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To our wives and our children, whom life is really all about.

and

To present and future generations of urologists,
urogynecologists, gynecologists, gastroenterologists, colorectal
surgeons, neurologists and all health care providers for women

who will work collegially and collaboratively to improve the
quality of life for women with pelvic floor disorders.



Foreword

During the last decade we have gained a better understanding of the function of the
pelvic floor as a unit.

The most common cause of insufficiency of the pelvic floor and its sphincters is the
normal aging of its connective tissue, especially the collagen. It seems that this process
can be counteracted by the influence of certain foreign bodies.

Professor Chassar Moir of Oxford was one of the gynecologists who started using syn-
thetic material in the slings at the Aldridge operation. He once told me that in some
patients where he later had to make a laparotomy because of other diseases, he had found
that the sling’s fixation at the aponeurosis had ruptured but the patient still was continent.
To me it seemed very likely that it had been some type of action between the sling and the
surrounding tissue which strengthened its structure.

Instead of laying a muscle sling over the anterior parts of the divided muscle pubococ-
cygeus at the levator plastic, I therefore tried to put a piece of nylon tissue over the
sutured pubocervical ligaments. The result was that the nylon was expelled in single
threads, but the patient became continent. After that I placed a piece of Marlex mesh as
big as an ordinary postage stamp over the sutured pubocervical ligaments after the conti-
nence had been controlled with the bladder filled with 200 ml saline. With this technique
five cases with stress incontinence were operated and cured at 5-year follow up.
Unfortunately, I could not operate more patients with this technique because I had
retired. One patient I had the possibility to control after 25 years. She was still continent at
the age of 93 years.

In 1957 I published the vaginal sling operation (J Obstet Gynaecol Br Emp 64:849).
About 40 years later Papa Petros and Ulmsten modified the procedure by using

artificial material in the sling, usually polypropylene, and called it TVT (tension free
vaginal tape operation) which gives as good results as the levator plastic.

The common genital prolapse is often, even after 100 years, operated according to the
“Manchester technique”. The rate of recurrence is about 20% or perhaps more in pro-
lapse following hysterectomy.

The new methods of sacrospinous vault suspension and abdominal colposacropexy
give better results. Addition of artificial nets such as Marlex mesh will probably improve
the results further.

This book gives an excellent description of the anatomy, physiology and pathophysiol-
ogy of the female pelvic organs as well as conservative and modern operative treatment of
their diseases.

A book of this type has not as far as I remember been published before. It is recom-
mended to urologists, urogynecologists, gynecologists, colorectal surgeons and gastroen-
terologists but also general surgeons, who have to perform acute surgery in the pelvis.

A. Ingelman-Sundberg
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Through the last two decades the education, training and practice of pelvic medicine and
reconstruction was fragmented, with two specialties pulling in different directions.
Female urology was defined by urologists dedicated to pelvic dysfunction and reconstruc-
tion. Gynecologists dedicated to the same field defined urogynecology. Both specialties
were split with each separately creating its own terminology, its own diagnostic and surgi-
cal approach and leaving the rest of the medical community and patients in an undeter-
mined state.

In the last years the Board of Obstetrics and Gynecology and the Board of Urology
decided to embark on a joint training program in the field. Not only did they create a new
name, Female Pelvic Medicine and Reconstructive Surgery, but they also laid the founda-
tion for a renewed cooperation between the fields.

The publication of Female Pelvic Medicine and Reconstructive Pelvic Surgery represents
a major attempt to solidify the change. This book brings together the two specialties and
creates a first line resource for the specialist as well as the general urologist or gynecolo-
gist. The walls between the specialties have fallen and the reader will find a modern and
integrated approach to the medical and surgical conditions that encompass pelvic medi-
cine and reconstructive pelvic surgery.

The first group of chapters on anatomy, physiology and diagnosis provide the scientific
basis and understanding of the principles of normal and abnormal voiding, anatomical
support and a clear description of the different diagnostic procedures important in plan-
ning adequate therapy.

In between other important chapters, the reader will find a comprehensive coverage of
inflammatory conditions, conservative and surgical treatment of pelvic floor disorders,
urinary and fecal incontinence as well as fistula and trauma.

This new book represents an important addition to the practice of pelvic medicine and
reconstructive pelvic surgery and should be in the library of every urologist and gynecol-
ogist.

Shlomo Raz

I am pleased to be asked to write a foreword to this text on the newest advances in urogy-
necology. This subject was much neglected a very few years ago, but now, at last, is receiv-
ing the attention of some of the best medical minds of our time.

Ancient medical writings describe urinary problems in women. The mummy of Queen
Henhenit, who lived around 2050 BC in Egypt, was radiographed in 1935 to reveal a large
urinary fistula. Physicians in Europe devised various instruments, using the technologies
of their time, trying to solve this miserable condition. In the United States, J. Marion Sims
spent his medical career finding ways to cure vesicovaginal fistulas. Howard A. Kelly was
appointed the first professor of gynecology at Johns Hopkins Medical School. In 1893 he
invented a female cystoscope, using air for insufflation, and became the first person to
place a urethral catheter under direct vision. Kelly trained residents in gynecology and
female urology. He felt that obstetrics and gynecology should not be combined. Richard
TeLinde, Johns Hopkins emeritus professor of gynecology, wrote in 1978 that programs in
both fields had not been pursued in most medical centers. He hoped that the trend would
reverse itself. Unfortunately it did not. The great technological advances in obstetrics have
overwhelmed the trainings in gynecology, and certainly urogynecology.

After my residency and fellowship under Conrad Collins, an advocate of Kelly’s views at
Tulane Medical School, Department of Obstetrics and Gynecology, in 1956, I found, in
clinical practice, that many hysterectomy patients became incontinent of urine. The
problem was diagnosis. These women had had uterine prolapse, which kinked the
urethra. There was a failure in diagnosing this preoperatively; then with hysterectomy,
they became incontinent.

Women were second-class citizens medically. Male instruments were used to examine
them. Urologists had focused their expertise on males, and used the female urethra on
which to rest their water cystoscopes. A forward-thinking endoscope maker in Germany,
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Karl Storz, quickly grasped the concept, and made the first fiberoptic female urethroscope
for me, using carbon dioxide for insufflation. The female urethra, less than an inch long,
was the neglected site, where so many problems went undiagnosed. Now, at last it 
was possible to actually see problems, such as the previously rarely diagnosed, urethral
diverticula.

There was an overwhelming response from gynecologists and a great many urologists,
who realized their training had lacked focus on the delicate balance between the genital
and urinary tracts in women. The defining moment came when the American College of
Obstetrics and Gynecology issued a directive requiring all residents to learn urogynecol-
ogy in their programs in order to become Board Certified.

Harold Drutz saw the need for urogynecologists in 1975, and began postgraduate train-
ing under great physicians: Axel Ingelman-Sundberg in Sweden, Eric Glen and David
Rowan in Scotland; Peter Donker in the Netherlands; urodynamics with Richard Turner-
Warwick in England; and surgery to repair vesicovaginal fistulas with Reginald and
Catherine Hamlin in Addis Ababa, Ethiopia. In the United States he studied with Emil
Tanagho, Paul Hodgkinson, and Alain Rossier. He came to work with me when I 
was running the first urogynecologic clinic at Women’s Hospital, University of Southern
California Medical Center, which was a continuation of my good friend, Arnold Kegel’s
clinic.

By co-editing this volume with a well-known urologist, Professor Sender Herschorn,
Chairman of Urology at the University of Toronto, and a noted gastroenterologist,
Professor Nicholas Diamant, head of Toronto Western Hospital’s Anorectal Motility
Laboratory, the editors have bridged the gap of politics of the pelvis, and have successfully
compiled a textbook that treats the whole pelvis and not just a pelvis full of holes.

We all stand on the shoulders of pioneers before us, and pray that our work will be
continued by new, enthusiastic, capable physicians. The real value of this book is to help
those doctors who are seeking to help women.

Jack R. Robertson
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Preface

By the turn of the nineteenth century medicine had become so complicated that there
started to emerge physicians who were medical doctors and those who were surgical
doctors. Further divisions rapidly ensued.

In the twentieth century, and particularly by the completion of the two great World
Wars, medical physicians had expanded to include general practitioners, pediatricians,
internists, psychiatrists, neurologists, cardiologists, respirologist, rheumatologists,
endocrinologists, nephrologists, gerontologists, gastroenterologists, etc, etc. Similarly, the
concept of a surgeon had expanded to include general surgeons, neurosurgeons, ophthal-
mologists, otolaryngologists, cardiovascular, thoracic, urologic, colorectal, obstetric and
gynecologic, urogynecologic surgeons etc., etc.

Although this subdivision of the human body has produced tremendous advances in
our scope of medical knowledge it has also led to political turfs and the ultimate fraction-
ation of health care for women with pelvic floor disorders. There evolved the pelvis full of
“holes” treated by different groups, rather than the “whole” pelvis treated by an integrated
multidisciplined approach.

The editors of this textbook have attempted to bring together authors and topics which
span the entire range of pelvic floor disorders in women. The content of each chapter rep-
resents the views of the author(s). The editors have confined their assistance to review
and minor suggestions.

At the dawn of a new century and a new millennium, we have the tools to produce evi-
dence based medicine to answer unsolved problems. It is the hope of all the contributors
to this textbook, that all physicians and health care providers for women will work collab-
oratively and collegially to meet these objectives.

Respectfully submitted,
Harold P. Drutz, MD

Sender Herschorn, MD
Nicholas E. Diamant, MD
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Introduction
Urogynecology, gynecological urology, or female
urology is probably as old as medicine itself. The
ancient Egyptians, who laid the foundation of
medical knowledge, appreciated the close relation-
ship between diseases of the female genital and
urinary systems.

For the purpose of major periods of development
we will divide our discussion in this chapter into
three sections. We will consider the past under:
(1) prior to the nineteenth century; (2) progress in
the nineteenth century. The present will review the
tremendous progress made during the twentieth
century, and for the future we will look to the 21st
century and a new millennium with suggestions for
future initiatives and directions.

Past

Prior to the Nineteenth Century

The Kahun papyrus, written about 2000 BC, was
devoted to diseases of women and includes diseases
of the female genital organs as well as problems of
the urinary bladder [1]. The Ebers papyrus (year
1550 BC) included disorders of micturition as well
as gynecological and obstetric problems [2].

In the eighteenth century the Scottish
Enlightenment especially had a profound effect on
educational institutions in colonial America. Many
of the leading colonial universities were led by Scots
educated at the University of Edinburgh [3].

A significant number of the founders of medical
schools on the Atlantic coast went abroad to receive
an MD from the University of Edinburgh and to

work in the London anatomical schools, of which
the most famous was Great Windmill Street founded
by William Hunter (1718–1783) with his brother
John Hunter (1728–1793).

