoanal ultrasound.
However, in a study of patients with chronic idiopathic
anal pain, intra-anal ultrasound findings were abnormal
(hyperechoic, hypoechoic, or thickened sphincters) in 12
patients.” However, these structural findings were non-
specific relative to the etiology of the anal pain. Endoanal
ultrasonography has been useful in the guidance of anal
sphincter biopsies and botulinum injections into the inter-
sphincteric space in the treatment of chronic anal pain, but
otherwise has little to contribute in the evaluation of
chronic anal pain.

Anal Carcinoma

Tumors appear as hypoechoic areas and can be seen pen-
etrating the different layers of the anal canal. Ultrasound
can measure tumor size on screen and evaluate the inva-
sion of surrounding structures. In imaging the anal canal,
endoanal ultrasonography can stage an anal mass by eval-
uating the depth of infiltration in relation to the normal
distinct layers of the anal canal. Typically, it is based on the
penetration of the submucosa, the IAS, the EAS, the peri-
anal tissues, or through and into adjacent structures. This
is an accurate preoperative staging method that facilitates
the choices for treatment.

Tarantino and Bernstein® correlated pathologic staging
after abdominoperineal resection in five patients to the
preoperative endoanal ultrasound staging. Seven other
patients were staged by ultrasound but underwent
chemoradiation. In this subgroup, they used the endoanal
ultrasound to evaluate the patient after their medical
therapy and on follow-up. All seven patients showed no evi-
dence of residual tumor, and, on subsequent follow-up,
showed no trace of the disease. Others have confirmed that
ultrasonography can be used to determine the depth of
tumor infiltration, to direct treatment options, and to eval-
uate tumor response to chemoradiation.”

Vaginal and Transperineal
Ultrasonography
Presented by Sultan et al.** as an alternative imaging

method for female patients, vaginal endosonography
images the anal sphincters without distortion of the anal
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canal, submucosa, anal cushions, and sphincter muscles.
The patients are placed in the left lateral position. A probe
is inserted 3 cm into the vagina, using a transducer, covered
by a water-filled balloon. A 7-MHz rotating endoprobe pro-
vides a 360-degree image in the same orientation as in anal
ultrasonography. Comparisons between anal and vaginal
ultrasonography of sphincter images in 20 patients
demonstrated an underestimation of the sphincter thick-
ness by the anal ultrasound. The authors concluded that the
transanal hard probe resulted in luminal compression of
the sphincter muscles. The significance of these observa-
tions is unknown.

Using conventional ultrasound equipment with a 5-MHz
linear probe, images are obtained by positioning the probe
on the midportion of the perineum, obtaining transverse
images of the anal canal. The images obtained are compa-
rable to those obtained from anal endosonography, with
concentric muscular layers. Similar to transvaginal ultra-
sonography, the anal canal is imaged undisturbed, and the
IAS cushions are visible. Unlike transvaginal ultrasonogra-
phy, transperineal ultrasonography can be performed on
men and women. Conventional ultrasound equipment is
available in most hospitals, and because no special probe
is necessary, transperineal ultrasonography may become
more widely accessible.

Beer-Gabel et al.” have introduced dynamic transper-
ineal ultrasound as a noninvasive method of assessing
anatomy in patients with pelvic floor dysfunction. Defecog-
raphy, the current method of dynamically evaluating the
pelvic floor during evacuation, uses high levels of radiation
and invasive injections of contrast dye into the anus and
rectum. Transperineal ultrasound is noninvasive, and pro-
vides clear dynamic and still anatomical images of the
pelvic floor, including the anal canal, the anal sphincters,
the puborectalis sling, the urethra, and the bladder base.
The anal sphincters can be seen in the transverse, sagittal,
and longitudinal views, which may improve visualization
of sphincteric defects or fistulous tracts.

Magnetic Resonance Imaging

Endoanal ultrasonography does have some limitations.
Magnetic resonance imaging of the anorectal region was
introduced as another imaging modality of this complex
region in hopes of improving accuracy in image interpre-
tation. The quality of the image has increased in recent
years with the application of the endoanal receiver coil,
which has only a 19-mm diameter, and compares favorably
with the diameter of the 18-mm endoanal ultrasound
probe.

Recent studies have defined MRI appearance of the anal
sphincter musculature.’* The IAS is seen as a ring of
homogenously high-signal density with a low-signal inten-
sity rim that is rich in collagen and contains neurovascu-
lar bundles. The EAS muscle can also be demonstrated with
high resolution.
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deSouza et al.” reported their experience with endoanal
MRI in six women who developed incontinence immedi-
ately after childbirth. The MRI revealed the site and extent
of the defect in all patients, and the findings were
confirmed at the time of surgery. In another group of 16
patients who developed incontinence 15 to 30 years after
childbirth, no demonstrable defect was found, but in all
cases, atrophy of the external sphincter muscle was
revealed. The degree of atrophy did not correlate with the
degree of delay in pudendal nerve conduction velocity.

Magnetic Resonance Imaging and
Endoanal Ultrasonography

These are two excellent imaging modalities that provide
anatomic detail of the anorectal region. Each of these
modalities has distinct advantages and disadvantages.
Endoanal ultrasonography is rapid, less costly, portable,
and accurate. However, there is a learning curve for image
interpretation, interobserver interpretation is fair, there is
a high false-positive rate for sphincter defects, and images
are difficult to interpret when there is a great deal of
fibrosis. This last point is particularly important for image
interpretation in recurrent fistulas and incontinence after
multiple prior sphincter surgeries. Magnetic resonance
imaging offers clear images of the entire pelvis, and pro-
vides clear images of the anal sphincter musculature.
Moreover, MRI has the capabilities for multiplanar images
and computer manipulation of the images (T1- and T2-
weighted images), which facilitate the interpretation of
fibrosis from other tissue densities. However, MRI is
expensive, requires specialized endoanal coils for optimal
imaging of the anorectal region, and with current technol-
ogy is time-consuming.

Nonetheless, these two different modalities should be
regarded as complementary and not competitive to one
another. The endoanal ultrasound is an office-based exam-
ination performed by the surgeon, and may be regarded as
an extension of the physical examination. Some have labeled
the ultrasound as the “surgeon’s stethoscope.” Many patients
will be accurately diagnosed by ultrasonography and no
further imaging modalities will be needed. However, for the
patient in whom the ultrasound may not be accurate, as in
the case of complex fistulas, additional information may be
gained with an endoanal MRI. Further studies are currently
underway to better delineate the role of each of these modal-
ities in our diagnostic armamentarium.
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Neurologic Evaluation of the Pelvic Floor

Virgilio Salanga

Several elegant methods of neurophysiologic assessment of
the anal and urethral sphincters exist. Their purpose is to
help localize the site of neurologic pathology leading to the
disturbance of bowel and bladder continence and evacua-
tion. Although the clinical neurologic examination may
sufficiently determine if the lesion involves the muscle or
the nerve control to the muscle, a quantitative assessment
of the disturbance by neurophysiologic means is often
needed for clinical monitoring and treatment planning.

Available neurophysiologic techniques include elec-
tromyography of the periurethral and anal sphincter
muscles, perineal and pudendal motor conduction studies,
sacral reflexes recording, somatosensory evoked response
study from the pelvic floor to the cerebral sensory cortex,
and transcutaneous spinal cord and cerebral motor cortex
stimulation to record an evoked pelvic floor muscle
response (Table 3-6.1).

The sacral reflex arc consists of an afferent limb origi-
nating in the bladder and urethra along visceral autonomic
afferents to the T10-L2 spinal cord, and an efferent limb
originating in the S2-S3-S4 ventral nerve roots to the
pudendal nerve and its terminal branch, perineal nerve. In
response to stimulation of the bladder wall or urethra,
pelvic floor muscle contraction occurs. The urethral-anal
reflex, bladder-anal reflex, and clitoral-anal reflex are neu-
rophysiologically measurable. Abnormalities of the sacral
reflexes may be seen in peripheral neuropathy, cauda
equina and conus medullaris lesions, pelvic plexus, and
pudendal nerve abnormalities.'

Pudendal nerve somatosensory evoked potential record-
ings provide information on lesions in the spinal cord and
brain (central nervous system), but require interpretation
in conjunction with pudendal nerve conduction
studies.’

Transcutaneous spinal stimulation at two levels of the
lumbar spine (L1 and L4) and recording the latencies of the
evoked muscle responses from the anal sphincter or pub-
orectalis muscle provides information on lesions involving
the S2-S3-S4 motor nerve roots, and complements the
information derived from pudendal nerve and perineal

nerve conduction studies. Transcutaneous cervical spine
(spinal cord) and cranial (motor cortex) stimulation and
recording motor response from the pelvic floor muscles
provide information on upper motor neuron disorders
affecting the pelvic floor, when interpreted in conjunction
with pudendal nerve or perineal nerve conduction
studies.?

In our institution, my colleagues and I have considerable
experience in measurement of pudendal nerve terminal
motor latencies (PNTML) and external anal sphincter
muscle concentric needle electromyography (AEMG), as
part of the routine evaluation of bowel evacuatory disor-
ders, especially fecal incontinence. In a 1991 survey of
American and British colorectal surgeons, PNTML and
AEMG were available only in 15% and 34% of anorectal
physiology laboratories, respectively. Neurogenic injury in
fecal incontinence was suggested by histometric and single
fiber electromyogram (EMG) studies of the anal sphincter.
Conditions that promote traction injury to the pudendal
nerves (as in childbirth and prolapse) may lead to fecal
incontinence. These neurophysiologic techniques provide
objective assessment of nerve and/or muscle injury, and
allow for optimal treatment approach.’

We perform PNTML studies according to the method
described by Kiff and Swash* using a disposable St. Marks
electrode (Dantec, Skovlunde, Denmark) with a Nicolet
Viking II (Nicolet, Madison, WI) EMG machine. The St.
Marks electrode is mounted onto the gloved index finger
of the right hand, which is introduced into the rectum
(Figure 3-6.1). The ischial spine and lateral edge of
the sacrum are located so that the tip of the finger with the
cathode-simulating electrode is in the vicinity of the
pudendal nerve. Electrical stimuli are repeatedly delivered
as the fingertip is methodically moved until the pudendal
nerve is maximally stimulated based on the best amplitude
of at least three reproducible and identical compound
muscle action potentials recorded from the external anal
sphincter muscle. The cathodal stimulating point is at the
main trunk of the pudendal nerve; the terminal motor
latency represents the conduction time along the inferior
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Table 3-6.1. Potential usefulness of electrodiagnostic tests in certain pelvic floor disorders

Perineal Nerve
(Motor Latency)

Pudendal Nerve
(Motor Latency)
Fecal incontinence -
Constipation
Urinary incontinence
Pelvic organ prolapse
Pelvic trauma

Diabetic neuropathy

+ o+ o+ o+ o+ o+
+ o+ + o+ o+

Cauda equine disorder

Myelopathy -

NCT, nerve conduction test; SEP, somatosensory evoked potential.

rectal branch that innervates the external anal sphincter
muscle. The other side is similarly done. Patients get a
minimum of three recordings on each side to ensure
consistency and accuracy in measurements. Based on
previously published normative data, we consider
PNTML of less than 2.3ms as normal® (Figures 3-6.2 and
3-6.3).

Electromyography of the external anal sphincter is per-
formed with a bipolar concentric needle electrode, 23-
gauge, 25 to 75mm long. The right and left halves or four
quadrants (left, right, anterior, and posterior sectors) of the
external anal sphincter muscle are routinely evaluated.
Observations are made of muscle electrical activity at rest,
during voluntary (squeeze) and reflexive (with a cough)
contraction, and simulated defecation. Spontaneous poten-
tials including positive sharp waves, fibrillations, fascicula-

Figure 3-6.1. St.Mark’s electrode.
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tions, and complex repetitive discharges are looked for
(Figure 3-6.4). Alterations in motor unit potential (MUP)
amplitude, duration, and polyphasia are observed (Figure
3-6.5). Reduction in MUP recruitment is noted and graded
as minimal, moderate, severe, or complete absence of vol-
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Figure 3-6.2. External anal sphincter compound muscle action potentials, left puden-
dal nerve stimulation.
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Figure 3-6.3. External anal sphincter compound muscle action potentials, right puden-
dal nerve stimulation.

untarily or reflexively activated MUPs (Figure 3-6.5). Sus-
tained MUP recruitment during simulated defecation,
which may indicate paradoxical pelvic floor muscle con-
traction, is noted.’

In patients with constipation, we use an intra-anal
sponge electrode (Dantec) for surface EMG recording of
the external anal sphincter muscle, instead of the concen-
tric needle electrode. By avoiding needle-related discom-
fort, the kinetic activity of the anal sphincter during
voluntary and reflexive contraction (squeeze and cough),
and during simulated defecation is more accurately
assessed, eliminating pain-induced contraction that may
mimic paradoxical anal muscle contraction.®

In a prospective study of 225 consecutive patients with
fecal incontinence (idiopathic 72, obstetric 45, prolapse 43,
trauma 42, neurologic 23), PNTML and AEMG studies
showed neurophysiologic evidence of neuromuscular
abnormalities in 76% of patients: Reduced MUP recruit-
ment during voluntary contraction (60%), prolonged
PNTML (36%), paradoxical anal sphincter contraction
during simulated defecation (19%), and assorted abnor-
malities of MUP morphology, fibrillations/positive waves,
and complex repetitive discharges (46%). There was strong
correlation between reduced voluntary MUP recruitment
and decreased anal manometric pressures. Four-quadrant
AEMG “mapping”showed good concordance with endoanal
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sonographyin 35 of 41 patients (86%) tested with both tech-
niques. Three patients were found with muscle defects by
AEMBG that were missed by sonography, and vice versa in
another three patients. The two tests are complementary
and not redundant. Our data in this group of patients did
not clarify the exact role of pudendal neuropathy in the
pathogenesis of fecal incontinence, because this was not
present in 64%. Nonetheless, the identification of pudendal
neuropathy is considered predictive of poor outcome of
sphincter surgical repair. These neurophysiologic tech-
niques assisted our colorectal surgeons in assigning the
most appropriate therapy based on expected outcome.’

In urinary voiding abnormalities, the integrity of the
perineal nerves is assessed by stimulation of the pudendal
nerves through the vagina, using the St. Marks electrode,
and recording the compound muscle action potential from
the periurethral muscle with recording electrodes mounted
on a Foley catheter. Simultaneous recording of the com-
pound muscle action potentials from the left and right
external anal muscle sphincter muscle is done with a pair
of para-anal surface disc electrodes. The pudendal-
perineal nerve terminal motor latencies are generally 0.2 to
0.5msec longer than the pudendal-inferior rectal nerve
terminal motor latencies.
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Figure 3-6.4. Needle EMG of external anal sphincter: polyphasic MUPs (arrows), posi-
tive waves (pw), fibrillations (f), high frequency repetitive discharges (bottom).
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Figure 3-6.5. Motor unit potential recruitment, needle EMG of external anal sphincter muscle.

Pelvic organ prolapse potentially leads to traction injury
to the pudendal nerves and branches, and to the other
pelvic nerves supplying the puborectalis and pubococ-
cygeus muscles, and denervation of these pelvic floor
muscles and the periurethral and anal sphincter muscles.
Pudendal nerve terminal motor latency measurements and
needle EMG of these muscles may provide potentially
useful information influencing surgical reparative proce-
dures. Severely denervated parts of weakened pelvic floor
muscles may not be optimal for pelvic floor repair. Neuro-
logic disorders frequently cause bladder and/or bowel
evacuatory dysfunction. Systemic neuropathies, such as
diabetic neuropathy, and regional lumbar and sacral
radiculopathies, such as in lumbar spine disorders, may
involve the somatic and visceral (autonomic) nerve supply
to the bladder detrusor muscle, rectal peristaltic muscles,
and periurethral and anal sphincter muscles. Nerve con-
duction tests and EMG in the limbs, and autonomic studies
(sympathetic skin response recording, heart rate variabil-
ity during deep breathing and Valsalva maneuver) may
clarify the cause of the neurogenic bladder and/or bowel
syndrome in these diseases. Spinal cord disease (myelopa-
thy), such as in multiple sclerosis, cervical or thoracic
spondylosis, etc., will often cause small-capacity hyper-

reflexic bladder, manifesting as an overactive bladder with
frequency and urgency incontinence. Pudendal nerve
latencies will be normal in this setting, but lower limb
somatosensory evoked potential recording may show
delayed conduction along the central somatosensory affer-
ent pathways.
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Upper Gastrointestinal Evaluation Related

to the Pelvic Floor

Gregory F. Bonner

Pelvic floor dysfunction is not traditionally associated with
upper gastrointestinal (GI) disorders. However, most of the
major pathways of the brain-gut axis, which are so critical
to pelvic floor dysfunction are the same as those innervat-
ing the upper GI tract. Although sacral nerve trunks are
limited to the pelvis, the vagal and splanchnic innervation
is the same. Dysfunction of the enteric nervous system in
the upper GI tract leads to a variety of disorders in many
ways similar to those disorders more traditionally associ-
ated with pelvic floor dysfunction.

As with pelvic floor dysfunction, related upper GI disor-
ders often manifest as disorders of motility. They can gen-
erally be categorized into esophageal motility disorders,
functional dyspepsia, and disorders of biliary spasm or
dyskinesia. As with other functional GI disorders, patients
with these conditions often show alterations in visceral
sensation such as increased sensitivity to balloon disten-
tion in various locations in the GI tract. As outlined below,
there is often overlap of symptoms and presentation of the
conditions.

Esophageal Motility Disorders

Esophageal motility disorders may present with a variety
of symptoms including dysphagia, noncardiac chest pain,
or heartburn. Dysphagia is the most serious of these
symptoms and, under such circumstances, the physician’s
first priority is to evaluate for related diseases such as
esophageal tumor or stricture, which might require urgent
intervention. A barium esophagram will adequately evalu-
ate for either tumor or stricture. Endoscopy has become
more the first line intervention because it offers the added
benefit of evaluating for erosive esophagitis or the precan-
cerous condition, Barrett’s esophagus. Additionally,
endoscopy offers therapeutic dilatation for strictures. For
patients with just pain or heartburn, an equally acceptable
first diagnostic intervention is a therapeutic trial of a high-
dose proton pump inhibitor such as omeprazole, 20 mg
twice a day. For patients who fail to respond to this thera-

peutic trial, an endoscopy is indicated. Additionally, the
American College of Gastroenterology recommends
endoscopy to screen for Barrett’s esophagus in patients
with heartburn occurring three or more times weekly for
5 years or more. For patients with ongoing and trouble-
some symptoms, other investigational tools include an
esophageal motility test and/or pH probe monitoring
study. Esophageal motility testing may identify more
unusual conditions, such as nutcracker esophagus or
esophageal spasm, in which the patient might benefit from
the addition of psychotropic agents such as trazodone. pH
probe monitoring studies can differentiate if refractory
heartburn symptoms are caused by excessive acid reflux as
opposed to visceral hypersensitivity of the esophagus.

Dyspepsia

Dyspepsia is derived from the Greek dys and peptein,
which literally interpret as bad digestion. The term dys-
pepsia encompasses a variety of symptoms of persistent
upper abdominal pain and discomfort. The predominant
symptoms may include pain, heartburn, nausea, early
satiety, or postprandial fullness or bloating. This is the
most common type of functional upper GI disorder, with
a prevalence rate in Western countries estimated at 25%,
although less than half will seek medical attention. There
are subtypes of dyspepsia, which can be better approached
by focusing on the predominant symptom. Ulcer-like
symptoms are characterized by upper abdominal pain
relieved by certain foods or antacids. Reflux-like symp-
toms include heartburn and acid regurgitation. Many
patients with dyspepsia are thought to have a dysmotility-
like disorder with less pain but more symptoms of early
satiety, postprandial fullness and bloating, or nausea and
vomiting. With an exhaustive evaluation, approximately
50% of patients will demonstrate some type of motility
disorder such as impaired fundic relaxation, antral hypo-
motility, gastroparesis, small bowel dysmotility, or abnor-
mal duodenogastric reflexes.
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A traditionally defined disease with definable pathology
such as an ulcer or erosive esophagitis will be found only
in a minority of patients presenting with dyspepsia. The
term nonulcer dyspepsia (NUD) is given to patients with
no definable structural disease after a standard work-up.
Patients with a histologic diagnosis of gastritis or duo-
denitis should be included in the category of NUD, because
a clear link between the histologic abnormality and the
symptoms is not established.

The aggressiveness of evaluation with endoscopy is vari-
able depending on the circumstance. Because of concern
for gastric cancer, endoscopy is recommended for all
patients older than 45 years presenting with new onset
dyspepsia. For younger patients, it is reasonable to delay
endoscopy as long as alarm symptoms of dysphagia, weight
loss, bleeding, and recurrent vomiting are not present. For
younger patients, an empiric trial with an antisecretory
agent is reasonable, reserving endoscopy for patients who
are not helped with this therapy. Recent studies have
demonstrated proton pump inhibitors such as omeprazole
(Prilosec®) or lansoprazole (Prevacid®) to be more effec-
tive in treating uninvestigated dyspepsia than H, receptor
antagonist or antacids. Other routine evaluations for older
patients, and younger patients who fail an empiric trial,
include routine hematologic and biochemical tests (com-
plete blood count, liver function test, electrolytes, creati-
nine, and thyroid function tests). An ultrasound of the
right upper quadrant would be reasonable, although it is
not clear if gallstones should be considered causative of
symptoms of dyspepsia. Other tests to be considered for
patients with refractory and disabling symptoms include
24-hour pH testing, gastric emptying testing, and, where
available, gastroduodenal motility testing.

The role of Helicobacter pylori in patients with dyspep-
tic symptoms remains controversial. It is reasonable to
perform serologic testing and to treat for Helicobacter if
positive, especially in the uninvestigated patient with dys-
pepsia. However, for patients with functional dyspepsia,
that is, patients who have undergone an investigation that
does not reveal evidence of ulcer disease, large studies have
shown that treatment for H. pylori does not result in symp-
tomatic improvement.

Sphincter of 0ddi Dysfunction

Sphincter of Oddi dysfunction (SOD), also referred to as
biliary dyskinesia, presents with typical symptoms of
biliary colic of right upper quadrant pain with nausea and

Evaluation

vomiting. However, this pain is not actually caused by gall-
stones but instead a motility disorder with spasms of the
sphincter of Oddi. By definition, an ultrasound would not
show gallstones. In fact, the majority of these patients have
already undergone a cholecystectomy, either for gallstones
or suspected microlithiasis, before the diagnosis of SOD is
seriously considered. When suspected, liver function tests
should be checked in the midst of an episode. Abnormal
aspartate aminotransferase and alanine aminotransferase
during episodes of pain, which later normalize, are highly
suggestive in the appropriate clinical setting of SOD
(assuming the patient has already undergone cholecystec-
tomy). Abdominal ultrasound should be obtained, because
a dilated common bile duct is also suggestive. An addi-
tional helpful noninvasive test is a hepatobiliary scan,
which may show delay in emptying of the nuclear tracer
into the duodenum. The most definitive diagnosis is estab-
lished with biliary manometry obtained during an endo-
scopic retrograde cholangiopancreatography. This study is
only available at certain centers and is generally performed
only with hesitation, because the incidence of pancreatitis
induced by this study is approximately 10%.

Summary

A variety of upper GI motility disorders have been
described. These conditions are known to occur in high
frequency in patients with irritable bowel syndrome and
may be associated with other disorders of pelvic floor
dysfunction.
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clear and concise understanding of pelvic anatomy is crucial for the management of pelvic

floor dysfunction. In the past, the simplistic view that anatomic alterations were primarily
responsible for symptomatic dysfunction led to surgical interventions with decreased success
rates. Our current concepts intertwine the anatomic and functional aspects of pelvic floor
integrity. Therefore, as we evaluate a patient with a clear anatomic defect, emphasis must be
placed on what symptomatic, or asymptomatic, dysfunction is present alongside the identified
anatomic defect.

Our current concept is one of viewing the pelvic floor as a horizontal unit rather than as a set
of vertical compartments.This concept allows us to better understand the interrelationships that
occur between organ systems at fascial, muscular,and mucosal levels. A woman with a large pos-
terior vaginal bulge may have a rectocele, an enterocele, both, or neither. A clear knowledge of
the rectovaginal septum anatomy will allow the clinician to better evaluate the patient to deter-
mine what anatomic alteration is present. Of interest is that clinicians have markedly different
terminology for the same anatomic alteration. A clear example of this is the description of a pos-
terior vaginal bulge as a rectocele by gynecologists. Colorectal surgeons tend to view rectoceles
with much greater functional emphasis. Understanding anatomic alterations in the rectovaginal
septum and clearly describing them is therefore of utmost importance when describing a
patient’s pelvic floor dysfunction, especially when multiple specialists are involved. The same
concept applies to an anterior vaginal bulge. Although cystoceles are common, an anterior
vaginal wall bulge can include a larger diverticulum or large inclusion cysts in the urethrovagi-
nal septum, which can occur after a sling procedure. A careful preoperative evaluation is there-
fore key to determining the etiology of an anatomic alteration.

Physical anatomy must be evaluated and treated within the constraints of neuromuscular
integrity. Simply replacing prolapsed organs to their anatomic position will not lead to durable
results unless neuromuscular function is improved by postoperative physiotherapy. Optimal
results may only be achievable if neurologic integrity is present.

Endofascial layer integrity has been given a significant amount of importance by gynecologic
reconstructive surgeons. This concept has not been fully espoused by colorectal surgeons and
urologists. Sharing information regarding newly understood anatomic concepts is important
when planning a multidisciplinary approach to treatment of pelvic floor dysfunction, especially
when surgery is involved.

In this chapter, we have separated the description of pelvic anatomy in a typical compart-
mentalized format. This is not to de-emphasize our view of the pelvic floor as a horizontal unit.
However, to better allow for understanding by the reader, we have opted to present these data
in this format. This will undoubtedly lead to some degree of repetition and some variation in the
described concepts in pelvic floor anatomy. However, the reader should attempt to place the pro-
vided information into a three-dimensional unitary model with underlying common neuromus-
cular, mucosal, and fascial integrity variables.
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The structures of the urinary system as it relates to the
pelvis are the ureters, the bladder, and the urethra. The goal
of this chapter is to describe the location, basic function,
vascular supply, nerve supply, and support of these struc-
tures within the pelvis.

Anatomy of the Pelvic Urinary System
Ureter

The ureters are paired, thick muscular tubes with a lumen
of approximately 3 mm in diameter and are 24 to 30cm in
length. They originate at the renal pelvis and function to
propel urine from the kidney to the bladder. In approxi-
mately 1% of the population, the ureter is duplicated.
Duplications of the ureter are characterized as partial or
complete. In partial duplications, the second ureter joins
the first before reaching the bladder. In complete duplica-
tions, both ureters travel side by side to the bladder. In the
abdomen, the ureters lie on the medial surface of the psoas
major muscle, within the retroperitoneum. The right ureter
lies underneath the terminal ileum, cecum, appendix, and
ascending colon, and their mesenteries. The ovarian vessels
cross the right ureter at its midsection. The left ureter is
adherent to the underside of the mesentery of the descend-
ing and sigmoid mesocolon, and is crossed by the inferior
mesenteric and ovarian vessels. The inferior mesenteric
artery is near and looks similar to the left ureter; therefore,
care must be taken to distinguish these structures during
dissection within this area. The ureters pass into the pelvis
near the bifurcation of the common iliac vessels. As they
descend into the pelvis, at the level of the ischial spine, they
are in close proximity to the suspensory ligament of the
ovary and form the posterior limit of the ovarian fossa.
This relationship is important to recognize because injury
to the ureter can occur during ligation of the infundibu-
lopelvic ligament during oophorectomy. Both ureters travel
parallel and medial to the obturator fossa and the internal
iliac vessels. In this region of the pelvis, they are lateral to

the sacrospinous ligament and pass through the para-
metrium of the broad ligament to a location approximately
1.5cm lateral to the cervix. As the ureters descend to the
bladder within the broad ligament, the uterine artery
crosses anteriorly (Figure 4-1.1). Within centimeters below
the crossing of the ureter by the uterine artery, the inferior
vesicular artery can cross the ureter anteriorly or post-
eriorly. The vaginal artery is posterior and medial to the
ureter at this location. Here numerous arteries and veins
surround both ureters and this is another common site of
ureteral injury during hysterectomy. At the level of the
cervix, the ureters traverse the cardinal ligament on its way
to the bladder base. They travel medially on the anterior
surface of the vagina for 1 to 3cm before reaching the
bladder. The ureters perforate the bladder 5 to 6cm apart
and run obliquely through the detrusor wall for 1.5 cm. The
internal ureteral orifices are much closer to each other than
to their external penetrations of the bladder wall. As the
ureters enter the bladder, they form the trigone, which is a
triangular region of the bladder base (Figure 4-1.2). The
trigone is made up of a superficial and deep layer that is
separate from the detrusor muscle. The superficial layer of
the trigone is an extension of the inner muscular layer of
the ureter. The fibers from each ureter meet to form a tri-
angular sheet of muscle that extends from the two ureteral
orifices and continues distally into the posterior aspect to
the proximal urethra. The superior portion of the ureteral
muscle of the trigone forms the interureteric ridge. The
lateral portions of this muscle are the ureteral bars.
Waldeyer’s sheath is a fibromuscular sheet of tissue that
originates 2 cm above the bladder and is wrapped around
the ureter. This sheath extends longitudinally to the
bladder neck and forms the deep portion of the trigone.
The trigone sits on the muscles of the detrusor wall and
anchors the ureters to the bladder. The distal intravesical
portion of the ureter is submucosal and is supported by the
detrusor muscle backing. As the bladder fills, urine com-
presses the ureter against the muscle backing, creating a
flap valve, which prevents reflux of urine from the bladder
into the ureter.

Al
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The arterial supply of the ureter arises from branches of
various vessels as it descends into the pelvis. The abdomi-
nal sources of arterial blood supply to the ureter are the
renal artery (30%), the aorta (15.4%), and the gonadal
arteries (7.7%). The most significant sources of blood to
the pelvic ureter are the superior vesicular arteries (12.8%),
the inferior vesicular arteries (12.9%), and the internal iliac
arteries (8.5%).' The ureteral veins drain at either end of
the ureter and along its length. In the abdominal portion
of the ureter, the main veins drain into the renal and
gonadal vessels. Additional drainage occurs along other
veins in the proximity of the ureter. The pelvic portion of
the ureter drains into the plexus of veins within the broad
ligament and other adjacent veins.

The nervous innervation of the abdominal ureters arises
from the renal and aortic plexus. The pelvic ureter receives
its nerve supply from the inferior hypogastric and pelvic
plexus. These nerves contain cholinergic and adrenergic
fibers that regulate ureteral peristalsis. Ureteral peristalsis
is not activated by the nervous system, but is thought to
modulate its actions.* Afferent fibers in the lamina propria
relay messages of stretch, osmolarity, and pH to the brain.
There are few pain receptors in the ureter itself. Most of the
pain that we perceive from ureteral obstruction is second-
ary to distention of the renal capsule, rather than stimula-
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Figure 4-1.1. As the ureter descends to the bladder within the broad ligament, the
uterine artery crosses it anteriorly and the vaginal artery passes underneath it. The infe-
rior vesicular artery can cross the ureter anteriorly or posteriorly. (Reprinted with the per-
mission of The Cleveland Clinic Foundation.)
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Figure 4-1.2. The trigone is a triangular region of the bladder base. It comprises a
superficial and deep layer, which is derived from the ureteral musculature and Waldeyer’s
sheath, respectively. (Reprinted with the permission of The Cleveland Clinic Foundation.)

tion from the ureter. The pain perceived by ureteral and
renal capsular distention is likely relayed through the
parasympathetic nervous system and can be referred to
various sites that share the nerve roots of T11-L2, such as
the genitalia, groin, and upper thigh. These are common
sites of referred pain during ureteral obstruction.

Bladder

The urinary bladder is a hollow muscular organ, which
serves as a reservoir for the storage and voluntary expul-
sion of urine. When filled to capacity, the bladder is spher-
ical and holds approximately 500mL of fluid; however,
this capacity can vary based on one’s size, sex, or age. The
bladder lies in the anterior half of the pelvis and it is
bounded anteriorly by the symphysis pubis, laterally by the
pelvic sidewalls, and posteriorly by the vagina, cervix, and
uterus. The urachus terminates in the umbilicus and
anchors the apex of the bladder to the anterior abdominal
wall via the median umbilical ligament. Fascia intimately
surrounds the bladder surface. The peritoneal lining and
cavity cover the superior surface. The transversalis fascia
covers the anterolateral surface and the posterior surface is
covered by endopelvic fascia.

As described by DeLancey,’ the bladder, uterus, vagina,
and rectum are attached to the lateral pelvic walls by a
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network of connective tissue, which is collectively called
the endopelvic fascia. This fascia is a continuous unit that
is divided into sections that have named parts. The fascia,
which attaches the uterus to the lateral pelvis is called
the parametria and consists of the broad, cardinal, and
uterosacral ligaments. The fasciae that attach the vagina to
the pelvis are collectively called the paracolpium. These
fasciae contain smooth muscle, blood vessels, lymphatics,
and nerves. The paracolpium, cardinal, and uterosacral lig-
aments are displayed in Figure 4-1.3. The endopelvic fascial
support of the vagina is divided into three levels: I, II, and
III [Figure 4-1.4; please see Figure 4-2.7, Chapter 4-2
(Genital Anatomic Correlates)]. The most cephalic 3 cm of
the vagina is suspended by endopelvic fascia, which
extends from the vagina posteriorly and superiorly over
the piriformis muscle to the lateral portion of the sacrum.
This constitutes level I support, and alteration of this fascia
will result in vaginal apex and uterine prolapse. The mid
portion of the anterior vagina is attached laterally to the
arcus tendineus fasciae of the pelvic sidewall. This layer lies
below the bladder body, and contributes support to the
bladder and vagina within the pelvis. This portion of the
endopelvic fascia is known as the pubocervical fascia. Tears
or disruption of the pubocervical fascia via various mech-
anisms will result in a cystocele. An injury to the central
portion of this fascia results in a central cystocele defect.
An injury to this fascia between the vagina and the
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Figure 4-1.3. The bladder, uterus, vagina, and rectum are attached to the lateral pelvic
walls by a network of connective tissue, which is collectively called the endopelvic fascia.
This fascia is a continuous unit that is divided into sections that have named parts.
(Reprinted with the permission of The Cleveland Clinic Foundation.)
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tendineus arc will result in a paravaginal cystocele defect.
The posterior wall of the vagina is attached to the superior
fascia of the levator ani muscles and forms the rectovagi-
nal fascia. Injury to this portion of the endopelvic fascia
will result in a rectocele. The anterior and posterior
endopelvic fascia of the mid vaginal wall constitutes level
II support. The region of the vagina that extends 2 to 3cm
above the hymenal ring is fused to the urethra, medial
surface of the levator ani muscles, and the perineal body.
At this level, there is no intervening connective tissue of the
endopelvic fascia that separates the vagina from the
urethra. This portion of the vagina and endopelvic fascia
constitutes level III support. The levator muscles provide
additional support to pelvic organs by closing the vagina
and forming a shelf, which supports these organs. Strain
on the pelvic organ fascial supports through gravity and
Valsalva, are limited by the levator ani muscle. Alteration
to the integrity or function of the pelvic floor muscle and
fascial supports results in pelvic organ prolapse.

On a microscopic basis, the bladder wall comprises an
inner transitional cell lining, a middle muscular layer, and
an outer adventitial layer. The inner transitional cell lining
is covered by a glycosaminoglycan layer, which is thought
to be a protective barrier from urinary irritants. The tran-
sitional cell epithelium comprises six layers of cells that
rest on a basement membrane. Deep to the basement mem-
brane is a thick fibroelastic connective tissue called the
lamina propria. The lamina propria contains many blood
vessels and loosely arranged smooth muscle fibers. The
middle muscular layer consists of three large interlacing
bundles of smooth muscle: an inner longitudinal, middle
circular, and an outer longitudinal muscular layer. The
outer adventitial layer consists of fat and connective tissue.

The gross evaluation of the bladder interior is done by
cystoscopy, which is a common clinical tool for evaluation
of intravesical pathology. On placement of the cystoscope
into the urethra, the urethral mucosa is compressed and the
urethra is closed. The cystoscope can be easily placed
through the closed urethra. The trigone, which has been
previously described, is the first structure seen on place-
ment of the cystoscope into the bladder. The trigone is tri-
angular in shape as a result of the internal urethral opening
being equidistant to the ureteral orifices, forming an equi-
lateral triangle. It is common to observe a fluffy white
coating on the trigone surface of women, which is known
as squamous metaplasia. The ureteral orifices lie approxi-
mately 3 cm apart and usually appear as small slits; how-
ever, there can be many variations to their appearance. The
ureteral bars and the interureteric ridge are often used to
locate the ureteral orifices; therefore, knowing the rela-
tionship of these structures is critical. The mucosa of the
bladder is wrinkled or folded when the bladder is empty,
and smooth when the bladder is full. This occurs because
the mucosa is loosely bound to the underlying musculature
on most of the detrusor surface, except for the trigone,
which always appears smooth. On the surface of the
bladder mucosa are numerous superficial blood vessels. An
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Figure 4-1.4. The three levels of pelvic support of the vagina and uterus showing the continuity of supportive structure throughout the entire length of the genital tract. (Reprinted

with the permission of The Cleveland Clinic Foundation.)

air bubble is often introduced during cystoscopy and can
be seen in the dome of the bladder. This bubble is used
to identify the dome and allows for orientation during
cystoscopy. The impression of the uterus on the anterior
surface of the bladder can be appreciated in its partially
filled state.

The arterial supply of the bladder arises from the supe-
rior and inferior vesical arteries, which are branches of the
internal iliac vessels. The superior vesicular artery is
usually a single artery, but may have 2 to 3 branches that
supply the dome and posterior portions of the bladder. The
venous drainage of the bladder originates from the dorsal
vein of the clitoris as it bifurcates to empty into the later-
ally placed vaginal plexuses. This plexus of veins connects
with the ovarian, uterine, and rectal plexuses to drain into
the internal iliac veins.

Urethra

The urethra is a fibromuscular conduit, which serves to
allow evacuation of urine from the bladder and provides
urinary continence. The female urethra is 3 to 4cm in
length and is approximately 5mm in diameter. The exter-
nal orifice lies above the vaginal introitus and 2.5 cm below
the glands clitoris. In the pelvis, the urethra lies anterior to
the vagina and beneath the pubic bone. Transitional cells
line the proximal two-thirds of the urethra. These cells
change to a nonkeratinized stratified squamous epithelium
in the distal one-third of the urethra. Urethral glands are
distributed throughout its length and empty into the
lumen. Obstruction and infection of these glands are
thought to give rise to urethral diverticula. A group of these
glands, known as Skene’s glands, coalesce distally and
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Figure 4-1.5. A transverse section through the mid portion of the female urethra. The
female urethra is composed of an infolding epithelium, a fibromuscular envelope of
spongy tissue,a middle smooth muscle, and an outer skeletal muscle layer. (Reprinted with
the permission of The Cleveland Clinic Foundation.)

empty through two small ducts on either side of the
external urethral meatus.

Histologically, the female urethra is composed of an
infolding epithelium, a fibromuscular envelope of spongy
tissue, a middle smooth muscle, and an outer skeletal
muscle layer (Figure 4-1.5). The urethral mucosa is thrown
into folds, allowing for a mucosal to mucosal coaptation.
This forms a seal similar to a washer on a sink and is one
of several mechanisms of continence. Under the mucosa is
the lamina propria, which contains a rich vascular spongy
tissue. This layer, when congested, constricts the mucosal
lining enhancing mucosal coaptation. The smooth muscle
of the urethra consists of longitudinal fibers, which
emanate from the internal longitudinal fibers of the
bladder. The outer semicircular smooth muscle fibers arise
from the outer longitudinal layer of the bladder. Both sets
of smooth muscle start at the bladder neck and extend to
the distal urethra, where they end in a fibrous ring. The
outer semicircular smooth muscle is more prominent in
the mid urethra, where the smooth muscle fibers mix with
the striated fibers of the external urethral sphincter. Both
smooth muscle layers become sparse in the distal urethra.
Constriction of these muscles extenuates the mucosal to
mucosal coaptation. Collagen forms a major component,
and elastin a minor component of the urethral smooth
muscle layers. Collagen is thought to be a contributor to
passive closure of the urethra, whereas elastic fibers are
thought to prevent overdistention of the urethra.

DeLancey” has described the relationship of the parau-
rethral structures in the female. The location of these
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structures were described as a percentile of total urethral
length, with the zero percentile defined as the internal ure-
thral meatus and the 100th percentile as the external ure-
thral meatus. The rationale for this scheme is that urethral
length can vary, and there is no exact and reproducible
length where these structures exist along the urethra from
person to person. Instead, the periurethral muscles tend
to lie in regions of the urethra as a percentile of its total
length. The internal urethral meatus is the zero percentile.
At the level of the bladder neck, the urethra passes through
the wall of the bladder. The end of the bladder wall con-
stitutes the 15th percentile of the urethra. At this level, the
striated urethral sphincter muscle surrounds the urethra
and extends from the 18th to the 64th percentile. At the
54th percentile, the urogenital diaphragm, the compressor
urethrae and the urethrovaginal sphincter are encountered
and extend to the 76th percentile (Figure 4-1.6). These
periurethral muscles are continuous with the striated
sphincter. The urethral compressor originates from the
ischial tuberosity and extends over the urethra to the
opposite tuberosity. The transverse vaginal muscle is a thin
sheet, which is characterized as part of the compressor that
lies below the urethra, filling the space between the urethra
and the urethrovaginal sphincter. The urethrovaginal
sphincter is flat and merges on the ventral side of the
urethra with the urethral compressor, and extends along
the sides of the urethra and vagina to enclose them in a
circular manner. The pubococcygeus muscle is the most
medial portion of the levator musculature and runs from
the pubis to the coccyx. It is positioned on the lateral side-
wall of the vagina and urethra. When this muscle con-
tracts, it provides some urethral compression; however, it
is not considered a true sphincter muscle. The point of
maximal urethral pressure at rest in the supine position
correlates to this area of muscle described. The maximum
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Figure 4-1.6. Periurethral muscles. (Reprinted with the permission of The Cleveland Clinic
Foundation.)
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voluntary increase in urethral pressure also correlates
to this area. From the 79th to the 100th percentile of the
urethra, the bulbocavernosus and ischiocavernosus
muscles lie adjacent to, but do not connect to, the urethra.
These muscles do not contribute to continence. The
remaining urethra is composed of fibrous tissue and does
not have a significant muscular component. This tissue is
derived from the subcutaneous tissue and suspensory lig-
ament of the clitoris. Between the 20th and 60th percentile
of the urethra, the pubourethral ligament and the vaginol-
evator run anteriorly from the urethra and vaginal wall,
respectively, to attach to the pelvic wall. The pubourethral
ligament connects the urethra to the pubis and the vagi-
nolevator connects the vagina to the pubococcygeus
portion of the levator ani muscle. Fibrous tissue and
muscle make up these structures. It has been implied that
the support and compression of the urethra on a
hammock of vaginal tissue causes compression of the
urethra with Valsalva. This is thought to be one of many
contributors to continence.

The urethral arterial blood supply arises from the infe-
rior vesical arteries at the bladder neck, as well as the
vaginal branches of the internal iliac vessels. The urethra’s
venous drainage originates from the inferior, middle, and
superior vesicular veins, as well as the clitoral plexus.

The Lower Urinary Tract

The lower urinary tract (LUT) is a group of interrelated
structures that are responsible for the storage and expul-
sion of urine. The components of the LUT consist of the
bladder and the outlet. The outlet is defined as the urethra
and urethral sphincters.