Progress in the Nineteenth Century

Garrison’s History of Medicine states “Operative
gynecology, which had no special existence before
the beginning of the 19th century, was largely the cre-
ation of certain surgeons from the southern states”
[4]. Ephraim McDowell was the first to successfully
perform ovariotomy an became known as the
founder of abdominal surgery. James Marion Sims
(Figure 1.1) became known as the father of modern
gynecologic surgery with his pioneering work in
repairing vesicovaginal fistula. After 29 previous
attempts, he achieved his first success with the slave
woman Anarca in 1849, using fine silver wire sutures.

The nineteenth century was characterized by
attempts to devise some type of instrument by
which the interior of the bladder might be observed.
In 1806, Bozzini [5] of Frankfurt described a hollow
specula for use in the throat, vagina, and female
bladder using a mirror for light reflection. The first
actual use of any type of cystoscope was described
by Segalas of Paris in 1828 [6].

In 1875, G. Simon of Rostock was the first to
catheterize the ureters. Rutenberg, 1876, and
Grunfield, 1881, both of Vienna, used air distension
of the bladder and reflected light from a head
mirror. In 1893, Dr Howard A. Kelly (Figure 1.2)
announced a method for “The Direct Examination
of the Female Bladder with Elevated Pelvis” which
became known as the “Kelly open air” method of
cystoscopy.

In 1867, Julius Bruck of Breslau devised an instru-
ment with a platinum loop heated by electricity. In
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1879, Max Nitze of Berlin added a lens system
designed by Leiter of Vienna to the platinum loop.
In 1886, Dittel of Vienna adopted the Edison electric
lamp to this type of instrument. In 1887 Nitze pro-
duced an indirect instrument with sheath and tele-
scope [7].

In 1882, Mosso and Pellacani [8] described cys-
tometry using a smoked drum and water manome-
ter. Poussan [9] in 1892 proposed the concept of
urethral advancement to treat stress incontinence.

Howard Kelly’s active interest in the urologic
phase of gynecology resulted in the inclusion of
female urology as an integral part of the
Gynecological Department at the Johns Hopkins
Hospital. James Brown was the first Chief of Urology
at Hopkins. To Dr. Guy L. Hunner fell the 
lot of healing this subdivision of the Gyneco-
logic Department and his contributions were
numerous [7].

Present

Twentieth Century [10]

Reviewing the past century of progress in a 
new subspecialty entitled Urogynecology and

Reconstructive Pelvic Surgery (URPS) is a daunting
task. The quotation that best summarizes this
period is the opening sentence from Charles
Dickens, A Tale of Two Cities, which says: “It was the
best of times, it was the worst of times”. It was the
best of times because undoubtedly we have made
tremendous progress in this burgeoning new field;
however, it was also the worst of times because of
the politics of the female pelvis, where we have had
urologists, gynecologists and now, more recently
urogynecologists, surgeons and colorectal surgeons,
arbitrarily dividing the female pelvis for political,
financial and turf reasons, the end result of which is
that we have done women a tremendous disservice
by fractioning health care for women with pelvic
floor disorders.

The politics of the pelvis can be well illustrated by
the drawing (Figure 1.3) from the excellent article
by Louis Wall and John Delancey on the “politics of
the pelvis”, showing the territorial imperatives that
work on the pelvic floor. This issue is further shown
by the cartoon, which shows two surgeons, one
saying, “Gee that was close, an inch either way and I
would have been out of my specialty.”

Voltaire (1694–1788), the French philosopher of
the Age of Enlightenment said, “these truths are not
for all men, nor for all times”. Alphonse Karr
(1808–1890), the French critic and novelist, in 1849
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Figure 1.1 J. Marion Sims (1813–1883). (Reproduced from page 7
in Genitourinary Problems in Women, by Jack R. Robertson, MD.
Published by Charles C. Thomas Publishers, Springfield, Illinois, with
permission.)

Figure 1.2 Howard Kelly. (Reproduced from the Library of the
Academy of Medicine of Toronto, with permission).



wrote “plus ça change, plus c’est la même chose” (the
more things change, the more they stay the same).
These statements reflect the fact that some of the
practices that became ensconced in twentieth-
century practice may not withstand the scrutiny of
true evidence-based medicine.

A century ago, four main types of treatment for
stress urinary incontinence were outlined:

1. Injection of paraffin into the region of the
urethra.

2. Massage and electricity.
3. Torsion of the urethra.
4. Advancement of the external urethral meatus.

Almost a hundred years later we are still trying to
identify the best bulking agent for periurethral
injections, and although it is no longer paraffin we
have yet to prove that Teflon, silicone, collagen
and/or autologous fat is the best agent.

In 1911, Howard Kelly summarized the known
operations that would correct urinary incontinence.

1. Puncture of the bladder and insertion of a
catheter.

2. Close the urethra and create a vesicoabdominal
fistula.

3. Close the vagina and create a rectovaginal
fistula.

4. Simple compression of the urethra by anterior
colporrhaphy.

5. Periurethral injection of paraffin.
6. Advancement of the urethral meatus to the 

clitoris.

Kelly suggested that “the torn or relaxed tissues of
the vesical neck should be sutured together using
two or three mattress sutures of fine silk linen
passed from side to side” and reported an initial
80% success rate.

It soon became apparent that anterior colporrha-
phy often did not produce long-term results, which
led to the evolution of sling procedures. Three
Europeans pioneered sling operations: (1) in 1910,
Gobell suggested transplantation of the pyramidalis
muscle: (2) in 1914 Frankenheim recommended the
pyramidalis be attached to strips of the rectus
muscle; (3) in 1917 Stoeckel suggested combining
the Gobell and Frankenheim procedures with plica-
tion of the vesical neck.

Further sling variations included those by
Giordano, 1907, who suggested the gracilis muscle
be wrapped around the urethra’ and Souier, 1911,
who recommended that the levator ani muscles be
placed between the vagina and the urethra. In 1923
Thompson recommended the use of strips of rectus
muscle in fascia in front of the pubic bones and
underneath the urethra. In 1929, Martius described
the bulbocavernosus muscle fat pad graft which we
continue to use today.

In 1923 Victor Bonney (Figure 1.4) stated:
“Incontinence depends in some way upon a sudden
and abnormal displacement of the urethra and 
urethrovesical junction immediately behind the
symphysis”.

In 1924, B. P. Watson, originally from Edinburgh
and latterly at the university of Toronto’ stated: “So
far as the incontinence of urine is concerned, the
important sutures are those which overlap the fascia
at the neck of the bladder and so restore it to its
normal position”. He reported 65.7% cure rate,
21.9% improvement, and 12.4% failure rate.

A landmark in genitourinary surgery occurred in
1949 when Marshall, Marchetti and Krantz (MMK)
published their paper on “The correction of stress
incontinence by simple vesicourethral suspension”.
They suggested that “this operation was particularly
valuable for patients whose first procedure failed”.
In their first 44 patients they described 82% excel-
lent results, 7% improvement and 11% failure.

In 1950 H.H. Fouracre Barns described the round
ligament sling operation for stress incontinence,
which was also popularized by Paul Hodgkinson.
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34:486–96, University of Chicago Press, with permission.)



In the twentieth century dramatic leaps forward
were made in diagnostic procedures. In 1939, Lewis
introduced the use of an aneroid barometer for cys-
tometry. In 1952, Jeffcoate (Figure 1.5) and Roberts
introduced the concept of radiographic changes in
the posterior urethrovesical angle. In 1953,
Hodgkinson (Figure 1.6) described lateral bead
chain cystography to identify the posterior ure-
throvesical angle. In 1956 Bailey in England
described seven variations in the urethrovesical
angle, and this concept was further modified in 1962
by Tom Green in the United States who described
Green type I and type II incontinence.

The concept of uroflowmetry was introduced by
Von Garrelts in 1956. In 1964, Enhorning, Miller and
Hinman combined cystometry with radiographic
screening of the bladder. In 1969, Brown and
Wickham described the concept of urethral pressure
profilometry. Another landmark occurred in 1971,
when Patrick Bates, Sir Richard Turner-Warwick
and Graham Whiteside introduced synchronous-
cine-pressure-flow cystography, with pressure and
flow studies, and so the field of videourodynamics
came into its own.

In 1974, James, Flack, Caldwell and Smith intro-
duced the Urilos monitor for evaluation pelvic floor

dampness and determining whether or not the fluid
was urine. In 1975, Asmussen and Ulmsten
described the use of microtip transducers for mea-
suring urethral closure pressures. In 1981, Sutherst,
Brown and Shawer introduced the pad-weighing test
as an objective measurement of the severity of
urinary incontinence.

A landmark contribution was made by Goran
Enhorning, who in 1961 suggested that “Surgical
treatment for stress incontinence is probably mainly
beneficial because it restores the neck of the bladder
and the upper part of the urethra to the influence of
intra-abdominal pressure”. This laid the foundation
for the concept of pressure-transmission ratios and
the idea that successful operations for stress inconti-
nence work by restoring the urethrovesical junction
to an intra-abdominal position.

By 1956, Jeffcoate had attempted to caution gyne-
cologists, stating the “the absence of the posterior
urethrovesical angle is merely a sign of incompe-
tence of the internal sphincter. The presence of an
angle is a function of the involuntary muscle at the
urethrovesical junction, not the muscle of the pelvic
floor”, and so the simplistic approach of static cys-
tourethrograms began to be questioned. Green had
attempted to simplify radiographic diagnosis into
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Figure 1.5 Norman Jeffcoate. (Reproduced from the Library of the
Academy of Medicine of Toronto, with permission.)

Figure 1.4 Victor Bonney. (Reproduced from the Library of the
Academy of Medicine of Toronto, with permission.)



type I’ which he suggested could be repaired with
anterior colporrhaphy, and type II stress inconti-
nence, which required a retropubic urethropexy. In
the unit in Toronto, Drutz showed the limited accu-
racy of static cystourethrograms and this work was
confirmed by numerous other investigators.

In 1959, Jim Low, originally at the University of
Toronto and subsequently at Queens University in
Kingston, Ontario’ proposed the concept of barium
paste to further identify the urethrovesical junction
and he felt that this technique improved “demon-
stration of the precise anatomical defect in the
closure mechanism of the urethra”.

In 1961, John Burch first reported on his
modification of the MMK procedure and described
a retropubic colpourethropexy using the anterolat-
eral aspects of the vault of the vagina and the
bladder neck and elevating them to Cooper’s liga-
ment. Burch recognized the potential complication
of his procedure when done by itself, as the recur-
rence or creation of rectocele, enterocele, uterine or
vault prolapse. He listed ventral hernia and vesicov-
aginal fistula as potential complications.