Lower Urinary Tract Function

As described by Wein,® the LUT has two phases of function,
the filling/storage phase, and the emptying phase. In the
filling/storage phase, the bladder is able to accommodate
increasing volumes of urine at low intravesical pressures
with appropriate sensation. This occurs in the absence of
involuntary bladder contractions. The bladder outlet is
closed and remains closed throughout this process. In the
emptying phase, there is a lowering of resistance at the level
of the smooth and striated sphincters. The bladder smooth
muscle then contracts with an adequate magnitude, in the
absence of anatomic obstruction, to evacuate urine. The
bladder and outlet have reciprocal actions under normal
circumstances, which are regulated by the nervous system.
When the bladder is contracting, the outlet is relaxed, and
when the bladder is relaxed, the outlet is contracting. This
scheme describes the general process of urinary storage
and micturition. Any alteration in the function of the LUT
will affect one of these basic actions.

Anatomic Correlates

Nervous System Innervation of the Lower
Urinary Tract

Three sets of peripheral nerves have a significant role in
LUT function. These nerves include the sacral parasympa-
thetics, the thoracolumbar sympathetics, and the sacral
somatic nerves.

Autonomic Innervation

The parasympathetic nervous system’s general role in LUT
function is to facilitate emptying. The parasympathetic
efferent fibers originate in the intermediolateral region of
the gray matter within the sacral cord (S2-4) and emerge
as preganglionic fibers from the ventral root. The pelvic
nerve conveys these fibers to the LUT.

Acetylcholine is the primary neurotransmitter at the
ganglia and the effector sites. The receptors of this system
are muscarinic and nicotinic. There are five subtypes of
known muscarinic receptors (M1-M5) and they are located
on all autonomic effector cells. In the human bladder there
is a predominance of M2 receptors. The M3 receptors are
primarily responsible for bladder contractions. There are
no known muscarinic receptors specific for the bladder.
The muscarinic receptors are the targets of anticholiner-
gics for the treatment of the overactive detrusor. The nico-
tinic receptors are located on autonomic ganglia and the
motor end plates of skeletal muscle. Atropine competitively
inhibits these muscarinic sites. High doses of nicotine
inhibit nicotinic sites.

The sympathetic nervous system’s general role in LUT
function is to facilitate storage of urine. The efferent fibers
of this system originate in the intermediolateral region of
the gray matter within the thoracolumbar spinal cord (T10-
L2). These nerves traverse the paravertebral ganglia and
join the hypogastric plexus anterior to the aorta. This
plexus divides into the right and left hypogastric nerves.
These merge with the pelvic nerve to form a pelvic plexus
or inferior hypogastric plexus. The primary neurotrans-
mitters of the sympathetic nervous system are acetyl-
choline and norepinephrine. Acetylcholine is released at
the ganglion and norepinephrine (adrenergic) at the effec-
tor sites. There are two primary types of receptors (alpha
and beta) in the sympathetic nervous system and they are
characterized on the basis of differential effects elicited by
catecholamines. The alpha receptors are stimulated by nor-
epinephrine and methoxamine, but not isoproterenol.
When stimulated, alpha receptors elicit smooth muscle
contraction. Two subtypes of alpha receptors exist, Al and
A2.These receptors are located throughout the bladder, but
are predominantly in the bladder base and neck. Stimula-
tion of alpha receptors increases outlet resistance (i.e.
phenylpropanolamine). Alpha receptors are not as promi-
nent in the female urethra and bladder neck as they are in
the male. Beta receptors are stimulated the most by
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isoproterenol, less by epinephrine, and least by norepi-
nephrine. When stimulated, beta receptors elicit an
inhibitory effect on detrusor muscle contraction. Two sub-
types of beta receptors exist, Bl and B2. Beta 1 receptors
are located in the cardiovascular system. The beta 2 recep-
tors are located throughout the bladder, but to a greater
extent are within the bladder body. Beta receptor stimula-
tion in the LUT inhibits bladder contraction and causes
receptive relaxation of the detrusor to allow for increasing
bladder volumes, without increasing intravesical pressure
(detrusor compliance).

Somatic Innervation

The somatic nervous system originates in efferent fibers of
S2-S4, which form the pudendal nerve. The pudendal
nerve in turn innervates the striated sphincter and the
pelvic floor. The motor ganglia are located in the anterior
horn of the spinal cord and the primary neurotransmitter
is acetylcholine. The receptors of the somatic system are
nicotinic and their activity is blocked by curare.

Sensory Innervation

Sensory innervation of the bladder is via the pelvic and
hypogastric nerves. Sensory input from the urethra is
through the pudendal nerve. The tachykinins are the
primary neurotransmitters and include substance P, and
neurokinin A and B. These neurotransmitters relay their
messages through A delta and C fibers. A delta fibers are
finely myelinated, located in smooth muscle, and sense
bladder fullness. The C fibers are unmyelinated, located in
the mucosa and muscle, and sense nociception and
overdistention of the detrusor. Up-regulation of these
fibers is thought to be one of the possible etiologies of
bladder pain. Other neurotransmitters of the nervous
system that are thought to have a key role in LUT function
are listed below.

Detrusor contractions
Prostaglandins

Detrusor relaxation
Adenosine 5’-triphosphate
Opioids

Urethral relaxation
Nitric oxide
Opioids

Urethral contraction
Serotonin
Epinephrine

Supporters of micturition
Gamma-aminobutyric acid (inhibitory)
Enkephalins (inhibitory)
Glutamate (facilitative)
Dopamine (facilitative)
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Nervous System Regulation of Lower Urinary
Tract Function

The LUT is a dynamic and complex system. It is not a
system that stores urine in a passive manner. For example,
the bladder has the ability to accept increasing volumes of
urine without increasing intravesical pressure (accommo-
dation). Another example of the LUT’s dynamic ability is
the guarding reflex, which is an increase in urethral pres-
sure with a cough or sneeze, a protective measure against
incontinence. This complex relationship between the
various components of the LUT is regulated by the central
nervous system.

Storage Phase of Lower Urinary
Tract Function

During filling, the normal bladder has a minimal change in
intravesical pressure until capacity is reached. At low
volumes, the elastic and viscoelastic properties are prima-
rily responsible for compliance. Elasticity allows the con-
stituents of the bladder wall to stretch without a significant
increase in bladder wall tension. The viscoelasticity of the
bladder causes stretch to induce an increase in tension, fol-
lowed by a decay when filling stops. In the animal model,
it has been shown that at a certain level of bladder disten-
tion, spinal sympathetic reflexes facilitory to bladder
storage, are evoked. This allows smooth muscle relaxation
of the bladder by beta receptor stimulation (accommoda-
tion). Spinal sympathetic reflexes inhibit parasympathetic
activity at the level of the parasympathetic ganglia during
filling. Clinically, detrusor compliance may be altered by
any processes that can damage the elastic tissues (chronic
cystitis, radiation, ischemia, etc.) or neurologic abnormal-
ities, which affect smooth muscle modulation (peripheral
nerve injury).

During filling, the normal outlet displays an increase in
urethral pressure. This is primarily the result of striated
sphincter muscle activity and to a lesser extent smooth
muscle sphincter activity. Pudendal motor neurons are
activated by bladder afferent input, which activates striated
sphincter muscle activity.

Voiding Phase of Lower Urinary
Tract Function

The cerebral cortex has facilitative and inhibitory centers
of micturition, which relay signals via the pons to the
bladder. The primary influence of the cortical system
on the micturition reflex is inhibitory. Therefore, under
normal circumstances, voiding is a reflex function under
voluntary control. Sensory input from bladder wall disten-
tion is the primary stimulus for micturition. This stimulus
is interpreted by the cerebral cortex, and in the appropri-
ate social setting, there is a voluntary decrease in somatic
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neural discharge to the striated sphincter. There is subse-
quently a decrease in spinal sympathetic reflex activity and
an increase in the parasympathetic neural outflow from the
sacral cord, via the pelvic nerve. This results in a bladder
contraction and funneling of the outlet. The pons is
responsible for coordination of the micturition reflex by
orchestrating the interaction of the bladder and outlet.
Uncoordinated voiding activity would occur if not
influenced by the pons, which regulates the sacral reflex
arc, via ascending and descending spinal pathways.
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The Cleveland Clinic Foundation uses a multidisciplinary
approach to the patient with pelvic floor dysfunction. What
follows is intended to be a clinical resource for surgical
anatomy for the pelvic surgeon. This section will cover the
anatomic relationships of the bones, ligaments, viscera of
the pelvis, and their supportive structures as they relate to the
female reproductive tract. A detailed discussion of the urinary
tract and colorectal anatomy is provided elsewhere. A thor-
ough mastery of the anatomic concepts presented here will
serve as a foundation for clinical examination and surgical
repair of pelvic floor dysfunction and pelvic organ prolapse.

Bones of the Pelvis

The bones of the pelvis are the rigid foundation to which
all of the pelvic structures are ultimately anchored. It is
important to understand and discuss the bony pelvis from
the perspective of a standing woman. In the standing posi-
tion, forces are dispersed to minimize the pressures on the
pelvic viscera and musculature and disperse the forces to
the bones that are better suited to the long-term, cumula-
tive stress of daily life. In the upright position, the pubic
rami are oriented in an almost vertical plane. Similar to the
supports of an archway or bridge, the weight of the woman
is transmitted along these bony supports to her femurs.
Where the pubic rami articulate in the midline, they are
nearly horizontal. Much of the weight of the abdominal and
pelvic viscera is supported by the bony articulation inferi-
orly. In this way, increases in intraabdominal pressures are
partially supported by the bony pelvis.

The pelvic bones are the ilium, ischium, pubic rami,
sacrum, and coccyx (Figure 4-2.1). The sacrum is com-
posed of five sacral vertebrae that are fused together. The
nerve foramina are positioned anterior and laterally. Over-
lying the middle of the sacrum is a rich neurovascular bed.
The coccyx is attached inferiorly and is the posterior
border of the pelvic outlet.

Attached to the sacrum are the ilium, ischium, and pubic
rami. Several landmarks are important to the pelvic

surgeon. The anterior superior iliac spine is located ante-
rior and laterally on the superior ileum. This is easily
identifiable in all patients and is a clinically useful land-
mark. The ischium is fused to the ilium. The medial surface
of the ilium has two concavities forming the lateral borders
of the pelvic outlet. The superior and larger of the two is
the greater sciatic notch. Inferiorly is the lesser sciatic
notch. They are separated by a projection medially, called
the ischial spine. The ischial spine is important clinically
and anatomically because it can be palpated easily through
a vaginal, rectal, or retropubic approach, and many sup-
portive structures attach to it. The ischial spine is useful as
a fixed point to describe the relative position of other
anatomic structures.

The superior and inferior pubic rami are located anteri-
orly and articulate in the midline at the pubic symphysis.
The ridge along the superior, medial surface of the
superior pubic rami is called the pectineal line, or Cooper’s
ligament.

In the standing position, the anterior superior iliac spine
and pubic symphysis are in the same vertical plane (Figure
4-2.2). This directs the pressure of the intraabdominal and
pelvic contents toward the bones of the pelvis instead of the
muscles and endopelvic fascia attachments of the pelvic
floor. The posterior surface of the pubis symphysis is located
in a plane approximately 2 to 3cm inferior to the ischial
spine. Therefore,aline drawn connecting the two structures
would be almost horizontal in the standing position.

Strong ligaments hold the bones together. The ligaments
of the sacroiliac joint are rarely encountered during
surgery for pelvic floor dysfunction and are not addressed
here. The sacrospinous ligament is a strong, easily
identifiable ligament that extends from the ischial spine to
the distal sacrum. The ligament fans out to attach on the
S1-S4 vertebrae. This ligament divides the lateral pelvic
outlet into two foramina, the greater sciatic foramen supe-
riorly and the lesser sciatic foramen inferiorly. This is an
important location for identifying the course of the puden-
dal nerve, artery, and vein, and will be discussed later in
the chapter.
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Figure 4-2.1. Bones and ligaments of the pelvis. a, Front view; b, lithotomy view. (Reprinted with the permission of The Cleveland Clinic Foundation.)
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Figure 4-2.2. Bones and ligaments of the pelvis (sagittal view). The dashed line repre-
sents the vertical plane of the anterior superior iliac spine and pubic symphysis.
The arrows represent the distribution of weight of the spinal column and abdominal
contents and along the ilium. (Reprinted with the permission of The Cleveland Clinic
Foundation.)

Muscles of the Pelvic Sidewalls and
Pelvic Floor

The obturator internus and piriformis make up the pelvic
sidewalls. The obturator membrane is a fibrous membrane
that covers the obturator foramen. The obturator internus
muscle lies on the superior (intrapelvic) side of the obtu-
rator membrane. The obturator internus origin is on the
inferior margin of the superior pubic ramus and the pelvic
surface of the obturator membrane. Its tendon passes
through the lesser sciatic foramen to insert onto the greater
trochanter of the femur to laterally rotate the thigh. The
obturator internus receives its innervation from the obtu-
rator nerve originating from L5-S2. The obturator vessels
and nerve pass through the anterior and lateral border of
the obturator membrane to their destination in the adduc-
tor compartment of the leg.

The piriformis is part of the pelvic sidewall and is
located dorsal and lateral to the coccygeus. It extends from
the anterolateral sacrum to pass through the greater sciatic
foramen and insert on the greater trochanter. Lying on top
of the piriformis is a particularly large neurovascular
plexus, the lumbosacral plexus.

There is a linear thickening of the fascial covering of
the obturator internus muscle called the arcus tendineus
levator ani. This thickened fascia forms an identifiable line
from the ischial spine to the posterior surface of the ipsi-
lateral pubic ramus. The muscles of the levator ani origi-
nate from this musculofascial attachment (Figure 4-2.3).

The skeletal muscles of the pelvic floor include the
levator ani muscles, the coccygeus muscle, the external
anal sphincter, the striated urethral sphincter, and the
superficial perineal muscles (bulbocavernosus, ischiocav-
ernosus, and transverse perinea). The levator ani muscle
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Figure 4-2.3. Muscles of the pelvis (sagittal view). (Reprinted with the permission of The
Cleveland Clinic Foundation.)

complex consists of the puborectalis, pubococcygeus, and
iliococcygeus muscles (Figure 4-2.4).

The puborectalis has an attachment to the posterior infe-
rior pubic rami and arcus tendineus levator ani. Its fibers
pass posteriorly forming a sling around the vagina, rectum,
and perineal body to form the anorectal angle and con-
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Figure 4-2.4. Muscles of the pelvis (abdominal view). (Reprinted with the permission of The
Cleveland Clinic Foundation.)
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tribute to fecal continence. Some of the fibers of the muscle
may blend with the muscularis of the vagina and rectum.
The pubococcygeus has a similar origin, but inserts in the
midline onto the anococcygeal raphe and the anterolateral
borders of the coccyx. The iliococcygeus extends along the
arcus tendineus levator ani from the pubis to the ischial
spine to insert in the midline onto the anococcygeal raphe.

The coccygeus, although not part of the levator ani, does
make up the posterior part of the pelvic floor and has a role
in support. Its origin is on the ischial spine and
sacrospinous ligament. It inserts on the lateral lower
sacrum and coccyx and overlies the sacrospinous ligament.
The muscle becomes thin and fibrous with age. The coc-
cygeus often blends with the sacrospinous ligament and,
because they have the same origin and insertion, it can be
difficult to distinguish the two.

The space between the levator ani musculature through
which the urethra, vagina, and rectum pass is called the
levator hiatus. The fusion of levator ani where they meet in
the midline creates the levator plate. The levator plate forms
the basis for pelvic supportas will be discussed in detail later
in this chapter. The levator ani may be very thin and atten-
uated, especially in patients with pelvic organ prolapse.

Nerves of the Pelvis

Although the muscles of the pelvic floor were initially
thought to have innervation both from direct branches of
the sacral nerves on the pelvic surface and via the puden-
dal nerve on the perineal surface, recent anatomic, neuro-
physiologic, and experimental evidence indicates that these
standard descriptions are inaccurate and that the levator
ani muscles are innervated solely by a nerve traveling on
the superior (intrapelvic) surface of the muscles without
contribution of the pudendal nerve"* (Figure 4-2.5).
Barber et al.! performed systematic cadaver dissections
to characterize the nerve supply to the pelvic floor muscles.
The nerve supplying the coccygeus muscle and the levator
ani muscles (all three) originates from S3,S4,and/or S5.The
nerve exits the foramina and travels 2 to 3 cm medial to the
ischial spine and arcus tendineus levator ani across the
coccygeus, iliococcygeus, pubococcygeus, and puborectalis
muscles. The nerve is sometimes firmly embedded in the
fascia of the muscles or may be loosely attached during its
course. There are small branches that penetrate the body of
each muscle as the nerve traverses them. Occasionally, a
separate nerve comes directly from S5 to innervate the pub-
orectalis muscle. The piriformis receives innervation
directly from sacral nerves (motor efferent) from L5-S2.
In the pelvis, the sympathetic nerves to the pelvis origi-
nate at the T5 to L2 spinal level and act to promote storage
by causing relaxation of the bladder and rectum and con-
traction of the smooth muscle components of the urethral
and anal sphincter. The parasympathetic nerve supply to
the pelvic viscera originates from the second, third, and
fourth sacral nerves. The parasympathetic nerves combine
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Figure 4-2.5. Nerves and vessels of the pelvis. (Reprinted with the permission of The Cleve-
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with the hypogastric plexus and pelvic sympathetic nerves
to form the pelvic nerve plexus. This plexus of nerves
leaves the sacral surface to fan out on either side of the
rectum approximately 3 to 4 cm superior to the pelvic floor
muscles, then disperse throughout the pelvis through the
endopelvic fascia.

Pelvic floor muscles have constant tone except during
voiding, defecation, and during the Valsalva maneuver. This
activity serves as a constant support for the pelvic viscera.
The levator muscles and the skeletal components of the
urethral and anal sphincters all have the ability to contract
quickly at the time of an acute stress, such as a cough or
sneeze, to maintain continence.

Because of the nerves’ undefined course and small size,
iatrogenic damage during pelvic surgery is possible. This
may produce a range of effects both sensory and motor in
nature. Radical hysterectomy and rectal resection are
common causes of pelvic plexus injury resulting in bowel
and/or bladder dysfunction.

Viscera

The organs of the female upper reproductive tract are the
uterus, cervix, ovaries, and fallopian tubes. The structure
and function of these organs, except as it relates to pelvic
floor dysfunction, will not be covered in this chapter.

Anatomic Correlates
L]
Vagina

The human vagina is a fibromuscular tube specialized for
reception of the penis during coitus and delivery of the
developed fetus during parturition. It needs to be mobile
and distensible. The upper two-thirds of the vagina is
almost horizontal in the standing position. In contrast, the
lower one-third is nearly vertical.

Histologically, the vaginal wall is composed of three
layers. The most superficial layer is stratified squamous
epithelium. The middle layer is the lamina propria and
consists of collagen and elastin. The lamina propria con-
tains no glands. Vaginal lubrication is via a transudate from
the vessels, cervix, and from the Bartholin’s and Skene’s
glands. Coursing through the lamina propria are small
blood vessels. The innermost layer is the muscularis that
consists of smooth muscle. The histology of the vaginal
layers may change with menopause.

The presence of a true fascia between the vagina and
adjacent organs has been debated. Although at the time of
surgery there appears to be an identifiable fascial plane,
Weber and Walters’ and DeLancey’ have concluded that
there is no fascia present histologically. Between adjacent
organs is primarily vaginal muscularis. However, an exten-
sion of the connective tissue of the perineal body forms
what some have called the rectovaginal fascia. This tissue
extends 2 to 3cm cephalad from the hymenal ring along
the posterior vaginal wall.

Perineum

The perineum is divided into two compartments:
superficial and deep. These are separated by a fibrous con-
nective tissue layer called the perineal membrane. The
borders of the perineum are the ischiopubic rami, ischial
tuberosities, sacrotuberous ligaments, and coccyx. A line
connecting the ischial tuberosities divides the perineum
into the urogenital triangle anteriorly and the anal trian-
gle posteriorly.

The perineal body marks the point of convergence of the
bulbospongiosus muscles, superficial and deep transverse
perinei, perineal membrane, external anal sphincter,
posterior vaginal muscularis, and the insertion of the pub-
orectalis and pubococcygeus muscles. The bulbospongio-
sus originates on the inferior surface of the superior pubic
rami and the crura of the clitoris. It inserts on the perineal
body, where its fibers blend with the superficial transverse
perinei, and external anal sphincter. It is innervated by the
pudendal nerve. The superficial transverse perinei are
bilateral muscles that extend from the medial ischial
tuberosities to insert on the perineal body. Some fibers
blend with the bulbospongiosus and the external anal
sphincter. It is innervated by the pudendal nerve. The
ischiocavernosus originate from the medial ischial
tuberosities and ischiopubic rami. They insert on the infe-
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rior aspect of the pubic angle and are innervated by the
pudendal nerve.

The deep perineal compartment is composed of the deep
transverse perineal muscles, portions of the external ure-
thral sphincter muscles (compressor urethrae and ure-
throvaginal sphincter), portions of the anal sphincter, and
the vaginal musculofascial attachments.

The neurovascular anatomy of the perineum is illus-
trated in Figure 4-2.6. The motor and sensory innervation
of the perineum is via the pudendal nerve. The pudendal
nerve originates from S2-S4 and exits the pelvis through
the greater sciatic foramen, hooks around the ischial spine,
then reenters the pelvis through the lesser sciatic foramen.
It then travels along the medial surface of the obturator
internus, through the ischiorectal fossa in a thickening of
fascia called Alcock’s canal. It emerges posterior and
medial to the ischial tuberosity where it pierces the per-
ineal membrane and divides into three branches to supply
the perineum: clitoral, perineal, and inferior rectal (inferior
hemorrhoidal). Damage to the pudendal nerve (i.e., birth
trauma) can result in denervation of the periurethral
muscles involved in reflex contraction during increased
intraabdominal pressure resulting in stress urinary
incontinence.

The blood supply to the perineum is from the pudendal
artery, which travels with the pudendal nerve to exit the
pelvis. Similar to the nerve, there are three main branches
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with rich collateral anastomosis: clitoral, perineal, and infe-
rior rectal. It is this rich collateral anastomosis that allows
a Martius flap to be utilized by pelvic surgeons. A Martius
flap receives its rich blood supply anteriorly and posteri-
orly from branches of the external and internal pudendal
arteries, respectively (Figure 4-2.6, inset). Details of the
anus, urethral sphincter, and external anal sphincter,
and their continence mechanisms are discussed in
Chapters 4-1 and 4-3.

Mechanisms of Support

The normal axis of the pelvic organs in the standing
woman places the vagina and rectum directly over the
levator plate. The levator plate and muscles of the pelvic
floor therefore support the pelvic organs. The remainder of
this section will describe the structures and attachments
that keep the pelvic organs in the proper orientation so that
they may be supported by the pelvic floor musculature.
The endopelvic fascia is the loose connective tissue
network appearance of the retroperitoneum that envelops
all of the organs of the pelvis and connects them loosely to
the supportive musculature and bones of the pelvis. The
term endopelvic fascia is used here to describe the tissues
located between the surfaces of the peritoneum, muscles,
and pelvic organs. Histologically, it is composed of colla-
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gen, elastin, adipose tissue, nerves, vessels, lymph channels,
and smooth muscle. Its properties provide stabilization
and support, yet allow for the mobility of the viscera to
permit storage of urine and stool, coitus, parturition, and
defecation.

Several areas of the endopelvic fascia (and its associated
peritoneum) have been named by anatomists. These are
really condensations of the endopelvic fascia and not true
ligaments: uterosacral ligament, cardinal ligament, broad
ligament, mesovarium, mesosalpinx, and the round liga-
ment. The broad ligament, mesovarium, mesosalpinx, and
round ligament do not have a role in support of the pelvic
organs.

DeLancey’ described vaginal support in three levels (see
Figure 4-1.4 in Chapter 4-1). Level I refers to the uterosacral
ligament/cardinal ligament complex and is the most cepha-
lad supporting structures. Level II support is provided by
the paravaginal attachments along the length of the vagina.
Level III support describes the most inferior or distal por-
tions of the vagina including the perineum. Each of these
areas has a significant role in maintaining pelvic organ
support and will be discussed individually. It is, however,
important to remember that levels I, I, and III are all con-
nected through continuation of the endopelvic fascia.

Comprising level I support, the cardinal and uterosacral
ligaments attach to the cervix from the lateral and poste-
rior sides, respectively, with fibers intermingling. The car-
dinal ligament blends with the uterosacral ligament and
they are difficult, if not impossible, to precisely delineate
from one another. Fibers traveling predominately laterally
make up the cardinal ligament, whereas fibers going to the
sacrum make up the uterosacral ligament. These fibers
form a three-dimensional complex attaching the upper
vagina, cervix, and lower uterine segment to the sacrum
and lateral pelvic sidewalls at the piriformis, coccygeus,
and the levator ani and perhaps the obturator internus
fascia overlying the ischial spine. Together, the uterosacral/
cardinal ligament complex supports the cervix and upper
vagina to maintain vaginal length and keep the vaginal axis
nearly horizontal so that it rests on the rectum and can be
supported by the levator plate. This keeps the cervix just
superior to the level of the ischial spine.

Contiguous with the uterosacral/cardinal ligament
complex at the location of the ischial spine is level II
support - the paravaginal attachments. These are the con-
nections of the lateral vagina and endopelvic fascia to the
arcus tendineus fascia pelvis anteriorly and the arcus
tendineus rectovaginalis posteriorly - level II support func-
tions to keep the vagina midline directly over the rectum.

The arcus tendineus fascia pelvis is similar in composi-
tion to the arcus tendineus levator ani. It, however, arises
from the levator ani fascia rather than that of the obtura-
tor internus. Similar to the arcus tendineus levator ani, it
originates on the ischial spine; however, as it approaches
the pubic symphysis, the arcus tendineus fascia pelvis
travels medially and inferiorly to the arcus tendineus
levator ani, inserting on the inferior aspect of the superior
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pubic rami over the origin of the puborectalis muscle. The
arcus tendineus fascia pelvis or “white line” is a thickened
condensation of the parietal fascia into which the par-
avaginal endopelvic fascia connects, supporting and creat-
ing the anterior lateral vaginal sulci. Furthermore, the axis
of both of the arcus tendineus levator ani and the arcus
tendineus fascia pelvis are nearly horizontal in the stand-
ing woman, creating the normal axis of the vagina. Anteri-
orly, the endopelvic fascia blends with the vaginal
muscularis and is continuous with the supportive struc-
tures of the urethra (see Chapter 4-1).

Similar to the anterior paravaginal supports, there are
posterior lateral supports as well (Figure 4-1.4 Figure
4-2.7). These fibers blend with the vaginal muscularis ante-
riorly, rectal muscularis posteriorly, and the perineal body
inferiorly. The lateral endopelvic fascia attachments of the
posterior vaginal wall do not have significant connections
across the midline. Rather, they anchor the posterior lateral
vaginal sulci to the ipsilateral levator ani.*

The endopelvic fascia extends from posterior lateral
vagina sulci posteriorly around the rectum to attach the
vagina to the pelvic floor. The posterior vaginal muscularis
is attached through this endopelvic fascia to the fascia of
the levator ani laterally at the arcus tendineus rectovagi-
nalis.® The arcus tendineus rectovaginalis represents a con-
densation of the parietal fascia of the levator ani coursing
from the perineal body inferiorly, along the levator ani
laterally, where it intersects the midpoint of the arcus
tendineus fascia pelvis. The arcus tendineus rectovaginalis
is approximately 4cm in length. The connection to the
arcus tendineus rectovaginalis creates the change in axis
toward vertical of the distal vagina.

Urethra

* Rectal wall
thickness

To Arcus Tendineus Rectovaginalis

Figure 4-2.7. Photomicrograph of posterior wall attachments. Note the fibers of the
endopelvic fascia that are attached (outlined by dots) to the lateral sulcus of the poste-
rior vaginal wall. Ol, obturator internus muscle; LAM, levator ani muscle. (Reprinted from
American Journal of Obstetrics and Gynecology, Vol 180,JOL DeLancey, Structural anatomy of the pos-
terior pelvic compartment as it relates to rectocele, p 815-823, © 1999 Mosby, with permission from
Elsevier)
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Perineal membrane
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Figure 4-2.8. Perineal attachments of the perineal membrane to the inferior pubic rami and direction of tension on fibers uniting through the perineal body (arrows). (Reprinted from
American Journal of Obstetrics and Gynecology, Vol 180, JOL Delancey, © Structural anatomy of the posterior pelvic compartment as it relates to rectocele, p 815-823 1999 Mosby, with permission from

Elsevier)

Level III support is provided by the perineal body, per-
ineal membrane, superficial and deep perineal muscles,
and endopelvic fascia. These structures support and main-
tain the normal anatomic position of the distal one-third
of the vagina. The condensation of connective tissue at the
point of convergence of the level III structures, distal
rectum, levator ani, and distal level II attachments forms
the perineal body. The perineal body is critical for support
of the lower part of the vagina and proper function of the
anal canal. The perineal membrane anchors the perineal
body and distal vagina laterally and anteriorly to the
ischiopubic rami (Figure 4-2.8). According to DeLancey,*
“When the distal rectum is subjected to increased force
directed caudally, the fibers of the perineal membrane
become tight and resist further displacement.” Separation
of the perineal body from the perineal membrane results
in perineal decent and can contribute to defecatory
dysfunction.

The three levels of support are connected and inter-
dependent. Level III structures are connected to the
endopelvic fascia that surrounds the vagina and rectum
and are therefore continuous with level II support. Level
II support is connected to level I support through the
confluence of the lateral endopelvic fascia attachments
and the uterosacral ligament/cardinal ligament complex.
Adequate support at all levels maintains the pelvic organs
in their normal anatomic positions.

When the vagina, bladder, and rectum are kept in the
horizontal plane over the levator plate and pelvic floor
muscles, intraabdominal and gravitational forces are
applied perpendicular to the vagina and pelvic floor while
the pelvic floor musculature counters those forces with its
constant tone. It is this horizontal position and support by
the levator ani that maintain pelvic organ support. With
proper tone of the pelvic floor muscles (levator ani), the

stress is relieved from the lateral paravaginal attachments.
Furthermore, in times of acute stress, such as a cough or
sneeze, there is a reflex contraction of the pelvic floor
musculature countering and further stabilizing the viscera.
The genital hiatus responds by narrowing to maintain level
III support. With pelvic floor weakness, such as with neu-
ropathic injury or mechanical muscular damage, the
endopelvic fascia then becomes the primary mechanism of
support. Over time, this stress can overcome the endopelvic
fascial attachments and result in loss of the normal
anatomic position through breaks, stretching, or attenua-
tion of endopelvic fascia supports. This can result in
changes in the vector forces applied to the viscera and may
lead to pelvic organ prolapse and/or dysfunction. Recre-
ation of these supportive connections and proper position
of the organs while maintaining adequate vaginal length to
keep the vaginal apex in a natural position should be the
goal of pelvic reconstructive surgery.

Surgical Correlates

lliococcygeus and Sacrospinous Vaginal
Vault Suspension

Figure 4-2.9 illustrates the proper suture placement for
vault suspension to the iliococcygeus muscle and to the
sacrospinous ligament. Note the relationship to surround-
ing structures, notably the pudendal vessels and nerve.
During an iliococcygeus vaginal vault suspension, sutures
are placed 1 to 2 cm medial and 1 cm inferior to the ischial
spine. To suspend the vaginal vault to the sacrospinous
ligament, sutures are placed 1cm medial and 1cm cepha-
lad to the ischial spine to avoid damage to the underlying
vessels and nerve.
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Figure 4-2.9. Surgical correlates — iliococcygeus and sacrospinous vaginal vault sus-
pension. A, Location of suture placement for sacrospinous ligament fixation. B, Location
of suture placement for iliococcygeus vaginal vault suspension. (Reprinted with the
permission of The Cleveland Clinic Foundation.)

Ureter Anatomy in Relation to the Uterus and
Vaginal Apex at Total Vaginal Hysterectomy
and Anterior Repair

In 1962, Hofmeister and Wolfgram’ showed that while per-
forming a vaginal hysterectomy the ureter is 1.5 to 2.1 cm
from the cervix and 1.0cm from the infundibular liga-
ments. During anterior colporrhaphy, sutures can be as
close as 0.9cm from the ureter. Figure 4-2.10 illustrates a
simple maneuver to increase the safe distance between the
cervix and the ureter by 1cm during vaginal hysterectomy
by using a right-angled retractor placed in the vesicovagi-
nal septum.

Anatomy Surrounding the Uterosacral Ligament

Knowledge of the anatomy surrounding the uterosacral lig-
ament is paramount to safety when performing vault sus-
pension procedures involving the ligament. Figure 4-2.11
illustrates the close proximity of the ureter and vasculature
to the uterosacral ligament. The ureter is closest to the
uterosacral ligament at its distal end - approximately 1 cm.
The ureter diverges laterally as the uterosacral ligament is
traced toward the sacrum. At the level of the spine, the
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Figure 4-2.10. Surgical correlates — ureter anatomy in relation to the uterus and
vaginal apex at total vaginal hysterectomy. Upward traction on the bladder during
vaginal hysterectomy increases the distance of the ureter away from the area of clamp
placement. (Reprinted with the permission of The Cleveland Clinic Foundation.)

o Ureler

_(@.;
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Uterosacral
Ligament Vessels

Ifiddle Rectal

Figure 4-2.11. Surgical correlates — anatomy surrounding the uterosacral ligament
when an Allis clamp is applied at the time of vaginal vault suspension. (Reprinted with the
permission of The Cleveland Clinic Foundation.)
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ureter is approximately 2.3 cm lateral to the uterosacral lig-
ament.® Note the location of the middle rectal and superior
gluteal vessels beneath the uterosacral ligament. When
using the uterosacral ligament for suspension procedures,
the surgeon should understand the course and proximity
of these adjacent structures.
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Colorectal Anatomic Correlates
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An understanding of the anorectal anatomy and its rela-
tionship to the pelvic floor is essential to understanding the
pathophysiology of pelvic floor dysfunction and thus how
to evaluate and manage its disorders.

The pelvic floor is composed of the pelvic floor muscu-
lature, the fascia of the pelvic floor, the associated viscera
that pass through, and the blood vessels and nerves that
supply these structures. The major components of the
pelvic floor from cephalic to caudal are the peritoneum,
viscera, endopelvic fascia, levator ani muscles, and external
genital muscles.

Support of the Pelvic Floor

The pelvic organs when removed from the body are a limp
and formless mass. Their shape and position in vivo are
dependent on their various attachments to the bony skele-
ton through the pelvic muscles and connective tissue.
These tissues can have an active or passive role in pelvic
visceral support. The passive support structures are the
sacrum, coccyx, pubic rami, parietal fascia, endopelvic
fascia, and levator tendons. The primary active support
structures are the levator ani muscles.

Fascia and Ligaments of
the Pelvic Floor

The walls and floor of the pelvis are lined by the parietal
endopelvic fascia, which continues on the internal organs
as visceral fascia and serves to attach the pelvic organs to
the pelvic walls (Figure 4-3.1). Unlike fascia in the abdom-
inal wall, which contains regularly arranged collagen
bundles, this fascia has variable amounts of collagen,
elastin, and fibrovascular elements. Much of the strength of
this endopelvic fascia is derived from the walls of arteries
and veins that run within it.

In the female, on each side of the pelvis, the endopelvic
fascia connects the cervix and vagina to the pelvic wall.

The attachment forms a broad sheet, laterally extending
from the cephalad parametrium, which attaches the uterus
to the sidewall, to the inferior paracolpium, which attaches
the vagina to the side wall at the level of the levators. The
cephalic paracolpium is lengthy and attaches the vagina to
the pelvic walls. More caudally the attachment is more
direct. It is this attachment that stretches the vagina
between the rectum and the bladder. Support of the
bladder is dependent on the attachment of the bladder to
the vagina posteriorly and the support of the vagina by the
more caudal paracolpium. Similarly, the posterior vaginal
wall and rectovaginal fascia form a barrier to the anterior
bulging of the rectum and thus prevent formation of a
rectocele. In the most distal vagina, the vaginal wall is
attached directly to surrounding structures without a para-
colpium. Anteriorly, it is fused to the urethra, posteriorly
with the perineal body and laterally with the levator ani
muscles. Damage to the upper supports of the vagina
results in vaginal and uterine prolapse whereas damage to
the lower supports results in a cystocele and/or rectocele
formation.

Posterior to the rectum is the mesorectum, which con-
tains both blood vessels and lymphatics that supply and
drain the rectum. This is loosely bound down the front of
the sacrum and coccyx by connective tissue known as the
fascia propria. The lateral ligaments, which attach the
rectum to the pelvic walls, are condensations of the fascia
propria and contain loose areolar tissue, nerves, and small
blood vessels. Thus, the mesorectum can be mobilized by
dissection in the “mesorectal plane” leaving the mesorec-
tum invested in this thin layer of fascia. The sacrum and
coccyx are also covered in a thicker fascia, which extends
downward and forward, just superficial to the anococ-
cygeal ligament known as Waldeyer’s fascia. Anteriorly the
rectum is covered with a layer of visceral fascia that
extends from the anterior peritoneal reflection to the uro-
genital diaphragm. This is Denonvilliers fascia and lies
between the rectum and vagina (or prostate in men).
Nerves important to bladder control and male sexual func-
tion pass through this fascia. The hiatal ligament, originat-
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Figure 4-3.1. Fascial layers of the female posterior pelvic floor. (Reprinted from
Fundamentals of Anorectal Surgery, 2nd ed, DE Beck, SD Wexner, page 3, © 1996, with permission
from Elsevier)

ing from the pelvic fascia, surrounds the rectum and vagina
and maintains their patency during levator contraction.

In addition to the bony support of the pelvis, there are
two true tendons. The arcus tendineus fascia pelvis (ATFP)
and arcus tendineus levator ani (ATLA). These are dense
aggregations of connective tissue, predominantly collagen,
that provide lateral passive pelvic support. These tendons
are condensations of the obturator and levator ani fascia.
The ATLA inserts anteriorly at the pubic rami and posteri-
orly at the ischial spine. The ATFP lies medial to the ATLA
at the anterior insertion of the pubic rami and inserts
posteriorly at the ischial spine. These tendons provide
anchoring sites for the levators and the vagina and thus are
key to the support of the pelvic floor.

Muscles of the Pelvic Floor
and Perineum

The pelvic diaphragm, composed of the levator muscles
and their fascia, form a muscular sheet through which the
pelvic visceral structures (lower rectum and vagina) pass.
It functions to support the pelvic viscera and helps to
maintain urinary and fecal continence.

Levator Ani

The levator ani muscular sling is composed of three
muscles: the pubococcygeus, the iliococcygeus, and the
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ischiococcygeus (see Figure 4-2.4, Chapter 4-2). The ilio-
and ischiococcygeus originate from the ischial spine and
posterior obturator fascia and insert into the anococcygeal
raphe, the coccyx, and the sacrum, forming a shelf on
which the pelvic organs may lie.

The pubococcygeus arises from the posterior pubis and
anterior obturator and inserts into the anococcygeal raphe,
the sacrum, and coccyx. Various muscle subdivisions have
been assigned to the medial portion of the pubococcygeus
depending on its attachments. These include puborectalis,
pubovaginalis, and pubourethralis.

The puborectalis originates from the pubis and inserts
into the anococcygeal raphe. It is the medial and inferior
portion of the pubococcygeus. The puborectalis is a U-
shaped muscle that originates from the pubic bones and
passes behind the rectum forming a sling. The puborectalis
passes beside the vagina to which it is attached laterally
(here named the pubovaginalis) and then passes posterior
to the anorectal junction. It provides support for the
rectum and indirect support for the vagina, bladder, and
urethra by drawing these structures anterior toward the
pubic bone. Indirect elevation of the anterior vaginal wall
and urethrovesical neck is provided by the bulk of the pub-
orectalis muscle as it draws the rectum and posterior
vaginal wall forward with contraction. The tonic contrac-
tion of the puborectalis closes the urogenital hiatus, con-
tributes to the posterior curve of the vagina, and reduces
pressure on the pelvic outlet. When its tone is lax, the uro-
genital hiatus opens, the anorectal angle becomes obtuse,
and the levator plate sags.

The levator muscles maintain constant tone and, pro-
vided they are functioning, the supportive ligaments and
fascia are under no tension. When the pelvic floor muscles
relax or are damaged, the intraabdominal pressures are
applied to the pelvic organs and ligaments. The ligaments
function well for short periods under this stress but will
stretch and weaken over time, eventually leading to organ
prolapse and problems with incontinence.

Rectal and Anal Muscles

The rectal muscles, from mucosa to serosa are the muscu-
laris mucosae, an inner circular layer followed by an outer
longitudinal layer (Figure 4-3.2). The inner muscular layer
forms the rectal valves and transitions into the internal
anal sphincter (IAS). The outer longitudinal layer extends
from the sigmoid colon where it envelops the circumfer-
ence but is thickest at the taenia coli. This muscle splays
and becomes confluent at the rectosigmoid junction
descending down the rectum to the anorectal junction.
Fibers from this muscle descend into the intersphincteric
groove where they splay out and may cross both the IAS
and external anal sphincter (EAS) and ultimately insert on
the perineal and perianal skin. Some of the fibers above the
anorectal junction insert into the perineal body and
the coccyx.
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Figure 4-3.2. Muscular anatomy of the anus. (Reprinted from Fundamentals of Anorectal
Surgery, 2nd ed, DE Beck, SD Wexner, page 7, © 1996, with permission from Elsevier)

The EAS is a cylindrical-shaped voluntary skeletal
muscle that lies outside the IAS. Proximally it abuts the
puborectalis at the anorectal ring and extends distally
beyond the level of the ZAS. The muscle is attached poste-
riorly to the anococcygeal ligament and the perineal body
anteriorly.

Perineal Muscles

The anal canal is separated from the urogenital organs by
the perineum, which contains the perineal body (see Figure
4-2.6, Chapter 4-2). The perineal body, from superficial to
deep, contains the superficial and deep transverse perineii
muscles and the anterior extension of the external sphinc-
ter, which inserts upon the bulbocavernosus. Below the
pelvic diaphragm is the triangular urogenital diaphragm.
It lies at the level of the hymenal ring and attaches to the
urethra, vagina, and perineal body and to the ischiopubic
rami. Just above the urogenital diaphragm membrane are
compressor muscles for the urethra and vagina.

Pelvic Viscera
The Rectum

The rectum is identified at the level of the sacral promon-
tory, distinguished by loss of complete peritoneal covering,
absence of appendiceal epiploicae, absence of a true meso-
colon, and divergence of the three taenia coli. The rectum
is approximately 15 to 20 cm in length and ends distally at
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the anal canal. The upper third of the rectum is peri-
tonealized anteriorly and laterally, the middle third only
anteriorly, and the lower third is retroperitoneal. The distal
third of the rectum is related anteriorly to the vagina and
uterus (prostate and seminal vesicles in men) and forms
the rectouterine (or rectovesical) pouch or pouch of
Douglas. The anterior peritoneal reflection lies approxi-
mately 5 to 8cm from the perineal skin. The rectum has
three folds, two on the left at 7 to 8cm and 12 and 13 cm,
and one on the right at 9 to 11 cm. The middle valve in
the rectum corresponds to the level of the anterior peri-
toneal reflection. There are also three lateral curves. The
upper and lower curves are convex to the left, and the
middle is convex to the right. The rectum sits in a hollow
anterior to the sacrum passing downward and posteriorly
and then down and anteriorly to become the anal canal at
the level of the pelvic floor. The anorectal ring (palpated as
the puborectalis) is at the junction of the IAS and the
levators.