In 1963, Paul Hodgkinson described the concept
of detrusor dyssynergia, a term later referred to as
the unstable bladder and more recently as the over-
active bladder. Hodgkinson recognized the impor-
tance of discovering and treating this condition
prior to undertaking any surgery for so-called stress
urinary incontinence.

In 1968, John Chassar Moir introduced the concept
of the gauze hammock operation as a modification
of the Aldridge sling procedure described in 1942.
Chassar Moir recognized that “Operations of this
type do no more (although no less) than support the
bladder neck and vesicourethral junction and so
prevent the undue descent of the parts when the
woman strains of coughs”.

The more things change, the more they stay the same.

By the 1970s Hodgkinson advocated the operative
failures in the treatment of stress urinary inconti-
nence involved mainly three areas:

1. Incorrect diagnosis and the fact that bladder
instability may have been the cause of the incon-
tinence and not simple stress incontinence.

2. That the wrong operation may have been chosen
and that some operations gave better long-term
results than others.

3. The concept of technical failure, in that an
appropriate operation may have been chosen,
but was not performed technically well and/or
the wrong suture material may have been used.

Therefore, by the 1970s genitourinary surgeons
began to recognize that the vaginal approach to
primary stress incontinence probably gave less than
50% success rates whereas the suprapubic approach
gave success rates more commonly in the 80% or
higher range. Consequently, gynecologists began to
question the old adage: “Do vaginal plastic proce-
dure first; if this fails go from above”. In 1973,
J. E. Morgan introduced indications for primary
retropubic urethropexy: minimal pelvic floor relax-
ation; chronic chest disease; occupations involving
lifting; patients who were heavily involved in athlet-
ics that often caused incontinence; and obesity.

In the 1970s urologists and gynecologists made a
major move towards endoscopic bladder neck sus-
pensions, with variations on the theme being basi-
cally those of Pereyra, Raz and Stamey; numerous
other variations such as Gittes, Cobb – Raagde etc.
appeared in the literature. By the 1990s urologists
have recognized that the long-term results of these
endoscopic bladder neck procedures have not pro-
vided the enduring results that were initially cited.

The more things change, the more they stay the same.

The 1990s have brought tremendous advances in the
role of minimally invasive techniques. The
Americans have shown a significant interest in the
use of bone anchoring devices as “stabilizing” proce-
dures. The long-term durability of these procedures
needs to be determined.
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Figure 1.6 Charles Paul Hodgkinson. (Reproduced from the Library
of the Academy of Medicine of Toronto, with permission.) 



Future
At the dawn of the twenty-first century and a new
millennium, the obvious question is “Where do we
go from here?” We feel that the main fields of activ-
ity and responsibility for urogynecologists and
reconstructive pelvic surgeons (URPS) will fall into
the following seven areas:

1. Education
2. Surgery
3. Uropharmacology
4. Neurophysiology
5. Bahaviour modification
6. Collagen
7. Ultrasound and other new technologies 

Education

In education we must set international standards for
what constitutes acceptable postgraduate training in
URPS. We need increasing dialogue, not monologue,
between urologists, gynecologists, and colorectal
surgeons. We need more interaction between inter-
national societies such as the International
Urogynecological Association (IUGA) and the
International Continence Society (ICS). We need
strong national societies to collaborate with these
international societies who in turn can influence
groups such as the Federation International of
Gynecology and Obstetrics (FIGO) and the World
Health Organization (WHO).

With our colleagues in obstetrics and gynecology,
endocrinology, rheumatology, and cardiology we
must emphasize the fact that menopause research
does not just involve general menopause symptoms,
osteoporosis, and cardiovascular disease, but also
the role of urogenital aging.

We need to work to dispel myths of primary
health care providers that incontinence is an
inevitable part of aging and that nothing can be
done to help it, or that all patients will require
surgery. We need to review our undergraduate
medical school curricula to ensure that primary care
physicians can manage common genitourinary
problems such as the use of pessaries for support-
ing pelvis floor weakness.

We must educate other health care workers about
the prevalence of incontinence as a health care
problem, and we need to train continence nurse
supervisors who in turn will train other colleagues
in the management of both the institutionalized and
non-institutionalized patient with urinary and/or
fecal incontinence. We have to create effective con-

tinuing medical education (CME) events to dissemi-
nate this knowledge to health care providers.

The lay population, individual families and care-
givers need to be educated about the prevalence of
incontinence. We have to work with the media to
promote education, and we must attempt to gain
government and international support to reach
these goals. Urinary incontinence is now the com-
monest cause of admission to long-term institution-
alized centers in the United States and Canada. We
must show the lay population that diapers for adults
are not a treatment for urinary incontinence.
Urogynecology societies (both national and interna-
tional) must play a pivotal role in this process.

We need to educate government and health care
providers about just how expensive a health care
problem incontinence is. In 1995, estimates in the
US were $26.5 billion per year or $3565.00 per indi-
vidual older than 65 years. About 50% of these costs
are drawn from the economy to diagnose, treat, care
for, and rehabilitate patients with urinary inconti-
nence. These costs are increasing rapidly [11]:

1984 $3.94 billion
1993 $10.12 billion
1995 $12.53 billion

Surgery

Within the field of surgery in urogynecology and
reconstructive pelvic surgery (URPS) we must hon-
estly evaluate what we do. Over 200 operations have
been described for the treatment of stress urinary
incontinence. Therefore we must design randomized
controlled trials (RCT), which will undoubtedly
require multicentered studies in order to have
sample sizes large enough to give valid power to the
studies. These studies should have a minimum of 2-
year, and preferably 5-year, follow-up periods before
any valid conclusions can be drawn. Evaluation of
these studies must include quality of life assessment
and cost effectiveness analysis.

Uropharmacology

Within the field of uropharmacology, we must work
with pharmaceutical companies to create more
selective drugs for lower urinary tract disorders.
Future research on drugs for the overactive bladder
(OAB) will look at central nervous system (CNS)
drugs that stimulate �-aminobutyric acid (GABA)
receptors. Potentially, drugs that affect GABA,
opioid, 5-hydroxytryptamine (serotonin), norepi-
nephrine, dopamine, and glutamic acid receptors
and mechanisms can be developed, but a selective
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action on the lower urinary tract (LUT) maybe
difficult to obtain [12].

Peripheral targets or research will include mus-
carine receptors, adrenoreceptors, tachykinins 
and vanilloid receptors, prostanoids, and drugs that
act to inhibit calcium influx or potassium channel
openers [12].

Well-designed prospective RCTs, with placebo
groups of sufficient size to produce meaningful data
are required in all future drug studies, and need also
to be done with respect to the effectiveness of
bulking agents.

Neurophysiology

The role of neurophysiologic testing in the evalua-
tion of pelvic floor disorders needs to be clarified.
What has happened is that these studies have
become an either all or nothing type of situation,
where is some centers all patients are evaluated with
neurophysiologic testing and in others none of these
modalities is available. We need well-designed
research to determine whether or not pudendal ter-
minal motor nerve latency (PMTNL) testing is a
meaningful predictor of success or failure of an
incontinence and/or prolapse operation.
Additionally, we need to establish the role of anorec-
tal manometry, defecography, electromyographic
studies and ultrasound in the evaluation of fecal
incontinence and/or rectal prolapse. Furthermore
the use of MRI scanning and other imaging tech-
niques in the diagnosis and evaluation of pelvic
floor disorders must be scientifically established as
to whether or not they are practical and cost-effec-
tive methods of assessment.

Behaviour Modification

We need RCTs with long-term follow-up to assess
the effectiveness of functional electrical stimulation
(FES), vaginal cones, urethral plugs and other
devices now being recommended to treat urinary
incontinence and other pelvic floor disorders. We
need to convince government and other health-care
providers that funding for behavior modification
techniques is as important as paying for surgical
procedures or other treatments that may not be that
highly effective.

Collagen

We need to define the role of collagen in pelvic floor
disorders in women. We need effective qualitative
and quantitative assays to determine whether or not
there are defects of specific types of collagen in

patients with these disorders, and we need research
to determine whether or not there are potential
genetic markers that may be screened by blood
testing to identify women who genetically may be at
risk for pelvic floor prolapse. We need to look at col-
lagen in is relationship to estrogen and the general
effects of urogenital aging to see whether or not
these are independent factors.

Ultrasound and Other New Techniques

There will undoubtedly be an increasing use of
ultrasonography in the evaluation of the anatomic
defects of stress urinary incontinence (SUI) and
other pelvic floor disorders. Progress in this field
has been hampered by a lack of standardization 
in urogynecologic sonography. The German
Association of Urogynecology has attempted to
make recommendations for standardization of
methodology. The fact that different methods are
used, such as abdominal, perineal, introital, vaginal
and rectal has further impeded progress in this field.
Recently intraurethral ultrasonography has shown
that sphincter measurements can be a prognostic
factor in patients who underwent SUI operations.
Recently 5 MHz three-dimensional ultrasonography
of the urethra has been used to investigate urethral
sphincter damage. Doppler and color studies may
play an increasing role in the evaluation of ure-
throvesical disorders.

New directions will evaluate the practicality of
fiberoptic catheters and will look at micromotion
detection, mathematical equations, and intravesical
sensors.

Conclusions
At the ICS (International Continence Society)
meeting in Boston in 1986, Sir Richard Turner-
Warwick defined the urogynecologist as “neither the
general urologist nor the general obstetrician and
gynecologist, but someone who has special, training
and expertise in genitourinary problems in women”.
Recently we expanded this definition to include
urogynecology and reconstructive pelvic 
surgery [10]. Such a physician implies “a surgeon
with specialized training in the conservative and
surgical management of women with urinary
and/or fecal incontinence, persistent genitourinary
complaints and disorders of pelvic floor supports”.

As the French writer Marcel Proust said,“We must
never be afraid to go too far, for the truth lies
beyond”. Thus we must accept that the truths we
identify today may well have to be changed in the
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future. However, if we work collaboratively to
produce well-designed scientific research, we should
be able to produce evidence-based medicine that
will stand the test of time.

In an editorial published in the International
Urogynecology Journal about “Urogynecology and
reconstructive pelvic surgery: alive and well and
growing in Canada” I (HPD) drew a conclusion
which reflects the philosophy behind this textbook:
“We have come a long way, we have only just begun”.
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Introduction
Typically defined, burden of illness involves the
determination of levels of mortality and morbidity.
Urogynecologic and related disorders rarely pose a
life-threatening illness. However, they often result in
significant morbidities. The relevant morbidities
have been characterized by Fletcher et al. as the five
D’s [1]. These are disease (frequency), discomfort,
disability, dissatisfaction and destitution (the
financial cost of illness). Measures of morbidity must
therefore include the full range of manifestations of
disease that would be considered important.