Anal Canal

The anal canal is approximately 4cm in length extending
from the top of the EAS (or anorectal ring) to the anal
verge. This definition is clinical. Histologically, the anal
canal mucosa extends from the anal verge to approximately
1cm above the dentate line. The anal canal, similar to its
sphincters, is related anteriorly to the perineal body and
the lower posterior part of the vagina. Posterior to the
anal canal is the presacral fascia, the anococcygeal liga-
ment, the anococcygeal raphe (an extension of the iliococ-
cygeus), and the posterior extension of the puborectalis
and external sphincter musculature, which inserts into the
COCCYX.

Skin from the buttock is continuous with the anal
margin and continues to the lower border of the IAS. This
epithelium is keratinized stratified squamous with hair fol-
licles, sweat glands, and sebaceous glands. Proximal to the
level of the dentate line, the epithelium is nonkeratinized
squamous with no dermal appendages. There is a transi-
tion zone where squamous and columnar epithelium are
mixed and then the columnar epithelium of the rectum
predominates. Vertical mucosal folds known as anal
columns are found at the upper anal canal just above the
dentate line. Anal valves connect these folds at the inferior
margins. Above each valve is the anal pit or sinus, which
drains on average eight anal glands.

Blood Supply
Arterial Supply
The superior and inferior hemorrhoidal arteries supply

the rectum and anal canal (Figure 4-3.3). The superior
hemorrhoidal artery is a continuation of the inferior
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Figure 4-3.3. Anorectal vascular anatomy. (Reprinted from Fundamentals of Anorectal
Surgery, 2nd ed, DE Beck, SD Wexner, page 6, © 1996, with permission from Elsevier)

mesenteric artery. The inferior hemorrhoidal artery is a
branch of the pudendal artery, which in turn is a branch
from the internal iliac artery. The inferior hemorrhoidal
artery, after branching off the pudendal, crosses the
ischiorectal fossa and goes through the EAS to enter the
submucosa of the anal canal and ascend in this plane.
The middle hemorrhoidal artery may or may not be
present depending on the size of the superior hemor-
rhoidal artery. It originates from the internal iliac or prox-
imal pudendal and goes anterolateral at the level of the
levators. It can be injured at this level when dissecting the
upper vagina from the rectum.

Venous Drainage

The three venous plexuses drain through their respective
veins. The inferior hemorrhoid plexus drains via the infe-
rior rectal (or hemorrhoidal) vein into the pudendal vein
and then into the internal iliac vein. The internal hemor-
rhoid plexus above the dentate line drains into the middle
rectal vein. The perirectal plexus drains into the single
superior rectal vein.

Anatomic Correlates

Innervation
Levator Ani

Motor innervation of the levator muscles is from the 2nd,
3rd, and 4th sacral roots from above the muscle and the
pudendal nerve from below. Controversial in the literature,
the puborectalis is reported to be innervated by the 4th
sacral root, the pudendal, or both. Some authors suggest
that the puborectalis belongs more to the external sphinc-
ter than to the levator muscle group.

External Sphincter

The EAS is a voluntary muscle innervated by the inferior
rectal branch of the pudendal nerve. The pudendal nerve
arises from sacral roots 2-4, leaves the pelvis through the
greater sciatic foramen, crosses the ischial spine, and con-
tinues in the pudendal canal. This nerve innervates the
EAS, as well as the penis and clitoris.

Internal Sphincter

Sympathetic innervation is derived from the hypogastric
and pelvic plexus. Parasympathetic innervation is from
sacral roots 1-3 via the pelvic plexus. Sympathetic tone is
believed to be excitatory, but it is unclear if parasympa-
thetic is inhibitory or excitatory.

Anal Canal

The anal canal’s sensation to touch, sharp, and temperature
is present from the anal verge to about 1cm above the
dentate line. This sensation is mediated by the inferior
rectal branch of the pudendal nerve, which is derived from
sacral roots 2-4. This branch of the pudendal and the per-
ineal nerve are the two pudendal branches that arise within
AlcocK’s canal in the ischiorectal fossa.

Rectum

The rectum is only sensitive to distension. This sensation
is thought to be a combination of “sensors” in the rectal
wall as well as surrounding structures such as the pelvic
floor muscles and pelvic fascia. Rectal sensation is para-
sympathetic through the pelvic plexus sacral roots 2-4.

Sympathetic and Parasympathetic Innervation
to the Pelvis

Sympathetic innervation originates from lumbar roots L1
to L3. These fibers pass through the sympathetic ganglion
and leave as lumbar sympathetic nerves that join the
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preaortic plexus. This extends caudally as the mesenteric
plexus and then the superior hypogastric plexus. This
plexus is formed both by the lumbar sympathetic nerves
through the plexus and separately by lumbar splanchnic
nerves (from the sympathetic chains). The plexus then
divides into the two hypogastric nerves descending along
the iliacs until joined by the parasympathetic nervi eri-
gentes to form the pelvic or inferior hypogastric plexus.

Parasympathetic nerve fibers arise from the sacral nerve
roots and emerge as pelvic splanchnic nerve or nervi eri-
gentes, which join the sympathetic nerve to form a pair of
inferior hypogastric (or pelvic) plexuses on each of the
pelvic side walls. Fibers from this pelvic plexus (sympa-
thetic and parasympathetic) then branch out and innervate
the bladder, ureters, corpora cavernosa, and rectum.
Somatic fibers also pass through the pelvic plexus to inner-
vate the levators and ureteral striated muscles. These pelvic
plexuses run anterolateral to the rectum necessitating close
rectal dissection to avoid nerve injury.

Anorectal Spaces

Knowledge of the anorectal spaces is important in the
understanding of anorectal and pelvic floor disorders and
to avoid injury to important structures during surgical
therapy.

The perianal space is that area surrounding the anal
canal in the immediate area of the anal verge. Laterally it
is continuous with the fat of the buttocks. Cephalically, it is
continuous with the intersphincteric space and it contains
the distal EAS, branches of the inferior rectal vessels,
nerves, and lymphatics. The external hemorrhoid plexus
lies in the perianal space and communicates with the inter-
nal hemorrhoid plexus at the dentate line.
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The ischiorectal space is lateral to the perianal space. Its
apex is formed by the joining of the levator and obturator
muscles while the inferior boundary is the skin of the per-
ineum. Anteriorly, it is bound by the transverse perineal
muscles and posteriorly by the gluteal skin. This space con-
tains the pudendal vessels and pudendal nerve in Alcock’s
canal. Alcock’s canal, or the pudendal canal, is on the
medial side of the obturator internus in the ischiorectal
fossa.

The intersphincteric space is between the anal sphincters
and communicates with the perianal space. Most of the
anal glands are in the intersphincteric space.

The superficial postanal space connects the perianal
spaces with each other below the level of the anococcygeal
ligament. The deep postanal space, the right and left
ischioanal/rectal spaces communicate with this space pos-
teriorly deep to the anococcygeal ligament. Infection in this
space leads to a horseshoe abscess.
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Female Sexual Dysfunction

Lawrence S. Hakim and Giovanna M. DaSilva

Sexual dysfunction is a couple’s disease, and is common in
both women and men. With the introduction of effective
oral therapies for the treatment of erectile dysfunction
(ED) in men, increased media attention has brought
“female sexual dysfunction” (FSD) into the limelight. Epi-
demiologic studies have demonstrated that whereas more
than 50% of men aged 40 to 70 years have sexual dysfunc-
tion, this problem may in fact be even more prevalent in
women. Whereas psychological and interpersonal relation-
ship issues had been thought to be the primary causative
factors of FSD, we are now learning that, similar to sexual
dysfunction in men, FSD can often be attributed, at least in
part, to pathophysiologic changes, such as chronic disease
states, aging, and medications, as well as other physical
factors, such as pelvic and colorectal surgeries. In addition,
ESD has been shown to respond to treatment of the under-
lying condition and to other specific therapies. In this
chapter, we will look at the various classifications, causative
factors, diagnostic evaluations, and therapeutic alterna-
tives for women with sexual dysfunction, with a special
emphasis on the impact of pelvic floor disorders and col-
orectal surgery (CRS) on FSD.

Epidemiology

Sexual dysfunction is a disease affecting men and women
of all ages.' The Massachusetts Male Aging Study,* one of
the largest epidemiologic studies, revealed the high preva-
lence of ED. In fact, it was shown that 52% of men between
the ages of 40 and 70 had ED. Subsequent epidemiologic
studies in women suggested that FSD was also an extremely
prevalent problem. A report in the Journal of the American
Medical Association® suggested that 43% of women, aged
18 to 59, had FSD. In fact, the prevalence of FSD in this
study was greater than that of ED.” Of note, FSD is more
prevalent in patients with a history of sexual abuse and is
often reported in women with a history of sexual coercion.
In a study reported at the Annual Meeting of the American
Urologic Association in 2000, Nehra and associates looked

at the prevalence of FSD in the partners of men with ED.
One hundred fifty women were evaluated, aged 25 to 82
years. The study revealed that 56% of these women had
FSD, and demonstrated specific vascular risk factors,
including cigarette smoking, hypercholesterolemia, hyper-
tension, and prior pelvic surgery. Based on population
surveys, this would suggest that more than 30 million
women in the United States might have FSD. Unfortunately,
despite this high prevalence, it has been estimated that less
than 5% of women with FSD are being treated.

Several explanations for the phenomenon of FSD have
been proposed. These include embarrassment on the part
of the patient to discuss personal sexual matters or a
feeling that her concerns would be “brushed aside,” embar-
rassment or lack of time on the part of the physician (man
or woman), and lack of education regarding the prevalence,
significance, and treatment options available for FSD.

The question arises as to why the identification and
treatment of FSD is important. Despite the belief of many
physicians that the treatment of sexual dysfunction is not
a “medical” priority, it is crucial to remember that normal
sexual function is an important part of the essential
intimacy between a woman and man (“the COUPLE”).
Furthermore, sexual dysfunction often leads to loss of
self-esteem, depression, and alienation from one’s partner.
In addition, similar to its counterpart in the male (ED), FSD
is a spectrum of disease and may be an early warning sign
of significant unrecognized systemic vascular disease indi-
cating an increased risk for heart attack or stroke.

Sexual Dysfunction and Aging

It has been suggested that in both women and men, sexual
dysfunction is age-related and progressive. The Massachu-
setts Male Aging Study” demonstrated that the incidence of
ED clearly increases as men enter the sixth, seventh, and
eighth decades of life. This increased prevalence with aging
is less clear in women. Unlike ED, we can see a significant
prevalence of FSD in women of all ages, such as young
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mothers after childbirth, premenopausal smokers, as well
as peri- and postmenopausal women.

There are, however, specific factors related to aging that
are often associated with FSD and need to be addressed. As
women age, there is a progressive decrease in overall phys-
iologic function. In addition, as estrogen levels diminish,
genital and vaginal atrophy may be seen. This can be asso-
ciated with decreased vaginal lubrication and pain during
intercourse, or dyspareunia.

Female sexual dysfunction can also be the result of
pathophysiologic changes resulting from chronic disease
processes, such as atherosclerosis, cardiovascular disease,
lipid disorders, and diabetes. Psychological issues, such as
depression, are often seen in association with women with
sexual dysfunction, and may be a causative factor. In addi-
tion, the loss of a lifelong partner, or other partner-specific
issues, including ED and chronic disease, are often
contributory.

Sexual Dysfunction and Incontinence

The association of FSD and urinary incontinence has also
been shown.! In fact, it has been estimated that in up to
43% of women with urinary incontinence, evidence of
sexual dysfunction is also present. Considering that less
than 30% of physicians ask their patients with urinary
incontinence about their sexual function, this may be an
underestimate.

Diagnostic Classifications

In 2000, a new classification of FSD was developed by a con-
sensus panel of experts in the field of sexual medicine’
(Table 5-1.1). The categories include sexual desire dis-
orders, sexual arousal disorders, orgasmic disorders, and
sexual pain disorders.

The definitions of the new classification system took into
account that there should be some degree of “personal dis-
tress” caused by the disorder for it to be a problem. Addi-
tionally, the presence of sexual dysfunction in the male
partner or any impact of the FSD on the partner was not
part of the classification or definition. This system can be
used whether FSD results from medical or psychosocial

Table 5-1.1. Classification of female sexual dysfunction®
| - Sexual desire disorders

Il - Sexual arousal disorders

Il - Orgasmic disorders

IV — Sexual pain disorders

*Qverlap between symptoms is often seen.
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factors. In addition, each of these categories was inde-
pendent of the other, and overlap between symptoms could
often be seen. For example, women may complain of both
poor arousal and pain with intercourse. Additionally, a
woman with FSD may experience loss of libido, but arousal
and lubrication can be normal.

Hypoactive Sexual Desire Disorder

Hypoactive sexual desire disorder is the persistent or
recurrent lack of sexual thoughts and/or receptivity to
sexual activity, which causes personal distress. Hypoactive
sexual desire may be associated with psychological or emo-
tional disorders, as well as physiologic factors, such as
androgen insufficiency. Sexual aversion disorder is a sub-
category of hypoactive sexual desire.

Sexual Arousal Disorder

Sexual arousal disorder is the persistent or recurrent
inability to attain or maintain sexual excitement, which
causes personal distress. This disorder includes poor
vaginal lubrication, decreased genital sensation, and poor
vaginal smooth muscle relaxation. Arousal disorders are
primarily physiologic in nature and can often result from
pelvic and colorectal surgery and other pelvic disorders,
various medications, atherosclerosis, cigarette smoking,
and vascular disease. This disorder most closely parallels
ED in the male. In fact, a condition of hyperactive sexual
arousal disorder, analogous to the priapism state in the
male, has also been described.

Orgasmic Disorder

Orgasmic disorder is the persistent or recurrent loss of the
ability to achieve orgasm with sufficient sexual stimulation
and arousal, and which causes personal distress. Orgasmic
failure may be associated with changes after nerve injury
from colorectal and pelvic surgery, spinal cord injury,
androgen insufficiency, as well as psychosexual factors.

Sexual Pain Disorder

Sexual pain disorder is the persistence or recurrence of
genital pain associated with sexual stimulation and inter-
course, which causes personal stress. Dyspareunia, pain
upon intromission, and vaginismus, or the reflexive
“closing” of the vaginal introitus, are types of sexual pain
disorders. Pelvic trauma, such as seen with childbirth
injuries and CRS, as well as psychological trauma, may be
associated with this disorder.
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Table 5-1.2. Female sexual response cycle

Sexually |:> Sexual |:> Sexual
Neutral Stimuli Arousal

Emotional
w Intimacy

Source: Adapted from Basson.?

Emotional
& Physical

Sexual

Desire &

Satisfaction Arousal

The Female Sexual Response

The female sexual response, as described in the mid 1960s
by Masters and Johnson,® begins with excitement, leading
to plateau, orgasm, and finally, resolution. In 2000, Dr. Rose-
mary Basson,” a pioneering researcher in the field of FSD,
proposed a new, nonlinear female sexual response cycle. Dr.
Basson suggested that the sexual response is driven by the
desire to enhance intimacy, and begins with a state of
sexual neutrality’ (Table 5-1.2). As the woman seeks a
sexual stimulus and responds to it, she becomes sexually
aroused. Arousal leads to desire, thus stimulating a
woman’s willingness to receive or provide additional
stimuli. Emotional and physical satisfaction are gained by
an increase in sexual desire and arousal. Emotional inti-
macy is then ultimately achieved. Various biological and
psychological factors can negatively affect this cycle, thus
leading to FSD.

Physiology of Female Sexual Function

The underlying physiologic processes in both normal
female sexual function and FSD are not yet well under-
stood. Normal female sexual function is based on an inter-
action between intact anatomic, vascular, and neurologic
factors. Sexual arousal is marked by physiologic changes
secondary to increased genital blood flow, which leads to
vaginal congestion and lubrication, facilitating intercourse.
The normal vascular response is a result of cavernosal and
arteriole smooth muscle relaxation via the androgen-
dependent nitric oxide synthase system during sexual
stimulation and arousal. This produces a vascular engorge-
ment of the vestibule and clitoris. Vaginal lubrication is a
transudate of serum that results from this normal increase
of pelvic blood flow with arousal. Patients with arousal dis-
orders may complain of decreased vaginal lubrication and
dyspareunia.

Normal sensation is also critical in allowing sexual
arousal, and the ability to achieve orgasm requires an intact
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sympathetic outflow tract. In women with diabetes or
spinal cord injuries, the neuropathy may result in dimin-
ished levels of sexual functioning and orgasmic disorders.
Similarly, after pelvic floor surgery, orgasmic function can
be potentially affected by changes in the pelvic floor
muscles because they modulate vaginal receptivity as well
as the motor responses during orgasm.

Causes of Female Sexual Dysfunction

Similar to its counterpart in the male, there are numerous
causes of FSD (Table 5-1.3). In fact, any factors influencing
normal physiology, or any step of the sexual response in
women, may contribute to FSD. The etiologies can be
grouped as being either psychogenic or organic in nature,
although overlap often exists.

Psychogenic FSD may be noted as either a result of, or a
causative factor for, depression. In fact, it behooves the
physician to rule out a primary diagnosis of depression in
any women presenting with symptoms of FSD, especially
poor libido. Likewise, the temptation to assign a diagnosis
of depression to a woman without at least screening for the
presence of sexual dysfunction should be avoided. Other
facets of psychogenic FSD may include interpersonal
relationship issues, abuse, performance anxiety, and
psychological distress. These psychological factors often
accompany organic factors.

As in men, many women with sexual dysfunction will
have an underlying or contributing organic etiology of
their sexual dysfunction. Any factor, disease state, or med-
ication affecting the vascular, hormonal, or neurologic

Table 5-1.3. Risk factors for female sexual dysfunction

Atherosclerosis Radical pelvic surgery
Smoking Colorectal surgery
Diabetes Hysterectomy
Dyslipidemia Neuropathies

Peripheral vascular disease
Hypertension

Pelvic or perineal trauma

Arterial compression from cycling
Endocrinopathies
Postmenopausal changes
Hypothyroidism, hyperthyroidism

Low estrogen levels

Pituitary tumor, hyperprolactinemia

Androgen insufficiency syndrome

Pudendal nerve injury

Stroke, Alzheimer’s, Parkinson’s disease

Endocrinopathies
Pelvic/spinal cord injury

Multiple sclerosis

Genital atrophy
Dermatitis

Clitoral adhesions
Bartholin’s gland cysts
Episiotomy scars
Vestibulitis

Vulvar cancer

Lichen sclerosis

Liver and/or renal failure
Sexual abuse
Psychological factors
Life stressors
Interpersonal relationship issues

Medications
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Table 5-1.4. Medications associated with female sexual dysfunction

Antidepressants Beta-blockers

SSRI agents Antihistamines
Antihypertensives Sympathomimetic amines
Narcotics Anticonvulsants

Diuretics Metronidazole
Antiandrogens Metoclopramide

H2 blockers Marijuana
Anticholinergics Calcium channel blockers
Psychotropics Antiandrogens

Cocaine Alkylating agents
Alcohol Oral contraceptives
Lipid-lowering drugs Sedatives

Nonsteroidal antiinflammatory drugs ~ Tamoxifen

Oncologic agents Gonadotropin-releasing hormone agonists

Anxiolytics Analgesics

components of the sexual response can cause FSD.
Vascular causes of FSD include atherosclerosis, smoking,
diabetes, dyslipidemia, peripheral vascular disease,
hypertension, renal failure, and perineal or pelvic trauma,
such as that seen with bicycle riding. Neurologic diseases
associated with FSD may include stroke, multiple sclerosis,
spinal cord injury, Alzheimer’s disease, Parkinson’s disease,
pudendal nerve injury, and iatrogenic surgical changes
during radical pelvic surgery, CRS, or hysterectomy. Hor-
monal or endocrinologic causes of FSD include hypogo-
nadism, androgen insufficiency, menopausal changes and
genital atrophy, hypothyroidism, hyperthyroidism, dia-
betes, low estrogen levels, pituitary tumor, and hyperpro-
lactinemia. Various specific gynecologic causes of FSD have
been identified. These include genital atrophy, vulvar dys-
trophy and cancer, dermatitis, clitoral phimosis and adhe-
sions, Bartholin’s duct cysts, episiotomy scars, vestibulitis,
vulvar cancer, and lichen sclerosis.

Numerous medications may contribute to sexual dys-
function in women (Table 5-1.4). These include antihista-
mines, sympathetics, anticonvulsants, metronidazole,
antihypertensive agents, diuretics, beta-blocking agents,
calcium channel blockers, antiandrogens, cancer drugs,
anxiolytics, oral contraceptive agents, antidepressants, psy-
chotropic agents, narcotics, alcohol, lipid-lowering agents,
anti-estrogens, and gonadotropin-releasing hormone
agents, to name a few.

Female Sexual Dysfunction and
Colorectal Surgery
The occurrence of sexual dysfunction after CRS is a well-

recognized phenomenon. Prior studies in men have
demonstrated that the incidence of sexual dysfunction is
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between 20% and 34% in patients undergoing rectal exci-
sion, and is related to the extent of the procedure.’ Sexual
dysfunction has been attributed to damage of the auto-
nomic nerves, especially during pelvic dissection. Injury to
the sympathetic nerves often results in retrograde ejacula-
tion whereas parasympathetic nerve injury can contribute
to ED.

In contrast, ESD after CRS is not as well understood. The
findings in the literature are controversial; whereas some
authors believe that female sexual function does not change
or even improves after surgery,'™" others have reported
deteriorated function, despite cure of the disease.>'> This
discrepancy in results may be attributed to the fact that
most studies were retrospective, included a small number
of female patients, lacked a baseline functional status, and
did not use a validated sexual inventory. Therefore, the
available literature data warrant cautious evaluation. Table
5-1.5 summarizes the results of 14 studies in women who
underwent major colorectal procedures.

After CRS, sexual dysfunction in women may be attrib-
uted to disorders of desire, arousal, orgasm, and/or pain.
Sexual desire has been shown to maintain or improve in
76% to 80% of women after CRS and is often accompanied
by increased frequency in sexual activity and sexual
satisfaction."”* Such an improvement may be expected,
because general health is likely to improve after surgery.
However, previous studies have demonstrated that up to
78% of women complain of decreased or complete loss of
libido after surgery."” Factors such as impaired body
image, concerns of partner negative reaction, fear of stool
leakage, and use of a stoma are known to adversely impact
sexual function, and may account for these findings.
Among these factors, the negative impact of a stoma has
been specifically addressed by several studies. Gloeckner
and Starling'® conducted an interview with 40 subjects
with a permanent stoma (24 men, 16 women) and found
that 60% of the patients had impaired sexuality after
surgery. One year after surgery, 67.5% of the patients
reported improvement on sexual attractiveness, and this
significantly correlated with gender (female vs. male), type
of disease (inflammatory bowel disease vs. malignancy),
type of stoma (ileostomy vs. other stoma types), duration
of disease before surgery (>10 years vs. <10 years), and the
ability to manage the stoma (no problems to manage vs.
problems to manage). In a study recently published by
Engel et al.,"” the long-term quality of life of 329 patients
with rectal cancer was prospectively assessed. Overall,
patients who underwent an anterior resection had better
quality-of-life scores than those who had an abdominoper-
ineal resection with a permanent stoma; the effects of the
abdominoperineal resection on the patients’ quality of life
did not improve over time in this series. Patients with
stoma had significantly worse quality-of-life scores than
patients without stoma; however, quality of life greatly
improved for patients whose stoma was reversed. In their
study, Sjogren and Poppen'* also demonstrated significant
improvement in patients’ sexuality after stoma closure.
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Table 5-1.5. Female sexual dysfunction after major colorectal surgery

Decreased

Author, year Surgery n Desire
Williams and Slack,2 APR 3 —
1980*
Deixonne, 1983° APR 26 12 (46)
Hjortrup, 1984* LAR 20 —
Fegiz et al.,”' 1986 APR 15 —

LAR - stapled 9

LAR — manual 17
Metcalf et al.,"" 1986 RPC 50 —

Kock pouch 50
Cirino et al.,"* 1987 APR 18 15 (77)
Wikland et al.,’ 1990 Pouch 71 —
Cunsolo, 1990 APR 8 2(25)
Oresland et al.,"” 1994 J pouch 20 5(25)
Sjogren and Poppen, S pouch 30 6 (20)
1995
Damgard et al.,"® 1995 J pouch 23 —
Bambrick et al.,”* 1996 J pouch 92 16 (18)
Tiainen et al.,"® 1999 J pouch 95 —

*Prospective studies. APR, abdominoperineal resection; LAR, low anterior resection.

Although patients with a J pouch do not have to deal with
the inconvenience of a stoma, 3% to 43% of women fear
stool leakage from the pouch, causing a hindrance of
sexual activity."® In addition, special precautions such as
emptying the pouch before intercourse are often necessary
in these patients.

Sjogren and Poppen'* evaluated 30 women who under-
went total proctocolectomy with S pouch and found that
13.3% of the patients had dyspareunia and 10% com-
plained of vaginal dryness, which could not be explained
by estrogen deficiency. In a larger series including 92
patients who underwent restorative total proctocolectomy,
Bambrick et al."” found that 22 patients (26.8%) had dys-
pareunia, of whom 30.5% experienced decreased sexual
pleasure, and 22 patients (26.5%) had vaginal dryness, 7%
of whom experienced this 75% or more of the time.

Few factors have been postulated to cause dyspareunia
in women after rectal excision. It has been suggested that
neurovascular damage during dissection interrupts the
physiologic response of arousal, leading to decreased lubri-
cation and dyspareunia. In patients with rectal cancer,
radiation therapy can cause damage to the small vessels
and induce fibrosis with loss of elasticity of the vaginal
canal, resulting in arousal impairment.

Anatomic changes after rectal excision and pelvic floor
closure have also been postulated to cause sexual discom-
fort or dyspareunia. Metcalf et al."' compared sexual dys-
function between 50 patients who had a Kock pouch
(continent stoma) and 50 patients who had an ileoanal
anastomosis. Although the overall rate of dyspareunia
decreased in both groups after surgery, patients with a
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Decreased Altered Decreased
Lubrication Orgasm Dyspareunia Satisfaction
— 1(33) —
— 11 (42) 8(31) -
— 1(5) 2(10) -
— (70) (65) —
(24) (65)
(44) (44)
— 2 (38) —
2 (48)
— 1(5) 6(33) 8 (44)
— — 27 —
= 2(25) 4 (50)
— 1(5) 5(25) -
7(23) 10 (33) 5(16) —
22 (26) 13 (15) 22 (26) 21(26)
— 2(5) 9(22) 4(9)

Kock pouch had significantly more persistent dyspareunia
and excessive positional vaginal discharge, than patients
who underwent ileoanal anastomosis.

Wikland et al.”” evaluated the anatomic changes of the
genital tract in women after proctocolectomy. The authors
performed a gynecologic examination in 71 women and
compared physical findings to the gynecologic complaints.
Of the 71 women, 35 (49%) had a distressing vaginal dis-
charge after proctocolectomy, compared with 6 (9%)
before surgery. Dyspareunia was reported by 8 women
(12%) before surgery and 18 (27%) after surgery. In 44
patients (61%), gynecologic examination revealed caudal
fixation and dilatation of the posterior vaginal fornix.
Thirty (68%) of these 44 women had heavy vaginal secre-
tion (upper thirds of the vagina filled with fluid, cervix
identified after washout) associated with the anatomic
changes. In a subsequent study, some of these women
underwent vaginography, which confirmed anatomic
changes assessed by physical examination.”® Oresland and
associates” from the same institution demonstrated that
such abnormalities are not present when a bowel recon-
struction is performed. Twenty-one women who under-
went restorative proctocolectomy underwent gynecologic
examination and vaginography after surgery. Five experi-
enced occasional dyspareunia and one complained of
vaginal discharge. Gynecologic examination demonstrated
unaltered vaginal position and angulation in all patients,
which was also proven by the vaginography. Corroborating
these findings, Sjégren and Poppen' found normal vaginal
anatomy in 29 (96.6%) of 30 patients who underwent proc-
tocolectomy with pouch formation. These data suggest that
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the interposed pelvic pouch prevents its dorsal displace-
ment in contrast to proctocolectomy and permanent
stoma.

Orgasmic function can potentially be affected by
changes in the pelvic floor muscles after radical pelvic and
colorectal surgery. In a study performed by Fegiz and asso-
ciates,” orgasmic function was more affected in patients
after abdominoperineal resection (70%) than patients who
underwent colorectal hand-sewn (65%) or stapled anasto-
mosis (44%). The majority of the studies, however, have
shown that most women maintain the ability to achieve
orgasm after surgery.” This may be explained by the fact
that the pudendal nerve supply to the pelvic floor muscles,
which is considered essential for female orgasmic
response, remains intact.

At the Cleveland Clinic Florida, a recent study looked at
the incidence of changes in sexual function in women who
underwent CRS as a result of rectal cancer and benign dis-
eases.”” A survey was sent to 225 patients, and 74 (32.8%)
returned the questionnaire; 31 had rectal cancer and 43
had benign diseases. The mean age was 54 years in the
patients with rectal cancer and 36 years in the group with
benign disease (P < 0.01). The mean time of follow-up
postsurgery was 41.3 (18-93) months. Forty-five patients
(60.8%) were married, and 48 (74.9%) continued their
education beyond high school. Fifty women (67.5%) indi-
cated being sexually active at the time of surgery. Of these,
32 patients (64%) reported worse sexual function after
surgery, and 16 (55%) sought help. Fourteen patients
(43.7%) expressed an interest in receiving treatment for
ESD, which was more likely in women younger than 60
years of age (P = 0.012). Sixteen patients (32%) reported
no difference, and only 1 (2%) indicated improved sexual
function after surgery. Interestingly, 65 patients (87.8%)
indicated that their physician never discussed the risk of
postsurgical sexual dysfunction before surgery. However,
only 24 patients (typically younger women) reported that
they would have wanted to discuss such issues preopera-
tively (P = 0.001). There was no statistically significant
association between the desire to discuss sexual matters
and level of education, marital status, diagnosis, or the
presence of a stoma. This study suggests that CRS may
significantly and adversely impact a woman’s sexual func-
tion and her sexuality, and, therefore, all women should be
preoperatively counseled regarding the potential for sexual
dysfunction after surgery.

Clinical Evaluation

The clinical evaluation of FSD can be approached similar
to any other disease process, and typically begins with a
simple “step-care approach.” The first step is the iden-
tification of the problem by the woman and her partner.
The physician or health care professional is then notified,
and a thorough evaluation is performed. Identification of
reversible causes and incorporation of various lifestyle
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changes (e.g., stop smoking) are often the first steps to
maximizing and improving sexual function. Medical and
surgical therapies are used when appropriate; however,
alternative and complementary therapies certainly may
have a role in successful therapy. The importance of
communication among the woman, her partner, and the
physician cannot be overemphasized, to help the patient
achieve an improved sexual function and youthful sexual
rejuvenation. These steps are best summarized by the term
LN.T.L.M.A.C.Y.™, as illustrated in Table 5-1.6.

As noted above, communication is critical, although the
majority of patients and physicians alike tend to avoid dis-
cussing this topic in the general health care arena. However,
evidence is now clear that sexual dysfunction is often the
earliest sign of other underlying disease, such as cardio-
vascular disease, diabetes, and hyperlipidemia. In fact, it
has been suggested that by identifying sexual dysfunction
early and treating the underlying causes, serious cardio-
vascular events, such as heart attack and stroke may be
avoided. Certainly, it can significantly improve the woman’s
quality of life and improve intimacy in the couple.

The first step in the diagnostic work-up is identification
of the problem. Unfortunately, few women volunteer any
history of FSD, and therefore information should be
actively elicited as part of the routine medical history.
A simple approach for a clinician could be, “Many woman
report that once they reach menopause, they experience
changes in sexual function....Have you noticed any
changes in your sexual function or desire?” The idea is to
offer an open-ended question and opportunity for the
patient to realize 1) she is not alone, 2) you are interested
in helping her, and 3) successful treatments are available.
Various questions regarding the length of time since the
onset of sexual dysfunction, libido issues, ability to become
sexually aroused, poor lubrication, ability to achieve
orgasm, and dyspareunia should be asked to further clas-
sify the sexual dysfunction (e.g., hypoactive sexual desire
disorder). Any history of abuse should be elicited. The
history should also include any cardiovascular, neurologic
and hormonal risk factors, medications (both prescribed
and over-the-counter), illicit drug use, smoking history, and
partner issues including ED.

Validated questionnaires can be extremely effective in
helping to identify the presence of FSD and define the type
of sexual dysfunction in a particular patient.”* The clinical

Table 5-1.6. Management of female sexual dysfunction: .N.T..M.A.C.Y™
. Identification
Notification
Thorough evaluation

Identify reversible causes/incorporate lifestyle changes

Alternative therapies

N.

T.

l.

M. Medical and surgical options
A.

C. Communication

Y.

Youthful rejuvenation
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assessment of FSD may include the use of tools to monitor
treatment efficacy. The Female Sexual Function Index
questionnaire is one such validated tool that assesses
specific domains of sexual function, including desire, lubri-
cation, dyspareunia, and orgasm.””® Each question is
ranked from 0 to 5. The questionnaire can also be used to
objectively measure the response to therapy over time.

Laboratory evaluation is an important part of the overall
diagnostic evaluation of women with sexual dysfunction.
Laboratory tests include a complete lipid profile, thyroid
function tests, and fasting glucose levels; a complete
endocrine evaluation in appropriately selected patients is
typically performed. The hormonal evaluation should
include serum estradiol levels, total and free testosterone
levels, dehydroepiandrosterone (DHEA-S and DHEA),
serum follicle-stimulating hormone, and leuteinizing
hormone and serum prolactin levels.

Various specialized diagnostic tests may be performed
in selected patients and centers, including measurement of
vaginal pH, duplex Doppler measurement of genital blood
flow (pre- and poststimulation), neurologic and tempera-
ture testing, vaginal wall compliance, and genital vibratory
sensation thresholds or biothesiometry.

A directed physical examination should be part of the
diagnostic work-up, including a pelvic examination to
search for evidence of clitoral phimosis, genital atrophy, a
narrowed introitus, and point tenderness. Care should be
taken to assure that a recent breast examination and Pap
smear have been performed and the results obtained.
Further examination and testing (e.g., neurologic tests) are
performed on an individual basis.

Regardless of the underlying etiology of the sexual dys-
function, consideration for evaluation by a licensed sex
therapist should be entertained. It is important to remem-
ber that even with a clear physical etiology, the couple’s
problem may be multifactorial, and psychosexual and rela-
tionship issues should be addressed early. In addition, eval-
uation of the partner by the appropriate specialist is critical
when addressing this couple’s disease.

Antidepressants and Female
Sexual Dysfunction

Although numerous medications can have an adverse
impact on sexual function, few classes of medications have
been demonstrated to have more impact on sexual func-
tion than antidepressants. Although many of the various
classes of antidepressant agents can affect sexual function,
the selective serotonin reuptake inhibitors (SSRIs), such as
paroxetine, sertraline, or fluoxetine, have been shown to
adversely affect libido, arousal, as well as the ability to reach
orgasm.” Under a physician’s care, options may include
switching agents, dose reduction, or drug holiday. Bupro-
pion (Wellbutrin) may be an effective alternative.”® In addi-
tion, studies have suggested that the use of sildenafil with
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selective SSRI medications may effectively combat the FSD
associated with the SSRI. It is also important to recognize
that FSD may present with many of the same symptoms as
depression, such as poor energy and lack of interest. We
have seen numerous patients who were misdiagnosed as
having depression, and placed on SSRI drugs (making their
ESD worse!), when in fact the primary problem was FSD.
Successful management of the underlying cause of the
ESD (e.g., hormone replacement therapy for androgen
insufficiency syndrome) has allowed many women to stop
using antidepressant medications and regain a normal sex
life.

Treatment

Once a complete diagnostic evaluation has been per-
formed, the patient’s sexual dysfunction can be accurately
classified. One should note that there is often overlap of
symptoms, such as hypoactive sexual desire and arousal
insufficiency. It is also important to educate the patient and
partner about normal physiologic response and sexual
function, especially as it pertains to such issues as aging
and childbirth. It is important to identify to the patient any
obvious reversible causes of FSD or potential lifestyle
changes that may be beneficial to her sexual function, such
as stopping smoking, eating a healthy diet, regular exercise,
improving partner communication, and stress reduction,
because clearly there is a correlation between the patient’s
general health and her sexual function.

Various medication schedules may need to be addressed
and prescriptions altered to maximize sexual wellness. This
is best done in collaboration with the woman’s primary
care physician.

Especially in postmenopausal women, vaginal dryness
may be the result of hormonal and vascular changes.
Water-soluble lubricants can be very effective in alleviating
any symptoms of dyspareunia and discomfort. In addition,
topical estrogen replacement therapy (Estrace Cream’,
Vagifem Suppositories®, Estring”) may be helpful in treat-
ing vaginal atrophy, decreasing coital pain, and improving
clitoral sensitivity. For women with androgen insufficiency,
demonstrated by diminished androgen levels, including
low free serum testosterone levels and DHEA, androgen
replacement therapy may be beneficial.”” The goal of treat-
ment is to restore the levels to “normal” (mid to upper
normal) and correlate with sexual dysfunction, not to
strive for supraphysiologic levels, which may be unsafe and
lead to significant side effects (i.e., acne, facial hair). Patient
education and care to avoid any possibility of pregnancy
when taking hormone replacement therapy is paramount.
Close and regular monitoring of hormone levels is impor-
tant in the close management of these women, who will
often report significant improvement in arousal, lubrica-
tion, and libido after 8 to 12 weeks of therapy. In fact, many
will report even sooner that they are now “dreaming” or
fantasizing about sex, often for the first time in years.
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Testosterone replacement in women has associated risks.
Oral administration of testosterone may be associated with
hepatic disease and should be avoided. Certain androgen
therapies may adversely affect lipid profiles and may cause
polycythemia, alopecia, acne, and female hirsutism. Hence,
lipid profiles should be measured by the primary care
physician every 3 months in androgen-deficient women
with secondary FSD taking androgen replacement therapy.
After 6 to 12 months, if the medication is ineffective, it
should be discontinued. Purely empiric treatment with hor-
mones has not been shown to be effective; therefore, it is
inappropriate to use androgen therapy in the absence of an
FSD with androgen deficiency that is supported by labora-
tory data. The benefits of transdermal testosterone replace-
ment therapy for postmenopausal women were suggested
by a recent study of women with FSD who had undergone
bilateral oophorectomy and hysterectomy.” The authors
concluded that testosterone replacement may be helpful in
this subset of patients, as measured by such endpoints as
frequency of sexual activity, receptivity, and orgasm.

Dehydroepiandrosterone has been demonstrated by
several investigators to have a positive impact on sexual
dysfunction in women.” Improved libido, arousal, and
orgasmic ability have been reported in women receiving up
to 50 mg daily of DHEA. In a recent study presented at the
European Society of Sexual Medicine, Alici and colleagues
evaluated 55 women with sexual dysfunction and low
androgen (DHEA) levels, ranging from age 23 to 54 (mean
43) years. All of their partners had normal erectile func-
tion. The women were treated with DHEA 50mg/d for 3
months. All of the women demonstrated increased DHEA
levels, and more than 95% demonstrated improvement in
Female Sexual Function Index testing in areas of desire
(libido), arousal, and orgasm. The investigators concluded
that DHEA is effective in improving sexual function in
women with low DHEA levels and FSD.

In women receiving DHEA therapy, care should be taken
to monitor androgen levels on a regular basis and to adjust
the dose accordingly. Side effects of acne and hirsutism
were relatively rare in these patients, but responded to dose
adjustments. In October 2000, the American College of
Obstetricians and Gynecologists (ACOG) issued a com-
mittee opinion cautioning physicians considering using
androgen therapy, including testosterone and DHEA sup-
plements, to treat low sex drive in women.”

There seems to be a significant role for various other
herbal preparations in the treatment of FSD. Nonprescrip-
tion topical solutions, such as Viacreme® or Viagel®, have
been purported to increase genital sensitivity and assist in
achieving orgasm. Viacreme® is an amino acid-based (L-
arginine) solution that contains menthol. L-Arginine is
involved in nitric oxide synthesis, which is responsible for
vascular and nonvascular smooth muscle relaxation. When
applied to the clitoris, Viacreme® may increase blood flow
by dilating clitoral blood vessels. While these and other
agents await well-designed placebo-controlled trials to
prove their efficacy, safety should remain of primary
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concern for any patient using these or other non-FDA-
approved therapies.

A better understanding of the physiology of the sexual
arousal response in women, including the role of an andro-
gen-dependent, nitric oxide-mediated stimulation of
genital and cavernosal smooth muscle, leading to increased
clitoral blood flow and genital engorgement, has led to the
use of various phosphodiesterase type 5 inhibitors, such
as sildenafil for the treatment of female sexual arousal
insufficiency. A recent study by Berman and associates™
demonstrated that in women with female sexual arousal
insufficiency and androgen insufficiency, once the andro-
gen levels were restored with hormone replacement
therapy, sildenafil was not only safe, but was quite effective
in improving the parameters of sexual function, especially
arousal. Other investigators have demonstrated that, in
selected subpopulations such as premenopausal women
with sexual arousal disorder, or those with spinal cord
injuries, sildenafil may have a much higher efficacy.”

Further trials are currently underway to evaluate the
safety and efficacy of topical prostaglandin E, to augment
genital blood flow in women with FSD. In addition, various
new topical testosterone preparations, intranasal therapies,
centrally acting oral agents (apomorphine), and phospho-
diesterase inhibitors are being evaluated in women with
sexual dysfunction.

Eros

Currently, the only FDA-approved device for the treatment
of FSD is the EROS-CTD clitoral therapy device). This
small, hand-held, battery-operated unit has a soft, cup-like
attachment that, when placed over the clitoris, allows the
woman to apply a gentle vacuum to the region, which
directly stimulates the clitoral area and causes increased
cavernosal blood flow and engorgement. The device func-
tions similar to vacuum erection devices used by men with
ED. Improvements in genital sensation, arousal, orgasmic
ability, and vaginal lubrication, all leading to enhanced
sexual satisfaction have been reported.”

Summary

Female sexual dysfunction is an important clinical condi-
tion affecting millions of women and couples each year.
Because the underlying cause may vary, from vascular, to
neurologic, to hormonal, surgical, and/or psychological, it
is important to perform a thorough evaluation in all
women with FSD. The first step for the physician is to ask
the question. It is important that physicians treat sexual
dysfunction like any other disease process and remember
that FSD can occur at any age and may be the first sign of
other underlying disease. It is also paramount to under-
stand that no single treatment option is right for everyone.
At Cleveland Clinic Florida, we have found that a multidis-
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ciplinary approach is extremely effective in dealing with
the various issues facing the woman or couple with sexual
dysfunction. This typically includes the urologist, gynecol-
ogist, primary care physician, sex therapist, and various
other specialists and health care providers. By talking to all
patients about their sexual health, by encouraging com-
munication with the woman and her partner, and by edu-
cating women and their partners regarding successful
treatment alternatives, physicians can go a long way to
improving women’s sexual health and the overall quality of
life for the couple.
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Steven D.Wexner

n perhaps no area of colorectal management has therapy been as challenging as for the satis-

factory treatment of fecal incontinence. Numerous surgical and nonsurgical therapies exist,
none of which is a panacea. In fact, the veritable plethora of options for the treatment of both
urinary and fecal incontinence is attestation to the lack of a uniformly satisfactory “cure.” Cer-
tainly milder cases of fecal incontinence may be amenable to noninvasive interventions, such as
dietary modifications, pelvic floor exercises, and pharmacologic agents. Should these therapies
fail to afford the patient satisfactory improvement, the next level of interventions includes injec-
tion therapy. Within this realm are bulking agents, as used for urinary incontinence, and more
recently, include carbon beads, silicone, and autologous fat for fecal incontinence. If bulking fails
to give satisfactory results, then either direct repairs or plications of the native muscle may in
some circumstances be satisfactory. Certainly for fecal incontinence, however, the quite accept-
able short-term results have been very disappointing during long-term follow-up. Specifically,
the initially reported success rates ranging from 70% to 90% in short-term assessment have
recently been reported to decrease to 50% or less during longer-term evaluation.