Measuring Disease Frequency
The prevalence of a condition is the number of
cases of a given condition that exists at a particular
time. It is one of the two commonly used evalu-
ations of disease frequency. The other is incidence,
which refers to the risk of a condition developing
during a defined period of time. In mathematical
terms, the prevalence is equal to the incidence mul-
tiplied by the duration of the disease [2]. Prevalence
data are derived primarily from non-experimental
cross-sectional survey design methods. The quality
of the estimates produced by such surveys depends
upon several factors. These include, the study popu-
lation, the method for subject selection, the method
for data collection and the response rates for those
subjects. If these issues are not considered and
identified, bias and/or random error may result [3].
Bias refers to a systematic deviation from the true
value of a variable, such that the generated value of
that variable is distorted in a consistent over- or
underestimation. Random error, on the other hand,
is a non-systematic deviation of the true value of

the variable. Deviation due to random error can
increase or decrease the estimated value of an indi-
vidual measurement. The effective random error is
that the over- and underestimates serve to increase
the variability of the variable, but does not affect the
value of the variable.

Data from specialized urogynecologic centers,
while providing a good estimate of prevalence from
their referral populations, probably cannot be used
to make inferences about the general population.
The estimate provided by the tertiary care center
sample will more than likely result in an overesti-
mate of the overall prevalence (a biased estimate).
Ideally, in order to interpret prevalence rates, it is
necessary to define the denominator (What is the
population?). The denominator of a rate should
include the population or sample of that population
relevant to the question being asked. It is important
not to generalize beyond the confines of the popula-
tion under study.

Equally important in the interpretation of the
measure of frequency is the definition of the
numerator (the case). It is necessary to know the
basis on which a case is defined as the criteria used
can strongly influence the rate generated.

In any prevalence study, the subjects should be
ideally a random sample of all eligible subjects. This
implies that every individual has an equal probabil-
ity of being selected. The method of “random” selec-
tion (phone book, electoral records, etc.) may
influence the characteristics of the sample group.
More often, a selected sample is chosen. Such a
practice is acceptable so long as it understood to
whom the results apply.

The study of chronic conditions which often do
not come to the attention of specialists or primary
care givers can result in an underestimate of preva-
lence. Urogynecologic and related disorders often
go unreported and undetected. Information regard-
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ing their prevalence can only be garnered by popu-
lation-based surveys. Additionally, many such con-
ditions are managed conservatively either by the
patient herself or in a primary care setting and may
not allow identification in many research strategies.

Similarly, a research question which is too inclu-
sive may generate a prevalence that is an overesti-
mate of the true burden of illness. For example, a
question such as “have you ever experienced an
incontinence episode?”, should exact a 100% preva-
lence rate as there are no newborns who are born
continent. In order to have relevance, such question-
ing should have an ability to identify clinical rele-
vant problems.

In any measurement, a large proportion of non-
responders may lead to a biased estimate. This could
represent either an over- or underestimate of the
true prevalence.

The inclusion of individuals suffering from an
acute illness may overestimate the prevalence.
Brocklehurst et al. [4] found that of the patients who
became incontinent following cerebrovascular acci-
dent, 41% has spontaneous resolution of their
incontinent symptoms within two weeks. To include
this group in an estimate of chronic incontinence
would be an overestimate of the true clinical
burden.

Other issues which need to be addressed when
considering prevalence include the reliability and
validity of the measurement. Reliability refers to the
ability of the measurement tool under question to
generate the same results in different situations,
while validity addresses the measurement tools’
ability to assess what is intended [5].

Physical and Psychological
Burdens of Illness
In addressing the burden of illness, three strata need
to be considered. These are, the affected individuals,
their care givers and society in general [6]. Burden
of illness can also be categorized as avoidable or
unavoidable [7]. Avoidable burden includes those
symptoms or morbidities for which effective inter-
vention exists, while unavoidable burden refers to
symptoms or morbidities for which no effective
intervention exists.

As with many chronic conditions, clinical
significance is based on the viewpoint of the indi-
vidual and those associated with the individual.
Without a perception of a clinically significant
problem, the condition probably does not warrant
assessment and treatment [6]. Many sufferers,

however, fail to seek appropriate evaluation or inves-
tigation for clinically relevant disease.

Many evaluations of burden have focused on
specific aspects of illness such as physical or psycho-
logical burdens.

Physical burdens have been studied in the context
of urinary incontinence more than other urogyne-
cologic or related problems. Physical burdens cited
include skin rashes, breakdown pressure sores and
urinary tract infection [8]. In addition, falls with
their associated risk of bone fracture, could result
from wet floors or a sense of urgency to reach the
toilet [9]. With treatment the above burdens can be
avoided.

As with physical burdens, psychological impact
has received more attention with respect to urinary
incontinence. The psychological impact of urinary
incontinence is dependent upon attitude and
general health. Urinary incontinence implies an
indignity to the social integrity of the individual
[10]. A sequence of events may occur involving fear,
shame or embarrassment [11].

The psychological characteristic of patients with
urinary incontinence have been assessed [12]. Those
individuals with detrusor instability have been
shown to have more somatic manifestations with
anxiety than any other group, as measured in
descriptive as well as case-controlled studies. It is,
however, unclear whether this represents a cause or
effect.

Norton attempted to quantify the psychological
impact of urinary incontinence in an outpatient
group of tertiary care patients [13]. She developed a
disease-specific questionnaire. Her conclusions that
incontinence predisposed to diminished social and
mental well-being, sexual difficulties and embar-
rassment, although interesting, are difficult to inter-
pret as the measurement has not undergone any
validity or reliability testing.

A further study designed to look at the number of
incontinence episodes per week and the quantity of
fluid lost in relation to Norton’s questionnaire
demonstrated little correlation between the number
of episodes (R = 0.06) and the fluid loss (R = 0.23).
This study of highly motivated, well-educated,
middle-class women showed that self-perception
and daily activities were affected to a greater extent
than social interactions [14]. These results, however,
cannot be generalized to include all incontinent
women.

The Incontinent Stress Questionnaire (ISQ-P) was
developed at the Pennsylvania State University for
the evaluation of the psychologic impact of urinary
incontinence in an institutionalized geriatric popu-
lation [15]. The scale was developed from many
items, resulting in a 20-item scale. Internal consis-
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tency was determined using an appropriate statisti-
cal analysis [16]. The reliability of the measurement
was assessed using the test–retest reliability, which
is a measure of the stability of the measurement
over time [17]. The preliminary analysis indicated
that patients demonstrated motor retardation and
agitated symptoms, as well as feelings of abandon-
ment, and showed somatic concerns associated with
the urinary incontinence as related to accepted mea-
surement scales [15].

The York Incontinence Perception Scale (YIPS) is
another domain-specific tool focusing on the psy-
chological aspects of urinary incontinence [18]. The
26-item scale was used to evaluate community-
dwelling women in Toronto, Ontario, measuring the
influence of urinary incontinence on a person’s
ability to participate in activities. The study demon-
strated a positive psychosocial impact of their treat-
ment regimen when compared to non-treatment
controls.

Care givers, whether family or professionals, are
adversely affected when caring for incontinent indi-
viduals. Care givers are most often involved with
incontinent individuals because of another affliction
which has rendered the individuals incapable of
managing their incontinence themselves. Noelker
demonstrated a perceived care burden, doubts about
care giving and reported negative effects on family
and other social relationships on the part of the
family care giver [19]. Urinary incontinence has been
identified as a frequent reason for institutionaliza-
tion among the elderly [11]. Although most studies
have not adequately addressed the relative influence
of urinary incontinence on admission to long-term
care facilities, it has been cited along with confusion
and difficulties in ambulation as one of the three
main precipitators [19–21]. Furthermore, family
members often regard an incontinent individual as a
source of stress and economic concern [21].

Once institutionalized, patient care may be
influenced by incontinence. Nurses often have nega-
tive feelings towards urinary incontinence that can
be displaced to the incontinent person [20–22].
Spiro has identified the increased level of care
required for the care of incontinent people (chang-
ing wet clothing and bed linen, and the care of decu-
bitus ulcers) as a source of frustration to the nursing
staff [23]. In a survey of 156 professional health care
givers in a long-term care facility, Yu et al. found that
over 50% of the staff felt frustrated, tired, discour-
aged and irritable over having to look after patients
with incontinence [15]. Additionally, one third
expressed guilt at their negative feelings towards
their patients.

Presently interest has focused on the develop-
ment of refined quality of life measurement tools.

Health-related quality of life (HRQL) tools have
been developed to measure individuals’ physical,
social and emotional status as well as their overall
life satisfaction. These skills can be generic or con-
dition specific. Generic tools are designed to assess
the HRQL across a wide range of health conditions.
Such tools can be used not only to assess the
impact of a particular disease on a population, but
to compare the impact of different disease states
and different populations. Condition-specific
instruments are designed to determine the 
impact of a particular condition, such as urinary 
incontinence [24].

Generic tools which have been used in the study
of urogynecologic disorders include the
Nottingham Health Profile (NHP) [25], Sickness
Impact Profile (SIP) [26], and the Short Form-36
(SF-36) [27].

Naughton and Wyman used the NHP to compare
women with urinary incontinence to age-matched
controls [25]. They found that there is considerable
variability among individuals in their perceptions
and responses to urinary symptoms.

A study of 36 community-living women used the
SIP to characterize the impact of urinary inconti-
nence on HRQL and found that the impact of
urinary incontinence on everyday behavior is age
and symptom dependent [26].

These nonspecific tools, although effective, are
often cumbersome to administer and require that
women focus on the disease under discussion.

In 1992, the SF-36, a generic HRQL tool, was pub-
lished [27]. Since then it has been expanded through
the International Quality of Life Assessment Project
[28]. This questionnaire has gained popularity
because of it ease of administration and its ability to
compare HRQL impact between disease states, as
well as monitoring effect of treatment [27]. The SF-
36 has been used to study many conditions and now
hosts its own website [28]. Sand et al. have used this
scale to assess the efficacy of transvaginal electro-
stimulation in treating genuine stress urinary incon-
tinence [29]. They did not find a difference in the
change of SF-36 scores between the treatment and
control groups. Kutner et al. have used the SF-36
scale to investigate variations in older adults’ per-
ceived health and functioning [30]. They found that
depressive symptomatology and ambulation
difficulty were related to sleep disturbance, falling
and urinary incontinence.

Hopefully, such generic tools will continue to be
used in urogynecologic studies.

Condition-specific tools pertaining to urogynecol-
ogy include the Incontinence Impact Questionnaire
(IIQ), Urogenital Distress Inventory (UDI) [31], and
the Kings Health Questionnaire [32].
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The IIQ is a 30-item analogue scale which consid-
ers activities such as shopping and entertaining as
well as emotions such as anger and fear, while the
UDI concentrates on measuring the degree to which
symptoms associated with urinary incontinence are
troubling to women [31].