The lack of adequate first (medical) and second (injection therapies) line therapies and the
lack of durability of third line therapies (direct muscular repair) have led to a quest for more
intensive interventions. For urinary incontinence, laparoscopic and retropubic procedures, as well
as sacral nerve stimulation, have been used with increasing frequency. The artificial urinary
sphincter also has a role. Many of these therapies, after a successful use for urinary incontinence,
have been modified and adapted for the treatment of fecal incontinence. Specifically, increasing
experience with sacral nerve stimulation and artificial bowel sphincter has led to wider choices
for the patient with fecal incontinence. The 11 chapters within this section on “Incontinence
Therapy” highlight some of the difficulties in managing incontinence and offer glimpses into the
future, which hopefully holds significant and much-needed improvements for patients with
these problems.
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Jennifer T. Pollak and G. Willy Davila

The majority of patients with stress urinary incontinence
are successfully managed with surgery; however, not all
patients desire surgery, nor are all patients operative
candidates. Nonsurgical treatment options include pelvic
floor muscle exercises, biofeedback, electrical stimulation,
and pharmacologic agents. Anti-incontinence devices
serve as another alternative to treat these patients, and
include both vaginal and urethral prosthesis (Table 6-1.1;
Figure 6-1.1).

These devices have several advantages. Patients who are
awaiting surgery or who are not optimal surgical candi-
dates may successfully use these devices. This may be an
ideal treatment for women who have only exercise-induced
stress incontinence. They may be inserted and removed by
the patients themselves. When cared for properly, these
devices have minimal complications.

The devices, however, have several disadvantages. They
require motivated patients. They should not be used with
urinary tract infections, and they may predispose women
to infection. Self-removal requires good manual dexterity.
Patients at risk for endocarditis should not use these
devices.! Women may also use them temporarily until they
complete childbearing.

Vaginal Devices

Pessaries have long been used to treat stress urinary incon-
tinence. Standard-shaped pessaries, or those that have been
modified with a ball or a protuberance, may successfully
treat incontinence. These pessaries stabilize the bladder
neck and increase urethral resistance.

Vierhout and Lose’ found a 63% subjective cure or
improvement rate with pessary use in their review of the
literature. A 36% to 66% rate of complete continence has
been reported when pessaries were used to treat exercise-
induced stress incontinence.>* However, a long-term
assessment of the incontinence ring pessary demonstrated
only a 16% success rate for the treatment of mixed and

stress incontinence.” Complications from pessary use are
uncommon and include vaginal abrasions, ulcerations,
urinary tract infections, and vaginal infection. These prob-
lems are rare if the pessary is cared for properly, removed
and cleaned at least every 3 months, and if the patients con-
comitantly use estrogen locally in the vagina. We have not
found any particular type of pessary to be superior in treat-
ing stress urinary incontinence. If the Smith-Hodge
remains in place, it has theoretical advantages in providing
bladder neck support.

Other vaginal devices that have been used to treat
stress incontinence include the contraceptive diaphragm,
tampons, and the bladder neck support prothesis (Introl;
UroMed, Needham, MA). Contraceptive diaphragms have
a reported success rate of 46% to 83%.” Tampons have
been successful in treating incontinence. In fact, standard
super tampons were shown to be more efficacious than
pessaries in treating exercise-induced incontinence.*
Special types of tampons have been developed to
specifically treat incontinence. The Conveen Continence
Guard (Coloplast a/s, Humlebaek, Denmark) is a
hydrophilic polyurethane tampon that has two wings to
support the bladder neck. It must be soaked in water, and
then attached to an applicator before insertion. It has a 53%
to 73% success rate.” A newer device, the Contrelle Conti-
nence Tampon (Coloplast a/s) is made of hydrophobic
polyurethane and has its own applicator that inserts simi-
larly to a standard tampon. In a study comparing these two
devices, both devices were found to reduce the amount of
leakage significantly, but the Contrelle reduced urine loss
significantly more than the Conveen.® These tampons can
be left in the vagina for up to 16 hours, and do not need to
be removed in order to void. They should, however, be
replaced monthly.

The Introl prosthesis (UroMed) is a vaginal device with
two prongs that sit against the anterior vaginal wall at the
level of the bladder neck. It has been suggested that the
device may mimic the results of a retropubic urethropexy.
Success rates are reported between 50% and 94%.’
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Table 6-1.1. Devices for the treatment of stress urinary incontinence
Vaginal Devices

Standard pessaries

* Ring with support

* Hodge
Anti-incontinence pessaries

* Incontinence ring

* Incontinence dish

« Incontinence dish with support
Contraceptive diaphragm
Tampon

« Standard tampon

+ Contrelle Continence Tampon

« Conveen Continence Guard
Bladder neck support prothesis (Introl)
Urethral Devices

Urethral cap (FemAssist)

Urethral patch

Urethral insert
+ FemSoft
« Reliance Urinary Control Insert
« Viva urethral plug

Urethral Devices

Urethral devices may be worn external to the urethral
meatus or inserted into the urethra. These devices are
contraindicated in patients with bladder or urethral cancer,
urinary tract infection, interstitial cystitis, neurogenic
bladder, and in those at risk for endocarditis. Patients with
limited manual dexterity may have difficulty using them.

The FemAssist device (Insight Medical, Bolton, MA) is a
dome-shaped urethral cap made of silicon. It is placed over
the urethral meatus with mild suction. This creates a water-
tight seal between the device and the urethra. The device
may be worn for up to 4 hours. When the patient wishes to
void, she releases the vacuum seal. It may be washed and
worn for up to a week. Trincello et al.” reported a significant
reduction in the volume of urine loss, and a 56% satisfac-
tion rate. Rabin® did not find significant urinary tract infec-
tion rates or bacteriuria, and noted that the patients were
dry 82% of the time.

The urethral patch (UroMed) is another external ure-
thral barrier. It is a single-use foam pad that is coated with
an adhesive and fits over the urethral meatus, providing
opposing pressure and a barrier to leakage. The patch is
removed for urination. Women who used this device
reported a significant decrease in urinary leakage and an
improvement in their quality of life.’

Other devices are inserted into the urethra. The FemSoft
(Rochester Medical Corp., Stewartville, MN) insert is a sil-
icone catheter encased in an oil-filled sleeve that has a
balloon on its tip. When the FemSoft is placed into the
urethra, it conforms to the urethra to decrease inconti-
nence. The device is a sterile, single-use product that is
removed and discarded when the patient voids. Women
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Figure 6-1.1. Devices for stress urinary incontinence include intravaginal pessaries,
intravaginal disposable devices, urethral meatal barriers, and intraurethral plugs.

using the device had significantly less urinary leakage, and
the majority of them were satisfied with the product. There
was, however, a 25% rate of urinary tract infections.'

The Reliance Urinary Control Insert (UroMed), or ure-
thral plug, is a single-use, balloon-tipped cylinder that is
inserted into the urethra. The air-filled balloon holds the
device in place and prevents incontinence. In order to void,
a string is pulled to deflate the balloon. This insert is also
a single-use, disposable item. Patients who used this device
had an 89% subjective success rate, 31% incidence of infec-
tion, and a 21% incidence of gross hematuria.’ Another
urethral insert, the Viva urethral plug, had a 33% to 43%
success rate. This device was also associated with urinary
tract infection and was hindered by plug migration to the
bladder.?

Conclusion

Although at first thought, vaginal and urethral devices may
seem to be ideal means to manage mild to moderate stress
incontinence, in practice, their acceptance has been low.
Nonsurgical therapy requires motivation, patience, and
long-term commitment. In addition, the vaginal and ure-
thral devices cure far less women than surgery. However,
they may increase the quality of life for patients who are
medically unfit for surgery or who do not desire an oper-
ation. The “nuisance factor” associated with device care is
the major barrier to greater acceptance. The devices may
be ideal for women with only exercise-induced inconti-
nence or for those who need a temporary treatment until
they are able to undergo surgery. Surgery and pelvic floor
rehabilitation remain the most common and popular treat-
ments for stress urinary incontinence.



Device Therapy for Stress Incontinence

References

1. Elliott DS, Boone TB. Urethral devices for managing stress urinary
incontinence. ] Endourol 2000;14(1):79-83.

2. Vierhout ME, Lose G. Preventive vaginal and intra-urethral devices
in the treatment of female urinary stress incontinence. Curr Opin
Obstet Gynecol 1997;9(5):325-328.

3. Glavind K. Use of a vaginal sponge during aerobic exercises in
patients with stress urinary incontinence. Int Urogynecol J 1997;8:
351-353.

4. Nygaard I. Prevention of exercise incontinence with mechanical
devices. ] Reprod Med 1995;40:89-94.

5. Robert M, Mainprize TC. Long-term assessment of the incontinence

ring pessary for the treatment of stress incontinence. Int Urogynecol
] Pelvic Floor Dysfunct 2002;13:326-329.

10.

m

Thyssen H, Bidmead ], Lose G, Moller Bek K, Dwyer P, Cardozo L. A
new intravaginal device for stress incontinence in women. BJU Int
2001;88(9):889-892.

Trincello D, Bolderson J, Richmond D. Preliminary experience with
a urinary control device in the management of women with genuine
stress incontinence. Br ] Urol 1997;80:752-756.

Rabin JM. Clinical use of the FemAssist device in female urinary
incontinence. ] Med Syst 1998;22:257-271.

Brubaker L, Harris T, Gleason D, Newman D, North B. The external
urethral barrier for stress incontinence: a multicenter trial of safety
and efficacy. Miniguard Investigators Group. Obstet Gynecol 1999;
93(6):932-937.

Staskin D, Bavendam T, Miller J, et al. Effectiveness of a urinary
control insert in the management of stress urinary incontinence:
early results of a multicenter study. Urology 1996;47:629-636.



Medications for Stress Urinary Incontinence

G. Willy Davila

Pharmacologic therapy of stress urinary incontinence
(SUI) is directed toward enhancing urethral sphincteric
function, especially during times of increased intraabdom-
inal pressure such as coughing or lifting. Appropriate func-
tion of the intrinsic and extrinsic urethral sphincteric
musculature, along with appropriate urethral support, as
well as integrity of the urethral mucosa and submucosal
vascular plexus are the key components of the delicate
female continence mechanism. The extrinsic muscular
support of the urethra is dependent on intact pelvic floor
musculature and its innervation. Physiotherapeutic
approaches to SUI are discussed in Chapter 12-2. The ure-
thral mucosal and vascular factors are dependent on estro-
gen availability. In menopausal women, there is a prompt
reduction in blood flow to the urethral submucosa and
thinning of the urethral mucosa. Usage of local estrogen
cream is discussed in Chapter 11-1.

Alpha 1A/1L adrenoceptors are present at the level of
the urethra and bladder neck smooth muscle. They are
amenable to pharmacologic manipulation in order to
enhance urethral sphincteric tone and contractility.
Alpha-adrenergic stimulants have therefore been used
for many years in the treatment of SUI These include
phenylpropanolamine, pseudoephedrine, ephedrine, and
phenylephrine. These medications result in enhanced ure-
thral sphincteric tone attributed to a direct effect on the
alpha-adrenergic receptors in the urethral smooth muscle.
In the United States, phenylpropanolamine was removed
from the market in the year 2000, because of the reported
occurrence of subarachnoid and intracerebral hemorrhage
in adults taking this medication. It was found that in
women who were admitted to the hospital with intracere-
bral bleeding, the odds ratio was 16.58 for usage of phenyl-
propanolamine. Before its removal from the market,
phenylpropanolamine was widely used for mild SUT symp-
toms. It was used either as a single-dose extended-release
formulation, or three-times-daily 25-mg tablets. The
improvement in SUI was mild, but predictable. Previous
urodynamic studies have demonstrated an increase in
urethral closure pressure with alpha-adrenergic agents.

Importantly, the combination of an alpha-adrenergic oral
agent along with local estrogen replacement therapy
resulted in a synergistic improvement in SUI symptoms.'
Thus, we recommended the usage of local estrogen cream
along with an oral alpha-adrenergic agent before their
removal from the market.

Imipramine (Tofranil) is a drug with combined proper-
ties as an anticholinergic, alpha-adrenergic, and mild
anesthetic agent. It was primarily used as a tricyclic
antidepressant and anxiolytic. Its usage for depression has
been limited because of the recent availability of serotonin
reuptake inhibitors. Because of its combined properties,
imipramine can be very useful in mixed urinary inconti-
nence, as well as in SUL It can be used as a once-a-day 25-
to 50-mg tablet, or can be given in multiple daily dosages.
Care must be taken in the elderly because of the possibil-
ity of cardiovascular side effects. Various studies have
demonstrated an improvement in urethral closure as well
as SUI symptoms with imipramine. Cure rates are variable
but have been shown to be as high as 35%, especially in
those patients who demonstrated an increase in urethral
closure pressure during therapy.”

Most recently, duloxetine has been studied widely for the
treatment of stress as well as mixed urinary incontinence.
Although it is not yet approved by the Food and Drug
Administration for incontinence, it is available for clinical
use for depression, and multiple studies have been com-
pleted and data have been reported. Duloxetine’s effect in the
central nervous system at the level of Onuf’s nucleus leads to
a stimulation of the external urethral sphincter. Because of
this stimulation, reduction in SUI of 50% to 65% has been
reported with an approximate 20% cure of SUI symptoms.’
It is also being studied in the treatment of mixed urinary
incontinence. Other agents are also being studied with
alpha-adrenergic properties. Once duloxetine and other
agents are available, they may provide an effective means for
addressing SUI pharmacologically.* As with any nonsurgical
treatment modality for urinary incontinence, a multimodal-
ity approach, including behavioral modifications and pelvic
floor exercises, is likely to be most beneficial for patients.
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Sling/Tension-Free Vaginal Tape

Gamal M. Ghoniem and Usama M. Khater

Over the past decade, suburethral slings have emerged as
the procedure of choice for the surgical correction of most
types of female stress urinary incontinence (SUI). In 1997,
the Female Stress Urinary Incontinence Clinical Guidelines
Panel of the American Urological Association analyzed the
literature regarding surgical procedures for treating SUI
and established that retropubic suspension and sling pro-
cedures were the most durable procedures with the longest
outcome for dryness.' In recent years, slings have become
more common, because needle suspension procedures
have failed the test of time, and suburethral sling proce-
dures have proved to be less morbid than retropubic
suspensions.

Pubovaginal Sling

In 1907, Von Girodano introduced the sling concept for
treatment of urinary incontinence when he wrapped a gra-
cilis graft around the urethra. However, credit for the first
pubovaginal sling went to Goebell in 1910 when he rotated
the pyramidalis muscles beneath the urethra and joined
them in the midline. In 1914, Frangenheim used rectus
abdominis muscle and fascia for slings. Stoeckel argued
that the material used for the slings was not important in
the outcome, and the success depends on a high urethral
position and attachment of the sling to the abdominal
muscles. Price described the first fascial sling in 1933.
Millin used strips of rectus fascia, looped them under the
urethra, and tied them over the top of the urethra. In 1942,
Aldridge used fascial slings in conjunction with vaginal
plastic operations. He mobilized strips of abdominal fascia,
leaving the edges attached to the recti muscles medially,
and tunneled the strips through the recti 4cm above
the pubis. The two ends were sutured together through a
vertical vaginal wall incision. The Aldridge procedure
dominated sling surgery for many decades. Green and
Robertson in 1962 and 1970, respectively, described incon-
tinence cases that were well supported but leaked with

increases in abdominal pressure. McGuire also reported a
high failure rate for anterior colporrhaphy and retropubic
suspension in women who had type III SUL. When these
patients were treated with a pubovaginal sling, they had a
91% cure rate at a mean of 2.3 years.” The sling was rein-
troduced to urologists and, since then, sling material, size,
suture, and point of fixation have undergone numerous
revisions. The sling may be placed abdominally or trans-
vaginally. The common goal is to restore sufficient urethral
outlet resistance while avoiding urethral obstruction and
allowing spontaneous micturition. The mechanism by
which the sling accomplishes these goals remains contro-
versial. Ghoniem and Shaaban’ performed videourody-
namics on 35 women undergoing a pubovaginal sling for
intrinsic sphincter deficiency. Fluoroscopic monitoring
during straining showed upward and outward movement
of the sling, and downward and inward movement of the
bladder base. The opposing forces closed the bladder neck,
preventing leakage of contrast material and restoring
outlet resistance. The sling restores anatomic position of
the urethra. Thus, it is effective for treating intrinsic
sphincter deficiency and urethral hypermobility. A variety
of materials have been used successfully as suburethral
slings. Slings can be made from autologous materials, allo-
grafts, or synthetic materials.

Autologous Slings

Until the 1950s, only autologous tissue such as rectus fascia
or fascia lata was available for transposition beneath the
urethra. Autologous materials are generally associated with
less urethral erosion and are easily shaped. The disadvan-
tages of using such materials include increased operating
time, morbidity, and discomfort caused by harvesting of
the graft. Cosmesis may also be an issue for many patients.
Furthermore, the patient’s own tissue may have insufficient
strength to withstand substantial forces as a consequence
of aging and hypoestrogenicity.
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Rectus Fascia

Rectus fascia is one of the most popular autologous mate-
rials used for a sling procedure. It is easily harvested,
even in patients with multiple abdominal operations. It
is durable and rarely causes urethral erosion. Histologic
changes after placement of a rectus fascia sling showed
extensive remodeling with increased fibroblasts and con-
nective tissue on biopsy specimens.’ The disadvantage of
using rectus fascia is that the fascia may be scarred and
thickened because of prior operations.

Fascia Lata

The advantages of fascia lata include the easily obtainable
long graft that is unscarred and of uniform thickness.
Because the graft is long, it is easier to achieve adequate
tension on the sling. This tension is obtained by tacking the
fascia to itself, which achieves uniform pressure distribu-
tion over the urethra. Because there is only a small incision,
recovery time is less, and there is no risk for abdominal
hernia. The disadvantage is that additional operative time
is required and there is pain at the harvesting site.

Vaginal Wall Sling

The anterior vaginal wall sling was introduced by Raz et
al.” in 1989. In this procedure, the sling is constructed from
the anterior vaginal wall and underlying fascia to compress
and support the urethra. This technique was modified in
1998 by Vasavada et al.,’ as they anchored the vaginal wall
patch to the pubic tubercle with two sutures and preserved
the endopelvic fascia. These modifications were believed
necessary to reduce the rate of suture pull-through from
the vaginal side and to reduce the rate of prolapse caused
by breakdown of the endopelvic fascia.

Allograft Slings

Allografts are tissues harvested from a human donor,
which are transplanted into human recipients. Allograft
materials were introduced in an attempt to decrease
morbidity associated with harvesting autologous slings.
Human cadaveric fascia and cadaveric dermis are now the
two most often used allograft materials. Organic materials
seem to be a good choice for the sling because of lower risk
of erosion. The allograft is obtained from a licensed tissue
bank regulated by the American Association of Tissue
Banks (AATB). A multistep sterilization process is con-
ducted to eliminate risk of disease transmission. A graft’s
processing may affect its quality. Failure caused by graft
degradation is more common with fresh frozen irradiated
grafts than with chemically processed grafts. The latter
retain their quality and architecture more readily.
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Donor and recipient matching is not required, although
presence of DNA material has been reported in some
commercially available cadaveric allografts. The clinical
significance of this DNA material is undetermined.
Although the risk of disease transmission is remote, it is
imperative that it be explained to patients. Several studies
have attempted to quantify this risk. Only one case of trans-
mission of the human immunodeficiency virus (HIV) has
been reported from tissue (not fascia) transplantation
since screening for HIV and other viral pathogens was ini-
tiated. If guidelines for tissue banking set forth by the Food
and Drug Administration are followed, risk of acquiring
tissue from a donor with HIV is estimated at 1 of 1667 600.
By comparison, risk of HIV infection from a blood trans-
fusion is much higher than from tissue transplant.”

Another potential risk of cadaveric fascia transplanta-
tion is transmission of prion diseases. Prions are protein
molecules associated with transmission of spongiform
encephalopathy. The most common form of this
encephalopathy is Creutzfeldt-Jacob disease. A literature
review did not document spongiform encephalopathy
associated with cadaveric fascia lata or dermis.®

Allograft fascia lata slings have been proven as
efficacious as autologous fascia in short-term follow-up
studies.” Long-term follow-up and evaluation are required.
Processed dermal matrix is a human cadaveric allograft
available under the brand names DuraDerm™ (C.R. Bard
Inc., Murray Hill, NJ) and UrogenTM (AMS, Minnetonka,
MN). The acellular collagen matrix contains proteins, pro-
teoglycans, and other ground substances, and serves as
structural support for effective ingrowths of the host’s
collagen. Being acellular serves to eliminate immune
response, and tissue rejection. Repliform™ (LifeCell Corp.,
Branchburg, NJ) is an acellular human dermal matrix allo-
graft that is available for tissue reinforcement in pelvic
floor and incontinence surgery.

Xenograft Slings

Xenografts, or tissues derived from nonhuman donors,
have been used as slings. Pelvicol™ (C.R. Bard Inc.) is a flat
sheet of fibrous acellular porcine dermal collagen. It is
claimed to have a composition that minimizes the risk
of urethral erosions. Crosslinking with hexamethylene
diisocyanate (HMDI) is believed to resist breakdown by
collagenase.

DermMatrix™ (Advanced UroScience), a new biocom-
patible, acellular matrix, is a heterologous material made of
porcine corium. It is claimed to have high omni direction
tensile strength, which lessens the incidence of suture pull-
through. It is non-antigenic and is adapted by the host
tissue by ingrowths.

Stratasis™ (Cook Urological, Bloomington, IN) is a sub-
urethral sling material constructed from porcine small
intestinal submucosa. It is an acellular collagen matrix,
which therefore theoretically, is nonimmunogenic. It con-
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sists predominantly of type I collagen. It is not crosslinked,
and therefore does not lead to encapsulation. It is
biodegradable and resorbable. It is gradually remodeled
and disappears, leaving behind normal tissue.

Fortaflex™ (Organogenesis, Canton, MA) consists of
acellular collagen matrix material derived from porcine
small intestine submucosa. The intestinal submucosa had
a stretch capacity not seen with cadaveric fascia.

Tissue-Guard™, or Veritas® (Synovis Surgical Innova-
tions, St. Paul, MN), is biological material derived from
bovine pericardium. It is crosslinked with glutaraldehyde,
which preserves its natural collagen structure. High
content of glutaraldehyde crosslinking is associated with a
high incidence of calcification. Their processing reduces
this to less than 6 parts per million.

Clinical data supporting long-term safety and efficacy of
these new allografts are not available and, thus, their use is
endorsed with caution.

Synthetic Slings

There are several obvious advantages of using synthetic
materials for slings. The supply of artificial material is
unlimited in quantity, consistent in quality, and can be
fashioned into any size or shape. The use of synthetic mate-
rials obviates the need for harvesting tissue from a second
operative site and minimizes dissection when compared
with biomaterials; synthetic materials are more uniform,
more consistent, and more durable. In addition, artificial
graft materials are sterile and free of biomaterials. The
ideal synthetic sling material should be of consistent
strength and quality, nonabsorbable, mildly elastic, and
easily available in adequate sizes. It should also be at
minimal risk of evoking a foreign body inflammatory
response and erosion into surrounding structures. No such
material exists at present. The drawbacks of synthetic graft
materials include graft infection, erosion into the urethra,
or extrusion into the vagina.

Short-term objective cure rates range between 73% and
93%." Intermediate and long-term results suggest that the
continence rate at 10 years is similar to that at 1 year.'”"

The first slings were made of multifilament polyethylene
(Mersilene™; Ethicon, Somerville, NJ) to support the
urethra and bladder neck. These were replaced by
monofilament polypropylene grafts such as Marlex™ (C.R.
Bard, Cranston, RI) and Prolene (Ethicon), which were
designed to overcome urethral fixation and scarring.
The interwoven mesh acts as scaffolding into which the
patient’s endogenous tissue can grow and galvanize the
repair. Consequently, the larger pore size of polypropylene
grafts leads to lesser scarring than the polyethylene. Many
of the same complications occurring with polyethylene
were seen with polypropylene, including urethral erosion,
chronic retention, and postoperative urgency and fre-
quency. Gore-Tex (WL Gore and Associates, Flagstaff, AZ)
is another synthetic sling, which is made of expanded and
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reinforced polytetrafluorethylene. Problematic graft infec-
tion, rejection, and erosion resulted from its use. A Silicon
sling was introduced in 1985 and thought to be superior to
Marlex™ or Mersilene™ because of its smooth surface,
which would promote formation of a fibrous sheath.
Although initial cure rates were promising, long-term
results were disappointing. Silicone slings have a high rate
of vaginal erosions and sinus formation.' Additional syn-
thetic sling materials have been used and have also met
with high complication rates. ProteGen™ (Boston
Scientific, Natick, MA) is a woven polyester sling treated
with bovine collagen, and was associated with unaccept-
able rates of vaginal and urethral erosions.

In 1993, Ulmsten and Petros proposed the Integral
Theory, postulating that stress and urge are defective flow
symptoms that may arise from laxity in the vagina or its
supporting ligaments. Using this theory and the hammock
hypothesis previously proposed by DeLancey and Richard-
son," Ulmsten et al. postulated that re-creation of the pub-
ourethral ligament and support of the suburethral vagina
are essential in treating SUL This finding led to develop-
ment of the original tension-free urethropexy, the intrav-
aginal slingplasty, and later the transvaginal tape.
Tension-free vaginal tape (TVT) (Ethicon, Inc.) is another
type of synthetic suburethral sling, which was introduced
by Ulmsten and has achieved popularity. Since its intro-
duction in the treatment of SUI, TVT has gained wide
acceptance because of its simplicity, ability to be performed
under local anesthesia, decreased operative time, decreased
recovery, and good outcomes. Ulmsten et al."”” described an
86% cure rate with significant improvement in another
11% in a 3-year follow-up.

The TVT sling is placed at the mid urethra. The ration-
ale behind transvaginal tape is that a tissue reaction to the
polypropylene mesh tape produces a controlled longitudi-
nal deposition of collagen along the length of the tape,
forming a collagen scar that stimulates the urethral
support mechanism of the pubourethral ligaments. This
scar secures proper fixation of the mid urethra to the pubic
bone and simultaneously reinforces the suburethral
vaginal hammock and its connection to the pubococcygeus
muscles. Bladder perforation is the most common compli-
cation of this procedure. In an effort to reduce this com-
plication, downward needle-carrier placement through the
retropubic space, such as the SPARC™ (American Medical
Systems, Minneapolis, MN) female sling system was intro-
duced in 2001. The manufacturer of the traditional TVT
also recently introduced suprapubic needle passers.
However, because these slings still require passage through
the retropubic space, their use may lead to vascular, bowel,
and bladder injury, and cystoscopy is still required. In
France in 2001, Delorme introduced a new approach for
placement of sling through the obturator foramen. The aim
of this approach is to substitute the lost hammock action
and support to the mid urethra as described by DeLancey"'
and provide a backboard support to the urethra without
penetration of the retropubic space. It is a perineal
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approach compared with the retropubic approach, avoid-
ing the pelvic cavity. It is ideal for obese patients or those
with previous retropubic surgery. The tape trajectory runs
deeper and parallel to the deep perineal membrane, and
below the pubocervical fascia and levator ani muscles, pro-
viding support and minimal urethral compression, and is
less obstructive than retropubic slings. Delmas et al.”
studied the tape trajectory in 10 fresh female cadavers, after
passing it in a fashion as performed clinically. The tape is
located at the medial and inferior border of the obturator
foramen and away from the lateral and superior femoral
vessels. It is 1cm away from the insertion of adductor
longus and gracilis muscles. The obturator vessels and
nerves are situated far on the opposite side of the obtura-
tor foramen, and directed toward the thigh. At the per-
ineum, the tape is in a deeper plane to the urogenital
triangle with its pudendal nerve branches, including the
branches to the clitoris. These branches are protected by
the ischiopubic ramus. Laterally, the tape passes under the
levator ani muscles and endopelvic fascia, but over or
below the arcus tendinous fascia pelvis and 4 cm away from
the obturator neurovascular bundle. The accessory puden-
dal artery (3% of population) runs above the levator before
it exits under the symphysis pubis.

The transobturator route transverses muscles and fascia,
with no major vessels, nerves, or viscera along the needle
route. At Cleveland Clinic Florida, we use the transobtura-
tor approach for placement of ObTape™ (Mentor, Santa
Barbara, CA) and Monarc™ (AMS) slings. The senior
author uses this approach with Ghoniem pinch maneuver.
In this technique, the patient is placed in the lithotomy
position, under local, general, or regional anesthesia. The
anterior vaginal wall is infiltrated with 1:1 mix of 0.5%
bupivacaine hydrochloride and 1% lidocaine hydrochlo-
ride with diluted epinephrine (1:100000) to facilitate dis-
section and hemostasis. The incision sites extending lateral
to the urethra and up to the vaginal sulcus are infiltrated.
The incision is made at the level of the mid urethra enough
to introduce the index finger. The dissection is performed
to the lateral vaginal sulcus until the inner aspect of the
ischiopubic ramus is felt with the index finger. The ischiop-
ubic ramus is felt, and the inner edge of the obturator
foramen is pinched between the thumb and the index
finger “pinch maneuver” (Figure 6-3.1). Once a good pinch
is achieved, all the following steps are performed in this
position.

The skin is punctured with a 15-blade knife 1 cm above
the external meatus level and at the level of the clitoris. The
puncture site is directly above the thumb and at the inner
edge of the ischiopubic ramus. The passer is inserted in two
movements/steps guided by the index finger (Figure 6-3.2).

The first step is up and down penetration of the obtura-
tor membrane with a distinct “give away” feeling. Once the
tip of the passer is felt with the index finger, the passer is
rotated from a lateral to medial direction and guided to the
vaginal incision. It is kept on the ventral surface of the
finger to protect the urethra at all times. The end of the tape
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Figure 6-3.1. The inner edge of the ischiopubic ramus is pinched between the index
finger (inside the incision) and thumb on the skin. (Reprinted with the permission of The Cleve-
land Clinic Foundation.)

is threaded into the eye of the passer and is pulled through
to bring the wider portion of the tape for a better hold
(Figure 6-3.3).

The passer is then pulled in a reverse movement, bring-
ing the end of the tape through the punctured skin. The
same steps are repeated on the contralateral side. The ends
of the tape are pulled and the midportion of the tape
(narrow) is kept under the urethra. Appropriate tension is
achieved when a space between the urethra and tape is

Figure 6-3.2. The ventral aspect of the index finger should guide the tip of the passer
from the lateral position through the vaginal incision. (Reprinted with the permission of The
Cleveland Clinic Foundation.)
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Figure 6-3.3. The narrow end of the tape is threaded into the eye of the passer and
pulled until the wider portion of the tape is secured into the eye of the passer. (Reprinted
with the permission of The Cleveland Clinic Foundation.)

ensured using a clamp. The ObTape™ is nonelastic and
does not recoil. The ends of the tape are cut, by pressing on
the skin, avoiding tension on the tape. Skin adhesive is
applied to the punctured sites, and the vaginal incision is
closed with 2-0 polyglactin 910 suture.

In case of a cystocele repair, the transobturator tape
(TOT) or sling can be placed through the same incision. It
is preferable to fix the edge of the tape on each side of the
urethra to the pubocervical fascia to prevent early move-
ment of the tape.

Transobturator tape is effective for treatment of stress
urinary incontinence." Delorme" reported his satisfactory
initial feasibility and safety study on 40 patients with a
follow-up of 3 to 12 months, and more recently on 32
patients with a minimum of 1-year follow-up (mean 17
months).'® He reported cure in most of his patients with
failure in only one patient.

We obtained promising initial results when we evaluated
27 women with SUI who underwent transobturator
ObTape™ at our institution. Eight of the patients under-
went TOT alone and 19 had TOT with other pelvic recon-
structive procedures. There were no urethral or bladder
injuries. Vaginal erosion was seen in one patient, and it was
treated by local excision and closure. No bowel or vascular
injuries occurred. Incontinence was cured or improved in
more than 80% of patients.

Complications of Slings

The risk of sling erosion is high among patients who under-
went synthetic sling placement compared with non-
synthetic material grafts. The Female Stress Urinary
Incontinence Panel of the American Urological Association
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reported 12 vaginal or urethral erosions in 1715 patients
who underwent autologous pubovaginal sling placement
(0.007%) compared with 41 erosions in 1515 patients
treated with various synthetic slings (0.027%)." The mech-
anism of erosion is thought to be secondary to delayed
infection of synthetic materials resulting in vaginal
erosion, and excessive tension applied to the sling or unrec-
ognized urethral injury at the time of operation resulting
in urethral erosion. The symptoms of erosion may include
vaginal and urethral pain, irritative voiding symptoms,
vaginal discharge, or bleeding. Erosions can be detected by
physical examination and urethroscopy.

Overall, new-onset urge incontinence has been reported
in as many as 20% of patients after sling operations."”

Urinary retention, or an inability to void after a pubo-
vaginal sling procedure, is common especially during the
initial postoperative period. This complication may occur
because of impaired detrusor contractility, bladder outlet
obstruction, or both. To reduce the risk of this complica-
tion, prior identification of poor detrusor contractility is
required, and the patient should be advised of the risk of
postoperative voiding difficulties. Placement of slings
without tension as in the TVT procedure has led to a sub-
stantial decrease in obstructive complications. Further
reduction of this complication has been achieved by adopt-
ing the transobturator technique (TOT).

Recurrent stress incontinence, urinary tract infections,
incisional hernias, and pelvic hematoma may also develop
as complications of sling procedures. Bladder perforation,
blood vessel, or nerve injury can occur during placement
of slings. Vaginal mucosal slings are associated with the
risk of epithelial inclusion cyst formation."
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Bulking Agents

Raymond R.Rackley and Ahmed Elazab

For the past several decades, injectable bulking agents have
been used for a growing number of people with varying
degrees of stress urinary incontinence (SUI). The goal of
this therapy for incontinence is to create coaptation and a
better mucosal seal for the incompetent urethra. These
agents improve intrinsic sphincter function as evidenced
by an increase in posttreatment abdominal leak pressure
measurements.

Although first introduced in 1938, this conceptual form
of therapy has received renewed interest since 1988, with
the introductory use of bovine glutaraldehyde crosslinked
(GAX) collagen for the treatment of intrinsic sphincteric
deficiency (ISD). In the United States (US), most physi-
cians’ experiences with injectable bulking agents have been
limited to GAX collagen (Contigen; Bard Urological, Cov-
ington, GA), autologous fat, and carbon-coated beads
(Durasphere; Boston Scientific Corp., Boston, MA) whereas
non-US physicians have used such agents as silicon,
polytetrafluoroethylene paste, calcium hydroxylapatite,
hyaluronic acid, and injectable microballoons. New and
revised bulking agents are currently under investigation in
the US, as properties of the ideal bulking agent make this
form of therapy a highly competitive field for innovations
in technology.

Contemporary application of bulking agents has become
increasingly popular by both patients and physicians,
because the therapy entails a minimally invasive procedure
performed under a local anesthesia in an outpatient
setting. Although this choice of therapy is largely patient
driven, selection remains important to the ultimate success
of injection therapy, because the ideal candidates are
usually those who have SUI with good anatomic support
and healthy tissue.

Despite a tremendous growth in contemporary interest
in injectable bulking agents, there have been only a few
prospective randomized trials comparing different bulking
agents or even injectable therapy to other forms of treat-
ment for SUIL This chapter will summarize the properties,
technical approaches, published results, and complications
of the various agents available in the US, as well as explore

some of the controversies surrounding these issues that
have promoted or limited the application of this therapy.

Bulking Agents

The ideal bulking agent must be hypoallergenic, biocom-
patible, and nonimmunogenic. Additional considerations
for selecting a particular agent include cost, implant han-
dling and storage, special equipment for injection, techni-
cal ease of application, local and distal migration of the
material, and tissue reaction such as inflammation and
wound healing. The bulking agents currently approved in
the US by the Food and Drug Administration (FDA),
include GAX collagen, autologous fat, and carbon-coated
beads and are reviewed below.

Contigen

Contigen is a GAX collagen, a highly purified suspension
of bovine collagen in approximately 60% vol/vol phos-
phate-buffered saline containing approximately 95% type I
collagen and approximately 1% to 5% type III collagen. The
GAX makes collagen less susceptible to fibroblast-secreted
collagenase that may result in resorption of the implant
and loss of long-term efficacy. Although the resorption of
GAX collagen is reduced, this implant is clinically charac-
terized as having resorptive properties resulting in the
need for repeated injections (top-off injections once or
twice a year) to maintain its long-term efficacy. Persistence
of the implant itself has been demonstrated with magnetic
resonance imaging of the urethra at intervals of up to 22
months after injection, but the measured volume was less
than that injected. Because 2% to 5% of patients are sensi-
tized to collagen through dietary exposure, all patients
must undergo a skin test 30 days before treatment; the
implant itself at the submucosal location elicits a minimal
inflammatory response without foreign body reaction.
The properties of this bulking agent allow versatility

121



122

in its technical application (periurethral, submucosal,
or transurethral approach) depending on physician
preferences.

As with most anti-incontinence procedures, it is difficult
to analyze the outcome of Contigen injection therapy for
urinary incontinence because of varying definitions of
reported “cure.” Early results have reported subjective cure
rates of 85% to 95%. In a multicenter trial reported by
O’Connell et al." in 1995 on periurethral Contigen injection
for 160 females with ISD, 93.8% had significant improve-
ment and 78.1% were completely dry after the injection.
That same year, Monga et al.> reported on 60 women with
genuine stress incontinence using periurethral collagen
injections. Subjective success rates were 86% at 3 months,
77% at 12 months, and 68% at 24 months. The long-term
(>2 years) success rates are not as favorable (26%-65%),
but some long-term cures are noted in this and other trials.

Despite the widespread and long-term application of
this implant for the treatment of SUI, treatment-related
morbidity has been minimal. Reports of transient urinary
retention ranges from 1% to 21% and is managed with
intermittent catheterization or short-term catheter use.
Urinary tract infection occurs in 1% to 25% of cases, and
self-limited hematuria may occur in 2% of cases. Other
reported but rare complications include periurethral
abscess formation, de novo instability, and a reaction at the
previously negative skin test site after a Contigen implant
treatment.

When initially introduced for the treatment of ISD in
patients with nonmobile urethras, the use of the Contigen
implant as well as other bulking agents for patients with
hypermobility was somewhat controversial. There have
been numerous and well-characterized reports by several
centers showing no significant difference in outcome in
SUI patients with or without urethral hypermobility. This
finding has continued to serve as a strong argument for the
use of injectable bulking agents as a first line, minimally
invasive therapy for the treatment of SUI, even before the
use of oral medications with their requirement and cost of
daily administration and attendant side-effect profiles.
Continued outcome studies with defined case selection cri-
teria and improved implant material with outpatient tech-
nical applications under local anesthesia will continue to
define the proper place for this form of SUI treatment,
especially in choosing more invasive treatments. In 1997,
Berman and Kreder® analyzed the cost effectiveness of col-
lagen compared with a sling procedure for type III incon-
tinence, and concluded that surgery was more cost effective
than collagen.

Autologous Fat

Whereas autologous fat is one of the bulking agents that is
approved by the FDA, several other autologous materials
are under consideration, such as autologous chondrocytes
and bladder muscle cells. Periurethral autologous fat has
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been used as an inexpensive, biocompatible, and readily
available periurethral bulking agent. The main disadvan-
tages to using fat are the variability of reabsorption
(50%-90%) attributed to lack of graft survival and the
degree of eventual connective tissue replacement. As in all
autologous grafts, survival depends on minimal handling
that is afforded through the use of low suction pressure
during liposuction and the use of large-bore needles. The
procedure involves harvesting abdominal wall fat by lipo-
suction usually under general anesthesia. The injection
is usually performed via the periurethral/submucosal
approach with a 16- or 18-gauge needle, to reduce the
sheering forces generated through the longer needle of the
transurethral approach.

Short-term success rates of autologous fat injection for
ISD have ranged from 56% to 66%. Long-term survival
rates of fat grafts of 10% to 50% have been reported. In
2001, Lee et al.* reported a randomized, double-blind,
placebo-controlled trial comparing autologous fat for
periurethral injection versus saline. They reported a
cure/improvement rate at 3-month follow-up of 22%. Inter-
estingly, the cure/improvement rate for the placebo group
was 20.7%. Haab et al’ reported in a nonrandomized,
prospective comparison of periurethral fat versus collagen
injections. At 7-month follow-up, 13% of the fat group and
24% of the collagen group were cured. They also reported
that the mean percentage of subjective improvement was
significantly greater in the collagen group than in the fat
group. The failure rate was significantly greater in the fat
group compared with the collagen group.

Complications related to periurethral fat injections have
been rare and include voiding difficulties (7.6%), de novo
instability (3.8%), rectus muscle hematoma formation
(3.4%), and urinary tract infection (3.4%-4.7%). Compli-
cations from the donor graft site harvest, such as abdomi-
nal wall pain, hematoma, and infection are expected
depending on the size of graft harvest. Additional compli-
cations of urethral pseudolipoma and fat embolism, one of
which was fatal, have been reported.

Durasphere

The newest FDA-approved bulking agent is Durasphere. It
consists of pyrolytic carbon-coated zirconium oxide beads
suspended in an approximately 50% vol/vol water-based
carrier gel containing glucan. The targeted radio-opaque
bead size originally ranged from 250 to 300 microns in
diameter, but now consists of non-radio-opaque beads
measuring between 100 to 200 microns. This size reduction
was made to facilitate the technical aspects of injection
without risking particle migration associated with agents
less than the known 80-micron threshold. This synthetic
bulking agent is permanent and nonreactive. The potential
advantages over other injectable bulking agents include
nonimmunogenicity (eliminating the need for skin test-
ing before implantation) and a bead diameter size of
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more than 80 microns (decreasing the risk of potential
macrophage phagocytosis and migration).

The short-term results of Durasphere seem to be com-
parable to those of other established bulking agents. Light-
ner et al.’® reported prospective results in 355 women
randomized to receive Durasphere or Contigen for the
treatment of ISD. At 12 months after injection, 80.3% of
patients in the Durasphere group had improvement in con-
tinence grade versus 69.1% in the bovine collagen group.
Improvement in urine loss, as measured by reduction in
pad weight, was 27.9 g for the Durasphere group versus 26.4
g for the Contigen group. Mean total volume injected was
7.55mL for Durasphere versus 9.58 mL for collagen. An
increase in durability was not proven, because Durasphere
required a mean of 1.69 injections versus 1.55 for collagen.

Complications associated with Durasphere are similar to
those associated with Contigen. However, the incidence of
self-limited acute urinary retention and urgency are higher
with Durasphere (24.7% and 16.9%, respectively) than with
Contigen (11.9% and 3.4%, respectively).

Although Durasphere is reported as being nonmigra-
tory, some controversy regarding this issue was generated
early on in the clinical use of this agent. In 2001, Pannek et
al” described 20 patients with ISD who underwent
transurethral submucosal injection of Durasphere. They
reported six cases with evidence of distant migration of the
Durasphere particles on X-ray. The authors could not
explain the reason for bead migration or its clinical impli-
cations, yet it seemed that all these patients were males
injected under a general anesthetic using large amounts of
material in excess of typical volumes used for the treatment
of female SUI. This invariably led to venous injection and
extravasation of the material.