The Kings Health Questionnaire was developed as
an HRQL to assess the quality of life of women with
specific urodynamic diagnosis [32]. This 4-point
analogue scoring tool measures eight different
domains. These include limitations, emotional prob-
lems, sleep disturbances, and severity measure-
ments. The questionnaire has been shown to be
reliable and valid with good stability over time. This
is a relatively recent questionnaire which shows
great promise. With wider application, the general-
ized ability of the tool should be established.

HRQL is an important measurement in evaluating
urogynecologic disorders and treatment. Their
increased use can only help in our understanding of
the related conditions.

Economics
The Consensus Development Conference on Urinary
Incontinence in Adults (1990) has stated that a
highly conservative estimate of the national direct
costs of managing urinary incontinence in the com-
munity is US$7 billion annually in the United States
[8]. The additional direct costs of institutionalized
patients have been reported by the same group to be
approximately US$3.3 billion annually [8].

Little information on the health care sector costs
of urinary incontinence exists prior to 1980. Most
available studies focus on the care of incontinent
elderly people in nursing homes [33]. Few studies
consider the community-dwelling patient. Borrie
and Davidson estimated that in their chronic care
center, with their prevalence of urinary incontinence
(62%) and fecal incontinence (46%), the total annual
costs of nursing time devoted to the care of inconti-
nence per patient was $9771 (Canadian dollars)
based on 1986 dollars [34].

Wagner and Hu performed an economic analysis
on the cost of urinary incontinence (both male and
female) using 1993 US dollars. They estimate that
the economic costs of urinary incontinence totals
US$26.3 billion or US$3565 per individual aged 65
and older with the condition. This is considerably
higher than a previous estimate by Hu, when the
total costs of urinary incontinence in the elderly in
the USA using 1984 US dollars were estimated to
exceed US$8 billion per year [35]. They estimate that
this increase in costs is partly due to increases in

medical and routine care as well as the growing 
population of aging adults. They estimate that
US$13.1 billion dollars per year go towards treating
the consequences of urinary incontinence such as
urinary tract infection or skin breakdown [36].

The fiscal burden to the individual with urinary
incontinence involves the direct costs of urinary
applications, laundry and other supplies. In some
settings, the cost of diagnostic evaluation, surgery
and pharmacotherapy are directly incurred by the
individual. Additionally, the cost of the treatment
and physical burdens may fall on the individual.
Indirectly, the condition and its consequences may
result in a loss of earnings by an affected individual.
Precise estimates of the cost to the individual are
unknown and depend upon the severity of the 
conditions.

Prevalence of Urinary
Incontinence
Urinary incontinence is defined as the involuntary
loss of urine, which is perceived to be a social and
hygienic problem [37]. Many studies have been
designed to estimate the prevalence of the problem.
Estimates in the literature have varied from 4% to
50% [38]. This variation is explained by differences
in population being sampled (denominator) and a
lack of consistency in the definitions of urinary
incontinence employed (numerator). Table 2.1 out-
lines the wide variation in definitions of urinary
incontinence used in clinical studies. These differ-
ences in thresholds for identification of cases can
lead to a biased estimate which can serve to over- or
underestimate the true prevalence.

Mohide [6], in a review of the existing prevalence
studies, provided issues to be considered in the
review of such studies. She emphasized that preva-
lence rates varied both within and between study
settings. Her conclusion was that even after critical
review of the literature, it is difficult to be precise
about the prevalence of urinary incontinence [6].
She provided strategies to use when reviewing
prevalence studies (Table 2.2).
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Table 2.1 Variety of definition of urinary incontinence used in 
prevalence studies

Any episode at any time
Any episode in last six months
Any episode in last year
At least once per month
At least twice per month
A problem to the patient



Estimates based on individuals with occasional or
transient incontinence episodes exceed 50% in
several studies [39,40]. Yarnell et al. reported on
1060 women over the age of 18 using a geographic
register [41]. Overall, 45% of the participants
claimed to have had at least one incontinent episode
during adult life. Of the groups reporting inconti-
nence, only 5.6% reported urine leakage sufficient to
wet clothing with a frequency of at least once per
week. This group represents 2.3% of the total sample
surveyed [41].

The prevalence of urinary incontinence in com-
munity-dwelling women over 60 years of age was
reported by Doikno et al. as 37.7% [42]. The
definition of urinary incontinence used was any
uncontrolled loss occurring in the previous 12
months without regard to severity. However, consid-
ering the number of days with urine loss, 145 of the
1150 patients surveyed (12.6%) experienced invol-
untary urinary loss on 50 or more days in the
studied year.

A report of community women by Jolleys [43]
found that 343 of 833 women surveyed (41%) had at
least one episode of incontinence. Forty-eight
(5.8%) of the total sample needed to wear protection
against leakage.

From this information, it is apparent that if indi-
viduals with transient incontinence are included
and not identified, the overall estimate of prevalence
may be exaggerated. This suggests that studies that
do not define a measurement of clinically relevant
incontinence run the risk of an overestimated
prevalence.

Thom, in a systematic review of the literature
using strict definitions for inclusion, stratified the
prevalence data by frequency of incontinence
episodes [38]. He limited the review to the commu-
nity population-based studies and stratified for fre-
quency and age (Table 2.3). Intuitively, one would
expect prevalence to decrease with increasing
definitions of severity. This appears to be borne out
in younger women. However, this trend is less

Prevalence of Urinary Incontinence, Pelvic Organ Prolapse and Anal Incontinence in Women 15

Table 2.2 Some issues to consider when reviewing prevalence and descriptive studies of urinary incontinence

1. Was the definition of urinary incontinence specified?
● Was an operational level of clinical significance included?
● Did the definition include the types or patterns or incontinence that are relevant to the population under study?

2. Was the method of sampling documented?
3. Did the study include sufficient information about the demographic and functional status of the subjects as well as relevant medical 

data?
4. Did the investigators describe the study setting in sufficient detail?
5. Was the data sources(s) likely to minimize underreporting?
6. Was the measurement instrument shown to have adequate scientific properties such as reliability and validity?
7. Were data collection method(s) and procedures used that would minimize or avoid biases?
8. Was a response rate of 75% or greater achieved?

Table 2.3 Aggregate prevalence of urinary incontinence in population-based studies

Frequency of incontinence No. of studies Range (%) Aggregate prevalence

Women >50 years:
Ever 7 16.8–50.7 24.3 (23.4–25.3)
1+ /year 4 16.9–49.6 36.2 (34.0–38.5)
1+ /2 months 1 — 10.2 (8.3–12.4)
1+ /months 2 21.7–41.3 38.9 (37.9–39.9)
2+ /months 3 10.2–21.5 11.7 (10.5–13.0)
1+ /week 4 6.3–27 13.6 (12.4–14.9)
2+ /week 1 — 22.9 (14.9–26.1)
3+ /week 1 — 5.2 (2.9–8.0)
>1+ /day 7 5.2–16.7 11.3 (10.8–11.8)
Women <64 years:
Ever 7 12.1–37.4 24.1 (23.4–24.8)
1+ /12 months 3 5.7–42.3 22.5 (21.0–24.1)
2+ /months 2 8.5–15.5 9.2 (8.6–9.9)
> 1+ /week 3 4.0–7.7 5.4 (4.5–6.4)



obvious from the literature addressing older
women.

In 1997, a Canadian polling company conducted a
telephone survey of a random and representative
sample of 1500 community-dwelling adults regard-
ing urinary incontinence [44]. The respondents were
asked if they had ever been diagnosed by a physi-
cian as having urinary incontinence and whether, in
the past year, they had had an involuntary loss of
urine. Five percent of women surveyed had been
diagnosed by a physician as having urinary inconti-
nence. Of these, 41% reported a diagnosis of stress
incontinence, 12% urgency incontinence, 15%
overflow incontinence and 26% mixed incontinence.
Seven percent of respondents reported an involun-
tary loss of urine within the previous year, translat-
ing to a prevalence of urinary incontinence of 8.8%
or approximately 1.9 million Canadians. This study
found that over half of the incontinent population
(56%) is under 55 years of age. Only half of the
respondents (55%) have ever spoken to a physician
about their incontinence.

Urinary incontinence has been cited as a major
reason for nursing home admission, with the
American NIH Consensus Statement estimating that
50% of nursing home residents are incontinent [8].
Kralj in a review of the literature concluded that
57.2% of women living in nursing homes suffered
from urinary incontinence, compared with 41.6% of
elderly women residing in the community [45]. He
also demonstrated an increase in prevalence with
increasing age from 16% in the 20–29-year-old age
group to 40% in those aged 45–64. Age as an associ-
ated variable in increasing prevalence of urinary
incontinence has not been universally accepted.
Jolleys [43] demonstrated a peak prevalence of
45–54 years with a gradual decrease with advancing
age. Similar findings were reported by Yarnell et al.
[41] and Brocklehurst et al. [46]. Doikno et al., [42]
failed to find a statistical significant difference in
prevalence across all age groups.

Rekers et al. [47] used a mailed questionnaire to
1920 Dutch women to assess the prevalence of
incontinence. With their 68% response rate, they
found that approximately 26.5% of the study popu-
lation reported urinary incontinence. Although the
overall prevalence of incontinence did not differ
between age groups, there was a trend towards a
higher proportion of women reporting larger losses
in the older ages [47].

The stability of prevalence measurement has not
been carefully studied. Milne and colleagues
reported on 10 patients and found that only four
admitted to urinary incontinence at baseline mea-
surement and two months later [48]. The variation
of self-reporting tools has been studied by Resnick

et al. [49]. They found that in a structured question-
naire, self-reporting of prevalence estimates of
urinary incontinence are stable over a two-week
period. Some variability in the measurement may be
accounted for by remission or treatment of symp-
toms. Nygaard and Lemke reported a remission rate
for urinary incontinence of 22.1% and 25.1% at
three- and six-year follow-up respectively [50].
These findings have implications when comparing
studies and assessing treatments.

Because not all incontinent individuals seek
medical attention, the true extent and impact of the
problem are not known [8]. In a large study of
patients presenting to a tertiary care referral center,
60% had delayed seeking medical help for more
than one year from the onset of symptoms [51]. Half
of these patients claim to be too embarrassed to
approach their physician with their complaints
while 17% felt that incontinence was a normal func-
tion of aging.

Similarly, Holst and Wilson, found that in a com-
munity-based group of incontinent women, 81% did
not seek medical attention because they did not
regard their condition as abnormal [52]. A further
10% has not sought help because of low expecta-
tions of the benefit of treatment.

The poor self-reporting of urinary incontinence
was further explored by Roberts et al. in a cohort of
women 50 years of age or over [53]. They found a
prevalence of urinary incontinence of 49%. Of these
only 13% had sought care for urinary symptoms.

The perceived impact of urinary incontinence has
been addressed earlier in this chapter. However,
Foldspang and Mommsen evaluated the impact of
urinary incontinence on specific social interactions
[54]. In their survey of 2613, women aged 30–59,
they found that of the 388 women reporting urinary
incontinence, 21.9% abstained from social activities
because of the incontinence (Table 2.4).

The prevalence of urinary incontinence remains
difficult to estimate. Available information suggests
that despite prevalence rates consistently in the
10–20% range, underreporting of the condition by
the patient remains a problem. A clear increase 
in disease prevalence with increasing age does 
not appear to be a consistent feature of urinary
incontinence.

Prevalence of Pelvic Organ
Prolapse
Pelvic organ prolapse (POP) represents a weakening
of the pelvic floor which results in descended pelvic
organs with downward pressure [55]. Defects are
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characterized as cystocele, urethrocele, enterocele,
rectocele, and uterine prolapse depending on the
organs involved. Despite the fact that POP repre-
sents the admitting diagnosis of 20% of women
undergoing major abdominal surgery [56], little is
known of the prevalence of the condition.

Table 2.5 outlines existing studies on the preva-
lence of POP in which populations and proportions
could be determined. The different prevalences
noted are best explained by the vastly different pop-
ulations and the different endpoints studied. The
majority of studies do not consider those women
who do not seek treatment or who are managed
conservatively and therefore would serve to under-
estimate the true burden.

The Oxford Family Planning Association Study
represents one of the few population-based studies
[57]. The authors concede that the sample differs
from the general UK population in that the women
at entry to the study were less likely to have chronic
disease, smoke heavily, to be obese or be of lower
socioeconomic class. They suspect that the 3.9%
incidence seen in their group may underestimate of
the true risk of prolapse. Not surprisingly the
highest rate of prolapse was found in older women
undergoing major gynecologic surgery.

Although the etiology of POP remains under dis-
cussion, numerous authors have noted certain
trends. Strohbehn has noted that young women with
prolapse have a high proportion of connective tissue
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Table 2.4 Frequency of reported abstention from social activity due to urinary incontinence

Activity Frequency (388 women) Percent

Work 5 1.3
Visiting friends 10 2.6
Sport 70 18.0
Shopping 13 3.4
Sexual intercourse 27 7.0

Source: Foldspang and Mommsen [54].

Table 2.5 Studies assessing prevalence of pelvic organ prolapse

Author Year Population Proportion Prevalence (95% CI)

Mant et al. [57] 1997 Hospital admissions, family planning 597/15292 0.039 (0.036–0.042)
clinics

Kjerulff et al. [70] 1996 NIH survey 658/31617 0.021 (0.019–0.022)
Younis et al. [71] 1993 Women undergoing medical 258/509 0.51 (0.46–0.55)

examination
Dudkiewicz et al. [72] 1983 Women employed in cement industry 86/218 0.39 (0.33–0.46)
Mant et al. [57] 1997 Women attending family planning 63/2233 0.028 (0.022–0.035)

clinics post-hysterectomy admissions
Harris et al. [62] 1998 Nulliparous women, incontinence clinic 62/748 0.082 (0.064–0.10)
Mattox and Bhatia [65] 1996 Incontinence clinic – referrals 31/171 0.18 (0.13–0.24)
Norton et al. [60] 1995 Women attending gynecology clinic

Cystocele 73/106 0.69 (0.60–0.77)
Rectocele 65/107 0.61 (0.51–0.70)
Uterus/vault 45/107 0.42 (0.33–0.51)

Peacock et al. [64] 1994 Black women referred to urogynecologic clinic
Cystocele 116/159 0.73 (0.65–0.80)
Rectocele 88/159 0.55 (0.46–0.63)
Uterus/vault 41/159 0.26 (0.19–0.33)

Pepe et al. [73] 1988 Postmenopausal gynecologic admissions 31/330 0.094 (0.065–0.13)
Olsen et al. [61] 1997 Surgery for POP in HMO 395/149554 0.0026 (0.0024–0.0029)
Brieger et al. [74] 1996 Gynecologic surgery 578/2313 0.25 (0.23–0.27)
Naylor et al. [75] 1984 Major gynecologic surgery 841/2901 0.29 (0.27–0.31)
Jaluvka [76] 1977 Women >79 years age, major gynecologic surgery 59/662 0.089 (0.069–0.11)
Vuroma et al. [77] 1998 Hysterectomy 37409/89069 0.42 (0.42–0.42)
Luoto et al. [78] 1994 Hysterectomy 675/9000 0.075 (0.069–0.080)
Allard and Rochette [79] 1991 Women undergoing hysterectomy >50 years 4695/36107 0.13 (0.13–0.13)



disorders, congenital anomalies and neuromuscular
disease compared to older women [58]. The associa-
tion between joint hypermobility and genital tract
prolapse was explored by Al-Rawi and Al-Rawi [59].
In their study of 76 women with a prolapse, com-
pared to age- and parity-matched controls without
prolapse, there was a statistically significant increase
in joint hypermobility in those women with POP
compared to those without. These findings were
confirmed by Norton et al., who concluded that
women with joint hypermobility have a significantly
higher prevalence of POP than women with normal
joint mobility [60].

Olsen et al. demonstrated that the lifetime risk of
undergoing an operation for prolapse increases with
increasing age to a rate of 11% by age 80 [61]. This
may indicate an increased risk with advancing age
or may represent a higher threshold for operating
on older women with prolapse.

Although parity is often cited as an etiologic
factor in the development of POP, Harris and col-
leagues have reported that 62 out of 748 patients
(8.3%) in their sample of women with POP were
nulliparous [62].

The majority of studies have not considered racial
differences in the prevalence of POP. Bump, in a study
of 200 consecutive referrals, found that the preva-
lence of severe prolapse was the same for blacks as
for whites (24% and 23%) [63]. Peacock in a descrip-
tive study of a black inner city population found pro-
lapse rates similar to those found in a study by
Norton and colleagues in a primarily white popula-
tion [64]. Mattox and Bhatia compared the preva-
lence of prolapse in a referral group of Hispanic and
white women [65]. They found that although present-
ing symptoms differed between the groups, ethnic
group was a poor predictor of prevalence.

Prolapse and urinary incontinence problems are
known to be related. Women who have severe geni-
tourinary prolapse, although continent, may have
underlying stress urinary incontinence. Benson
reported that of 100 women presenting with urinary
incontinence, 51 demonstrated genitourinary relax-
ation [66]. In a series of ten patients having com-
plete prolapse of the genitourinary tract, with no
complaints of incontinence, Richardson and col-
leagues found that nine (90%) were subsequently
found to have sphincter weakness and incontinence
following reduction of the procidentia [67].
Rosenzwerg et al. found that significant genitouri-
nary prolapse was coupled with a 44% rate of
underlying occult stress incontinence [68].

Significant POP can cause tension on the ureters
resulting in hydronephrosis and, potentially, kidney
damage. Beverly and colleagues have assessed 375
patients undergoing surgery for POP [69]. Thirteen

of these patients (4.0%) had mild hydronephrosis, 9
(2.8%) had moderate hydronephrosis and 3 (0.9%)
had severe hydronephrosis. Not surprisingly, they
found an increasing risk of hydronephrosis with
increasing severity of prolapse. They concluded that
the risk of hydronephrosis is real, if low, in women
with POP.

The community prevalence of POP is likely in the
4–5% range of adult women. It represents a
significant proportion of gynecologic surgical pro-
cedures done on women. Nulliparous women are
not immune to the development of POP. To date, no
obvious interracial differences have been noted.
Latent stress urinary incontinence and hydro-
nephrosis remains a concern in those individuals
with severe POP and should be part of the overall
evaluation.

Prevalence of Anal Incontinence
Studies assessing the prevalence of anal inconti-
nence suffer from inconsistent and non-standard-
ized definitions. The condition can involve the
involuntary passage of gas, liquid or solid stool. The
sensitive nature of the problem begets underreport-
ing in the physician’s office. Enck et al. reported that
only 5% of patients with fecal incontinence will vol-
unteer the problem [80]. The accuracy and reliabil-
ity of reporting mechanisms for fecal incontinence,
particularly in community-based studies, have been
questioned. Resnick and colleagues have shown 90%
agreement in a small telephone survey in the self-
reporting of fecal incontinence [81]. This suggests
that such a survey method yielded stable results
over the two-week study period.

Current prevalence studies have three main foci:
community-based studies, institutionalized patients,
and the community-dwelling elderly,.

A loss of anal control with increasing age has
been the conclusion of many community-based
studies. Thomas and colleagues estimated a preva-
lence of fecal incontinence of 0.42% in men and
0.17% in women aged 15–64 years of age [82]. This
is compared to 1.09 for men and 1.233% for women
over the age of 65 years. Despite the known risk of
obstetric trauma, the higher prevalence of fecal
incontinence in men compared to women found by
Thomas et al. was confirmed by Johanson and
Lafferty, who reported that the prevalence of fecal
incontinence was 1.3 times greater in men than in
women [83].

The greater prevalence in men has not been
confirmed in other studies. Drossman et al., in a
nationally based US household survey, found a
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prevalence of fecal incontinence of 7.8% (424/5430).
The male-to-female ratio was similar, with 7.9%
(208/2639) of men and 7.7% of (215 /2791) of women
reporting fecal incontinence [84]. They confirmed 
an increasing prevalence with increasing age.
Additionally, they reported that fecal incontinence
caused an average 11.7 days missed from work or
school because of illness in the previous year.

A state-wide sample of 6959 individuals was
undertaken by Nelson et al. in Wisconsin [85]. An
overall prevalence of 2.2% across all age groups was
reported. Thirty percent of positive respondents
were over the age of 65 years and 63% were women.

Giebel and colleagues surveyed a select sample of
Germans over 18 years of age [86]. They found that
4.8% had difficulty controlling the passage of solid
stool, while close to 20% experienced difficulty in
the control of liquid stools or flatus. Of those with
incontinence, 8.5% reported that they use protective
underclothing because of their problem.

Community-based studies provide a wide range
of prevalence estimates. These differences are most
likely due to differences in the definition of focal
incontinence used rather than a true population-
based difference in prevalence. There is a consistent
trend to support an increasing prevalence of fecal
incontinence with increasing age regardless of sex.
The reported increased prevalence in men com-
pared to women is not a universally appreciated
finding. Additional well-designed population-based
studies, using consistent definitions, are necessary
before the true prevalence is known. It is apparent
that those individuals suffering from fecal inconti-
nence experience burden from their condition.
These burdens include losing time from work and
school. The scope of the physical, emotional and
economic burden of fecal incontinence has yet to be
determined.