Evaluation and Patient Selection

As with any patient undergoing evaluation for urinary
incontinence, the patient’s general medical history should
be reviewed, especially the incontinence history, previous
incontinence therapies, and current incontinence symp-
toms. In addition to a pelvic examination, urinalysis and/or
urine culture should be used to check for infection to
ensure that an injectable agent will not be implanted in the
setting of an active infection. Urodynamics or a supine
stress test may be used to confirm the diagnosis of SUI and
significant ISD. Cystoscopy may be performed before and
certainly at the time of the injection procedure to inspect
the urethra for pathologic conditions such as stricture, ure-
thral diverticulum, or poor mucosal closure and tissue
integrity.

Patients with SUI and normal detrusor function are
ideal candidates for injectable bulking agents. The presence
of significant ISD was originally the primary indication for
the use of injectable bulking agents in patients with SUL
However, varying degrees of ISD do coexist or are tran-
siently introduced with hypermobility and, thus, injectable
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bulking agents have been successfully used in patients with
hypermobility to improve the ISD component of their
incontinence. Furthermore, women who would require
regional or general anesthesia for their SUI treatment, but
are poor operative risks (i.e., use of hypocoagulable med-
ications), should be offered injectable bulking agents under
a local anesthetic as a viable option for treating their
condition.

Detrusor overactivity may be present or unrecognized in
many patients with confirmed SUI Although injectable
bulking agents are indicated primarily for SUI, many
patients with mixed signs and symptoms of SUI and over-
active bladder notice improvement in their overactive
bladder condition as a result of improving the SUI condi-
tion. These findings are tempered by reports of de novo or
worsening overactive bladder conditions in studies using
injectable bulking agents. However, these cases typically
represent under-recognized and previously unmanaged
coexisting overactive bladder conditions.

When using Contigen, a sensitivity skin test should be
administered 30 days before the treatment to detect hyper-
sensitivity to bovine collagen. Testing involves injecting 0.1
mL of bovine collagen intradermally in the inner aspect of
the forearm. The patient is instructed to report any redness
or swelling at the test site for 30 days.

A relative contraindication to injectable therapy is severe
vaginal tissue atrophy as evident by mucosal prolapse and
urethral caruncles. It is generally recommended that hor-
monal deficiency resulting in vaginal atrophy be treated
with topical estrogens for several months before injection
therapy to improve urethral compliance, tissue manipula-
tion, and acceptance of the bulking agent, as well as the
ability of the periurethral tissue to retain the injectable
bulking agent long-term. Absolute contraindications to
therapy with injectable bulking agents include significant
urethral pathology such as a urethral diverticulum, an
untreated urinary tract infection, and known hypersensi-
tivity to injectable bulking agents, such as Contigen.

Injection Techniques
Transurethral Approach

A transurethral approach for a bulking agent injection is
usually performed in an office or outpatient setting with
local urethral anesthesia. The patient is placed in the dorsal
lithotomy position, and the surgical field is prepared and
draped in a sterile manner. Local anesthesia consists of
2% lidocaine jelly placed intraurethrally and left in place
for approximately 5 to 10 minutes. With the cystoscope
inserted into the mid urethra, the tip of the injection needle
is inserted underneath the mucosa and the bulking agent
is deposited precisely into the sub-lamina propria tissue
plane until complete coaptation of the urethral mucosa is
visualized (Figure 6-4.1). To assess for potential cure in
patients given local anesthesia, the surgeon performs a
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Figure 6-4.1. Transurethral approach for bulking agents. (Reprinted with the permission of
The Cleveland Clinic Foundation.)

cough stress test before the injection and then may use this
finding as a baseline guide for determining if further
implant material is needed during the injection procedure.

Periurethral Approach

The bent-needle technique for a periurethral approach for
injectable bulking agents is a simplified, reproducible tech-
nique with a one-case learning curve. In comparison to tra-
ditional transurethral and periurethral approaches using
long, straight needles for various implant materials, the
bent-needle technique produces superior results in terms
of needle localization and tissue acceptance of bulking
under lower pressure without the need of regional or
general anesthesia. With cystoscopic confirmation of local-
izing the needle tip, there is less potential for injecting
into vascular spaces or into the deeper muscle layers of
the urethra. The bent-needle technique of a periurethral
approach produces a longer tract of tissue resistance to the
implant material exuding from the injection site that is
typical of transurethral procedures.

Preparation of the patient and anesthesia used are the
same as for the transurethral route. Additionally, 2mL of
1% plain lidocaine solution may be injected with a 1.5-inch
30-gauge needle at the 3- and 9-o’clock periurethral
positions.

As depicted in Figure 6-4.2, we have opted to use a pre-
formed, approximately 15-degree bent needle that does not
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compromise the inner luminal radius of the needle, which
would potentially increase the resistance to injection of the
implant material. Because of the shorter working length
and variation of gauge selection available with needles that
may reduce resistance to implant flow characteristics, the
bent-needle technique for a periurethral approach can be
used for all implant materials available for injectable
bulking agents and is generally thought to be easier to
perform and more efficacious than the original peri-
urethral and transurethral approaches. The smaller needle
gauges selected for a periurethral approach of this tech-
nique allow the injection of bulking agents for patients
taking medications, producing a hypocoagulable condition
without the need for interrupting their therapy. Using a
transurethral approach with larger-gauge needles not only
increases the potential for persistent bleeding and obscures
direct observation of the resolution in the postprocedural
time period, but the shorter needle track also lessens the
compressive hemostatic influences provided from a longer
needle track of the periurethral approach.

Depending on the material chosen for injection, the
bent-needle technique requires the selection of a pre-
formed needle (22 gauge for Contigen or a tapered-hub
19-21 gauge for Durasphere) bent at the midpoint to 15
degrees toward the luminal side of the needle. At the 3- or
9-0’clock position of the urethral meatus, the point of the

Figure 6-4.2. The bent-needle technique for the submucosal/periurethral approach.
(Reprinted with the permission of The Cleveland Clinic Foundation.)
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needle is placed at the urethral/vaginal wall crease. With
the needle positioned with the bend toward the urethral
lumen, the needle is advanced to the proximal urethra and
bladder neck. The length and the bend of the needle allow
the needle to transverse the urethral musculature and to
arrive at the distensible plane between the lamina propria
and muscularis muscle at the proximal urethra and bladder
neck area. Using a bent needle instead of the traditional
straight needle allows for a consistent, reproducible place-
ment of the needle tip within the proper plane of the prox-
imal urethra with minimal manipulation. Depending on
the material chosen for injection, hydrodissection of the
distensible pocket for implant injection between the
lamina propria and the muscularis muscle may be achieved
first by injecting 0.5mL of saline or 1% lidocaine before
introducing the injectable implant material.

To assess for immediate cure in cases performed under
local anesthesia, the surgeon may perform a cough/stress
test on the patient. If stress incontinence persists, addi-
tional material should be injected during the same session.
The bent needle may also be inserted on the opposite side
at the 9-o’clock position and the bulking agent injected
with the same technique if further coaptation is required
based on clinical judgment or using the cough/stress test
maneuver as a guide for achieving a satisfactory treatment
endpoint.

The merits reported by physicians for adopting the
bent-needle technique for a periurethral approach include
the following highlights. First, the technique is repro-
ducible and has a one-case learning curve compared with
other methods for this therapy. Second, superior needle-
tip localization at the level of the proximal urethra is
achieved compared with traditional periurethral and
transurethral techniques. Third, cystoscopic confirmation
of the needle tip, as well as lateral to medial movement
of the needle prevents vascular or deep urethral muscle
injection of the bulking agent. Fourth, the formation of
a longer periurethral needle track for the injection pro-
cedure prevents costly implant extrusion, decompression
of the bulking achieved, and better management of
patients with a hypocoagulable condition. Fifth, less
implant material is needed for the injection procedure
compared with other less consistent techniques. Finally,
the technique is widely applicable for any implant material
chosen without new techniques to be learned by the physi-
cian and supporting staff for every implant introduced
into the market.

Postprocedural Care

After the procedure, the patient is instructed not to leave
the outpatient care area without confirming her ability to
void after the treatment. Transient urinary retention is a
rare complication (<1%) that may sometimes be associated
with a temporary sensory nerve deficit from the amount of
periurethral lidocaine injected at the start of the procedure
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rather than actual urethral obstruction from the injection
medium and bulking agent. Should the patient be unable
to void despite bladder fullness, she is catheterized once in
the office and instructed on self-catheterization with a 12-
French catheter if needed until near-normal voiding
resumes (usually within 24 hours). The use of indwelling
urethral catheters should be avoided to prevent molding
and displacement of the bulking agent. A one-time pro-
phylactic oral antibiotic is administered at the conclusion
of the procedure. Routine over-the-counter oral analgesics
are suggested for any rare postoperative urethral discom-
fort. Although restriction of physical activity or intercourse
after the procedure has never been shown to influence the
outcome of this therapy, the use of common sense sur-
rounding these issues is encouraged for the first several
days after the implant procedure.

The patient is informed that additional injections may
be necessary to establish complete urinary continence
because of resorption or displacement of the injection
medium, injectable bulking agent, or local anesthetic agent.
Additional factors include the inability to have achieved
complete tissue coaptation or, in some instances, the
injectable material leaks or displaces from its implanted
site. Repeat injections are usually scheduled with a 4- to 6-
week waiting period between sessions to allow for local
tissue healing, and depending on the surgeon’s preference.

Summary

The aim of injectable bulking agent therapy for SUI is to
create coaptation and a mucosal seal for the incompetent
urethra. Injectable bulking procedures have the advantages
of simplicity, repeatability, and minimal risk of complica-
tions. Performed in an outpatient setting under local anes-
thesia, injection therapy is suitable for first line therapy for
SUI, especially in people who are not candidates for surgery
requiring regional or general anesthesia, or who cannot
discontinue their anticoagulation therapies. Whereas the
best candidates for injection therapy were originally
thought to be only those with pure ISD and good anatomic
support, the indications for its use has been supported for
all females with SUL

Results of the injectable therapy are variable and
dependent on the material and route of administration, the
number of injections used per session, and the number
of sessions needed to achieve a continent status. The
definition of successful patient outcomes is not standard-
ized for injectable therapy and the minimum follow-up
period reported varies. Despite these issues, the contem-
porary clinical experience warrants continued enthusiasm
for injectable bulking agent therapy as an option for treat-
ing female SUL. Clinical research optimizing the reporting
of standardized outcome measures, as well as defining the
natural history of the condition, will help to clarify the role
of this therapy among all the options for the treatment of
SUL
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Overall, injectable therapy complication rates are
minimal and the severity is usually minor. It is our belief
that complications such as extravasation of the implant
material are attributable to the injectable material placed
using high injectable pressure systems or in cases in which
the patient is given a regional or general anesthetic that
blocks the ability to report discomfort when the material
is implanted too deep into the muscularis wall of the
urethra. For these same reasons, prolonged urinary reten-
tion may develop when too much material is injected. Thus,
ideal techniques, such as the bent-needle approach to peri-
urethral injections, will minimize the risk of the above
complications. Furthermore, costs and rare complications
caused by regional or general anesthesia for a procedure
that can be performed under a local anesthetic support the
enthusiasm for adopting the use of techniques that best
achieve this goal. As with many minimally invasive thera-
pies for the treatment of SUI, complications seem to be
unique to the material used and the technique of applica-
tion as listed below.

The one major drawback to contemporary injectable
therapy is that it may not produce a complete or long-term
permanent treatment solution for the SUI condition
because we have little knowledge of its various etiologies
and respective natural histories. Conversely, one major
attraction of this therapy is its perceived advantage in the
SUI patient with borderline bladder function such as
hypocontractility, requiring a near-reversible solution to
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their management of complex voiding dysfunction. Fre-
quently, reinjections may be necessary if this option is
selected for the management of SUI, and the quest for
innovations in injectable therapy continues to support the
clinical application and research for discovering potential
permanent treatment options for SUL
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Retropubic Therapy for Stress Incontinence

Mark D. Walters

Since 1949, when Marshall et al." first described retropubic
urethrovesical suspension for the treatment of stress
urinary incontinence, and since Burch’s landmark article in
1961,” retropubic procedures have emerged as consistently
curative. Although numerous terminologies and variations
of retropubic repairs have been described, the basic goal
remains the same: to suspend and stabilize the anterior
vaginal wall, and thus the bladder neck and proximal
urethra, in a retropubic position. This prevents their
descent and allows for urethral compression against a
stable suburethral layer. We select a retropubic approach
(versus a vaginal approach) depending on many factors,
including the need for laparotomy for other pelvic disease,
the amount of pelvic organ relaxation, and whether a
vaginal or abdominal procedure will be used to suspend
the vagina. Additionally, the age and health status of the
patient, and the preferences of the patient and surgeon are
also determining factors. We generally do not perform a
retropubic procedure for intrinsic sphincter deficiency.

Few data differentiate one retropubic procedure from
another, although all have advantages and disadvantages.
The three most studied and popular retropubic procedures
are the Burch colposuspension, the Marshall-Marchetti-
Krantz (MMK) procedure, and the paravaginal defect
repair. At the Cleveland Clinic, we prefer the Burch colpo-
suspension for urodynamic stress incontinence with
bladder neck hypermobility and adequate resting urethral
sphincter function, and we combine it with a paravaginal
defect repair when the patient has stage II anterior vaginal
prolapse or when a concurrent sacral colpopexy is to be
done. We do both open and laparoscopic retropubic
repairs; laparoscopic techniques will be discussed else-
where. We no longer perform MMK procedures, so this
operation will not be described. The surgical techniques
described herein are contemporary modifications of the
original operations: Tanagho in 1976’ described the
modified Burch colposuspension; the paravaginal defect
repair has been described by Richardson et al.* and Shull
and Baden.’ Although less critically studied, the paravagi-
nal defect repair is regionally popular and widely per-
formed in the United States.

This chapter describes only retropubic suspension pro-
cedures that utilize an abdominal wall incision for direct
access into the space of Retzius. The use of laparoscopy and
mini-incision laparotomy to enter the retropubic space and
perform these and similar procedures is expanding, both
in terms of clinical experience and in research. A thorough
critique of the use of operative laparoscopy for urinary
incontinence and prolapse is described elsewhere.

Indications for Retropubic Procedures

Retropubic urethrovesical suspension procedures are indi-
cated for women with the diagnosis of urodynamic stress
incontinence and a hypermobile proximal urethra and
bladder neck. These procedures yield the best results when
the urethral sphincter is capable of maintaining a water-
tight seal at rest, but cannot withstand the unequal trans-
mission of abdominal pressure to the proximal urethra,
relative to the bladder, with straining. Although retropubic
procedures can be used for intrinsic sphincter deficiency
with urethral hypermobility, sling operations probably
yield better long-term results.

Women with stress incontinence generally should have
a trial of conservative therapy before corrective surgery is
offered. Conservative treatments come in the form of pelvic
muscle exercises, bladder retraining, pharmacologic
therapy, functional electrical stimulation, and mechanical
devices, such as pessaries. Eligible postmenopausal
patients with atrophic urogenital changes should be pre-
scribed vaginal estrogen before surgery is considered.

Surgical Techniques

Operative Setup and General Entry into the
Retropubic Space

The patient is supine, with the legs supported in a slightly
abducted position, allowing the surgeon to operate with
one hand in the vagina and the other in the retropubic
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space. The vagina, perineum, and abdomen are sterilely
prepped and draped in a sterite manner that permits easy
access to the lower abdomen and vagina. A three-way 18-
French Foley catheter with a 20-mL balloon is inserted
into the bladder and kept in the sterile field. The drainage
port of the catheter is left to gravity drainage and the irri-
gation port is connected to sterile water with or without
blue dye. One perioperative intravenous dose of an appro-
priate antibiotic should be given as prophylaxis against
infection.

A Pfannenstiel or Cherney incision is made. During
intraperitoneal surgery, the peritoneum is opened, the
surgery is completed, and the cul-de-sac is obliterated, if
necessary. The retropubic space is then exposed. Staying
close to the back of the pubic bone, the surgeon’s hand is
introduced into the retropubic space and the bladder and
urethra are gently moved downward. Sharp dissection is
not usually necessary in primary cases. To aide visualiza-
tion of the bladder, 100 mL of sterile water with methylene
blue or indigo carmine dye may be instilled into the
bladder after the catheter drainage port is clamped.

If previous retropubic or needle suspension procedures
have been performed, dense adhesions from the anterior
bladder wall and urethra to the symphysis pubis are fre-
quently present. These adhesions should be dissected
sharply from the pubic bone until the anterior bladder
wall, urethra, and vagina are free of adhesions and are
mobile. If identification of the urethra or lower border of
the bladder is difficult, one may perform a cystotomy,
which, with a finger inside the bladder, helps to define the
bladder’s lower limits for easier dissection, mobilization,
and elevation.

Burch Colposuspension

After the retropubic space is entered, the urethra and ante-
rior vaginal wall are depressed downward. No dissection
should be performed in the midline over the urethra or at
the urethrovesical junction, thus protecting the delicate
musculature of the urethra from surgical trauma. Attention
is directed to the tissue on either side of the urethra. The
surgeon’s nondominant hand is placed in the vagina, palm
facing upward, with the index and middle fingers on each
side of the proximal urethra. Most of the overlying fat
should be cleared away, using a swab mounted on a curved
forceps. This dissection is accomplished with forceful ele-
vation of the surgeon’s vaginal finger until glistening white
periurethral fascia and vaginal wall are seen. This area is
extremely vascular, with a rich, thin-walled venous plexus
that should be avoided, if possible. The position of the
urethra and the lower edge of the bladder is determined by
palpating the Foley balloon and by partially distending the
bladder to define the rounded lower margin of the bladder
as it meets the anterior vaginal wall.

Once dissection lateral to the urethra is completed and
vaginal mobility is judged to be adequate by using the
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vaginal fingers to lift the anterior vaginal wall upward and
forward, sutures are placed. Number 0 or 1 delayed
absorbable or nonabsorbable sutures are placed as far lat-
erally in the anterior vaginal wall as is technically possible.
We apply two sutures of No. 0 braided polyester on a SH
needle (Ethibond; Ethicon, Inc., Somerville, NJ) bilaterally,
using double bites for each suture. The distal suture is
placed approximately 2 cm lateral to the proximal third of
the urethra. The proximal suture is placed approximately 2
cm lateral to the bladder wall at, or slightly proximal to, the
level of the urethrovesical junction. In placing the sutures,
one should take a full thickness of vaginal wall, excluding
the epithelium, with the needle parallel to the urethra
(Figure 6-5.1). This maneuver is best accomplished by
suturing over the surgeon’s vaginal finger at the appropri-
ate selected sites. On each side, after the two sutures are
placed, they are passed through the pectineal (Cooper’s)
ligament, so that all four suture ends exit above the liga-
ment (Figure 6-5.1). Before tying the sutures, a 1 X 4cm
strip of Gelfoam may be placed between the vagina and
obturator fascia below Cooper’s ligament to aid adherence
and hemostasis.

As noted previously, this area is extremely vascular, and
visible vessels should be avoided if at all possible. When
excessive bleeding occurs, it can be controlled by direct
pressure, sutures, or vascular clips. Less-severe bleeding
usually stops once the fixation sutures are tied.

After all four sutures are placed in the vagina and
through the Cooper’s ligaments, the assistant ties first the
distal sutures and then the proximal ones, while the
surgeon elevates the vagina with the vaginal hand. In tying
the sutures, one should leave a suture bridge between the
vaginal wall and Cooper’s ligament, so as not to place too
much tension on the vaginal wall. After the sutures are
tied, one can easily insert two fingers between the pubic
bone and the urethra, thus avoiding compression of the
urethra against the pubic bone. Vaginal fixation and
urethral support depend more on fibrosis and scarring
of periurethral and vaginal tissues over the obturator
internus and levator fascia than on the suture material
itself.

Paravaginal Defect Repair

The object of the paravaginal defect repair is to reattach,
bilaterally, the anterolateral vaginal sulcus with its overly-
ing endopelvic fascia to the pubococcygeus and obturator
internus muscles and fascia at the level of the arcus
tendineus fasciae pelvis. The retropubic space is entered
and the bladder and vagina are depressed and pulled medi-
ally to allow visualization of the lateral retropubic space,
including the obturator internus muscle, and the fossa con-
taining the obturator neurovascular bundle. Blunt dissec-
tion can be carried dorsally from this point until the ischial
spine is palpated. The arcus tendineus fasciae pelvis is fre-
quently visualized as a white band of tissue running over
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Figure 6-5.1. Technique of Burch colposuspension. After the two sutures are placed on
each side, they are passed through the pectineal (Cooper’s) ligament, so that all four
suture ends exit above the ligament to facilitate knot tying. Inset: In placing the sutures,
one should take a full thickness of vaginal wall, excluding the epithelium, with the needle

the pubococcygeus and obturator internus muscles from
the back of the lower edge of the symphysis pubis toward
the ischial spine. A lateral paravaginal defect represent-
ing avulsion of the vagina off the arcus tendineus fasciae
pelvis or of the arcus tendineus fasciae pelvis off the
obturator internus muscle may be visualized (Figure
6-5.2).

The surgeon’s nondominant hand is inserted into the
vagina. While gently retracting the vagina and bladder
medially, the surgeon elevates the anterolateral vaginal
sulcus. Starting near the vaginal apex, a suture is placed,
first through the full thickness of the vagina (excluding the
vaginal epithelium), and then into the obturator internus
and levator fascia or arcus tendineus fasciae pelvis, 1 to 2
cm anterior to its origin at the ischial spine. After this first
stitch is tied, additional (four or five) sutures are placed
through the vaginal wall and overlying fascia and then into
the levator muscle and fascia at about 1-cm intervals
toward the pubic ramus (Figure 6-5.2). The most distal
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parallel to the urethra.This maneuver is best achieved by suturing over the vaginal finger.
(Reprinted from Urogynecology and Reconstructive Pelvic Surgery, 2™ ed, MD Walters, MM Karram,
page 161,© 1999 Mosby, with permission from Elsevier.)

suture should be placed as close as possible to the pubic
ramus, into the pubourethral ligament. We use No. 2-0 non-
absorbable suture on a medium-sized, tapered needle for
the paravaginal repair. If a Burch procedure is combined
with a paravaginal defect repair, it is easier to place and tie
the most cephalad paravaginal sutures first, then place the
Burch colposuspension sutures at the level of the urethra
and bladder neck.

The procedure leaves free space between the symphysis
pubis and the proximal urethra, but secures support so that
rotational descent of the proximal urethra and bladder
base is prevented with sudden increases in intraabdominal
pressure. The paravaginal defect repair avoids overcor-
rection and fixation of the paraurethral endopelvic fascia,
which might compromise the functional movements of the
urethra and bladder base and lead to obstruction and
voiding difficulty. This principle may explain why the par-
avaginal defect repair usually results in spontaneous
voiding on the first or second postoperative day.
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Figure 6-5.2. Lateral paravaginal defect and technique of paravaginal defect repair.
Four to six sutures are placed, first through the full thickness of the vagina (excluding the
vaginal epithelium), and then into the obturator internus and levator fascia or arcus

General Intraoperative and
Postoperative Procedures

We routinely perform cystoscopy, either transurethrally or
through the dome of the bladder, or cystotomy to docu-
ment ureteral patency and absence of intravesical sutures
after retropubic procedures.

Closed suction drains in the retropubic space are used
only as necessary when hemostasis is incomplete and there
is concern about postoperative hematoma. The bladder
is routinely drained with a suprapubic or transurethral
catheter for 1 to 2 days. After that time, the patient is
allowed to begin voiding trials, and postvoid residual urine
volumes are checked, either with the suprapubic catheter
or by intermittent self-catheterization.

Clinical Results

Many studies have reported clinical experiences with
retropubic urethral suspension procedures for stress
urinary incontinence. Although most of these studies are
methodologically flawed, increasing numbers of quality
studies, including prospective randomized trials, have been
or are being conducted. Currently, however, few prospec-
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tendineus fasciae pelvis, 3 to 4 cm below the obturator fossa. (Reprinted from Urogynecol-
ogy and Reconstructive Pelvic Surgery, 2" ed, MD Walters, MM Karram, page 162, © 1999 Mosby, with
permission from Elsevier.)

tive studies are available comparing the results of the
various procedures for urodynamic stress incontinence.

Only a few studies have been done assessing the par-
avaginal defect repair for stress incontinence. Early studies
using subjective outcome measures reported that more
than 90% of women were continent after this procedure.
However, in a prospective randomized trial, Colombo et al.®
found that only 61% of women were continent 3 years after
a paravaginal defect repair compared with 100% of women
continent after a Burch colposuspension. We currently
believe that the paravaginal defect repair should be used
for anatomic correction of anterior vaginal wall prolapse
(cystocele), but not as primary treatment of urodynamic
stress incontinence.

The Burch colposuspension is the best studied of the
retropubic procedures. From 1980 to 1990, 18 studies were
reported using the Burch colposuspension in women with
urodynamically proved stress incontinence and with
objective measures of cure.” Follow-up times in most
studies ranged from 1 to 7 years. At 3 to 24 months after
surgery, 59% to 100% of patients became continent, for an
overall average cure rate of 84%. At 3 to 7 years, continence
rates ranged from 63% to 89%, for an average rate of 77%.
Although objectively incontinent, a small percentage of
additional patients were judged to be improved and
satisfied with their surgical results. The overall reported
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absolute failure rate was 14% at 3 to 24 months and 14% at
5 to 7 years.

Several studies have now been done that have assessed
women more than 10 years after undergoing a Burch pro-
cedure. Alcalay et al.® followed a cohort of 109 women (out
of a group of 366 eligible women) who underwent Burch
colposuspension between 1974 and 1983. The mean follow-
up interval was 13.8 years. Both subjective and objective
outcome measures were collected during the follow-up
period. The cure of incontinence was found to be time-
dependent, with a decline for 10 to 12 years and then a
plateau at 69%. Cure rates were significantly lower in
woman who had had previous bladder neck surgery.
Approximately 10% of patients required at least one addi-
tional surgery to cure her stress incontinence.®

Black and Downs’ published an excellent systematic
review in 1996 describing the effectiveness of surgery for
stress incontinence in women. The methodologic quality of
studies was assessed especially including all of the ran-
domized controlled trials to that time. Only two random-
ized controlled trials of colposuspension were available.
The study noted that different methods of performing col-
posuspension (e.g., Burch colposuspension vs. MMK pro-
cedure) have not been shown to be associated with
significant differences in outcome. There is preliminary
evidence that laparoscopic colposuspension as well as open
paravaginal defect repair may have somewhat lower cure
rates than open Burch procedures. Colposuspension seems
to be more effective than both anterior colporrhaphy and
needle urethropexy procedures in curing and improving
stress incontinence. Approximately 85% of women can
expect to be continent 1 year after colposuspension com-
pared with 50% to 70% after anterior colporrhaphy and
needle suspension. Primary procedures are generally more
effective than repeat procedures. The benefit of Burch col-
posuspension is maintained for at least 5 years, whereas the
benefits from anterior colporrhaphy and needle suspen-
sion diminish quite rapidly. Of the four prospective studies
comparing Burch colposuspension and sling procedures,
none has reported a difference in cure, however defined,
regardless of whether the operations were being performed
as primary or secondary operations.

In a recent prospective multicenter randomized trial of
Burch colposuspension and tension-free vaginal tape (TVT)
procedure for urodynamic stress incontinence, no significant
difference was found between the surgeries for objective cure
rates: 66% in the TVT group and 57% in the colposuspen-
sion group." Bladder injury was more common during the
TVT procedure; delayed voiding, operation time, and return
to normal activity were all longer after colposuspension.

Risk of Failure and Complications

Clinical conditions that increase the risk of surgical failure
for retropubic urethropexy include obesity, menopause,
prior hysterectomy, and prior anti-incontinence proce-
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dures. Advanced age does not seem to be associated with
lower rates of cure after colposuspension. Urodynamic
findings that increase the risk of surgical failure include
signs of intrinsic urethral sphincter deficiency, abnormal
perineal electromyography, and concurrent detrusor over-
activity. Patients with intrinsic sphincter deficiency proba-
bly are better treated with a sling procedure if the urethral
is hypermobile, or with periurethral injections of a bulking
agent, if the urethra is nonmobile.

Detrusor overactivity or urge incontinence may coexist
in up to 30% of patients with stress incontinence. The term
mixed incontinence has been used to describe this condi-
tion. In addition, approximately 15% of patients with stress
incontinence who have a preoperative stable cystometro-
gram, develop de novo overactive bladder after a colpo-
suspension. The course of the detrusor overactivity after a
retropubic repair in patients with mixed incontinence is
unpredictable. Interestingly, as many as 50% to 60% of
patients with mixed incontinence are cured of their detru-
sor overactivity by surgical support of the bladder neck. A
much smaller percentage (approximately 5%-15%) have
worsening of their overactivity with the remainder
(20%-30%) having persistence of their overactivity.
Women with high-pressure detrusor overactivity or poor
bladder compliance are more likely to have persistent urge
incontinence after incontinence surgery. In general, women
with mixed incontinence should initially receive nonsurgi-
cal therapy, followed by surgery if they have persistent
stress incontinence that remains bothersome.

Detrusor overactivity is a recognized postoperative com-
plication of retropubic procedures. Postoperative detrusor
overactivity is more common in patients with previous
bladder neck surgery and in those with mixed detrusor
overactivity and stress incontinence preoperatively. In a
study of 148 patients with urodynamic stress incontinence
and stable bladders preoperatively, Steel et al."' reported
that 24 patients (16.2%) had postoperative detrusor over-
activity on cystometrogram 6 months after surgery. Ten of
the 24 patients with detrusor overactivity were completely
asymptomatic. Of the 14 symptomatic patients, four were
improved with drugs aimed at correcting the overactivity.
The remaining 10 patients (6.8%) remained symptomatic
with detrusor overactivity 3 to 5 years after surgery.

Wound complications and urinary infections are the
most common surgical complications after retropubic col-
posuspension. Direct surgical injury to the urinary tract
occurs relatively infrequently. Bladder lacerations occur in
approximately 1% of patients; the risk increases in women
who have had previous bladder neck suspension. Acciden-
tal placement of sutures into the bladder during the Burch
colposuspension or paravaginal repair, resulting in vesical
stone formation, painful voiding, recurrent cystitis, or
fistula can occur but is rare. Ureteral obstruction occurs
rarely (0%-1.2%) after Burch colposuspension and results
from ureteral stretching or kinking after elevation of the
vagina and bladder base. No cases of transected ureters
have been reported.
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The incidence of voiding difficulties after colposuspen-
sion varies widely, although patients rarely have urinary
retention after 30 days. In my hands, the mean number of
days to complete voiding after open Burch procedure is 7
days." Colposuspension can change the original micturi-
tion pattern and introduce an element of obstruction that
can disturb the balance between voiding forces and outflow
resistance, resulting in immediate postoperative as well as
late voiding difficulties. Urodynamic findings that may
occur after colposuspension include decreased flow rate,
increased micturition pressure, and increased urethral
resistance. In a study conducted at our institution, risk
factors for prolonged voiding after a bladder neck sus-
pension included advanced age, previous incontinence
surgery, increased first sensation to void, high postvoid
residual volume, and postoperative cystitis.'”” Abdominal
straining during voiding was not associated with pro-
longed voiding after surgery.

Burch® first reported that enteroceles occurred in 7.6% of
cases after the Burch procedure, but only two-thirds of
these patients required surgical correction. Langer et al."”
reported that 13.6% of patients who had undergone Burch
procedures, but no hysterectomy or cul-de-sac obliteration,
developed an enterocele 1 to 2 years postoperatively. Alcalay
et al.® noted that 26% of patients during a 10- to 20-year
follow-up period after Burch colposuspension underwent a
rectocele repair and 5% underwent an enterocele repair.
Whenever possible, a cul-de-sac obliteration in the form of
uterosacral suspension or plication should be considered at
the time of retropubic suspension to prevent enterocele for-
mation, although the true efficacy of this prophylactic
maneuver is unknown. Rectocele repair should be per-
formed as indicated for symptomatic or large rectoceles.

Role of Hysterectomy in the Treatment
of Incontinence

Gynecologists frequently perform hysterectomies at the
time of retropubic or vaginal surgery for stress inconti-
nence although few data support this practice. Langer
et al.” assessed the effect of concomitant hysterectomy
during Burch colposuspension on the cure rate of stress
incontinence. Forty-five patients were randomly assigned
to receive colposuspension only or colposuspension plus
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abdominal hysterectomy and cul-de-sac obliteration. Using
urodynamic investigations 6 months after surgery, the rate
of cure for stress incontinence between the two groups did
not differ statistically (95.5% and 95.7% for the no-
hysterectomy and hysterectomy groups, respectively).
This study clearly showed that hysterectomy adds little
to the efficacy of Burch colposuspension in curing stress
incontinence. In general, we perform hysterectomies only
for specific uterine pathology or for the treatment of
uterovaginal prolapse.
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Laparoscopic Surgery for Urodynamic Stress Incontinence

Marie Fidela R. Paraiso

Laparoscopic Burch colposuspension is a minimally inva-
sive alternative for the treatment of urodynamic stress
incontinence. This procedure has been modified by some
investigators by using mesh and staples or reducing the
number of colposuspension sutures because of technical
difficulty of laparoscopic suturing. At our institution, we
believe that the laparoscopic Burch colposuspension
should be identical to the conventional open Burch proce-
dure. The laparoscopic access for the Burch procedure had
been gaining popularity since its inception in 1991 by Van-
caillie and Schuessler.' However, with rapid adoption of the
mid urethral sling procedures and their similar cure rates
when compared with open colposuspension,” more pelvic
surgeons are choosing to forego the steep learning curve
associated with laparoscopic suturing. Furthermore, many
reconstructive pelvic surgeons prefer the vaginal route
alone rather than a combined vaginal-laparoscopic or
vaginal-abdominal approach for concurrent treatment of
pelvic organ prolapse and stress incontinence. Surgeons
who are experienced and adept at laparoscopic suturing
may convert all of their pelvic reconstructive procedures,
such as sacral colpopexy and paravaginal defect repairs, to
the laparoscopic route, thus converting all open Burch col-
posuspensions to this route.

The advantages of laparoscopic surgery are: 1) the
improved visualization of anatomy of the space of Retzius
and peritoneal cavity because of laparoscopic magnifi-
cation, insufflation effects, and improved hemostasis;
2) shortened hospitalization; 3) decreased postoperative
pain, rapid recovery, and return to work; and 4) cosmetic
appearance of smaller incisions. Disadvantages of laparo-
scopic surgery include: 1) technical difficulty of retroperi-
toneal dissection and acquiring suturing skills; 2)
increased operating time early in the surgeon’s experience
especially if concomitant procedures are laparoscopically
performed; and 3) increased hospital cost secondary to
increased operating room time and the use of disposable
surgical instruments.’

Indications

After the diagnosis of urodynamic stress incontinence
has been made and the patient has opted for surgical
management, the choice of laparoscopic versus open
retropubic colposuspension depends on several factors:
previous pelvic or anti-incontinence surgery; history of
severe abdominopelvic infection or known extensive
abdominopelvic adhesions; patient ability to undergo
general anesthesia; need for concomitant abdominal,
pelvic, or vaginal surgery; patient preference, and operator
experience and preference.” Most laparoscopic colpo-
suspensions have been done for primary stress inconti-
nence because of difficulty in dissecting retropubic
adhesions; however, dissection of the space of Retzius
seems easier even when compared with open access once
a surgeon has gained sufficient experience. I prefer the
laparoscopic Burch colposuspension rather than mid ure-
thral slings for the treatment of stress-provoked detrusor
overactivity.

Anatomy

I will briefly summarize anatomy of the anterior abdomi-
nal wall, which is essential for safe and effective trocar
insertion. The anatomy of the space of Retzius has been
summarized in the chapter of anatomic correlates. The
umbilicus is at the L3-4 level in normal-sized women. In
obese women, the umbilicus is caudal to the L4-5 level,
which marks the aortic bifurcation. Therefore, the
intraumbilical trocar should be introduced at a more acute
angle relative to the abdominal wall and toward the pelvis
in thin women and closer to 90 degrees in obese women.
The left common iliac vein lies 4 to 7cm inferior to the
umbilicus. The superficial epigastric artery branches from
the femoral artery, coursing cephalad, and can be transil-

133



134

T T |
Rectus | Superficial
muscle - epigastric

artery
Inferior

epigastric

artery Superficial
circumflex
iliac artery

External
iliac

artery
Femoral
artery

@ 10 mm port
& 5 mm port for all procedures, except 10 mm for colpopexy
@ 5 mm ports, as required

Figure 6-6.1. Anatomy of the anterior abdominal wall and suggested laparoscopic
trocar positions. (Reprinted from Urogynecology and Reconstructive Pelvic Surgery 2 ed, MD
Walters, MM Karram, 190-198, © 1999 Mosby, with permission from Elsevier.)

luminated. The inferior epigastric artery branches from the
external iliac artery at the medial border of the inguinal
ligament and runs lateral to and below the rectus sheath at
the level of the arcuate line. It is accompanied by two infe-
rior epigastric veins (Figure 6-6.1).°

Operative Technique

A consistent operating room setup and a nursing staff,
dedicated and trained in minimally invasive surgery, are
essential in laparoscopic reconstructive pelvic surgery.
The monitor screens should be placed lateral to the legs in
direct view of the surgeon standing on the opposite side of
the table. Ideal stirrups for combined laparovaginal cases
are the Allen stirrups (Allen Medical, Garfield, OH).

For standard suturing technique, needle-holder prefer-
ence is determined by comfort of the surgeon. The Storz
Scarfi needle-holder and notched assistant needle-holder
(Karl Storz Endoscopy, Culver City, CA) are most like con-
ventional needle-holders; however, the tips tend to become
magnetized, which makes needle placement difficult at
times. The handles will pop as a result of overuse; there-
fore, regular maintenance is recommended. Conventional
and 90-degree self-righting German needle-holders
(Ethicon Endo-Surgery, Inc., Cincinnati, OH) have ratchet
spring handles and are very sturdy. Disposable suturing
devices have been introduced, which include the Endo-
stitch (U.S. Surgical Corp., Norwalk, CT) and the Capio
(Microvasive Boston Scientific, Inc., Natick, MA). Extracor-
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poreal knot-tying is preferred because of technical facility
and the ability to hold more tension on the suture. The
choice of an open-ended or close-ended knot pusher for
extracorporeal knot-tying depends on surgeon preference.
Our suture of choice is the double-armed No. 0 Ethibond
30-in suture on a CT-2 needle (Ethicon, Inc., Somerville,
NJ). Our alternate choice for suture is No. 0 Gore-Tex (W.L.
Gore and Associates, Inc., Phoenix, AZ). Forty-eight-inch
suture is preferred when suturing from ports at the level of
the umbilicus. Sterile steel thimbles may be used by the
surgeon or assistant when elevating the vagina while the
surgeon is placing the stitches in the vaginal wall.

Skin Incisions for Port Sites

Intraumbilical or infraumbilical incisions are made
depending on the anatomy of the umbilicus. I use two addi-
tional trocars: a 10/12-mm disposable port with reducer in
the right and left lower quadrants lateral to the inferior epi-
gastric vessels (Figure 6-6.1). Trocars are placed lateral to
the rectus muscle, approximately 3 cm medial to and above
the anterior superior iliac spine. A recent anatomic inves-
tigation by Whiteside et al.* at our institution revealed that
the accessory ports should be placed at least 2cm above the
anterior superior iliac spine to avoid iliohypogastric or
ilioinguinal nerve entrapment or injury. An additional 5-
mm port may be placed on the principal surgeon’s side so
that he or she can operate with two hands. Both reusable
and disposable ports may be secured with circumferential
screws to prevent port slippage.

Laparoscopic Burch Colposuspension

The choice of an extraperitoneal or intraperitoneal
approach depends on whether concomitant pelvic proce-
dures are being performed, whether the patient has had
previous abdominal surgery, or by surgeon’s preference.
Previous retropubic surgery is a contraindication for
extraperitoneal approach, and low transverse or midline
incisions make the dissection more difficult and prone to
failure. We prefer the intraperitoneal approach because it
allows a larger operating space for safe, secure, and com-
fortable handling of the suture. Furthermore, other
intraperitoneal surgery can be performed concomitantly. If
a surgeon has performed a vaginal hysterectomy before
laparoscopic concomitant colposuspension, hemostasis of
the operative site can be evaluated. I will only describe the
intraperitoneal route in this chapter for brevity.

The intraperitoneal approach begins with insertion of
the 0-degree laparoscope through a 5- or 10-mm intra-
or infraumbilical cannula followed by intraabdominal
insufflation. We perform the direct puncture trocar tech-
nique either in a blind manner or with the use of an optical
trocar. If infraumbilical adhesions are suspected, open
laparoscopy or left upper quadrant puncture are applied.
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Two to three additional trocars are placed under direct
vision, as previously noted.

The bladder is filled retrograde with a three-way Foley
catheter with 200 to 300mL of sterile water or normal
saline (indigo carmine or methylene blue is optional).
Using sharp dissection with prudent use of electrocautery
or harmonic scalpel, a transverse incision 2cm above the
bladder reflection between the medial umbilical folds is
made. Identification of the loose areolar tissue at the point
of incision confirms a proper plane of dissection. Blunt and
sharp dissection aiming toward the posterior superior
aspect of the pubic symphysis decreases risk of bladder
injury. Blunt dissection is then performed inferolaterally
on both sides to identify the pubic symphysis, Cooper’s lig-
aments, and bladder neck.

After the space of Retzius is exposed, the surgeon places
two fingers in the vagina and identifies the urethrovesical
junction by placing gentile traction on the Foley catheter.
With elevation of the vaginal fingers, the vaginal wall
lateral to the bladder neck is exposed by using a laparo-
scopic blunt-tipped dissector or a suction irrigator tip. No
dissection is performed within 2 cm of the bladder neck to
avoid bleeding and damage to the periurethral muscula-
ture and nerve supply.

I prefer to use two disposable 10/12-mm trocars through
which 5- to 10-mm instruments are introduced. These sites
are used specifically for introduction and removal of the
needles and suture. We place stitches in the vaginal wall
excluding the vaginal epithelium at the level of, or just
proximal to, the mid urethra and bladder neck (Figure 6-
6.2). I prefer to introduce the double-armed No. 0 nonab-
sorbable suture in the left lower quadrant thus taking one
bite through the endopelvic fascia and subsequently
through the ipsilateral Cooper’s ligament. I then remove

Figure 6-6.2. Laparoscopic panoramic view of a completed Burch colposuspension.
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this needle through the right lower quadrant port. The
second arm of the suture is then introduced in the left port
and thrown at an angle to the first throw so that a double
throw results. This suture is thrown through Cooper’s lig-
ament and is subsequently removed through the right
lower quadrant port. The stitch is then tied extracorpore-
ally above Cooper’s ligament. This technique is one I devel-
oped for the sake of time efficiency and avoidance of
locking sutures and suture dragging. Some surgeons prefer
to backload suture through 5-mm ports and introduce and
remove needles through the skin incisions, which is easily
accomplished in thinner patients. Trauma to the subcuta-
neous and inferior epigastric vessels may result with this
technique. Other surgeons prefer to use Gor-Tex suture
because of ease in sliding through the tissue. Because this
is not double-armed, the resultant knot is located in the
suture bridge.

We place Gelfoam (Pharmacia and Upjohn, Inc., Kala-
mazoo, MI) between the vaginal wall and the obturator
fascia before knot-tying to promote fibrosis. With simul-
taneous vaginal elevation, the suture is tied with six
extracorporeal square knots. Two granny half hitches
(equivalent to a surgical knot) and a flat square knot will
secure the stitch. Our technique for laparoscopic Burch is
illustrated in Figure 6-6.2. Sutures are tied as they are
placed in order to avoid tangling. Mid urethral stitches are
placed first, although this is a matter of preference. With
port placement close to the anterior superior iliac spine it
is easier to place stitches from the contralateral port.