The higher prevalence of fecal incontinence in
men compared to women noted by Thomas et al., in
their community-based study [82], was not borne
out in their evaluation of institutionalized individu-
als [87]. They found, in a 1987 study of London
region old people’s homes, that 15.7% of male and
16.7% of female residents experienced two or more
anal incontinence episodes per week. The low preva-
lence noted may reflect the strict definition used to
identify subjects.

Johanson et al. evaluated fecal incontinence in a
nursing home population [88]. They found that of
the 388 residents studied, 46% were incontinent of
feces. This incontinence was found to be 1.5 time
more common in males than in females.

Nelson and colleagues, in a large state-wide
assessment of nursing home dwellers, reported on
the prevalence of fecal incontinence for 1992 and

1993 [89]. They found that in both years studied, an
equal proportion of males and females were noted
to have fecal incontinence. In 1992, they reported
that 46.5% (2457/5285) of males and 46.5%
(6014/12 939) of females had any history of fecal
incontinence. The figures changed little in 1993 with
46.9% (2247/4796) of men and 45.5% (5613/12331)
of women noted to have fecal incontinence.

Read and colleagues reported that constipation
and fecal incontinence frequently coexist in the
institutionalized elderly [90]. They cited common
causes as overflow incontinence secondary to fecal
impaction, with pudendal neuropathy, remote
obstetric trauma and spinal disease as contributory
factors. This may help explain a prevalence of at
least one fecal incontinence episode per week in
30% of patients on geriatric wards reported by
Barrett et al. [91].

The association between urinary and fecal incon-
tinence in the institutionalized elderly has been
reported by Ouslander and colleagues [92]. They
reported that 64% of individuals with urinary
incontinence had concomitant fecal incontinence.
Cognitive impairment and mobility problems were
identified as significant contributors to the dual
incontinence. Similar findings were reported by
Borrie and Davidson in 1992, with 46% of patients
studied having fecal incontinence and 44% demon-
strating both fecal and urinary incontinence [34].

Fecal incontinence appears to be a large problem
amongst the institutionalized elderly. With the
exception of the study by Thomas et al. [82], preva-
lence estimates are consistently in excess of one-
third of the sample studied. Like the previously
mentioned population-based studies, differences in
prevalence between men and women are not consis-
tent findings.

The reported prevalence of fecal incontinence in
the community-dwelling elderly is, not unexpect-
edly, lower than that in institutions. Campbell et al.
found a prevalence of 3.1% (17/559) in a random
sample of subjects over 65 years of age [93]. A
similar prevalence of 3.7% was found in an age- and
sex-stratified random sample of non-institutional-
ized Olmstead County, Minnesota residents [94]. In
a Japanese study of community-dwelling people
aged 65 years or older, Nakanishi and colleagues
found a fecal incontinence prevalence of 2.1%
(30/1405) [95]. These prevalence findings are
remarkably similar across cultures and nationalities.
This suggests that factors relating to the aging
process itself are responsible for the prevalence
noted.

The above studies included both men and women
in their analyses. Kok and colleagues reported on a
sample of Dutch women aged 60 years and over
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[96]. They found a prevalence of fecal incontinence
of 4.0% (19/472) in women between 60 and 84 years
of age and 17.0% (26/153) for women over the age of
85 years. This study suggests an increasing preva-
lence of fecal incontinence with increasing age. The
findings in this women-only study demonstrate a
prevalence rate very similar to that found in studies
addressing the community-dwelling geriatric popu-
lation of both sexes.

Fecal incontinence is a condition which has
begun to receive attention from the public and
medical profession. Prevalence rates are inconsis-
tent. Much of this inconsistency has to do with a
lack of standardized definitions and reporting. A
consistent feature of the reported literature is an
increase in prevalence with increasing age regard-
less of the population studied.
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2 Anatomy, Physiology and
Neurophysiology





Anatomy is to pelvic surgery as vocabulary is to lan-
guage: The more detailed one’s knowledge is in
anatomy, the more fluent and facile one becomes in
the operating room.

Introduction
A knowledge of the anatomy of the pelvis is essen-
tial to the education of all obstetrician-gynecolo-
gists, especially those engaged in reconstructive and
urogynecologic surgery. Indeed, with the exception
of the brain and cranial base, the anatomy of the
pelvis is perhaps the most complicated in the body,
since lying within it, passing through it, attaching to
it, and bifurcating or synapsing within it are multi-
ple muscles, nerves, vessels and organs which
support the important functions of ambulation,
reproduction, sexuality and elimination of liquid
and solid waste. Considering these diverse activities,
it is astounding how wonderfully compact and func-
tionally streamlined the human pelvis actually is!
Since there are so many structures within the pelvic
cavity, operating within it carries certain risks, as
the pelvic surgeon attempts to restore anatomy
while respecting the structures which support these
diverse functions.

Since form follows function, the urogyneco-
logic/reconstructive pelvic surgeon needs to con-
sider both anatomic and functional components.
Preoperatively, intraoperatively and postoperatively,
these components can be measured by various func-
tional (urodynamic, anal physiologic, neurophysio-
logic, etc.) tests and anatomic (site specific
assessment, urethral axis determination imaging
studies, etc.) outlined in other chapters of this text.
The responsible pelvic surgeon also must be willing
to retest anatomic and functional variables postop-
eratively to ensure that the anatomic correction(s)

have not compromised function of the various
structures in the pelvis.

The goal of this chapter is to discuss anatomy in a
very simple and practical way, i.e., how it relates to
function and how to negotiate the anatomy in order
to optimally execute urogynecologic and pelvic sur-
gical procedures without compromising other
anatomic structures or their functions. For more
detailed anatomy, the reader is referred to the excel-
lent resources cited in the references.

Although pelvic anatomic structures had been
described by Andreas Vesalius [1], who performed
meticulous dissections categorizing and labeling
each structure, it is only recently that anatomists
have studied the dynamic functional aspects of the
anatomy of the pelvic floor and continence mecha-
nisms. Of modern anatomists writing in the English
language, it was Nichols and Randall [2] who gave
us an indication that studying anatomy in fixed
cadavers did not actually illustrate the changing
anatomy of the pelvis during various activities, par-
ticularly standing and straining. Dynamic magnetic
resonance imaging (MRI) and other imaging
studies have recently revealed the changing
anatomic relationships during defecation and mic-
turition as well [3,4]. Therefore, understanding the
anatomy of a functional living being is of great
importance to the pelvic surgeon whose mission is
to restore anatomy while preserving or improving
function.

Basic Considerations
An explanation of basic anatomic and functional
principles will aid in our understanding of the basic
anatomy. These concepts are: (1) the overall struc-
ture and function of the pelvic floor, (2) the vaginal-
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uterine axis, and (3) the circumferential attachment
sites of the vagina and uterus.

Structure and Function of the Pelvic
Floor

The assumption of the upright posture brought with
it certain adaptive anatomic and functional evolu-
tionary changes. Let us consider for a moment the
anatomy of animals which walk on all fours
(quadrupeds). They have no pelvic floor. The muscle
groups which comprise the pelvic floor in primates
are present in these lower mammals but turn back-
wards to wag the tail. The abdominal contents in
these animals are supported by the abdominal wall
which, in most of their functional activities, is paral-
lel to the ground, bearing the effects of gravity.

In primates, particularly humans, who spend
most of their waking hours in the upright position,
the pelvic floor evolved. It is basically a sling of
several muscle groups and ligaments connected at
the perimeter to the 360∞ ovoid shape of the bony
pelvis. The pelvic floor supports the abdominal and
pelvic organs, preventing them from descending out
of the pelvic and abdominal cavities. It is slightly
concave, funneling in a downward direction. The
muscles of the pelvic floor are also in a tonic state of
contraction, but the same coordinated activity can
cause the muscles to contract and shorten, reducing
the degree of concavity of the pelvic floor.

The pelvic floor contains three principal perfora-
tions that allow the urethra, vagina, and rectum to
pass through it (Figure 3.1). Some anatomic dissec-
tions illustrate that the urethra passes between the
pubic symphysis and the pelvic floor; this point of
difference is not of great functional significance,
since the urethral opening is the smallest of the
three and rarely a portal for prolapse. Other smaller
perforations of insignificant pathologic importance
allow vessels and nerves to pass through and around
the pelvic floor.

The largest of the openings in the pelvic floor, the
perforation through which the vagina passes, the
genital hiatus, is of paramount importance to 
the gynecologist since it is the site of pelvic organ
prolapse. This hiatus is stretched during childbirth.
The muscles of the pelvic floor can also become par-
tially denervated, increasing the size of the genital
hiatus as well as the concavity of the downward fun-
neling of the pelvic floor. Since the genital hiatus is
the weakest point in the pelvic floor support mech-
anism, it is the most frequent site of pelvic organ
prolapse. The additive effects of aging, declining
quality of connective tissue and collagen, estrogen
withdrawal [6] (estrogen receptors are present in the

muscles of the pelvic floor [6]), and constipation
with straining at stool, create ideal conditions for
the development of pelvic organ prolapse.
Furthermore, detachment of the vagina and uterus
from their lateral apical and posterior supports
favors downward descent and eversion of the
vagina. These support structures are discussed in
more detail below.

The Vaginal-Uterine Axis

Another important basic consideration is the
vaginal-uterine axis. Many anatomy texts are based
on dissections done on fixed cadavers in the supine
position; thus, for many years, no attention was paid
to the vaginal axis. It was thought to be more or less
parallel to the long axis of the body. Understanding
the biaxial orientation of the vagina and uterus is
critical to proper anatomic and functional restora-
tion of pelvic support. In the supine position, the
vagina may appear to be uniaxial, conforming more
or less to the long (vertical) axis of the body.
However, when a person stands, the axis appears to
change: the lower one-third of the vagina remains
parallel to the long axis of the body, while the upper
two-thirds of the vagina and uterus dip backward,
becoming more perpendicular to the long axis
(Figure 3.2a). When the woman is asked to strain,
this change becomes more marked as the angle of
the upper vagina approaches more closely the per-
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pendicular plane with respect to the long axis of the
body and the upper vagina rests on the pelvic floor.
Barium mold radiographic studies of Nichols and
Randall [2] and Funt and associates [7] were mile-
stones in our understanding of this important func-
tional anatomic relationship.

As we review the anatomy of vaginal and uterine
attachment points below, we will understand why
the concept of the vaginal axis or “axes” (as the
vagina is really biaxial) is so important. During
straining, the vagina actually becomes parallel to the
pelvic floor (Figure 3.2b), providing a second barrier
(in addition to the pelvic muscles, pelvic diaphragm
and ligaments) to further downward descent of
pelvic and visceral organs through the genital
hiatus. This additional barrier, the upper vagina,
tends to close the opening in the levator plate by
sitting over it like a flap valve mechanism prevent-
ing other abdomino-pelvic organs from prolapsing
through the genital hiatus (Figure 3.3).