If the lower quadrant ports are placed higher (at or
slightly below the level of the umbilicus), placement of ipsi-
lateral stitches is facilitated because the angle to the ipsi-
lateral vaginal wall and Cooper’s ligament is less acute. The
appropriate level of bladder neck elevation is estimated
with the assistant’s vaginal hand. The assistant elevates the
vaginal wall in order to place the urethra and bladder neck
in a high retropubic position, which does not result in
kinking or compression of the urethra. The goal is to
elevate the vaginal wall to the level of the arcus tendineus
fasciae pelvis bilaterally so that the bladder neck is sup-
ported and stabilized by the vaginal wall, which acts as a
hammock between both arcus tendineus fasciae. In tying
the sutures, the surgeon should not reapproximate the
vaginal wall to Cooper’s ligament or place too much
tension on the vaginal wall. A suture bridge of 1.5 to 2.0 cm
is common.

After all sutures are placed and tied, transurethral cys-
toscopy or suprapubic teloscopy is done to document
ureteral patency and absence of sutures in the bladder. A
suprapubic catheter is placed, if desired. The surgeon must
reinspect the space of Retzius for bleeding while reducing
the carbon dioxide insufflation. Routine closure of the peri-
toneum is not performed. All ports are removed under
direct visualization and the peritoneum and fascia of all
10/12-mm incisions are reapproximated with the Endo-
close device (U.S. Surgical Corp.) or the Grice needle (New
Ideas in Medicine, Inc., Clearwater, FL).
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Technical Skill Development for
Laparoscopic Colposuspension

Before doing laparoscopic retropubic procedures, the
surgeon should have adequate experience in performing
these procedures by laparotomy and experience in per-
forming operative laparoscopic procedures. A surgeon can
begin to develop suturing skills on inanimate models in
pelvic trainers using laparoscopes, cameras, and video
monitors in order to simulate operative conditions and
improve depth perception. The next step involves per-
forming laparoscopic retropubic procedures in animal lab-
oratories. Cadaver laboratories are ideal but less accessible.
A surgeon should perform initial cases of laparoscopic
bladder neck suspension in patients with an experienced
advanced laparoscopist. A surgeon gains the most
proficiency during the first 20 cases.

Clinical Outcomes

Reported continence rates for laparoscopic Burch colpo-
suspension vary from 69% to 100%.’ Only half of the
studies presented objective outcomes. Most authors
reported less blood loss, shorter hospitalization, and less-
frequent postoperative voiding dysfunction and de novo
detrusor instability when compared with the abdominal
route.

A recent systematic review’ of laparoscopic colposus-
pension summarized the findings of five randomized® "
and three “quasi-randomized” trials.""""* Analysis of sub-
jective perception of cure showed no difference between
open and laparoscopic colposuspension. When one poor-
quality trial’ was excluded from the analysis for objective
cure, the relative risk of a positive stress test at follow-up
was less in the open colposuspension group but not
significantly so when compared with the laparoscopic
group. Based on a single trial, two stitches are better than
one." The authors concluded that the evidence is limited
by short-term follow-up and small numbers; therefore,
valid conclusions are difficult to make. A current random-
ized clinical trial at our institution comparing laparoscopic
Burch colposuspension and the tension-free vaginal tape
procedure demonstrates superior subjective and urody-
namic cure in the tension-free vaginal tape group at a
median of 24.5 months. However, the sample size of our
study is relatively small with 36 patients in each group and
2-year follow-up of all subjects is not yet complete. Cost
was similar for both procedures.

Incontinence Therapy

Conclusion

Laparoscopy is a means of surgical access, not a unique
procedure, and its use is expanding rapidly in all surgical
specialties because of a trend toward minimally invasive
procedures. More prospective clinical trials with identical
technique of laparoscopic and open colposuspension and
follow-up of 3 or more years are warranted.
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Other Therapies for Stress Urinary Incontinence

Tara L. Frenkl and Sandip P. Vasavada

Whereas simple and definitive sling, retropubic, or
injectable therapy will suffice for the overwhelming major-
ity of incontinent patients, it is often extremely difficult to
manage stress urinary incontinence that is of a refractory
nature. Accordingly, less often used modalities may be
required to cure the condition, including the use of
obstructing or circumferential slings, artificial urinary
sphincters (AUS), or even transvaginal closure of the
bladder neck.' These methods are certainly retained for a
“last resort” of therapy, yet still maintain a prominent posi-
tion in care, because all patients will not be successfully
managed with standard therapies.

Obstructing Sling Procedures

In the severely incontinent patient whose condition is
refractory to a standard anti-incontinence procedure, an
obstructing sling is a good option. The basics of the
approach may be as simple as a standard sling procedure
that is ultimately fixed or tied down with more tension than
in usual circumstances with the intent to obstruct the
outlet. It should be noted that extreme degrees of tension
may create more problems and irritation, so a balanced
approach to the nature of outlet resistance should be main-
tained. We typically prefer the use of biological tissues
when placing them under more tension. In cases in which
a synthetic sling may be preferred, our choice has been the
use of the circumferential or spiral sling. We initially begin
by performing a complete urethrolysis and obtain access to
the supraurethral space. We then use a large strip of
polypropylene mesh trimmed to 2.0 X 30cm and create a
slit inside it so as to be able to pass the sling through itself
(Figure 6-7.1). The needle passers are passed from one side
suprapubically to the opposite side vaginally so the sling
spirally encompasses the entire urethra (Figure 6-7.2). A
pressure test or cough test is performed to assure good
coaptation and lack of leakage with Valsalva/cough/Credé
maneuvers. It remains imperative that the patient and
physician realize that the patient will likely require inter-

mittent postoperative self-catheterization, permanently in
the majority of these types of cases. The goal of the proce-
dure is truly not to achieve spontaneous balanced voiding
at low pressures, but rather, a continent and well-coapting
urethral mechanism.

Artificial Urinary Sphincters

The AUS is currently not approved for use in females in the
United States.” Although it is not approved, it is used for
circumstances similar to those for which the spiral or
obstructing slings are used; in other words, a severely
incompetent outlet. Often, these patients have had multi-
ple, failed anti-incontinence procedures and have a
“pipestem” urethra that does not coapt well even with
injectable therapies. One must realize that the successes
with this procedure have been detailed in two approaches,
and there exists no consensus as to which approach is best
or most efficacious.

Transvaginal placement of the AUS entails a transvagi-
nal incision and placement of the cuff via this route. All
tubing and connections can be transvaginally done before
pump and reservoir placement into the labia and perivesi-
cal spaces, respectively. The typical size of cuff used for
female AUS is approximately 5.0cm. The main risks of
complications after abdominal/retropubic placement are
erosion and infection. The vaginal incision does allow the
potential for nonhealing of the space under the culff,
thereby allowing it to be exposed and resulting in either an
erosion or infection. By placement of the device via a
retropubic approach, erosion may be minimized, if not
eliminated. One may adjunctively use a Martius flap or
omental flap to place underneath the cuff, between it and
the vaginal wall to minimize the potential for erosion. As
in other surgical procedures for complex, refractory incon-
tinence, many of these patients have had multiple failed
procedures, and the tissue planes for dissection may, in
fact, be fused, thus creating an inadvertent incision and
increased risk for erosion potential. Similarly, as in the
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Figure 6-7.1. Synthetic sling material being passed from one side to opposite side.
(Reprinted with the permission of The Cleveland Clinic Foundation.)

male patient with an AUS, infection, tissue atrophy, and
mechanical failure may occur.

Transvaginal Closure of the Bladder

Transvaginal closure of the bladder neck represents an
uncommon surgical procedure, because its main indication
is in patients who have urethral destruction secondary to
prolonged catheter drainage in a neurogenic bladder.” The
resultant effect of the catheter and Foley balloon on the
urethra is erosion and pressure necrosis as well as sponta-
neous urethral extrusion from severe bladder spasms. The
usual course of events is progressive worsening of leakage
around the catheter, necessitating larger catheters and
more fluid placement in the balloon. These sequential
increases in catheter size along with the concomitant ure-
thral destruction result in a wide, patulous, and severely
damaged urethra. Accordingly, proper management of
these patients requires transvaginal closure of the bladder
neck and simultaneous urinary diversion with a continent
catheterizable augmentation, incontinent ileovesicostomy,
or suprapubic catheter. Typically, an obstructing sling or
AUS will not be possible because of insufficient length of
urethra for coaptation caused by erosion.

Most patients that would be candidates for transvaginal
closure of the bladder neck are those who have a neuro-
genic bladder and urethral destruction secondary to
long-term catheter drainage. Other indications include
refractory urethrovaginal fistula, severely shortened
urethra, and severe refractory intrinsic sphincteric
deficiency.

Incontinence Therapy

Figure 6-7.2. Synthetic sling in cross-sectional view after sling has been transferred
suprapubically. (Reprinted with the permission of The Cleveland Clinic Foundation.)

Preoperative Work-up

Visual inspection of the urethra demonstrates a large, pat-
ulous urethra that is shortened and may even permit visu-
alization of the bladder neck or bladder itself. Cystoscopy
is performed to confirm the absence of other pathology in
the bladder such as stones, neoplasms, or diverticuli that
may accompany long-term catheter drainage. Simultane-
ous study of the upper urinary tracts may be indicated to
evaluate for hydronephrosis or ureteric obstruction. The
patient should also be evaluated for manual dexterity or
have an adequate caregiver to facilitate catheterization of
the augmented segment. If this is not feasible, one must
plan for an incontinent augmentation (ileovesicostomy)
and subsequent stomal drainage or suprapubic catheter
drainage. Urine cultures should be routinely assessed pre-
operatively, because these patients are prone to infections.
Broad-spectrum antibiotics are essential before surgery.

Surgical Technique

Initial preparatory steps include placement of the patient
in the dorsal lithotomy position, and prepping and draping
the lower abdomen and vagina in the usual sterile manner.
If a suprapubic tube placement is necessary, it is placed at
this time, typically with use of a Lowsley retractor elevat-
ing the bladder to the anterior abdominal wall. Normal
saline or vasoactive substances are injected into the vaginal
wall to develop a subepithelial plane around the urethra. A
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Figure 6-7.3. Open bladder neck and eroded urethra from long-term catheter use.
(Reprinted with the permission of The Cleveland Clinic Foundation.)

circumscribing incision is made around the urethra and an
inverted U incision is made inferior to this in the anterior
vaginal wall (Figure 6-7.3). A vaginal flap is created by
sharp dissection in the anterior vaginal wall separating the
epithelium from the underlying perivesical fascia. This dis-
section is carried laterally around the open bladder neck
(Figure 6-7.4). The dissection is then continued toward the
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Figure 6-7.4. Incision around urethra and open bladder neck to initially free it from
vaginal wall and vaginal wall flap inferiorly. (Reprinted with the permission of The Cleveland
Clinic Foundation.)
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bladder neck, freeing the bladder from its attachments to
the symphysis pubis and lateral pelvic sidewall (Figure 6-
7.5). This necessitates entering the retropubic space by
detaching the urethropelvic ligaments on either side of the
bladder neck and transecting the pubourethral ligaments
above the urethra. Typically, the attenuated urethra
requires some degree of excision; however, we often use it
to create an additional layer of closure (Figure 6-7.5).
Indigo carmine is intravenously administered to facilitate
identification of the ureteral orifices to prevent injury
during bladder neck closure. The bladder neck is then
closed using a vertical closure of 2-0 polyglycolic acid
suture in an interlocking manner (Figure 6-7.6). This is fol-
lowed by a second layer of interrupted 2-0 polyglycolic acid
suture incorporating the bladder neck and anterior
bladder wall to prevent overlapping suture lines and trans-
fer the closed bladder neck into the retropubic space, high
behind the pubic symphysis (Figure 6-7.7). After this
second layer, placement of the attenuated posterior ure-
thral plate allows a third layer of support of the closure. If
necessary, a Martius flap may be placed at this time to
advance yet another layer over the repair. When no simul-
taneous continent urinary augmentation is planned, a sep-
arate Penrose drain is advanced through a suprapubic
incision. Finally, the anterior vaginal wall flap is advanced
as the final layer of closure, and it covers the original ure-
thral opening (Figure 6-7.8).
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Figure 6-7.5. Bladder neck dissection performed circumferentially to free it from
surrounding attachments. Any remaining urethra should be excised except at the base
to prevent a bladder contraction from being propagated down the urethra and risk
opening the incisional closure. (Reprinted with the permission of The Cleveland Clinic
Foundation.)



140

Incontinence Therapy

Figure 6-7.6. The bladder neck is then closed using a vertical closure of 2-0 polygly-
colic acid suture in an interlocking manner to assure a watertight first closure layer.
(Reprinted with the permission of The Cleveland Clinic Foundation.)

Figure 6-7.7. A second layer of interrupted 2-0 polyglycolic acid suture incorporating
the bladder neck and anterior bladder wall is placed to prevent overlapping suture lines
and transfer the closed bladder neck into the retropubic space, high behind the pubic
symphysis. If the closure is tenuous or one thinks it necessary, one would place a Martius
flap at this time after the second layer closure. (Reprinted with the permission of The Cleve-
land Clinic Foundation.)

Figure 6-7.8. The vaginal wall flap is placed over the entire closure and the vagina
is packed overnight. (Reprinted with the permission of The Cleveland Clinic Foundation.)

Postoperative Care

A vaginal pack is placed in the vagina to prevent bleeding.
The suprapubic tube is irrigated and confirmed to function
properly to allow for adequate drainage and healing of the
incisions. Antibiotics are used postoperatively for 2 weeks
during the healing period. Depending on whether or not a
continent catheterizable augment is performed, a cys-
togram may be performed to ensure proper healing, and
the suprapubic tube may be allowed to remain or removed
at that time.

Postoperative Complications

The most significant complication of transvaginal bladder
neck closure is postoperative vesicovaginal fistula. This
may occur early or late in the healing period. Steps one can
perform to prevent the development of fistulas include:
1) use of several layers of closure; 2) watertight closure;
3) positioning the bladder neck high in the retropubic
space; 4) avoidance of postoperative bladder spasms with
anticholinergics; 5) use of a Penrose drain; 6) use of a
Martius flap when necessary. Bleeding and infection may
require surgical drainage, but should be readily controlled
perioperatively. If fistula formation occurs, then secondary
repair may be performed after a prudent period of obser-
vation. Often a rotational flap may be required to assist
in the closure. Alternatively, an abdominal approach may
be used with interposition of an omental flap to cover the
repair.
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Anal Sphincter Repair

Susan M. Cera and Steven D. Wexner

Fecal continence relies on normal sensory, motor, and
reflex activity of the colon, rectum, and anus. Stool consis-
tency, colonic transit, rectal sensation, neural integrity, and
sphincter function all have a role in individual control of
stool and gas. The principal component in facilitating con-
tinence is the anal sphincter, whereas the hemorrhoidal
cushions, sensory epithelium of the anal mucosa, intrinsic
anorectal reflexes, and pelvic floor muscles contribute to its
function. The anal sphincter complex is composed of the
internal anal sphincter (IAS), the external anal sphincter
(EAS), and the puborectalis muscle. The pudendal nerve
innervates the EAS and puborectalis whereas the innerva-
tion of the rectum, pelvic floor muscles, and IAS is a
complex system of sympathetic and parasympathetic
neurons supplied by the pelvic and sacral nerves. Damage
to any muscular or neural component of the sphincter
mechanism may result in fecal incontinence and possible
need for surgical intervention. The two most common
causes of fecal incontinence are sphincter dysfunction and
neuropathy.

Physical disruption of the sphincter may occur second-
ary to surgical, obstetric, or other trauma. Surgical trauma
most often occurs after anorectal surgical procedures used
in the treatment of anal fistulas, hemorrhoids, tumors, or
anal fissures. Each of these surgical injuries is similar, in
that the IAS, the EAS, or both may be injured. Anal fistulo-
tomy inherently causes some form of damage to the
sphincter mechanism, and the risk of incontinence may be
proportional to the amount of muscle divided. Alternatives
to fistulotomy involve controlled transection of the muscle
with cutting setons, instillation of fibrin glue, or endorec-
tal advancement flaps.

Chronic fissures are frequently treated by lateral internal
sphincterotomy in which a portion or all of the internal
sphincter is transected. The internal sphincter, which con-
sists of smooth muscle under autonomic involuntary
control, is responsible for the resting pressure in the anal
canal. When divided, the resting pressure is lowered, allow-
ing the anal fissure to heal. The vast majority of patients
have no untoward effects from this technique, but a small

minority may develop transient incontinence to gas. A few
individuals will develop chronic incontinence, which may
be more severe and associated with involuntary loss of
liquid or solid stool. Alternatives to this procedure have
been developed and include medications, such as nitrate
paste and calcium channel blocking cream, to relax the
internal sphincter. These therapies are now often the first
line treatment in the management of anal fissures.

Sphincter injury resulting from hemorrhoid surgery is
fortunately rare and usually avoided by careful attention to
the anatomy.

Trauma can injure the anal sphincter mechanism;
impalement injuries may result in sphincter disruptions,
rectal perforations, and soft tissue damage to the per-
ineum. Their treatment is often staged with initial
debridement and fecal diversion followed by delayed
definitive repair when the sepsis is resolved and the injury
has healed.

Obstetric injury is the most common cause of sphincter
damage and occurs as the result of a tear in the perineum
or an episiotomy. Parous women or women who undergo
assisted evacuations are at the highest risk for sphincter
laceration. The sphincter damage may be occult for
many years; it is common for this dormant injury to
clinically manifest as fecal incontinence years to decades
postpartum.

The surgical treatment of fecal incontinence is catego-
rized into two groups: reparative procedures that focus on
repair or augmentation of the sphincter muscle, versus
replacement procedures in which the goal is reconstruc-
tion, replacement, or external modulation of the sphincter
apparatus. The choice of procedure is dependent on the
underlying etiology of the incontinence as well as on com-
plete evaluation of the anorectal and pelvic floor anatomy.
The type and severity of injury found on evaluation and
physiologic testing directs therapy to the individual’s
problem. If possible, repair of the native sphincter mecha-
nism is undertaken before resorting to major reconstruc-
tive surgery, artificial sphincters, neurostimulation, or
stoma. In particular, patients who are candidates to

143



144

undergo sphincter repair often have injuries from physical
disruption of the EAS complex.

Types of anal sphincter repairs include direct apposition
sphincteroplasty, overlapping sphincteroplasty, anterior
plication (reefing), Parks’ postanal repair, and total pelvic
floor repair. Sphincteroplasty involving direct apposition is
traditionally reserved for the acute setting of traumatic
sphincter laceration. However, recent data have challenged
this dogma. The overlapping sphincteroplasty is the most
widely accepted procedure for secondary repairs in
patients with isolated anterior defects. Anterior plication,
postanal repair, and total pelvic floor repair do not involve
direct repair of the muscle but theoretically attempt to
augment the function of the sphincter mechanism by
restoring the lax muscular architecture to its original
anatomic configuration. These procedures are seldom per-
formed today but remain important surgical options in
patients who have failed conservative measures but do not
desire more complex forms of surgical therapy.

Direct Apposition Sphincter Repair

The majority of fecal incontinence is attributed to
anatomic defects in the EAS. This type of defect most often
occurs as a result of midline perineal tears sustained
during vaginal delivery. Overt sphincter rupture occurs
during 5% of vaginal deliveries and increases to an inci-
dence of 50% with the use of midline episiotomy and/or
operative vaginal delivery.' At the time of delivery, any doc-
umented trauma to the anal sphincter (third or fourth
degree tear) should be given due regard. Even if waiting 12
to 18 hours is required, performing the repair in the oper-
ating room with adequate lights and instruments optimizes
the repair, as judged by ultrasound after the repair has
healed. The most common technique used in the acute
setting is direct apposition of the sphincter ends in which
the cut ends of the IAS and EAS are sutured together in
layers. Direct apposition of the sphincters without tension
in the acute setting has been reported to give satisfactory
results in 47% to 100% of cases.” Failures are attributed to
tearing of the sutures through the tissue with resultant
sphincter repair disruption. Hematoma formation, wound
infection, technical considerations, and an unrecognized
second sphincter injury also predispose to poor outcome
requiring second repair in at least 5% of patients."’ In addi-
tion, in women with severe traumatic lacerations and
significant perineal contamination, debridement and for-
mation of a colostomy may be necessary until definitive
sphincter repair can be performed. Secondary sphincter
repairs should only be undertaken after all pelvic sepsis has
resolved, contaminated perineal wounds have healed, the
inflammation has completely resolved, and the tissues are
soft and pliable. For most failed primary sphincter repairs,
a period of waiting of at least 3 months before performing
an overlapping sphincteroplasty is prudent. Overlapping
sphincteroplasty is generally undertaken as the technique
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Figure 6-8.1. Direct apposition sphincter repair. (Reprinted from Wexner SD, Beck DE.
Fundamentals of Anorectal Surgery. 2nd ed. p 133-136, Copyright 2001 WB Saunders, with permis-
sion from Elsevier.)

for secondary repairs because, historically, direct apposi-
tion has demonstrated disappointing long-term results,
although it yields good results in the acute setting (Figure
6-8.1).

Overlapping Sphincter Repair

For most women with fecal incontinence secondary to
obstetric trauma, sphincter damage is often occult, persist-
ent, or associated with pudendal nerve damage leading to
fecal incontinence many years after delivery. For women
with fecal incontinence secondary to a functional yet
anatomically disrupted anterior EAS, overlapping sphinc-
teroplasty is the operation of choice. This technique is the
result of an evolution of a variety of modifications of the
initial descriptions of sphincter repair. Initial reports
involved identification and mobilization of the EAS, exci-
sion of all scar tissue, and direct apposition of muscle ends.
Further modifications associated with significant improve-
ment in functional outcome included overlapping of the
ends of the muscle and avoidance in excising any associ-
ated scar tissue. Additionally, it was found that sphinctero-
plasty could be safely performed without fecal diversion
if an appropriate bowel preparation was used. Other
modifications including levatorplasty and repair of the IAS
have further been incorporated.

Candidacy for this procedure is based on clinical history,
physical examination, and physiologic evaluation. A bowel
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habit history with regard to the stool consistency, the
number of bowel movements in a 24-hour period, symp-
toms of urgency, the ability to defer defecation, staining of
the undergarments, and any loss of control of bowel move-
ments is obtained. In women, an obstetric history should
be obtained with specific questions regarding episiotomies,
tears, and assisted delivery with suction or forceps. A sur-
gical history should be inquired concentrating on surgical
procedures for fissures, hemorrhoids, fistulas, and tumors.
Any history of pelvic irradiation or success with previous
therapies is important.

The physical examination begins with inspection of
the anorectal region. Important clinical findings include
appearance of the anus at rest (open versus closed), visible
contraction with squeeze, and the presence of any scars.
Digital rectal examination provides additional information
with particular regard to resting (IAS) and squeeze pres-
sures (EAS). The thickness of the rectovaginal septum and
any associated sphincter defects should be noted. Sensa-
tion is evaluated by touching the perianal skin with a sharp
object. Anoscopic and endoscopic evaluation often com-
plete the examination.

The incontinence score guides both the intensity of
the investigation and any subsequent therapeutic decisions
because its takes into account the severity, type, and degree
of incontinence with consideration of its effect on lifestyle.
Conservative measures, including medical intervention
and biofeedback, are reserved for patients with low incon-
tinence scores or who are poor surgical candidates. Only
moderately or severely incontinent patients whose
lifestyles are significantly affected should be offered surgi-
cal intervention. Physiologic evaluation is important in not
only determining candidacy for these procedures, but also
in assigning prognosis. The typical physiologic evaluation
involves endoanal ultrasound, anal manometry, elec-
tromyography, and pudendal nerve terminal motor latency
(PNTML) testing. Discovery of isolated anterior sphinc-
ter defects warrants surgical correction in appropriate
patients before implementation of other techniques.

Initial physiologic evaluation of patients suspected of
having an isolated sphincter defect involves endoanal
ultrasound (EAUS). At our institution, EAUS is performed
in the office and gives structural information about the
integrity of the IAS, EAS, and puborectalis as well as the
presence and location of any defects or scars (see Chapter
3-5). This study will ultimately help determine the type of
surgery from which the patient may most benefit. If the
EAUS reveals a single defect in the IAS and EAS or the EAS
alone, the patient may be a candidate for an overlapping
sphincteroplasty. If the ultrasound reveals multifocal
defects or an intact muscle, the patient may benefit from
either biofeedback or alternative surgical intervention such
as sacral nerve stimulation or sphincter reconstruction or
replacement. Anal magnetic resonance imaging provides
similar information when performed with an anal coil, but
this procedure is more expensive and less comfortable for
the patient.
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Discovery of an isolated IAS defect poses a challenging
problem because it is not the sole cause of incontinence in
symptomatic patients. Repair of isolated defects in the IAS
is controversial because studies have not clearly shown
benefit in incontinent patients without EAS damage.
However, some surgeons may repair the defect in conjunc-
tion with overlapping repair of the EAS, although this
method has not yielded better results than overlapping the
EAS alone. An isolated defect in the IAS should be followed
by evaluation for other causes of incontinence and for rec-
toanal intussusception (cinedefecography) with concomi-
tant pudendal neuropathy (PNTML). An IAS defect alone
without intussusception or pudendal neuropathy is usually
treated with biofeedback therapy. However, newer thera-
pies such as submucosal injection of carbon-coated beads
and the administration of endoanal radiofrequency energy
may be useful in these cases.

Further physiologic testing includes anal manometry
and anal electromyography. Anal manometry is the
least useful in determining the etiology of the incon-
tinence; however, it provides important information
about pressures, compliance, sensation, and reflexes of
the anorectal region (see Chapter 3-4). Anal manometry
confirms any sphincter damage by decreased resting (func-
tion of the IAS) and/or squeeze (function of the EAS) pres-
sures. Manometry will also identify other abnormalities
that may not be corrected by sphincter repair such as
decreased rectal compliance (inflammatory bowel disease,
radiation proctitis), intrinsic nerve impairment/loss in
the form of absent rectoanal inhibitory reflex (adult
Hirschsprung’s, Chagas’ disease), or decreased anal or
rectal sensation (aging). These abnormalities may be
improved with nonoperative therapy in the form of bio-
feedback with sensory retraining or other forms of surgery
(proctectomy, stoma) in addition to or instead of sphincter
repair.

Electromyography (EMG) records action potentials
derived from motor units within a contracting muscle. It
allows functional correlation of the EAUS in a quadrant-
by-quadrant manner. Before EAUS, EMG was used for
“mapping” sphincter defects using needle electrodes. An
anterior defect of the anal sphincter on EAUS should have
an appropriate decrease in the level of muscle function on
EMG in the anterior quadrant. Electromyography will also
provide information about the functional quality of the
intact sphincter in the remaining three muscle quadrants
(posterior, left, and right). Increased fiber density, or
polyphasia, and/or the absence of action potentials is sug-
gestive of either neural damage or significant muscular
degeneration. This inadequate neuromuscular function
may argue against a successful outcome after overlapping
sphincteroplasty. Overlapping sphincteroplasty may still
be recommended as the initial surgical therapy in this sit-
uation after thorough counseling. However, these patients
may require additional therapy in the form of biofeedback,
sacral nerve stimulation, or neosphincter procedures if an
inadequate result is obtained.
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To complete the physiologic evaluation of the patient
with incontinence, measurement of the PNTML is rou-
tinely performed. Damage to the EAS may be accompanied
by injury to the pudendal nerve that manifests as pro-
longed pudendal nerve latency (see Chapter 3-6). A
PNTML of more than 2.2 milliseconds is considered abnor-
mal at our institution. Pudendal neuropathy corresponds
on EMG to a decreased or absent action potentials or
polyphasia. Pudendal nerve damage may contribute to
incontinence after obstetric trauma and is found to be a
poor prognostic factor after overlapping sphincteroplasty.
However, prolonged PNTML may not preclude sphinctero-
plasty after extensive counseling.” A waiting period of 6 to
12 months may allow time to recover after a birthing
injury; however, if the injury is remote, recovery is unlikely.

At our institution, the technique of overlapping sphinc-
teroplasty for the treatment of isolated anterior EAS
defects is generally performed without the use of a stoma.
Preoperative management includes full mechanical bowel
preparation (45mL of Fleets Phospho-Soda per os at 4:00
PM and at 9:00 PM, each followed by three 8-oz glasses of
water) and oral antibiotics (1 g of neomycin and 500 mg of
metronidazole at 1:00, 2:00, and 11:00 M) the day before
surgery. In addition, 2g of cefotaxime and 1g of metron-
idazole are administered intravenously as well as 5000
units of heparin subcutaneously at the start of the opera-
tion. The patient is positioned in the prone jackknife posi-
tion on a Kraske roll with PAS stockings. The procedure is
performed under general anesthesia although regional
(caudal or spinal) anesthesia can be substituted. After
sterile preparation of the perianal area, vagina, and per-
ineum, a circumanal and bilateral nerve block is achieved
with a mixture of 0.25% Marcaine (bupivacaine) and 0.5%
Xylocaine with 1:400,000 units of epinephrine. A 120-
degree curvilinear incision is made anterior to the anus,
approximately 0.5 cm distal and parallel to the anal verge.
The anterior portion of the sphincter muscle is identified
and dissected with the index finger of the nondominant
hand inserted into the vagina. This maneuver aids in the
prevention of inadvertent vaginal wall injury. In addition,
care must be taken not to extend the dissection through the
mucosa into the anal canal or rectum, particularly in areas
where the sphincter muscle is disrupted or absent or the
rectovaginal septum is extremely thin. Such an injury pre-
disposes to the development of an anovaginal or recto-
vaginal fistula. Dissection of the EAS is initiated laterally
where the muscle anatomy is usually intact and can aid the
surgeon in identifying the proper plane of dissection. Addi-
tionally, care must be taken not to injure the pudendal
nerve bundles that enter the EAS bilaterally in the pos-
terolateral positions. The intersphincteric space is dis-
sected from lateral to medial on each side and the internal
and external sphincters are separated (Figure 6-8.2). If scar
tissue is connecting the two ends of the disrupted external
sphincter, the scar is divided in the midline, but not
excised. It is important to preserve all scar tissue in order
to better anchor the sutures. If the ends are separated,
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Figure 6-8.2. Dissection of the external anal sphincter and division of the anterior scar.
(Reprinted from Wexner SD, Beck DE. Fundamentals of Anorectal Surgery. 2nd ed. p 133-136,
Copyright 2001 WB Saunders, with permission from Elsevier.)

the scar is identified and preserved and the muscle is
mobilized.

The repair starts with the imbrication of the levator
muscles, found just beneath the two ends of divided scar
tissue, using interrupted 2-0 polypropylene sutures. The
IAS is plicated with interrupted 2-0 polydioxane acid
sutures (Figure 6-8.3). These sutures are placed far enough
laterally for a snug repair that is then verified by inserting
an index finger into the anal canal. At this point in the pro-
cedure, the ends of the external sphincter muscle should
overlap without significant tension and are secured with
interrupted 2-0 polydioxane mattress sutures, using the
scar tissues to provide a significant portion of the suture
fixation (Figure 6-8.4). All retractors and buttocks tapes are
removed before tying of the sutures of the overlapped ends
to avoid a lax repair. The sutures are tied snugly but not so
tight as to induce muscular ischemia. The wound is closed
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from lateral to medial on each side using 3-0 polyglactin
sutures through the skin, leaving the central-most portion
of the wound open for drainage.

Postoperatively, the patient receives 2g of cefotaxime
every 12 hours and 500 mg of metronidazole every 6 hours
for 2 days, followed by oral ciprofloxacin and metronida-
zole for 7 days. Ambulation is encouraged and long periods
of sitting are discouraged. The wound is not packed,
although patients may need a pad to protect clothing.
Bowel confinement has not been used since completion of
a prospective, randomized trial at our institution in which
no advantage was found over starting a regular diet.’

Short-term outcome of overlapping sphincteroplasty
yields extremely good short-term functional results with
an overall reported early success rate of 71% to 86% during
a mean follow-up of 10 to 29 months.” At our institution,
55 women who underwent overlapping sphincteroplasty
were analyzed over a period of 29 months.” More than 95%
had a history of previous vaginal delivery and 55% had had
a previous sphincter repair. The outcome was excellent in
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Figure 6-8.3. Apposition of the levator and anterior plication of the internal anal
sphincter. (Reprinted from Wexner SD, Beck DE. Fundamentals of Anorectal Surgery. 2nd ed.
p 133-136, Copyright 2001 WB Saunders, with permission from Elsevier.)
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Figure 6-8.4. Overlapping repair. (Reprinted from Wexner SD, Beck DE. Fundamentals of
Anorectal Surgery. 2nd ed. p 133-136, Copyright 2001 WB Saunders, with permission from Elsevier.)

71% and fair in the remaining. Several important conclu-
sions were gained from this study. A significant increase in
mean squeeze pressure and high-pressure zone length cor-
related with better functional outcome. In other words,
restoring the integrity of the sphincter muscle resulted in
improved sphincter function and associated decrease in
incontinence. Age was not predictive of success because
this procedure was as effective in women older than age 60
as those younger than 60. Previous sphincter repairs did
not predict failure with future overlapping repairs because
repeat repairs were shown to demonstrate significant
improvements in continence in those with residual anterior
sphincter damage after a previous sphincter surgery. The
major factor found to be associated with poor outcome was
prolonged PNTML, a finding that has been separately
confirmed in several other studies. A review of factors pre-
dictive of good outcome in overlapping sphincteroplasty
revealed that the optimal conditions for this type of repair
are no previous repair, preservation of scar during dissec-
tion, bilaterally intact pudendal nerves, normal rectal sen-
sation, and an asthenic young patient with an isolated
anterior EAS defect.” However, long-term results are less
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gratifying, which is one of the reasons why other proce-
dures may have a role.

As many as 60% of patients present with recurrent
symptoms of fecal incontinence.” Early or late failure of
overlapping sphincteroplasty warrants repeat physiologic
evaluation to determine the integrity of the repair.
Identification of a persistent anterior sphincter defect
should lead to contemplation of a repeat repair. In a study
performed at our institution on 36 women who had a
history of overlapping sphincteroplasty, patients had the
same significant improvement as women with no history
of repair.” In addition, the outcome seemed similar regard-
less of the number of previous repairs, although no
definitive conclusion could be drawn with regard to this
matter because only five patients had more than one pre-
vious repair. However, repeat overlapping sphincteroplasty
should be considered the treatment of choice in patients
with fecal incontinence that have had one or more previ-
ous sphincter repairs in whom residual anterior sphincter
damage is found. However, a functional failure despite
anatomic success may be better treated with biofeedback
therapy, postanal or total pelvic floor repair, stimulated
graciloplasty, artificial bowel sphincter, sacral nerve stim-
ulation, or may necessitate a permanent stoma.

Anterior Plication, Postanal Repair, and
Total Pelvic Floor Repair

Anterior, postanal, and total pelvic floor repairs are not fre-
quently performed and are no longer promoted as first line
procedures in patients with incontinence. When the
sphincter mechanism itself is anatomically intact but laxity
in the pelvic floor or damage to pelvic innervation is impli-
cated as the cause of fecal incontinence, the resulting
dysfunction has been referred to as perineal descent
syndrome, idiopathic incontinence, or neurogenic inconti-
nence. If the symptoms are minimal, conservative treat-
ment in the form of dietary modification or medical
intervention is warranted. However, if symptoms are severe
or the patient has pudendal neuropathy after an unsuc-
cessful trial of sphincteroplasty, the postanal or total pelvic
floor repair, sacral nerve stimulation, a neosphincter pro-
cedure, or a stoma all become options. Although postanal
sphincter repairs have limited success, they demonstrate a
low morbidity and remain a valuable option in patients
with neurogenic incontinence for whom conservative
measures have failed, are not candidates for sacral nerve
stimulation (because of exclusion criteria), or neosphinc-
ter procedures (stimulated graciloplasty or artificial bowel
sphincter), and do not want a stoma.

Anterior plication (also called anterior reefing proce-
dure) involves plication of the anterior perineal muscula-
ture. The procedure has been described with multiple
variations but usually encompasses reapproximation of the
anterior puborectalis with or without simultaneous
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approximation of the levators and S-shaped plication of the
EAS. The theoretical outcome of this technique is a tight-
ening of the anterior perineal musculature and, when
employed, is used in combination with other procedures.
In the early twentieth century, this technique was used as
an alternative to reconstruction of thin or damaged
sphincters. Although some studies have shown good initial
results with this procedure, the long-term benefits
significantly decrease over time. Consequently, this proce-
dure is rarely used today in the current treatment of fecal
incontinence.

Postanal repair (also called posterior sphincteroplasty
or posterior plication) was devised by Parks et al.® for the
treatment of idiopathic and neurogenic incontinence. The
goal of the procedure was to increase the length of the anal
canal with the intent of restoring the anorectal angle. At
our institution, after induction of general anesthesia, the
patient is placed in the prone jackknife position on a
Kraske roll and a curvilinear incision is made 5cm poste-
rior to the anus.” An intersphincteric approach between the
internal and EAS is used to expose Waldeyer’s fascia and
the levator ani muscle complex. Interrupted 2-0 polypropy-
lene sutures are then placed from one side of the pelvis to
the other through the two limbs of the iliococcygeus
muscle. Because of the intervening distance, the two halves
of the iliococcygeus muscle cannot be approximated,
rather a lattice of suture is formed that supports the pos-
terior rectal wall. Interrupted sutures are then placed in
the pubococcygeus and puborectalis muscles in a similar
manner (Figure 6-8.5). Plication of the EAS may also be
performed before closing the skin in a V-Y manner. The
theoretical outcome of approximating the levator ani
muscles posteriorly behind the anorectal junction is to dis-
place these muscles anteriorly and increase the angulation
of the anorectal junction. Parks achieved the best results
(>80% success) for this technique in his series. A review
of several subsequent studies revealed a success rate
of between 32% to 87%.” Although this operation was
designed to improve the anorectal angle and lengthen the
anal canal, anatomic analysis has revealed no such results.
In addition, correlation between successful outcome and
reduction of this angle has not been proven and remains
theoretical. Long-term results of this repair are poor
because successful outcome ultimately decreases over time.
The only predictor of adverse outcome is pudendal neu-
ropathy, which, interestingly, is present in a majority of the
patients considered candidates to undergo the repair.

Postanal repair was more popular in an era when routine
EAUS was not available. Currently, it is rarely performed in
the United States, but may be considered in select patients
with no sphincter defect who have failed biofeedback and
conservative measures or in whom an overlapping sphinc-
ter repair has achieved anatomic but not functional
success. A study of this technique at our institution
involved the analysis of results from 20 postanal repairs
with a follow-up of 23 months."’ The success rate was 35%
as indicated by a significant improvement in the inconti-
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External
Sphincter

Figure 6-8.5. Postanal repair with dissec-
tion in the intersphincteric space (a) and
posterior plication of the muscles of the
pelvic floor (b). (Reprinted from Wexner
SD, Beck DE. Fundamentals of Anorectal Surgery.
2nd ed. p 133-136, Copyright 2001 WB Saunders,
with permission from Elsevier.)

nence score in 22 months of follow-up. The morbidity rate
was minimal (5%) with no mortality. No clinical or physi-
ologic variables were found to be predictors of success.
Although the success rate of this operation is poor, it is rel-
atively free of morbidity and remains an important option
for those patients who may have few alternatives other than
high-risk complicated operations (neosphincter proce-
dures) or stomas. Nonetheless, it is rarely used by most sur-
geons because of its poor long-term success.

Total pelvic floor reconstruction refers to a combination
of postanal repair, anterior levatorplasty, and can include
sphincteroplasty. Indications include complicated injuries
to the EAS and puborectalis in one or more sites with asso-
ciated pudendal neuropathy. This approach was designed
to provide a comprehensive repair, which also reinforces
any perineal deficiency such as rectocele. It can be per-
formed in stages or in one step with or without colostomy.
This procedure also purportedly increases the angle of the
anal canal and corrects the degree of pelvic floor descent
at rest and during straining, but does not influence resting
or squeeze anal canal pressures. As with postanal repair,
studies have shown that clinical improvement did not cor-
relate with change in the anorectal angle. Short-term
results are encouraging, although long-term success is rare.
This repair has not gained widespread popularity.

Conclusion

Fecal incontinence secondary to sphincter damage is best
managed by overlapping sphincteroplasty. The most suc-
cessful outcomes are found in patients with isolated
sphincter defects without evidence of pudendal neuropa-
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thy. Multifocal defects and unilateral or bilateral pudendal
neuropathy argue for poor outcome. These patients may be
better served with postanal or total pelvic floor repair,
sacral nerve stimulation, or sphincter augmentation or
replacement before embarking on a permanent stoma. All
types of surgical intervention for fecal incontinence should
simultaneously address other disorders of the pelvic floor
and urinary incontinence.
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Fecal Diversion

Benjamin Person, James Doty, and Steven D.Wexner

Causes of Fecal Incontinence

Fecal continence is maintained by the integrated action of
the external and internal anal sphincters, the levator ani
musculature, and by intact neural pathways. It depends on
the consistency of the stool, the capacity of the rectum, the
anorectal sampling reflex, and normal resting anal tone. If
any of these mechanisms malfunction, incontinence may
result.! There are other numerous causes of fecal inconti-
nence as outlined below.

Normal pelvic floor
+ Diarrheal states (infectious diarrhea, inflammatory
bowel disease, short gut syndrome, laxative abuse,
radiation enteritis)

+ Overflow (impaction, rectal tumor)

+ Neurologic conditions (congenital anomalies, mul-
tiple sclerosis, dementia, strokes, neuropathy,
injuries to brain, spinal cord)

Abnormal pelvic floor
+ Congenital anorectal malformation
+ Trauma (accidental injury, anorectal surgery, obstetric
injury)
+ Pelvic floor denervation (vaginal delivery, chronic
straining at stool, rectal prolapse, descending per-
ineum syndrome)

Definitions and Epidemiology

Fecal incontinence is defined as the impaired ability to
control gas or stool to allow evacuation at a socially accept-
able time and place. It has been shown in a number of
studies that incontinence affects self-confidence and per-
sonal image, and can lead to social isolation causing a
significant impact on quality of life.'” The true prevalence
of fecal incontinence is unknown because it is thought to
be greatly underreported. In a community survey of 7000
patients in the United States, 2.2% of patients reported
incontinence to liquid or solid stool or gas.” In other pop-

ulation studies, the prevalence of some form of inconti-
nence has been reported to approach 60%, particularly
higher in women than men (4 to 1) because of the trauma
of vaginal delivery."® Fecal incontinence is the second
leading cause of nursing home placement, and up to 45%
of patients in nursing homes are estimated to have some
fecal incontinence.®

There are many different methods to measure the sever-
ity of fecal incontinence; the Cleveland Clinic Florida Fecal
Incontinence (CCFFI) score is the most popular and widely
cited.” This scale is a measure of frequency of incontinence
to gas, liquid, and solid stool, alteration in lifestyle, and use
of a protective pad. In one of several validation studies of
this scoring system, it was shown that a CCFFI score greater
than 9 is consistent with a significant alteration in quality
of life and can be used as an indication for surgical
therapy.* This score is equivalent to losing stool more than
once a week, needing a diaper, and feeling significantly
restricted in daily functioning.*

Besides being a social burden, fecal incontinence places
a significant financial burden on United States health care.
In a study of 63 patients, treatment charges were $559,341
over an average of 10 years.®

Treatment

Treatment of fecal incontinence is divided into medical
therapy and surgical therapy. In general, medical therapy
should be pursued first because there are less risks
involved. However, the risks and benefits of treatments
must be weighed for each patient based on their degree
and etiology of incontinence. For example, a patient with
a documented sphincter defect with only occasional
incontinence may not want surgery and may benefit from
biofeedback and dietary modification. Alternatively, a
patient with moderate incontinence and a sphincter defect
who is willing to accept the risks of surgery may benefit
from an overlapping sphincter repair rather than being
chronically dependent on antidiarrheal medications.
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The mainstay of medical therapy is altering the stool
consistency through dietary changes and antidiarrheal
medications. Concurrently or subsequently, one can pursue
a course of biofeedback, because it is relatively noninvasive
and has essentially no side effects. There has been some
variation in the results obtained with biofeedback for fecal
incontinence depending on severity and etiology. In a
study of 25 patients with more than five episodes of fecal
incontinence per day, biofeedback improved sphincter
endurance and sphincter contraction. Forty-four percent
became completely continent and 48% had significant
improvement in their incontinence.’

Surgical Therapy

The key to deciding what kind of surgical therapy should
be used depends on whether or not the anal sphincters are
intact. This evaluation and treatment are discussed else-
where in this book in greater detail. Simply stated, those
patients in whom surgical therapy is planned who have
sphincter defects should have an overlapping sphincter
repair. For those patients with intact sphincters, other
interventions such as submucosal injection of bulking
agents - Durasphere™ (formerly known as ACYST™;
Boston Scientific Corp., Boston MA), radiofrequency
energy delivery to the anal canal - the Secca® procedure
(Curon Medical, Sunnyvale, CA) (Chapter 6-10, Figure 6-
10.7, a and b), sacral nerve stimulation (Chapter 6-10,
Figure 6-10.9), stimulated or nonstimulated unilateral or
bilateral graciloplasty (Chapter 6-10, Figures 6-10.1 and
6-10.2), or artificial bowel sphincter implantation (Chapter
6-10, Figure 6-10.4, a and b) may be considered.

Finally, one must consider the role of fecal diversion in
the management of fecal incontinence. Fecal diversion can
be used as a temporary or permanent procedure, or as
primary or secondary therapy.In a select group of patients,
permanent fecal diversion may be the best therapeutic
option. For those patients with severe incontinence and
altered mobility or mental status, a permanent stoma may
significantly improve quality of life.'” In patients with
spinal cord injury, ostomies have been shown to improve
the quality of life and decrease the amount of weekly time
spent on bowel care from 10.3 to 1.9 hours on average ."
Other patients in whom permanent fecal diversion may be
considered are those with unreparable defects, patients
who have failed other attempts at surgery, or those in
whom other forms of surgery are undesirable or too risky.
Fecal diversion may be the best choice for elderly, debili-
tated, and institutionalized patients or those who do not
wish to have other procedures.’ In appropriately selected
cases, ostomies are easier to care for and may in some
patients be preferable to a life of restricted social activities,
especially because enterostomal therapy has advanced so
significantly."

The other major role for fecal diversion in the manage-
ment of incontinence is that of a temporary stoma. Patients
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who have had multiple or complex repairs, severe trauma,
and/or perineal contamination (perineal sepsis), associ-
ated pelvic injuries, or Crohn’s disease may benefit from
diversion before repair.”” The decision to divert is depend-
ent on the type of surgery used to restore continence, the
patient’s comorbidities, and the quality of the tissue used
to affect the repair. For example, studies have shown that
routine diversion in the setting of overlapping sphinctero-
plasty is not necessary."'"* The goal of diversion is to allow
the tissues to heal with less risk of sepsis, and to close the
stoma at a later date. Closure of the stoma is individualized
based on the healing process and is generally performed
within 3 to 6 months after the restorative procedure. Expe-
rience at Cleveland Clinic Florida has shown that laparo-
scopic creation of colostomies and ileostomies can be
performed safely and with a more rapid recovery than if
performed by laparotomy.” Creation of a stoma, although
usually considered a relatively simple procedure, is not
entirely free of complications. The overall complication
rate varies between 25% and 75%'*** and is usually divided
into early complications (less than a month after the pro-
cedure) and late complications. Early complications
include skin irritation, ischemia, and partial necrosis of the
stoma, retraction, dehydration caused by high output
(mainly in ileostomies), and bleeding. Late complications
occur more than a month after the procedure and may
include parastomal hernias, stenosis, and prolapse as well.
Obesity and inflammatory bowel diseases predispose to
complications whereas enterostomal nursing care may help
prevent them.” There is no consensus as to which is the
best method to divert the fecal stream. Some authors prefer
colostomies'” whereas others demonstrated the superiority
of ileostomies."® The method of diversion that is used most
often in the Cleveland Clinic Florida is a loop ileostomy,
preferably performed laparoscopically.”!

Conclusion

The role of fecal diversion in the management of fecal
incontinence is diverse and therefore must be individual-
ized based on the severity of the problem, the nature of the
surgery, and the patient’s condition and desires.
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ACYST, Secca, Sacral Nerve Stimulation, Artificial Bowel
Sphincter, and Stimulated Graciloplasty

Susan M. Cera and Eric G. Weiss

Patients with severe fecal incontinence unresponsive to
conservative measures can be divided into two broad cat-
egories of surgical approach. The first group includes those
patients with an identifiable anatomic sphincter defect who
can expect a 70% to 80% surgical success rate with over-
lapping sphincteroplasty. The absence of pudendal neu-
ropathy yields the best outcome in these patients.” The
second group includes those patients with extensive
sphincter damage, muscle loss, or pudendal neuropathy
not amenable to direct sphincter repair. Fortunately,
because of the development of newer surgical techniques,
the patient with severe fecal incontinence is not obligated
to a permanent stoma.

In the first half of the century, patients who were not
candidates for sphincter repair underwent sphincter
reconstruction with muscle transpositions involving either
the gluteus maximus or gracilis. These techniques only met
with moderate success because the static, striated muscle
flaps were prone to fatigue with chronic contraction. The
transposed muscle did not have any involuntary tone at
rest, and patients had to perform awkward movements to
achieve imperfect continence.

In the 1980s, external stimulators were applied to the
muscle transpositions to create dynamic neosphincters
with resting muscle tone. The low-frequency electrical
stimulation provided by these stimulators transforms the
skeletal muscle from fast-twitch fatigue-prone (type II)
muscle fibers to slow-twitch fatigue-resistant (type I)
muscle fibers. However, the procedure involves many com-
ponents and requires technical expertise predisposing
to an array of complications that proved to undermine
the advantages. Since its introduction in the 1990s, the
Artificial Bowel Sphincter™ (ABS) offers an alternative,
safe, and convenient option in sphincter reconstruction.
In addition, the development of other techniques, in-
cluding injection of submucosal beads (ACYST™),
radiofrequency (the Secca® procedure), and sacral nerve
stimulation (SNS), serve to augment the native continence

mechanism in those who do not require neosphincter
construction.

Stimulated Graciloplasty

The technique of stimulated graciloplasty involves the
transposition of the gracilis muscle from the thigh to form
a skeletal muscular ring around the anus with the distal
portion anchored to the contralateral ischial tuberosity
(Figure 6-10.1). Two phases are used in this procedure with
the number of required operations dependent on the use
of an optional stoma. Phase I consists of transposition of
the muscle and implantation of the stimulator and the elec-
trodes (Figures 6-10.2 and 6-10.3). Phase II involves 8
weeks of muscle conditioning with increasing levels of
neuromuscular stimulation. The use of a diverting stoma
requires additional operative intervention for creation and
closure. Upon completion of phase II, the patient is able to
control continence with the use of an external magnet. The
patient can switch the neurostimulator on, causing the
muscle to contract, and off, causing the muscle to relax.

The Dynamic Graciloplasty Therapy Study Group
(DGTSG) has been instrumental in providing the largest
prospective, multicenter data with regard to outcome of
this procedure. The initial report on the efficacy revealed
improvement in continence and quality of life in the major-
ity (60%) of patients.’ Long-term efficacy reported in a sep-
arate study revealed a 62% success rate and improvements
in functional and quality-of-life variables that persisted
during a 2-year duration.*

Although many studies proved the efficacy of the stim-
ulated graciloplasty, concern arose about the high rates of
complications and need for reoperation. In the original
study by the DGTSG, the complication and reoperative
rates were 74% and 40%, respectively.” Other studies also
revealed high rates of infection, hardware failure, and post-
operative evacuatory dysfunction. In a single institution
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Figure 6-10.1. Schematic of the stimulated graciloplasty with lead implants. (Reprinted from Fundamentals of Anorectal Surgery, 2nd ed, DE Beck, SD Wexner, page142, © 1996, with

permission from Elsevier)

study performed at Cleveland Clinic Florida, complications
included lead fibrosis, seroma of the thigh incision, excori-
ation of the skin above the stimulator, fecal impaction, anal
fissure, parastomal hernia, rotation of the stimulator, pre-

Figure 6-10.2. Intraoperative view of the gracilis transposition for sphincter
reconstruction.

mature battery discharge, fracture of the lead, perineal skin
irritation, perineal sepsis, rupture of the tendon, tendon
erosion, muscle fatigue during programming sessions,
electrode displacement from the nerve, and fibrosis around

Figure 6-10.3. Stimulator for the stimulated gracilis sphincter reconstruction.
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the nerve.” Some of these complications led to stoma cre-
ation or death. Consequently, the DGTSG investigated the
etiology and impact of these complications.’ In this report,
211 complications occur in 93 cases of dynamic gracilo-
plasty. Forty-two percent had severe complications,
although recovery was achieved in 92%. Of all the compli-
cations, only major infections adversely affected outcome,
leading the authors to conclude that although the compli-
cation rate was high, most of the complications were treat-
able and did not adversely affect outcome. Because of the
complexity of the procedure and the high rate of compli-
cations, the stimulator device has been removed form the
United States market, although it remains a viable option
in other countries. Currently in the United States, gracilis
transpositions are being used to augment sphincter mass
before placement of the ABS in those patients with
significant muscle loss from trauma or from congenital
atresia.”

Artificial Bowel Sphincter™

Augmentation of the sphincter with a prosthetic device was
first reported for fecal incontinence in 1992 after the idea
was borrowed from urology, where artificial sphincters are
used for urinary incontinence.® The current device used for
fecal incontinence, the Acticon™ NeoSphincter (American
Medical Systems, Minnetonka, MN), consists of three silas-
tic components: an inflatable cuff, a pressure-regulating
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balloon, and a control pump that allows activation or deac-
tivation of the device (Figure 6-10.4). The inflatable cuff is
implanted around the anus and is connected by silastic
tubing to the control pump placed in the scrotum of males
or in the labium major of females. The control pump is also
connected to the pressure-regulating balloon implanted in
the space of Retzius. When activated, the cuff is distended
and the anus is occluded. The pressure-regulating balloon
maintains the cuff pressure. To defecate, the patient com-
presses the control pump several times, and the fluid is dis-
placed out of the cuff and into the regulating balloon.

The artificial sphincter is placed with the patient under
general anesthesia in the lithotomy position after having
undergone a mechanical and antibiotic bowel preparation
and rectal irrigation with Betadine solution. Attention is
given to prevention of contact of the silastic components
with lint and powder because these materials tend to easily
adhere with potential for contribution to infection. Either
through an anterior perineal incision or bilateral perianal
incisions, blunt dissection is used to create the circumfer-
ential tunnel around the anal canal several centimeters
deep in the ischiorectal fossa. The occlusive cuff is appro-
priately sized and placed with the connection tubing on the
same side as the patent’s dominant hand. A suprapubic
incision is made and the pressure-regulating balloon
placed in the space of Retzius. Blunt dissection creates
a dependent pouch in the scrotum or labia into which
the control pump is placed. The tubings are connected
but the device is left deactivated for the first 6 weeks
postoperatively.

Figure 6-10.4. Schematic of the Artificial Bowel Sphincter™ in male (a) and female (b).
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The Acticon™ NeoSphincter received Food and Drug
Administration (FDA) approval in 1999. A recent, multi-
center, nonrandomized trial revealed the device to have a
significant rate of clinical success (85%), enhancement in
quality of life, and a high degree of safety.” However, similar
to the stimulated graciloplasty, limitations in the use of this
technique are related to the high rate of complications,
most of which are related to infections of the foreign mate-
rial with subsequent need for surgical revision. Other com-
plications are related to erosion of the components into
adjacent structures or device malfunction with a device
explant rate of 36%.” The cost involved and the morbidity
from this device and the stimulated graciloplasty are
approximately the same. In a recent prospective compari-
son of eight cases of dynamic graciloplasty and eight
implantations of the ABS followed over 3 years, there was
no difference in complications, wound healing problems,
or explantation rates, although the ABS was found to be
more effective in lowering the fecal incontinence score."
Nonetheless, this remains an important alternative for
patients with end-stage fecal incontinence when no other
surgical or medical options exist except stoma. At this
point, long-term studies are still needed to determine the
longevity of the device.

Carbon-coated Bead Injection

Injection of carbon-coated beads (ACYST™ or Durasphere
FI®; Carbon Medical Technologies, St. Paul, MN) into the
submucosa of the upper anal canal and lower rectum
serves to provide additional bulk in the anal canal (Figures
6-10.5 and 6-10.6). This bulk provides resistance to the

Figure 6-10.5. Microscopic picture of the carbon-coated beads in a gel suspension.The
beads are 212 to 500 g in size.

Incontinence Therapy

Figure 6-10.6. The beads are injected via a 1-mL syringe.

passage of stool and allows for improved sensation and dis-
crimination. It is an outpatient office procedure that is well
tolerated. A recent prospective, open-label trial study per-
formed at our institution on 20 patients revealed sympto-
matic improvement of the fecal incontinence in 75% of
cases at 2-year follow-up." This procedure has proven to
be a safe, simple, inexpensive, and effective technique in the
treatment of moderate to severe fecal incontinence. Cur-
rently, a prospective, randomized trial further evaluating
this method is beginning.

Radiofrequency Energy

The Secca® procedure (Secca® System; Curon Medical Inc.,
Sunnyvale, CA) involves the delivery of radiofrequency
energy to the lower rectum and anal canal through a spe-
cially manufactured anoscope (Figure 6-10.7). Intravenous
sedation, local anesthesia, and prophylactic antibiotics are
used for this outpatient procedure. The device is positioned
under direct visualization at the dentate line and four
needle electrodes deliver the radiofrequency energy for 90
seconds (Figure 6-10.8). Additional applications in all four
quadrants are administered in 5-mm increments proximal
to the dentate line for a total of 16 application sites. Recent
publication of a multicenter, prospective trial reported it to
be safe, minimally invasive, low risk, and effective with a
significant therapeutic impact on the symptoms of fecal
incontinence and quality of life."* Procedure-specific com-
plications were minimal and included anoderm ulcerations
and bleeding. A prospective, randomized, blinded, sham-
controlled trial is underway to further study the procedure.
The device is not currently FDA approved except for use in
clinical trials.
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Figure 6-10.7. Anoscope (a) and radiofrequency (b) device of the Secca® system. The anoscope has four electrodes that deliver the radiofrequency energy (c).

Figure 6-10.8. Probe is inserted into anal canal (a). Needles are deployed and radiofrequency delivered and four to five levels of radiofrequency delivered in the four quadrants at

each level (b).

Sacral Nerve Stimulation

Sacral nerve stimulation is the most widely published
“new” technique for the restoration of fecal incontinence
(Figure 6-10.9). Once again, the technology has been
adapted from urology techniques where SNS is widely
accepted in the current treatment of urinary incontinence
(see Chapter 7-2). Patients with bladder dysfunction and
concomitant fecal incontinence were noted to have
improvement in both symptoms with external stimulation
to the pelvic neuroplexus. It was first reported for treat-
ment of fecal incontinence in 1995 by Matzel et al.” Since
then, it has been performed in several hundred patients in
Europe. In the United States, it is currently under investi-
gation including at our institution.

To be a candidate, a patient must have an intact sphinc-
ter without substantial defects or loss of muscle, reduced
or absent sphincter function (by anal manometry), and
intact residual reflex function (confirmed by pudendal
stimulation) demonstrating an intact nerve-muscle con-
nection. Performance of this technique consists of two
stages: peripheral nerve evaluation (PNE) (the diagnostic
stage) and the permanent implant (the therapeutic stage).
Peripheral nerve evaluation of the sacral roots (S2, S3, S4)
is divided into two phases: an acute phase to test the func-
tional integrity of each spinal nerve to striated anal sphinc-
ter function and a chronic phase to assess the therapeutic
potential of sacral spinal nerve stimulation in individual
patients. For PNE, the patient is placed in the prone posi-
tion using either local or general anesthesia and the sacral
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foramina are located using bony landmarks. The
acute phase test is performed under local anesthesia
using a 20-gauge spinal insulated needle (Medtronic Inc.,
Minneapolis, MN) attached to an external neurostimulator
(Medtronic Inc.). The needle is placed in the sacral foram-
ina, and an electrical current is gradually applied to the
needle until a visual muscle response is obtained. Muscle
responses include movement of the external sphincter and
lateral rotation of the leg (S2), contraction of pelvic floor
and plantar flexion of the big toe (S3), or contraction of the
anus (S4). The chronic phase of PNE involves placement of
a temporary stimulator lead into the same position as the
testing needle. This lead is left in place for a trial period of
1 to 2 weeks to allow evaluation of functional response. The
decision to proceed from temporary to permanent stimu-
lation is made on the basis of 50% functional improvement
in either the number of episodes or incontinence-free days.
For placement of the permanent stimulator, the patient is
placed in the prone position. The previous scar in the upper
buttocks area is opened and the temporary stimulator
removed. A permanent stimulator is placed in a subcuta-
neous pocket and the wound is reclosed. Perioperative
antibiotics are continued for 24 hours for each of the
procedures.

In the patients that have undergone this procedure since
1995, all but one have had functional benefit and these
results have remained consistent over a course of follow-
up of up to 8 years.""" In addition, SNS clearly improved
quality of life. The complication rate was between 0% to
33% and consisted of pain at the site of the pulse genera-
tor, electrode migration, and infection.

Patients with fecal incontinence from a wide variety of
causes have been treated successfully including: deficits
resulting from anal or rectal procedures, those with obstet-
ric or neurologic trauma, scleroderma, systemic sclerosis,
primary internal anal sphincter degeneration, and even
sphincter disruption. The exact mechanism of action is
unknown; however, the sacral nerve roots are the most

Figure 6-10.9. Sacral nerve stimulation.

proximal point of the combined dual nerve supply, somatic
and autonomic, to the pelvic floor and anal sphincter
mechanism. Stimulation of these sacral nerves augments
the neural input to a native mechanical apparatus consist-
ing of the muscular architecture, its associated system of
neural connections involved in function of striated muscle,
sacral reflexes, and the intrinsic nervous system. The effect
seems to be the result of direct efferent stimulation
and contraction of the muscles of the pelvic floor and
sphincter and from its modulation of the afferent neural
pathways is involved in the activation of the internal
anal sphincter, rectal relaxation, and sacral reflexes that
regulate sensitivity, motility, and the coordination of
defecation.

Sacral nerve stimulation has many potential advantages
over sphincter repairs, reconstruction, and replacement.
The main advantage is that it is minimally invasive because
it involves placement of electrodes at a proximal source of
the nerve supply with no manipulation of the rectum, anus,
or pelvic floor. Consequently, it has a very low complication
rate, and the need for discontinuation of treatment is rare.
Revisions, repeat surgeries, and removal of the apparatus
do not necessarily obligate the patient to a stoma because
the stimulation device can be reimplanted again if tempo-
rary removal is necessary. Other advantages include the
ability to perform the temporary stimulation phase as a
screening method for appropriate patients before perma-
nent electrode placement, the absence of required bowel
preparation, the performance of procedures in an outpa-
tient setting, lack of decline in efficacy over an 8-year
period, and use in a variety of causes of fecal incontinence.
Despite the fact that the exact mechanism of action
remains to be elucidated, satisfying clinical results have
been achieved with this technique. It is an exciting treat-
ment option in a population in whom conservative meas-
ures have failed and traditional surgical approaches are
conceptually questionable, have limited success, or are con-
sidered too high risk.
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Choosing a Technique

The recent development of multiple surgical techniques for
fecal incontinence offers physicians and patients a variety
of options for treatment. Choosing the appropriate therapy
is based on the patient risk factors, etiology of the incon-
tinence, procedure-specific contraindications, and associ-
ated pelvic floor deficits.

Patient risk factors for surgery have an important role in
choosing a procedure. The least invasive is the ACYST™
procedure, which can be performed during an office visit
and is ideal for those who are poor surgical candidates
or refuse more invasive techniques. The Secca® and SNS
procedures are also minimally invasive but require local
anesthesia, complicated equipment, and operating room
monitoring for performance. The ACYST™, Secca®, and
ABS demonstrate very low risk of complications and do not
preclude the subsequent use of other techniques that can
be used in the case of their failure. The ABS is an invasive
procedure reserved for those in whom other techniques
have failed and requires a motivated and otherwise healthy
patient that is physically fit for possible multiple surgical
revisions. It has a high rate of complications, is usually
reserved as a last resort, and failure of this technique
usually obligates that patient to a stoma.

Another patient factor that needs consideration before
choice of therapy is mental capacity with respect to the
more complicated techniques. The SNS, stimulated gracilo-
plasty, and ABS procedures require patients with the cog-
nitive ability to understand the technique, incorporate it
into daily life, maintain the components, and understand
potential complications and failure. In addition, those who
undergo the stimulated graciloplasty and ABS should be
prepared for possible repeat surgical interventions. Those
with psychiatric conditions or emotional instability may
not be suitable for these high-maintenance procedures and
are probably better candidates for either the ACYST™ or
Secca® procedure, which do not require routine mainte-
nance or follow-up.

Etiology is important to the consideration of the type of
therapy chosen. The ACYST™ and Secca® procedures do
not attempt to correct the underlying etiology of the incon-
tinence. Instead, these procedures involve augmenting the
resistance of fecal passage by bulking or tightening the
mucosa of the anal canal and rectum. Consequently, these
techniques can be used in all forms of fecal incontinence,
but are more effective in milder forms. Sacral nerve stim-
ulation has also been used in a variety of causes of fecal
incontinence but requires adequate neuromuscular archi-
tecture demonstrated on electromyography and pudendal
nerve testing. Patients with severe neuropathy (absent bilat-
eral pudendal motor latencies) or significant deficits/loss
of sphincter muscle may not be amenable to SNS and are
better candidates for sphincter replacement with the ABS.

Procedure-specific contraindications relate to the safety
in performing the procedures in certain situations or in the
placing of the artificial components. The presence of asso-

ciated anorectal pathology precludes choice of the
ACYST™, Secca®, and ABS procedures because they all
involve direct manipulation of the anus and rectum. Peri-
anal disease (i.e., fistulas, fissures, abscesses, inflammatory
bowel disease, perianal infections, anorectal carcinoma)
and local radiation are contraindications to these proce-
dures because of the inherently high risk of infectious com-
plications. In contrast, contraindications to SNS include
sacral diseases, such as spina bifida or sacral agenesis,
cauda equina syndrome, or skin pathology at the site of
electrode placement. Patients with a cardiac pacemaker or
an implantable defibrillator cannot undergo SNS or the
stimulated graciloplasty because of the obvious interfer-
ence of the electrical stimulators. Lastly, some patients with
fecal incontinence have associated pelvic floor dysfunction
in the form of concomitant urinary incontinence. These
patients may benefit most from SNS because it has shown
to improve both of these impairments as opposed to the
placement of separate urinary and bowel sphincters.

Multiple options are now available for patients with fecal
incontinence without a sphincter defect and for whom con-
servative measures have failed. Each offers advantages and
disadvantages that can be used to tailor specific treatments
to individual needs.
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Case Presentation: Stress Urinary Incontinence/Fecal

Incontinence

Daniel H. Biller and G.Willy Davila

Chief Complaint

“I leak urine and stool”

History and Physical Examination

The patient is a 40-year-old G2P1 woman with a 4-year
history of stress urinary incontinence (SUI) and fecal
incontinence (FI) that began with the vaginal delivery of
her now 4-year-old daughter complicated by a fourth
degree laceration. Since that time, she has had progres-
sively worsening FI to both liquid and solid stools, as well
as an inability to control flatus. Her urinary incontinence
is stress related with no significant urgency, frequency,
enuresis, or nocturia. She voids with a normal flow. In addi-
tion, she complains of dyspareunia and vaginal dryness.
Her symptoms have caused significant quality-of-life
impairment.

Medical History

1. Vaginal delivery x 1
a. 5 pounds 14 ounces
b. Fourth degree laceration

2. Low back pain

Social History

1. Tobacco - 1/2 pack per day
2. Social alcohol consumption

Medication

None

Physical Examination
Pelvic Examination

Normal external genitalia. Urethra, bladder, and vagina
were normal. First degree cervical prolapse with good
vaginal vault support.

Second degree midline cystocele associated with second
degree enterocele and third degree rectocele. Vaginal
caliber was normal to slightly enlarged.

Bimanual examination was normal with no uterine
enlargement and no adnexal masses. There was mild
attenuation of the perineal body.

Reflexes and sensation were normal suggesting neuromus-
cular integrity. Total vaginal length was 9.2 cm.

Rectal Examination

Thin rectovaginal septum with a probable anteriorly based
anal sphincter defect. Decreased resting pressures and no
squeeze pressures were identified. Sensation to sharp
stimuli in the perianal area was normal.

Work-up

+ Urinalysis: negative
+ Urine culture: negative
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Endoanal Ultrasound

+ Defect of both internal and external anal sphincter
muscles anteriorly at the level of the mid anal canal with
a thin perineal body (Figure 6-11.1).

Urodynamics

1. Postvoid residual was 75mL and a negative urinaly-
sis (Figure 6-11.2).

2. Cystometrogram: Capacity of 479mL. First sensa-
tion at 83mL and first desire at 98mL. She did not
experience any urgency throughout the cystometro-
gram. No uninhibited detrusor contractions. She did
demonstrate leakage with cough, prompt urinary loss at
capacity.

CLEVELAND CLINIC FLORIDA
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Incontinence Therapy

3. Urethral pressure profiles: Functional urethral length
was 3.1cm. Maximal urethral closing pressure was 79 cm
H,O0 at capacity.

4. Leak point pressure testing: There was no leakage at
150mL with a pressure of 83cm H,O. There was also no
leakage at capacity to 86 cm H,O pressure.

5. Uroflowmetry: The patient had an interrupted
pattern voiding 700mL over 106 seconds giving a mean
flow of 10.8mL/s with a peak flow of 19.4mL/s. The
configuration was interrupted with a Valsalva pattern.

6. Cough pressure profile: Positive with equalization
(Figure 6-11.2).

7. Q-tip angle was positive with a resting angle of 35 to
80 degrees with Valsalva.

8. Electromyography was appropriate.

CLEVELAND CLINIC FLORIDA

09-19-03 6005
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Figure 6-11.1. Endoanal ultrasounds.
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Figure 6-11.2. Urodynamics.
Assessment Commentary

Complex pelvic floor dysfunction including:

1. Stress urinary incontinence with urethral hypermobility
2. Vaginal prolapse with primarily posterior wall relaxation

3. Fecal incontinence with evident anal sphincteric
defect

Concomitant Procedures Performed

1. Transobturator suburethral sling procedure
2. Vaginal enterocele and rectocele repairs
3. Anal sphincteroplasty

Six-month Follow-up

The patient said she feels “greatly improved.” She reports
one episode of urine leakage with cough and several
episodes of fecal soilage during the first 2 months of recov-
ery. Since, she reports rare incontinence of flatus, and no
incontinence of urine or liquid or solid stool.

This case represents a common clinical scenario of post-
obstetric pelvic floor damage. Coexistent urinary and fecal
incontinence caused by neuromuscular trauma to the
levator and anal sphincter muscles as well as to the puden-
dal nerve is not uncommonly seen on a short-term basis.
If the symptoms persist past 3 to 6 months postpartum,
they should be evaluated and treated. Pelvic floor exercises
can be instituted as initial conservative therapy, but if a
sphincter muscle defect is noted on examination, FI is
likely to persist. Each symptom should be comprehensively
evaluated if surgery is planned. Some clinicians would
suggest that multichannel urodynamics are not necessary
if no evidence of intrinsic sphincter deficiency is noted, or
other indications for urodynamics are not present. In this
case, the patient had been performing Kegel exercises, so
conservative therapy had failed. The colorectal evaluation
should always include endoanal ultrasound to identify a
sphincteric defect. Some clinicians would argue that a
careful digital examination is sensitive enough to identify
a torn sphincter muscle. However, we believe sonography
will document the defect and is very helpful in localizing
the extent of sphincter end separation in order to facilitate
identification of the muscle ends for reapproximation.
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Combined surgical therapy for SUI/FI is one of the most
frequently performed joint procedures at our center. We
have not noted a reduced success rate from either proce-
dure when performed concomitantly.

Although our colorectal surgeons have performed
sphincteroplasties with the patient in the lithotomy posi-
tion, their preference is clear for the prone, jackknife posi-
tion. Thus, we will typically need to flip the patient over
from the initial position to perform the second procedure.
This must be done carefully to avoid neck, back, or other
damage. The order of surgical procedures seems to not
affect the outcome. We have performed the SUI procedure
first on most occasions, but when timing or surgeon avail-
ability has required the FI procedure to be performed first,
no adverse effects have been noted. The only issue of con-
sideration is care of the suprapubic catheter (SPC) while
repositioning the patient and during the sphincter repair,
if one is placed during the SUI procedure. The SPC can be
accidentally pulled out, or there can be tissue trauma to the
patient’s lower abdomen where the catheter lies while she
is on her abdomen. We have also noted a higher rate of
postoperative voiding dysfunction in the short term after
this combination of procedures, presumably because of

Incontinence Therapy

perineal pain from the sphincteroplasty. Thus, we will most
often place a thin suprapubic catheter in this scenario. We
have not identified problems when performing a rectocele
repair along with a sphincteroplasty. Care must be taken to
not disrupt the anal sphincter repair sutures. Because we
perform all rectocele repairs through the vaginal approach,
this is typically not a technical problem.

Another noteworthy aspect of this case is the presence
of an enterocele along with the rectocele. We have found
this to be a frequent occurrence. In performing a posterior
wall dissection, we will frequently identify a separation of
the endopelvic fascia from the vaginal apex or cervix. In
fact, we have found a greater incidence of fascial separation
from the apex, as compared with the perineum, in women
with symptomatic posterior wall relaxation. Although most
clinicians would think of this anatomic alteration as an
enterocele, we have found it most often during a dissection
to correct a symptomatic rectocele. In correcting a recto-
cele, reattachment of the fascia to the vaginal cuff or cervix
restores fascial integrity to the posterior vaginal wall, and
a perineoplasty restores integrity to the perineal body and
anterior rectal wall. As such, a levator plication is not nec-
essary to correct a rectocele.
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rritative diseases of the lower urinary tract share common symptoms of urinary frequency and

urgency. Collectively, urgency/frequency syndromes encompass multitudes of pelvic diseases
including overactive bladder (OAB). Other symptoms may help to direct investigation and help
to establish a diagnosis. For example, hematuria could be a symptom of cystitis, urethral diver-
ticulum, calculus, or malignancy. Most importantly, lower urinary tract malignancy, especially car-
cinoma in situ, should be considered by the treating physician. Pelvic pain can arise from any
organ in the pelvis or its musculofascial support. Historically, fibroids of the uterus have been
erroneously blamed for the symptoms of urgency and frequency, and it was used as an indica-
tion for hysterectomy. Similarly, constipated patients have significant lower urinary tract symp-
toms, and successful treatment of constipation is usually accompanied by resolution of urinary
symptoms. More recently, treatments that address the pelvic floor as a unit have success for mul-
tiorgan symptoms. At Cleveland Clinic Florida, some patients with bowel and urinary symptoms
experienced relief from both after neuromodulation therapy.

The new definition of OAB as urinary frequency, urgency with or without urge incontinence,
has helped to define the problem, and subsequent epidemiologic data showed striking similar-
ity of a 17% incidence of OAB in both Europe and North America. Suddenly, a new condition/
disease emerged that has a high prevalence compared with chronic diseases such as asthma and
arthritis. Direct QOL impact on this large population with OAB has led to feverish research, driven
mostly by industry, with the introduction of compounds that are as effective as old ones with
fewer side effects, such as dry mouth and constipation and subsequent negative effects on
patient compliance. This was accompanied by both public and medical education increasing the
awareness of the condition among health care professionals and the community and driving
more patients to seek help. Dr. Davila’s chapter explores the current pharmacologic therapies for
0AB.

Unfortunately, the present pharmacologic therapies have their limitations. Blocking M recep-
tors whether nonspecific or specific (M2), has reached its maximum tolerable efficacy.The search
for newer compounds that block adenosine 5’-triphosphate (ATP)-regulated receptors such as
P2X, K and N channel openers, and others may lead to improved efficacy. Until then, alternative
therapies for refractory OAB should be tried. In such refractory cases, a minimally invasive tech-
nique is presented in my chapter on neuromodulation, and Dr. Rackley’s chapter, which reviews
other alternatives ranging from minimally invasive office procedures such as Botox injections to
the more extensive surgical procedures of bladder augmentation with bowel. Similar irritative
conditions causing bowel dysfunction and their treatment are described by Drs. Efron and Weiss.
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The term overactive bladder (OAB) encompasses a wide
range of irritative bladder filling and storage symptoms
including the symptoms of urinary frequency, urgency, and
urge incontinence, alone or in combination. Overactive
bladder represents a health condition of increasing public
and medical recognition, and because of the wide variation
in reported symptoms of OAB, accurate estimates of preva-
lence and incidence are difficult to calculate.

The underlying pathophysiology of OAB has not been
completely elucidated but is believed to be multifactorial.
The voiding process is a complex mechanism that inte-
grates the nervous system, including the brain and spinal
cord, with the smooth muscle in the bladder and urethra.
These circuits control the two integral functions of the
bladder: storage and elimination. Theories concerning the
pathogenesis of OAB include abnormal excitability or loss
of inhibition at various levels of the peripheral and central
nervous system and the bladder smooth muscle. Overac-
tive bladder can develop as a result of various neurologic
disorders, aging, and intrinsic detrusor abnormalities
resulting in detrusor overactivity, urgency, and urge
incontinence.

Dysfunction at the receptor level has traditionally
received the most attention with the major pharmacologic
interventions focusing on the muscarinic receptor behav-
ior. The urinary bladder is a heterogeneous organ possess-
ing the high density of muscarinic receptors. At least five
receptor subtypes are based on molecular cloning and four
receptor subtypes are based on pharmacology. M1, M2, and
M3 receptor subtypes have been identified in the human
bladder, noting that M2 receptors predominate, but M3
receptors mediate the cholinergic smooth muscle contrac-
tion. M2 receptors may have a role in pathologic states,
because it has been postulated that the coactivation of M2
receptors enhances the response to M3 stimulation. The
muscarinic receptors are widely distributed throughout the
central nervous system, and clearly have a role in OAB
whether in regulation of detrusor function or in modulat-
ing anticholinergic side effects. The exact mechanism of
detrusor function and dysfunction remains undefined,

with the most likely explanation incorporating disorders
at multiple sites within the nervous system and
bladder.!

Management of Overactive Bladder

Overactive bladder management should be individualized,
because the impact on quality of life is relative to that
patient. Most published treatment algorithms include a
combination of behavioral modification and pharmaco-
logic therapies.

Behavioral Therapies

Behavioral therapy includes bladder drills, bladder train-
ing, habit training, timed voiding, pelvic floor muscle train-
ing, and biofeedback. It is a means for the patient to regain
cortical control over the detrusor muscle and bladder
outlet. Bladder training incorporates timed voiding habits
and bladder function, whereas pelvic floor training empha-
sizes control of the bladder outlet and increased sphincter
resistance. Current approaches include combinations of
voiding schedules, bladder diaries, fluid and diet manage-
ment, and pelvic floor exercises.

In a prospective, randomized study comparing behav-
ioral pelvic floor therapy to oxybutynin therapy and
placebo, behavioral therapy provided an 80.7% reduction
(30% cure) in incontinence episodes; it was significantly
more effective than drug treatment (mean 68.5% reduc-
tion; P = .04), and both treatments together were more
effective than placebo (mean 39.4% reduction; P <.001 and
P £ .009, respectively).” In a later randomized, controlled
trial with a modified crossover design, it was demonstrated
that combining drug and behavioral therapy in a stepped
program can produce added benefit for patients with urge
incontinence. In this study, single therapy resulted in a
mean reduction of incontinence episodes of 57.5%,
whereas addition of oxybutynin chloride to behavioral
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therapy reduced incontinence episodes by 88.5% (P =.034),
and similarly, addition of pelvic floor therapy to isolated
drug therapy reduced incontinence episodes from 72.7% to
84.3% (P =.001).}

Pharmacologic Therapy

The anticholinergic/antimuscarinic agents are the most
commonly used drugs to treat OAB and urge incontinence
(Table 7-1.1). This class of drugs remains the standard of
care, and is recommended as the first line pharmacologic
therapy for patients with detrusor overactivity by the
Agency for Health Care Policy and Research (AHCPR)
(www.ahrq.gov/clinic/uiovervw.htm). These agents sup-
press muscarinic receptors on the bladder smooth muscle,
but the relative lack of selectivity for the bladder over other
organ systems accounts for significant adverse side effects
such as xerostomia, constipation, and blurred vision. These
adverse effects result in a high rate of discontinuation that
has led to a search for receptor subtype-specific antimus-
carinic agents with improved tolerability profiles. When
reduction of urge incontinence episodes is used as the

Table 7-1.1. Available anticholinergic agents for treatment of OAB

Urgency/Frequency Syndromes Therapy

primary outcome, anticholinergics have been shown to be
significantly efficacious in 50% to 80% of cases.

As with all pharmacologic therapy, medication should be
initiated with the lowest dose of a single agent and titrated
to the desired clinical effect whereas minimizing adverse
effects. The two most frequently prescribed pharmacologic
agents for the treatment of OAB are oxybutynin (available
in immediate- and extended-release oral formulations and
a transdermal delivery system), and tolterodine (available
in extended-release oral formulation). Both agents can be
effective in the treatment of OAB.

Oxybutynin

Oxybutynin is an antimuscarinic agent with pronounced
antispasmodic effects and local anesthetic activity, and it
has served as the gold standard for treatment of OAB for 3
decades. Several double-blind, controlled studies have
demonstrated its efficacy with reports of 50% symptomatic
improvement in 61% to 86% of subjects at 15 mg daily.*
The original formulation (OXY-IR) is an immediate-
release oral administration dosed at 5mg three to four

Name of Drug
Oxybutynin

Tolterodine

Hyoscyamine

Imipramine

Propantheline

Solifenacin

Darifenacin

Trospium

Class

Antimuscarinic
Local anesthetic
Smooth muscle relaxant

Antimuscarinic
Smooth muscle relaxant

Anticholinergic
Antispasmodic

Tricyclic antidepressant
Anticholinergic
Alpha-adrenergic
Antihistaminic

Anticholinergic

Antimuscarinic

Antimuscarinic

Antimuscarinic
Antispasmodic

Dosage

IR =2.5mgBID-5mgQID
ER =5mg-30mg QD
TD = 3.9mg 2x/week

IR=1-2mgBID

ER=2-4mgQD

0.125-0.25mg Q4h
or
0.375-0.75mgBID

25-100mg QHS

15-30mgTID/QID

5-10mg QD

7.5-15mg QD

20mg BID

IR=immediate release, ER=extended release, TD=transdermal, SL=sublingual

Route Side effects Contraindications
PO Xerostomia Closed-angle glaucoma
D Blurred vision Gastric retention
Constipation Arrhythmia
tachycardia Myasthenia gravis
PO antincholinergic Closed-angle glaucoma
Gastric retention
Arrhythmia
Myasthenia gravis
PO Anticholinergic Closed-angle glaucoma
SL Gastric retention
Arrhythmia
Myasthenia gravis
PO Orthostatic hypotension Recent MI
Urinary retention MAQ inhibitor usage
anticholinergic
PO anticholinergic Closed-angle glaucoma
Gastric retention
Arrhythmia
Myasthenia gravis
PO Anticholinergic Closed angle glaucoma
Urinary retention
Gastric retention
PO Anticholinergic Closed angle glaucoma
Urinary retention
Gastric retention
Hepatic impairment
PO Anticholinergic Closed angle glaucoma

Urinary retention
Gastric retention
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times a day with the maximum dosage of 20mg per day.
Thuroff et al.’ demonstrated a mean decrease in inconti-
nence episodes of 52%, and in urinary frequency of 33%.
Significant levels of discontinuation were observed despite
the high subjective improvement rates (74%) secondary to
the incidence of reported side effects (70%), most notably
dry mouth. Other placebo-controlled studies demonstrated
reduced incontinence frequency by 19% to 58%.

Approximately 80% of patients taking OXY-IR 5mg four
times a day report intolerable adverse side effects. Oral
administration of oxybutynin results in the metabolism of
oxybutynin to N-desethyloxybutynin (DEO), its primary
metabolite. A strong correlation has been identified
between DEO levels and the severity of dry mouth. Thus,
reducing small bowel and hepatic production of DEO
results in lessened anticholinergic side effects. This led to
the release of an extended-release oral oxybutynin and a
transdermal delivery system.In 1999, oxybutynin extended
release - OXY-ER (Ditropan XL) was approved. It is a once
daily, controlled-release formulation using a push-pull
osmotic system (OROS) allowing for consistent release of
oxybutynin, affording a lower mean degree of fluctuation
in plasma levels, and avoiding enterohepatic circulation by
increased delivery in the large intestine, thus reducing the
side effect profile whereas maintaining clinical efficacy. As
a result, the incidence of moderate to severe xerostomia is
reduced to 23%.°

Various clinical studies have demonstrated the effective-
ness of oxybutynin in controlling OAB. In a randomized
study that compared the immediate- and extended-release
formulations of oral oxybutynin, the mean number of
weekly urinary incontinence episodes was reduced by 88%
and 84%, respectively. Although effectiveness was high, so
was the incidence of dry mouth - 68% for extended-release
oxybutynin and 87% for immediate-release oxybutynin.”

Transdermal Oxybutynin

Approved by the U.S. Food and Drug Administration (FDA)
in 2003, transdermal oxybutynin is a matrix-type patch
system (Oxytrol™; Watson Pharma, Inc.) that provides
3.9mg of oxybutynin per day via twice-weekly applications.

In a phase III double-blind, placebo-controlled study
comparing 3.9 to 1.3 and 2.6 mg/d transdermal oxybutynin
as well as placebo patch, the 3.9-mg daily dose of trans-
dermal oxybutynin significantly decreased weekly inconti-
nence episodes and urinary frequency, increased voided
volumes, and significantly improved quality of life (Incon-
tinence Impact Questionnaire total score, P = .0327) com-
pared with placebo.!

The most common adverse event with the transdermal
system is application-site pruritus (transdermal oxybu-
tynin, 16.8%; placebo, 6.1%)." The incidence of dry mouth
in the transdermal group was similar to placebo (9.6% vs.
8.3%)." The dosage of oxybutynin is dependent on the
surface area of the applied patch. We have noted that many
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patients who benefit from 10 mg of Ditropan XL may need
1 to 2 patches to achieve a similar reduction in OAB
symptoms.

When we initiate oxybutynin therapy, we will offer
patients either 10mg of Ditropan XL or a 3.9-mg patch.
Depending on the response, tolerability, and other factors,
some patients may increase the dosage to 15mg of
Ditropan XL or 1.5 to 2 patches weekly. Alternatively,
patients may supplement the oxybutynin dosage by adding
2.5 to 5mg of immediate-release oxybutynin as necessary
for a social event or travel. As with any anticholinergic
agent, it is contraindicated in patients with narrow-angle
glaucoma, severe constipation, or an allergy to the
medication.

Tolterodine

Tolterodine is a competitive muscarinic receptor antago-
nist that was developed for the management of OAB. There
are currently two oral formulations: an immediate-release
(Detrol) available in 1- and 2-mg tablets given twice per
day, and an extended-release pill available as 4mg given
once per day (Detrol LA; Pfizer, Inc., New York, NY).

Tolterodine immediate-release has consistently demon-
strated a 20% reduction in micturition episodes, and a 40%
to 60% reduction in weekly urge incontinence episodes
versus placebo in randomized, double-blind, placebo-
controlled studies.* "

The mechanism of action is similar to oxybutynin, but
the adverse side-effect profile is improved. The better tol-
erability profile of tolterodine compared with immediate-
release oxybutynin has been confirmed in two randomized
studies of detrusor overactivity. In a meta-analysis includ-
ing 1120 patients, Appell'' reported severe xerostomia in
6% of placebo, 4% of the 2-mg tolterodine arm, 17% of the
4-mg tolterodine arm, and 60% of the 15-mg immediate-
release oxybutynin arm.

Extended-release tolterodine (Detrol LA) is a once-daily
dosage that utilizes a microsphere system to deliver a more
uniform serum concentration. Van Kerrebroeck et al.”?
demonstrated in a phase III study that Detrol LA was sta-
tistically superior to Detrol in terms of tolerability, namely,
xerostomia (P < .02), whereas maintaining similar efficacy
in significantly reducing mean urge incontinence episodes
per week and mean micturition frequency.

Oxybutynin Versus Tolterodine

There have been multiple studies comparing oxybutynin-
IR to tolterodine-IR. Because the extended-release formu-
lations are more often used, we will focus on trials
involving either of these two agents. Two studies have com-
pared oxybutynin-ER to tolterodine-ER. The Antimus-
carinic Clinical Effectiveness Trial (ACET) compared
tolterodine-ER (2 and 4mg) with oxybutynin-ER (5 and
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Table 7-1.2. Date in perspective: Anticholinergic AEs (%)

OXY-IR® OXY-

(n=52) OXY-ER™ TOL-IR®® TOL-ER®(n=507) TDS'
Dry mouth 87 28 30 23 9.6
Constipation 31 7.0 7.0 6.0 0.8
Dizziness 38 49 2.0 2.0 0.8
Somnolence 40 43 3.0 3.0 1.6
Abnormal vision ~— 22 1.0 1.0 0
Headache — 8.1 4.0 6.0 0

OYX, oxybutynin; IR, immediate release; ER, extended release; TOL, tolterodine, AE,
adverse events; TDS, transdermal system.

10mg) in a prospective, nonrandomized, nonblinded,
open-labeled study. Primary outcomes were measured by
physician and patient questionnaires regarding drug
efficacy pretreatment and at 8 weeks. The patient percep-
tion of efficacy was greatest for tolterodine-ER [4 mg every
day (q.d.)], reporting 70% efficacy, compared with 60%
efficacy for tolterodine-ER (2mg q.d.),and 60% efficacy for
oxybutynin-ER (10mg q.d.)."”

The Overactive Bladder: Performance of Extended
Release Agents (OPERA) trial compared tolterodine-ER to
oxybutynin-ER in a prospective, randomized, double-blind
study." The tolerability profile was similar for both arms,
but total xerostomia was greater in the oxybutynin-ER
arm. Both agents demonstrated similar reduction in weekly
urge urinary incontinence episodes, but oxybutynin-ER
was significantly more effective than tolterodine-ER in
reducing micturition frequency (P =.003), and it reported
a higher percentage of patients reaching total dryness with
oxybutynin-ER (23.0%) versus tolterodine-ER (16.8%) (P
=.029). Because it seems to have a lower rate of dry mouth,
we prefer to use tolterodine-ER (Detrol LA) in patients who
are more susceptible to side effects (i.e., polypharmacy) or
who already have anticholinergic side-effect symptoms.
Side-effect profiles must be kept in mind when selecting an
anticholinergic agent (Table 7-1.2).

Propantheline Bromide

Propantheline bromide (Pro-Banthine) is also an anti-
cholinergic agent that inhibits involuntary detrusor con-
tractions and increases bladder capacity. The side effects
are xerostomia, constipation, tachycardia, and blurry
vision. We use this agent in patients refractory to other
medicines at a dosage of 30mg orally three times a day.
Careful monitoring of side effects is necessary, and the
dosage should be titrated to the maximum benefit with
limited side effects.

Imipramine Hydrochloride

Imipramine hydrochloride (Tofranil) is a tricyclic antide-
pressant that facilitates urine storage by decreasing bladder
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contractility and increasing urethral sphincteric function.
These effects result from the anticholinergic, antihista-
minic, local anesthetic, and alpha-adrenergic properties of
the drug. Patients with mixed incontinence often benefit
from this drug. It can be very useful for OAB patients
whose prior treatments have failed. We start at a dosage of
25mg orally at bedtime, and may gradually increase the
dose to 100mg at night. We give the dosage at night,
because nocturia is frequently a significant complaint, and
somnolence is common after administration. Care must be
taken in treating the elderly patient, because imipramine
has a narrow side-effect profile, including potential car-
diovascular toxic effects and orthostatic hypotension. Its
effectiveness in enhancing sphincteric function is
increased by concomitant administration of local estrogen
cream. Thus, we frequently prescribe both medications
together.

Hyoscyamine

Hyoscyamine (Levsin/Levbid) is an anticholinergic/anti-
spasmodic used to relieve irritable bowel syndrome, which
frequently coexists with OAB. It also suppresses detrusor
overactivity by inhibiting muscarinic cholinergic receptor
sites. Similar to other nonspecific anticholinergics, poten-
tial side effects limit its use. The dosage is 0.125 to 0.25mg
orally or sublingually every 4 hours for Levsin, or twice a
day for the extended-release formulation, Levbid.

Intravesical Therapy

Success of intravesical administration of anticholinergics
for overactive bladder and detrusor hyperreflexia has been
documented in many studies."”” However, secondary to the
cumbersome nature of administration and the relatively
short duration of action requiring repeated catheteriza-
tion, intravesical anticholinergic drug therapy is not widely
accepted.

Intravesical administration of local anesthetics such as
lidocaine has been shown to be effective for suppressing
overactive bladder, but secondary to its short-term effec-
tiveness, the use of intravesical lidocaine is limited to its
diagnostic use for differentiating detrusor hyperactivity
caused by lesions of the spinal cord versus lesions of the
brain.

Intravesical peppers or vanilloids such as capsaicin and
resiniferatoxin (RTX) activate nociceptor sensory nerve
fibers known as vanilloid receptor subtype 1. These recep-
tors function as transducers of painful thermal stimuli, and
are located predominantly on C fiber bladder afferent
nerves. Activation of these receptors initially excites these
nerves, but ultimately results in desensitization. C fiber
hyperactivity has been identified in patients with idio-
pathic detrusor hyperactivity, multiple sclerosis, and spinal
cord injuries."
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Intravesical capsaicin and RTX are still considered
experimental, but in a recent meta-analysis of published
studies, the beneficial clinical effects of increased bladder
capacity on cystometrics and mean symptomatic improve-
ment were noted in approximately 72%, and may last up to
1 year."” The side effects are acute burning and pain, as
initial instillation causes stimulation of the unmyelinated
C fibers. Resiniferatoxin is markedly more potent than
capsaicin as a vanilloid receptor agonist, but causes
significantly less local pain and inflammatory neurotrans-
mitter release.

Botulinum toxin (Botox) inhibits acetylcholine release at
the presynaptic membrane, thereby decreasing muscle
contractility and causing muscle atrophy at the site of
injection. This action is temporary because the nerves
regenerate in 3 to 6 months. Traditionally, botulinum toxin
has been used to treat detrusor-sphincter dyssynergia
because the toxin produces a chemical denervation at the
neuromuscular junction of the external sphincter. Schurch
et al.'* demonstrated increases in mean maximum bladder
capacity of 296 to 480 mL (P <.016) and a decrease in mean
maximum detrusor voiding pressure of 65 to 35cm H,0 (P
< .016) measured 6 weeks after injection in spinal
cord-injured patients with detrusor hyperreflexia who
received intravesical injection at up to 30 sites.

In our experience, patients respond well to Botox injec-
tions, but symptoms are likely to recur within 6 months.
Limited clinical data are available on Botox for OAB, and it
is not FDA approved for this indication.

Recently Available Therapy
Darifenacin

Darifenacin (Enablex) is an M3 receptor antagonist that
has an 11-fold-higher affinity for M3 than for M2 recep-
tors. It has similar potency for blocking acetylcholine-
induced contractions of the bladder, but has a lower affinity
than atropine for the M3 receptor in the salivary glands.
Phase III studies are currently in progress.

Solifenacin

Solifenacin (Vesicare) is an antimuscarinic agent also
selective for the M3 receptor, and has demonstrated
efficacy in OAB symptoms relative to placebo, with low dry
mouth rates.

Trospium Chloride

Trospium chloride (Sanctura) is an antimuscarinic agent
with atropine-like effects that has no selectivity for the M1
to M5 receptors subtypes. It has been used in many forms
in Europe for several years, and was recently FDA approved
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in the United States. It is different from traditional
antimuscarinics in its unique large molecular size that pre-
vents it from crossing the blood-brain barrier, thus mini-
mizing central anticholinergic side effects. Additionally,
80% of an oral dose of the drug is excreted as the active
compound in the urine, thus directly contacting the
urothelium and possibly accounting for the favorable
effects on the bladder and the limited effects on the
salivary glands.

Controlled trials of trospium indicated a statistically
significant improvement in volume to first contraction and
bladder capacity compared with placebo with a subjective
symptomatic improvement threefold greater.”

Hofner et al."® compared trospium to oxybutynin in a
multicenter trial, and found that maximum bladder capac-
ity, volume at first unstable contraction, and volume at first
desire to void, were improved without any statistical dif-
ference between the arms. Adverse events were less fre-
quent in the trospium group (47.9% vs. 58.9% for trospium
and oxybutynin, respectively; P=.002) and xerostomia was
significantly decreased (33% vs. 50%, trospium and oxy-
butynin, respectively; P < .01)."*"

Summary

Multiple effective agents are available orally, transdermally,
and intravesically for the treatment of OAB. Most patients
will respond to either of the available agents. In those
patients with a greater degree of complexity, or a negative
quality-of-life impact, we prefer to use an oxybutynin-
based agent, either orally or transdermally, because the cir-
culating level can be individualized via a combination of
doses and routes, realizing that expected dry mouth sever-
ity may limit patient compliance, although tolterodine may
be preferable in the elderly poly-pharmacy patient. The
future of OAB therapy looks promising as new agents
increase the available treatment options for patients with
OAB.
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Sacral Nerve Stimulation

Joanna M.Togami and Gamal M. Ghoniem

Sacral nerve stimulation (SNS) is a useful tool to have in
the armamentarium for the treatment of voiding dysfunc-
tion. Since Food and Drug Administration approval, SNS
has evolved to attain a major role in treating refractory
overactive bladder (OAB) and patients with difficult pelvic
floor dysfunction. It has become a viable option in those
patients who failed conservative therapy, but who desire
alternative therapy before more invasive procedures are
performed. The technique and the technology have been
improved, increasing the safety and efficacy whereas
decreasing patient morbidity.

Functional Electrical Stimulation

Electrical stimulation has been used for a variety of lower
urinary tract symptoms including those of OAB and
painful bladder syndrome. There are mainly two types of
electrical stimulation: chronic, in which low current is used
for many hours daily, and acute submaximal functional
electrical stimulation, which is applied up to the patient’s
tolerance for 15 minutes, once or twice a day, three times a
week, or daily. The stimulation can be applied transvagi-
nally, transrectally, or transcutaneously. There are a variety
of home units that can be used by the patient.

The proposed mechanism of action is alteration of lower
urinary tract function by stimulation of the sacral auto-
nomic or somatic nerves. There may also be a direct stim-
ulatory effect on pelvic floor muscles and sphincters
causing muscular hypertrophy and a change from fast-
twitch to slow-twitch fiber types, which can maintain
muscle tone more effectively.

The stimulation probe is placed in the vagina at the level
of the pelvic musculature in the mid-vagina. During stim-
ulation, the probe is held by the patient to prevent any
migration and possible discomfort. Functional electrical
stimulation current is pulsed, i.e., short periods of stimu-
lation are alternated with longer rest periods. The strength
of the stimulus is adjusted to avoid pain. Low frequency
(10-20Hz) is used for OAB, mid-frequency (50-100 Hz) for

stress incontinence, and high frequency (200Hz) for
urinary retention. A review of trials of functional electri-
cal stimulation for stress urinary incontinence showed cure
in 18% and improvement in 34% of patients. In the treat-
ment of OAB, maximal electrostimulation cured 20% and
improved 37% of women with urodynamic detrusor over-
activity incontinence.' Functional electrical stimulation is
of limited value in the treatment of stress incontinence.

Mechanism of Action

The precise mechanism of action by which electrical stim-
ulation works remains to be proven. It is thought that the
efficacy is dependent on stimulation of the afferent nerves
that modulate sensory processing of the voiding reflex and
its pathways to the central nervous system. Several voiding
reflexes are affected by neuromodulation, and it is useful
to review these. The guarding reflex serves to maintain
continence with increased bladder volume. The detrusor
muscle relaxes, the levator ani muscles contract, and
urinary leakage is prevented. The micturition reflex facili-
tates voiding. Normally, a voluntary signal to empty the
bladder originates from the cerebral cortex. The pontine
micturition center acts as a switch between the guarding
reflex and the micturition reflex. After sensory information
is processed in the pontine micturition center, micturition
is initiated under voluntary control. This is mediated by
afferent delta nerve fibers and is composed of two reflexes.
The bladder-bladder reflex is a positive reflex that activates
the full bladder allowing a sustained contraction until the
bladder empties. The bladder-urethra reflex allows smooth
muscle of the proximal urethra to remain open while the
bladder contracts. One theory is that these reflexes become
pathological with voiding dysfunction. For bladder over-
activity, SNS may work by inhibition of several neurons:
spinal tract neurons involved in the micturition reflex,
interneurons involved in spinal segmental reflexes, and
postganglionic neurons, thus inhibiting the primary affer-
ent pathway.” For nonobstructed urinary retention, SNS
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may suppress the guarding reflex by turning off bladder
afferent input to the internal sphincter sympathetic or
external urethral sphincter interneurons, and activation of
postganglionic neurons and including bladder activity.”
Stimulation is not curative for the underlying condition,
and symptoms will recur when stimulation has been
turned off. However, by modulating these reflexes that have
become aberrant, symptoms improve.

Indications

Sacral neuromodulation is indicated in urgency frequency,
urge incontinence, mixed incontinence with a significant
urge component, and unobstructed urinary retention.
More recently, it is indicated for interstitial cystitis. The
work-up includes a complete history and physical exami-
nation, urinalysis, urine culture, cytology, and voiding
diary. Cystoscopy, urodynamics, and upper tract imaging
are performed as indicated. These diagnostics serve three
purposes: 1) to identify an underlying disorder that should
be treated by other means (calculus or carcinoma in situ),
2) to clarify the etiology of the lower urinary tract dys-
function, and 3) to serve as a baseline for later comparison.

Contraindications

Mental incapacity is a contraindication, because the patient
must be able to adjust the patient programmer used to turn
the stimulator on and off. In addition, the patient must be
able to track and understand the response to therapy. Elec-
tromagnetic interference can result in injury to the patient
from heating of the implanted components of the system,
resulting in damage to the tissues. System damage may
require surgical replacement. Operational changes to the
neurostimulator from a magnetic source can potentially
turn the system off, resulting in resumption of symptoms.
This may require reprogramming. Unexpected changes in
stimulation can result in a shock or jolt-type sensation.
Sources of electromagnetic interference include defibrilla-
tors, cardioverters, electrocautery, high-output ultrasonics
or lithotripsy, magnetic resonance imaging and radiofre-
quency, or microwave ablation. Use of magnetic resonance
imaging and radiofrequency or microwave ablation can
cause tissue damage.’ Diathermy, or energy from the
diathermy (shortwave, microwave, or ultrasound) can be
transferred through the implanted system and cause tissue
damage at the site of the implanted electrodes. Diathermy
is contraindicated in patients with InterStim.

Patient Selection

Sacral neuromodulation is ineffective for the following
patient populations: those with end-stage, small, con-
tracted bladders; those with peripheral nerve damage, e.g.,
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sacral spinal cord injury, radical pelvic surgery, spinal cord
tumors, and those with areflexic bladders from myogenic
damage secondary to chronic overdistention.

Nerve Evaluation

Before placement of the permanent pulse generator, it is
useful to evaluate the sacral nerve to assess its suitability
for stimulation. The purpose is to confirm the integrity of
the peripheral nerves. Also, it can identify the optimal site
for a trial of temporary stimulation. This may be per-
formed by one of two methods - percutaneous nerve eval-
uation (PNE) or staged implantation of the permanent
lead. We use the PNE in patients who have urgency and fre-
quency. Patients who are being treated for nonobstructed
urinary retention generally undergo a staged procedure.
This allows for a longer period of evaluation, because
retention generally improves over a week to 10 days,
whereas with urgency and frequency, the results are gen-
erally apparent within several days. The advantages of the
PNE are that it is performed as an office procedure, it is
completely percutaneous, and the wires can be removed
simply by pulling them out. The drawbacks are that lead
migration occurs in 12% of patients and there is a poten-
tial difference of approximately 15%, in clinical response
when the permanent lead is placed with the internal pulse
generator. The advantage of the staged procedure is that
the permanent lead is placed during the first stage; there-
fore, the clinical response when the internal pulse genera-
tor is inserted is the same, because lead migration is
minimal. The disadvantages are that a small open incision
is needed to implant the lead, and a separate procedure is
necessary to explant the lead should the test period be
unsuccessful.

Technique

The method for implantation of the lead and the wires is
similar. The patient is placed in the prone position with a
30-degree flexion at the hips. This position places S3, S4,
and S5 into the vertical plane. The patient is given local
anesthesia and, under fluoroscopic guidance, the S3 sacral
foramen is located using a crossed-hair technique devel-
oped by Chai and Mamo.*

The horizontal axis is defined at the inferior borders of
the sacroiliac joints, and the vertical axis is the midline
(Figure 7-2.1). Once these are marked on the skin, points
that are 2cm lateral and cephalad on both sides are
marked. This is the skin location of S3. We identify a point
2 to 3 cm above this mark and infiltrate with 2% lidocaine.
The needle is introduced at an angle of 60 degrees (Figure
7-2.2).

Once the foramen is located, on both anterior/posterior
and lateral views, the needle is stimulated. Both the motor
and sensory responses are monitored. The lead is
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Figure 7-2.1. Crossed-hair technique.

quadripolar, and each one is stimulated separately to deter-
mine the lead that has the most optimal placement. Table
7-2.1 is a guide for motor and sensory responses observed
with stimulation of the S2, S3, and S4 nerves.

Once the placement is confirmed, either the wire or tined
lead is placed. The wire is fed through the foramen needle.
The needle is removed, and the wires are then taped care-
fully to the back. In the case of the staged implant, the lead
is placed through a sheath, and its placement is verified by
fluoroscopy. A small incision is created at the future neu-

Figure 7-2.2. Appropriate needle orien-
tation within S3 foramen. The needle
entry is 60 degrees to the horizontal.
(Reprinted with the permission of The Cleveland
Clinic Foundation.)
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Table 7-2.1. Motor and sensory responses observed with stimulation of the S2,
S3,and S4

S2 S3 S4
Motor - Lateral rotation of ~ + Bellows (contraction  + Bellows activation
the leg of the levator ani of the posterior
« Contraction of the muscles causing a levator ani muscles
toe and foot deepening and + No motor response
+ Contraction of the fhttening of the of the leg or foot
calf buttocks groove)
« Contraction of the -+ Plantar flexion of
superficial pelvic the hallux caused
fbor by sciatic nerve
stimulation
Sensory - Pulling sensation -« Paresthesia of the + Pulling sensation

of the vagina or in the rectum

base of the penis

perineal skin,
external genitalia

« Pulling sensation of
the vagina, rectum,
or bladder base

rostimulator pocket site in the upper buttock. A trocar is
used to tunnel the lead to the neurostimulator pocket, the
percutaneous lead extension is connected, and the connec-
tion is buried at the site. The wires are brought out at a sep-
arate site, usually the contralateral side, and the connection
site is closed in two layers.

During the second stage, the patient is brought back
to the operating room and given local anesthesia with
sedation. The pocket is opened, and the lead is discon-
nected from the extension wire. The wires are pulled out
from the externalized side to prevent the exposed wires
from being brought through the subcutaneous tissues. The

CEF

©2004 |



178

Figure 7-2.3. Lateral view of radiograph showing the implanted lead.

pocket is developed for the neurostimulator. The lead is
connected to the neurostimulator. Connections are sealed
with silicone glue and the boot is placed over the connec-
tion and tied with prolene suture. Care is taken not to
create a trigger point by placing the wires around the neu-
rostimulator. The wound is closed in two layers (Figure 7-
2.3).

Because a foreign body is being introduced into the
patient, prevention of wound infections is imperative. We
administer preoperative antibiotics to cover coliforms and
skin flora. For the first stage and complete implantation, the
patient is placed in an operating room equipped with
laminar airflow. The pocket developed for the neurostimu-
lator is irrigated copiously with neomycin irrigation. It is
important not to immerse the neurostimulator in a liquid
medium because this may cause it to malfunction. A two-
layer closure is desirable should the skin open, so that there
is a closed layer beneath.

Clinical Uses

Urgency/Frequency Syndromes and Urge
Urinary Incontinence

In a prospective, multinational study, Siegel et al.” reported
on 112 patients with urge incontinence, urgency/frequency,
or urinary retention. Follow-up ranged from 18 to 36
months with all three groups showing significant improve-
ment. The urge incontinence group noted a decrease in
leaks per day from 11.6 to 5.0. Fifty-nine percent had
greater than 50% reduction in leaks, and 46% reported they
were completely dry. Heavy leaking episodes decreased to
an average of 1.3 per day. The number of pads/diapers
replaced was reduced from 6.7 pads to 3.4 pads per day. In
the urgency/frequency group, average reported voids per
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day decreased from 17 to 10.6. Improvement in the degree
of urgency was reduced as demonstrated by 69% of
patients. Volume of urine per void increased from 132 to
225mL. Adverse effects were lead migration (18.2%), pain
at the implantation site (15.3%), new pain (9.0%), sus-
pected lead migration (8.4%), infection (6.1%), adverse
change in bowel function (3.0%), suspected device prob-
lems (1.6%), nerve injury (0.5%), device rejection (0.5%),
and other (9.5%).

Idiopathic Nonobstructive Urinary Retention

Jonas et al.’ studied 177 patients with urinary retention, of
which 68 qualified for implantation. They found that 69%
of patients eliminated catheterization at 6 months and an
additional 14% had a 50% or greater reduction in catheter-
ized volume per catheterization. Compared with the
control group with 9% improvement, 83% of patients
achieved successful results. Temporary inactivation of
sacral stimulation led to increased residual volumes.
Success was measured as a 50% or greater improvement in
baseline voiding symptoms (number of catheterizations
per day, total catheter volume per day, maximum catheter
volume, number of voids, and total volume of voids).

Interstitial Cystitis

Maher et al.” studied 15 women prospectively and found
increases in mean voided volume (90-143mL), frequency
decreased from 20 to 11, nocturia decreased from 6 to 2
times, and mean bladder pain decreased from 8.9 to 2.4
points on a scale of 1 to 10. Quality-of-life measures,
namely, the UDI-6 (the short form of urogenital distress
inventory) and SF-36 Health Survey also showed improved
parameters during the stimulation period. Sacral neuro-
modulation shows promise for both the urgency/frequency
and pain components of interstitial cystitis.

Fecal Incontinence

Sacral nerve stimulation has been used for fecal inconti-
nence. Ganio et al.® studied 23 patients with a two-staged
approach, five of whom went on to be implanted. Patients
had fecal incontinence at least twice every 2 weeks for 2
months, failed biofeedback therapy, and had structurally
intact external and internal anal sphincters. Sphincter dys-
function was demonstrated with fecal incontinence associ-
ated with low resting and/or squeeze pressures. Seventeen
patients had reduction of liquid or solid stool losses by
more than 50%, and 14 were completely continent to both
liquid and solid stool. In patients with urge incontinence,
there was a decrease in losses per week from five to one.
Manovolumetric findings showed improvements in
maximum resting pressure, rectal sensitivity, first sensa-
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tion, and the distention pressure for urge threshold. Two
patients who also had voiding complaints had complete
resolution after SNS. Sacral nerve stimulation for fecal
incontinence is currently being studied at our institution.

Complications

Reported adverse events include lead migration, new pain
(at the site or from other nerve stimulation), persistent skin
irritation, change in bowel function, change in bladder
function, local infection, technical problem, device
problem, and transient electric shock.’ If the lead is placed
as a first stage, it is reccommended that the lead be dissected
out and removed from the original insertion point rather
than from the tunneled skin site because lead breakage has
been reported. Very few patients have had surgical inter-
vention with adverse effects of SNS. In the original series,
only one patient required explantation.
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Surgical Management of the Overactive Bladder:

Evacuation Disorders

Raymond R. Rackley and Joseph Abdelmalak

Overactive bladder (OAB) is a term describing the complex
symptoms and conditions of urinary frequency and
urgency, with or without urge incontinence and may affect
more than 17 million Americans. Although OAB may be
successfully managed in a variety of ways, the majority of
cases (50%-80%) presenting to the physicians respond to
the triad of measures integrating the individual merits of
behavior modification, pelvic muscle physiotherapy, and
pharmacotherapy. Awareness by patients and primary care
physicians of new advances in this trivium of OAB man-
agement has resulted in an increasing number of referred
cases to the pelvic health specialist for this condition in
which the prevalence is not only much higher than previ-
ously expected, but also increasing with the aging of our
population. The growing awareness and increasing preva-
lence of this manageable condition not only increases the
absolute number of referred cases, but also the number of
cases that will be refractory to the trivium of standard
management. However, continued advances in patient eval-
uation as well as behavioral modification, physiotherapy,
pharmacology, and surgical interventions continue to
evolve our multimodal strategies for the management of
refractory cases of OAB. The merits of evolving surgical
management strategies for refractory cases of OAB are
reviewed below.

Surgical Management Options
Neuromodulation
Neurotoxins: Botulinum Toxin Injections

The diversity and multidimensional application of phar-
macologic agents have resulted in this form of therapy
being the most widely adopted form of managing the OAB.
Specialists have mastered both individual and synergistic
benefits of topical estrogen replacement of the vagina, anti-

cholinergic therapies for the hyperactivity of the detrusor,
and judicious use of medications such as diuretics, calcium
channel blockers, and DDAVP (desmopressin acetate) for
managing the timing of urine production for refractory
OAB conditions. Improved agents with better clinical effec-
tiveness based on drug delivery, as well as different mech-
anisms of action, continue to be developed.

Botulinum toxin inhibits the calcium-mediated release
of acetylcholine at the presynaptic neuromuscular junc-
tion. By creating a reversible field denervation at the site
of injection and subsequent muscle atrophy, botulinum
toxin injections have proven to be a safe and effective
therapy for a variety of somatic and autonomic disorders
and are being used in a variety of clinical applications such
as the refractory OAB. Botulinum toxin injection in the
office setting under a topical bladder and urethral anes-
thetic addresses not only the hyperactivity of the bladder
muscle from motor efferent innervation, but may also
address the hypersensitivity of the bladder’s sensory affer-
ent nerves that may contribute to refractory OAB symp-
toms. In the United States (US), the procedure is done on
an outpatient basis under local anesthesia provided by
instilling 90mL of a 1% lidocaine solution in the bladder
for 10 to 15 minutes. Under cystoscopic visualization,
3001IU of botulinum A toxin (Botox) is injected into the
detrusor muscle with a standard 5-French flexible injec-
tion needle into 30 detrusor muscle sites (10 U per 1 mL per
site) (Figure 7-3.1). Trigonal injections have not been per-
formed in European protocols; however, in the US, physi-
cians have been safely placing 20% (six injections) into the
trigonal area without complications of ureteral reflux.
Another note of difference between European and US
studies is the injection volume used for this therapy. In the
US, most investigators use a total injection volume of 3mL
compared with 30mL used elsewhere. Not only is the
smaller injection volume easier to tolerate by the patient
when done under a local instillation anesthetic, but this
smaller volume leads to less extravasation of the toxin
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Figure 7-3.1. Cystoscopic view of a transurothelial botulinum toxin injection into the
detrusor muscle.

material that would explain the rare reports of systemic
hypoesthesia associated with the larger volume. Because
the onset of toxin activity gradually takes place over 7 to
14 days, patients are asked to progressively decrease their
anticholinergic treatment within 1 week and should be
asked to complete a micturition diary, perception of
bladder condition, and quality-of-life questionnaires to
objectively monitor their results in comparison to their
baseline voiding evaluations.

We have reported on 29 patients with refractory OAB
injected with 3001U of Botox. Three-month follow-up was
completed in 18 of the 29 patients. Nine of the 18 patients
completed a 6-month follow-up. The average frequency
per day at the baseline was 10.7; at 3 months, it was 8.8
(P=.01); and at 6 months, it was 10.3 (P =.06). The average
number of leakage episodes at the baseline was 4.2; at
3 months, it was 2.5(P = .01); and at 6 months, it was 2.5
(P = .46). The average number of urgency events at base-
line was 6; at 3 months, it was 4 (P =.08); and at 6 months,
it was 4.2 (P = .23). The average score for the bladder
perception at baseline was 3.6; at 3 months, it was 2.5
(P=.001); and at 6 months, it was 2.4 (P =.02). The average
score for the IIQ7 at baseline was 14.8; at 3 months, it was
10.4 (P = .01); and at 6 months, it was 11 (P = .1). The
average score for the UDI6 at baseline was 10; at 3 months,
it was 8.1 (P =.23); and at 6 months, it was 8.7 (P =.2). No
short- or long-term side effects or systemic complications
have been noted.

Reimbursement for covering the cost of the botulinum
toxin medication in the US is currently hampered by the
lack of a specific Food and Drug Administration indication
for use of this drug in treating OAB. This has obligated the
application of this office-based therapy to self-pay/oft-
labeled use or clinical studies outlining the long-term
safety and cost effectiveness; however, clinical success with
reported 6 to 12 months of follow-up in both Europe and
the US suggests that this effective and reversible therapy
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will complement our options for a large subset of people
with refractory OAB conditions.

Intravesical Therapy: Resiniferatoxin

Evidence suggests that unmyelinated C fibers become pre-
dominant in mediating OAB symptoms in cases of neuro-
genic and idiopathic detrusor hyperactivity. Through
desensitization of these sensory fibers by capsaicin or its
potent analog, resiniferatoxin, the micturition reflex medi-
ated by C fibers can be suppressed and detrusor overactiv-
ity can be successfully managed in cases of anticholinergic
treatment failures. Resiniferatoxin has a clinical effect
similar to capsaicin, but with less of a neuronal excitatory
effect that is suitable for office instillation therapy with
local bladder anesthesia in patients who have normal
bladder sensation and OAB. Although not yet available in
the US for routine clinical use, non-US-based studies
suggest that this form of intravesical therapy will be effec-
tive in treating a significant subset of refractory cases of
OAB including non-neurogenic conditions.

Nerve Stimulation: Applied
Electrical Stimulation

Sacral nerve neuromodulation represents an outpatient
therapeutic option that may be strategically positioned
between botulinum toxin injections and laparoscopic
augmentation cystoplasty. This form of therapy provides
electrical stimulation of sacral nerves that modulate the
bladder, sphincter, and pelvic floor muscle functions that
influence the OAB. As percutaneous or implantable, pro-
grammable neurostimulation systems represent minimally
invasive treatments that have clinically significant thera-
peutic success without major complication rates. For the
urologist seeking a therapeutic way to address individual
or combinations of efferent nerve hyperactivity, afferent
nerve hypersensitivity, or central nervous system facilita-
tion of peripheral nerve pathways, neuromodulation
becomes an instrumental strategic option. This is dis-
cussed in detail in chapter 7-2.

Hydrodistention: Transient Peripheral
Nerve Ischemia

Bladder hydrodistention has been used in the past to
reduce the irritative symptoms of OAB, hypersensitivity of
bladder afferent nerves, and the pain associated with
bladder filling in interstitial cystitis patients. The exact
mechanism of action for the perception of clinical benefit
is unknown, as is the exact etiology(ies) for this condition;
however, mechanical damage and local ischemia of the
suburothelial nerve plexus is thought to provide temporary
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benefit. Potential but rare complications of significant
hematuria and bladder rupture associated with only a
transient (1-6 months) clinical benefit for a procedure
requiring a regional or general anesthesia have dampened
the use of this treatment for refractory OAB.

Denervation Procedures

Because the etiologic mechanisms for the development of
the OAB may lie in the neural control of the detrusor
muscle, denervation procedures of the overactive bladder
muscle has been tried with varying success using both
central and peripheral approaches. Surgical or chemical
denervation can be used at central or peripheral levels to
interrupt motor and/or sensory reflex pathways.

In general, the central denervation procedures involve the
levels of sacral roots S3 and S4, which are responsible for the
parasympathetic and somatic innervations to the lower
urinary tract and pelvic organs. Unfortunately, achieving
stabilization of bladder filling and increases in reflex trigger
volumes can be obtained with a posterior root rhizotomy,
yet the attendant complications of induced sensory loss and
sexual dysfunction at this sacral level restricts these proce-
dures to only people with complete spinal cord injuries
resulting in neurogenic detrusor dysfunction. Our experi-
ence with central deafferentation through posterior root
rhizotomy procedures are currently reserved for those cases
in which the implantation of the Brindley device for driving
bladder voiding in spinal cord patients is accomplished
through anterior sacral root stimulation.

Peripheral nerve transection, cystolysis, bladder tran-
section, myomectomy, autoaugmentation, and chemical
nerve ablation procedures with phenol or alcohol have all
been performed over the last 50 years with controversial
short-term reporting and no significant improvement
in long-term outcomes that warrant the complications
associated with these procedures. Although Ingelman-
Sundberg described a transvaginal approach for partial
bladder denervation in 1959 that was later modified by
Cespedes and McGuire' and reported in 1996, the consis-
tent, reproducibility of this minimally invasive procedure
remains to be tested against other evolving procedures
providing similar 1-year outcomes in a refractory group
of OAB conditions. What remains a challenge to the pelvic
health specialist is the inability to reproducibly induce
urinary retention and continence with peripheral and
central denervation procedures when colleagues from neu-
rosurgery, gynecology, and colorectal surgery invariably
refer their patients to us with these “complications” after
routine procedures on the spine or pelvic organs.

Laparoscopic Augmentation Cystoplasty

Augmentation cystoplasty remains the most widely
accepted reconstructive technique for creating a compliant,
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large-capacity bladder that protects the upper urinary tract
and provides urinary continence for people with bladder
dysfunction secondary to noncompliance or reduced func-
tional capacity. This form of bladder reconstruction may
even be combined with developing a continent catheteriz-
able stoma for use as an accessible port for bladder emp-
tying. Since 1888, the standard enterocystoplasty has
classically evolved as a procedure performed through an
open laparotomy incision using various segments of well-
vascularized segments of the gastrointestinal system that
are reconfigured before anastomosis with the urinary
bladder. One hundred years have passed since the original
open approach for this procedure has become an estab-
lished reconstructive technique that can be performed
laparoscopically. No matter which approach is chosen, the
use of any bowel segment for augmentation is associated
with advantages and disadvantages, but the versatility of
choosing a particular bowel segment, both open and
laparoscopic, provides a variety of clinical options based
on an individualized set of objectives for the person requir-
ing this form of bladder reconstruction.

Enterocystoplasty is effective in providing a durable
increase in bladder capacity and compliance; however, the
morbidity and postoperative discomfort associated with
the open laparotomy incision are major deterrents. For
patients with preexisting debilitating neurologic and other
comorbid conditions, the open procedure may significantly
prolong the hospital stay, increase the metabolic needs for
wound healing, and delay postoperative recovery.
Laparoscopy has distinct advantages when compared with
open surgical procedures in regard to postoperative pain
and morbidity, improved cosmesis, and a shorter hospital
stay and decreased convalescence period. Recent studies
have indicated that postoperative intraabdominal adhe-
sions are significantly reduced after laparoscopic surgery
when compared with open surgery.

Despite the established role of laparoscopy in diagnos-
tic and ablative urologic surgery, the use of laparoscopic
techniques in reconstruction has been limited because of
the technical complexity of the procedures involved. The
technical steps in performing a laparoscopic bladder
augmentation are designed to emulate the open surgical
counterpart in every aspect, thereby producing similar
functional results with an improved recovery.

For laparoscopic or open approaches, the surgical tech-
nique of enterocystoplasty is based on the following fun-
damentals: a) selection of an optimal segment of bowel
based on a broad, well-vascularized mesenteric pedicle, b)
isolation of the bowel segment, c) reestablishment of bowel
continuity and closure of the mesenteric defect, d) detubu-
larization and reconfiguration of the bowel segment
without peritoneal soiling of bowel contents, e) bladder
mobilization with formation of an adequate-sized cysto-
tomy, f) creation of a tension-free, water-tight, full-
thickness, circumferential anastomosis of the bowel to the
bladder, and g) confirmation of adequate postoperative
urinary drainage (Figure 7-3.2). As is true in open entero-
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Figure 7-3.2. Laparoscopic augmentation enterocystoplasty. (Reprinted with the
permission of The Cleveland Clinic Foundation.)

cystoplasty, various segments of the gastrointestinal
system may be used for the procedure depending on the
clinical requirements of the patient. A length of 20cm of
bowel is usually desirable to attain an adequate augmented
bladder capacity. An appropriate segment of bowel is
identified based on the following criteria: 1) the bowel
segment will reach the area of the bladder neck without
tension, and 2) a well-defined arterial arcade should be
present in the bowel mesentery.

We have reported on the largest series of laparoscopic
enterocystoplasty in 17 patients with functionally reduced
bladder capacities attributed to neurogenic causes. Proce-
dures included ileocystoplasty (5), sigmoidocystoplasty
(3), colocystoplasty (1), and cecocolocystoplasty with a
continent catheterizable ileal stoma (8). Total surgical time
(including cystoscopy, stent placement, extracorporeal
bowel anastomosis and refashioning of the isolated loop,
and laparoscopic dissection and suturing) ranged from 5.3
to 8 hours (average, 7.0 hours). The time for laparoscopic
suturing ranged from 1.7 to 3.1 hours (average, 2.4 hours).
Blood loss was minimal, and did not exceed 250 mL during
any of the cases (average, 175mL). Oral feeding was
resumed by 24 hours in 11 of 12 patients. Although most
of the study group had moderate to severe forms of
neurologic dysfunction because of multiple sclerosis, the
average hospital stay until the patient was discharged home
was 5.7 days and ranged from 3 to 7 days. Most notable was
the absence of long-term or extended-care needs for the
patients with multiple sclerosis because of the demands of
wound healing or functional neurologic loss that typically
occur with an open procedure in this subset of patients.

All patients consented to participate in a long-term
outcome study using preoperative and postoperative vali-
dated questionnaires concerning bladder control (BLCS)
and bowel control (BWCS). In regard to the quality-of-life

Urgency/Frequency Syndromes Therapy

(QOL) measure using the BLCS, there was significant clin-
ical improvement. In regard to the potential risk of causing
bowel dysfunction by harvesting various bowel segments
for augmentation cystoplasty, there was no clinically
significant difference in the bowel control score before or
after the procedure.

Laparoscopic augmentation enterocystoplasty is techni-
cally feasible and successfully emulates the established
principles of open enterocystoplasty whereas minimizing
operative morbidity and maximizing clinical effectiveness.
As is true in open surgery, various bowel segments can be
fashioned and anastomosed to the bladder laparoscopi-
cally. The increased costs associated with laparoscopy and
with minimally invasive surgery in general have been a
significant disadvantage; however, a previous report on the
costs of laparoscopic procedures concluded that increased
surgical experience reduces the surgical time and length of
the hospital stay, thereby decreasing costs. Furthermore,
the increased use of reusable instruments results in con-
siderable economic benefits. Implementation of appropri-
ate cost-saving strategies will ultimately result in decreased
expenses associated with laparoscopy. Although laparo-
scopic enterocystoplasty is currently a lengthy procedure
lasting twice as long as open surgery, further technical
modifications and increasing experience will continue to
reduce the surgical time involved.

For patients with complex comorbid illnesses desiring
an improved quality of life associated with traditional aug-
mentation cystoplasty, the reduced morbidity observed in
our series of patients undergoing a laparoscopic procedure
makes this approach an attractive option to consider. A
clinically significant positive impact on their postoperative
QOL related to their bladder control compared with their
preoperative status will be achieved using a laparoscopic
approach. Furthermore, this benefit in their QOL from
improvement of their bladder control can be achieved
without a negative impact on their bowel control. Our
experience suggests that laparoscopic enterocystoplasty
has become a viable alternative to open enterocystoplasty
and is a surgical option to consider in people with refrac-
tory OAB conditions who have failed other management
options.

Urinary Diversion

Several minimally invasive surgical techniques have been
developed to effectively provide urinary diversion for man-
agement of the refractory OAB when bladder and urethral
function is compromised to the point that reconstruction
or management options described above fail to provide a
meaningful improvement in the patient’s quality of life and
impact on their condition. Although options that preserve
the bladder and upper urinary tract with minimally inva-
sive techniques that allow for urinary diversion in cases of
evacuation disorders are covered in a later chapter, some
consideration must be given to the merits of urinary diver-
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Figure 7-3.3. Extracorporeal construction of a right colon reservoir using a reinforced
ileocecal valve continence mechanism. (Reprinted with the permission of The Cleveland Clinic
Foundation.)

sion with or without cystectomy as the ultimate solution
for management of severe cases of refractory OAB condi-
tions. These cases include both bladder hypersensitivity as
well as hyperactivity disorders. Furthermore, the choice for
cystectomy at the time of urinary diversion must be made
on an individual case basis because the long-term risk of
developing pyocystitis or bladder malignancy must be
weighed against the short-term morbidities associated
with this part of the extirpative procedure.

Although the appliance-dependent urinary ileostomy
with or without cystectomy is still considered an accept-
able practice for urinary diversion, the optimal urinary
diversion should replicate bladder function as closely as
possible. For this reason, the continent urinary diversions
such as the Studer (orthotopic) or Indiana (nonorthotopic)
reservoirs have evolved to a point of reliability and sim-
plicity that allows one to consider these options as first-line
diversion therapies for the majority of people with severe
conditions of refractory OAB. Because they offer a
significantly better quality of life, self-image, and sexual
function, and have complication rates comparable to those
of the standard ileal-conduit, we have been successfully
developing laparoscopic approaches for achieving even
better results with these forms of continent urinary
diversion.
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Currently, the Indiana pouch (a right colon reservoir
using a reinforced ileocecal valve continence mechanism)
offers the best documented outcomes for continence for a
continent catheterizable urinary reservoir in a female
requiring cystectomy with possible removal or damage to
the bladder neck/urethral continence mechanism (Figure
7-3.3). A diversion reservoir such as a Studer pouch (small
bowel reservoir without construction of a continence
mechanism) can be anastomosed directly to a functional
bladder neck/urethral continence mechanism. However, if
the continence mechanism is damaged or the reservoir is
anastomosed to the remnant urethral or native urethral
meatal site, then an artificial sphincter or sling must be
placed around the catheterizable bowel segment for conti-
nence formation; such techniques are extremely complex
and are prone to complications.

Summa