Circumferential Support of the Vagina
and Uterus

The vagina and uterus are supported circumferen-
tially by bridges of intervening connective tissue to
the bony pelvis, just as the hub of a wheel (the
vagina and uterus) is attached to the rim (the bony

pelvis) by intervening spokes (the connective tissue
bridges) (Figures 3.4 and 3.5).

Anterior Support
The lower one-third of the vagina is supported ante-
riorly by the muscular and fascial urethral supports
(pubourethral and urethropelvic ligaments) as seen
in Figures 3.4 and 3.5. These ligaments run from the
posterior pubic bone and fuse laterally to the
urethra and anterior lateral vagina. They are of vari-
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able strength containing much elastin and collagen
but with variable amounts of smooth muscle [9].
Although this hypothesis has never been tested, the
pubourethral ligaments alone probably could not
support the entire lower vagina because of their
small size and because of the variable amount of
muscle contained within them, which has a ten-
dency to stretch. Fortunately, the lower anterior
vagina is also supported laterally by fascial bands
connected to the fibromuscular coat of the vagina
(part of the endopelvic fascial circular investment of
vagina and cervix) which attach laterally to the
arcus tendineus fascia pelvis, a thick fibrous band
which runs obliquely from the pubic bone to the
ischial spine (Figures 3.1, 3.4, 3.5).

Lateral Support
The anatomic design of the arcus tendineus is
nearly functionally perfect. When intact, not only
does it support the lateral vagina, but because of its
oblique orientation, it allows the upper vagina to
turn posteriorly, such that during standing and
straining the upper vagina and uterus become par-
allel to and sit upon the levator plate (the pelvic
floor) as described above (Figures 3.2a, 3.2b, 3.3).
The arcus and the vaginal fascial attachment to the
arcus have a certain degree of mobility which allows
the vagina, particularly the upper two-thirds, to
assume this orientation parallel to the pelvic floor
(and perpendicular to the long axis of the body). In
addition to the arcus tendineus, the upper vagina

and uterus are also supported laterally to the cardi-
nal (Mackenrodt’s) ligament (Figures 3.4, 3.5).

Posterior Support
The principal posterior supports of the vagina are
the uterosacral ligaments (Figure 3.5). These tend to
pull the cervix and upper vagina posteriorly, toward
the sacrum, helping to maintain the posterior incli-
nation of the upper vagina. Mengert, in his classical
studies, was able to demonstrate the strong holding
power of the lateral (cardinal ligaments) and poste-
rior (uterosacral ligaments) support of the vagina
and uterus [10].

Apical Support
The apex of the vagina is also supported by the
uterosacral ligaments. The uterus and cervix and the
upper lateral supports of the arcus tendineus also
provide further apical support.

It can generally be stated that all the support to
the vagina and uterus are additive and interlock and
coordinate with each other, like a well-organized
mesh or network.

Anatomy of the Pelvic Floor
Support
Now that these basic concepts have been covered
and understood from a functional standpoint, the
detailed anatomy makes perfect sense. In order to
understand the structural anatomy, we will consider
building the pelvis beginning with the bony frame-
work, in the same way as an engineer or contractor
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would build an edifice starting with the strong
framing (the bones), its hardware and fasteners (the
ligaments), its electrical plumbing and supply
systems (the nervous and vascular components) and
its various floors and walls.

The Bones

The bones of the pelvis give shape to the lower body
and, most importantly, provide both strong attach-
ment and articulation for the lower extremities and
their important functions. Hence, the bony pelvis by
design is made of large bones which are fused
together by collagen matrix, and reinforced for
added stability by cross struts comprised of several
ligaments.

The bony pelvis is composed of the sacrum,
coccyx and two bilaterally symmetrical innominate
hip bones. The innominate bone on each side is
divided into the pubis, ileum and ischium. The bony
pelvis is illustrated in Figure 3.6 with the intercon-
necting ligaments. These ligaments act as braces to
limit the mobility of the bones and to add stability.
They also serve as excellent reattachment points for
prolapsed pelvic organs, and are of great importance
to pelvic surgeons. The sacrospinous ligament runs
from the ischial spine to the lateral body of the
sacrum. The sacrotuberous ligament runs from the
ischial tuberosity to the sacrum, partially fusing at
the sacrum with the sacrospinous ligament medially
(Figure 3.6). The lacunar ligaments (not pictured)
run from the medial end of the inguinal ligament
and attach to the pectineal line beyond the pubic
tubercle forming a pseudo-foramen which allows
the femoral vessels and nerves to leave the pelvis.

The inguinal ligament (not pictured) extends
from the anterior superior iliac spine to the pubic

tubercle. The greater sciatic foramen transmits the
piriformis muscle, sciatic nerve, superior and inferior
gluteal nerves and vessels, pudendal nerve and vessels
and the nerve of the obturator internus muscle, as
seen in Figures 3.7 and 3.8. The internal pudendal
nerves and vessels pass through the greater sciatic
foramen behind the ischial spine through Alcock’s
canal (Figure 3.8). The pudendal nerve, vessels and
nerve of the obturator internus then re-enter the
pelvis through the lesser sciatic foramen.

These landmarks, particularly the ischial spines,
sciatic foramina and the sacrospinous ligaments, are
of paramount importance to pelvic surgeons, since
the ischial spine, the iliococcygeus muscle attaching
to it, and the sacrospinous ligament are key pelvic
reattachment sites, in close proximity to the puden-
dal nerve. Of obstetric interest, it is also thought that
the area of vulnerability to partial denervation of
the pudendal nerve during childbirth occurs at this
very point where it is compressed against the rela-
tively unyielding bony pelvis by the descending
fetus [13]. This denervation may put patients at risk
for urinary incontinence, fecal incontinence and
pelvic organ prolapse.

Obturator Internus and Externus
Muscles

The next layer, attached directly to bone, is the obtu-
rator internus muscle. The obturator internus muscle
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is a much more important structure for reconstruc-
tive pelvic surgeons since it lines the inner surface of
the ischium, ileum and pubic bones and also is the
attachment point for the muscles of the pelvic floor,
as well as the all-important arcus tendineus fascia
pelvis. The arcus tendineus fascia pelvis or “white
line”, the lateral attachment point for the muscles of
the pelvic floor and lateral vagina, arises directly from
the surface of the obturator internus muscle (Figure
3.1). Fibers of this band are also attached to the obtu-
rator membrane, the thick fibrous sheath which
covers most of the obturator foramen. In fact, the
obturator foramen is practically covered by this
membrane and the obturator internus and externus
muscles on either side. A small perforation in the
membrane (the obturator canal), at its antero-supe-
rior border, admits the obturator neurovascular
bundle to supply the adductors of the leg (Figure 3.9).
The remainder of obturator membrane is nerve and
vessel free and serves as an attachment point for the
muscles lining the inner pelvis (the obturator inter-
nus) and, to a variable degree, the arcus tendineus
fascia pelvis which arises both from the surface of the
obturator internus but also sends some fibers to the
obturator membrane. It may also be used as a pelvic
reattachment point during paravaginal repair. The
fibers of the obturator internus muscle converge as
they travel inferiorly, forming a small band of
tendons which exit the lesser sciatic foramen and
attach to the greater trochanter of the femur.

The obturator externus muscle lines the outer
surface of the pelvis and is of functional significance
to pelvic support.

The Anterior Pelvic Floor Triangle
(Levator Group)

Three muscles form the levator group which com-
prise the layer overlying the obturator internus.
They form roughly the anterior half (triangle) of
the pelvic floor. These three muscles are perhaps
the most important to the gynecologist. They
provide the principal support of the pelvic organs
and they are frequently stretched, injured or den-
ervated in childbirth. Anteriorly, as seen in Figures
3.1 and 3.9, are the pubococcygeus and the iliococ-
cygeus muscles, which act as one unit and have
several functions. The fibers of the muscle run
obliquely from the inner surface of the pubic bone
following the course of the “white line” and,
joining their contralateral counterparts in the
midline, are fused together at the median raphe.
They are perforated by urethra, vagina and
rectum. The fibers of the puborectalis and the
pubococcygeus also attach to the lateral vagina,
with some passing around the posterior vagina.
The puborectalis and pubococcygeus also pass
posteriorly around the rectum. Contraction of
these muscles (the Kegel pelvic floor exercise)
pulls the rectum anteriorly and upwardly and has
some function in the maintenance of urinary and
fecal continence. The levator group muscles invol-
untary contract during a cough, compressing the
urethra, vagina and rectum. They serve as the
principal support of the anterior half of the pelvic
floor.
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The Posterior (Anal) Pelvic Floor
Triangle – the Coccygeus and Piriformis
Muscles

The coccygeus originates from ischial spines and the
lateral pelvic sidewall posterior to the ischial spine to
which it is attached by fascial bands. This muscle is
fused with the iliococcygeus at its posterior border,
and forms one functional sheet of muscle. These
muscles are joined to their contralateral counterparts
through an intervening median raphe and also fuse
posteriorly with the coccyx (Figures 3.1, 3.9). The
paired iliococcygeus muscles also contract in concert
with the muscles of the anterior triangle (levator
group) of the pelvic floor, helping to support the
vagina and rectum. The coccygeus muscles also assist
in maintaining the normal uterine and vaginal axis.

The most posterior muscles of the pelvic floor,
which fill in the last gap of space, are paired piri-
formis muscles. These thick muscles arise from
anterior sacrum and greater sciatic notch bilaterally
(Figures 3.1, 3.7 and 3.9). Since these muscles are
very thick, they serve as the bulk which fills in the
posterior triangles. They appose each other in the
midline and are bulkier than the other muscles of
the pelvic floor. The piriformis muscles support the
more anterior vagina or rectum anatomically, but do
not have as much of a functional role as do the ante-
rior pelvic floor muscles. They functionally com-
plete the posterior sling of the pelvic floor. The belly
of each muscle turns downward as the fibers con-
verge to form tendons, and exit the pelvis through
the greater sciatic foramen to insert onto the greater
trochanter of the femur (Figure 3.7). Their principal
function, besides lending posterior support to the
pelvic floor, is to abduct and laterally rotate the
thighs. In this respect, they are functionally similar
to obturator internus muscles. Both obturator inter-
nus and piriformis line the inner pelvis and support
viscera, but exit the pelvis to aid in ambulation.

Endopelvic Fascia

This layer is a fibromuscular tissue consisting of col-
lagen, elastin and smooth muscle. It is a continua-
tion of the abdominal transversalis fascia and
includes a parietal and a visceral component. The
visceral fascia lies immediately beneath the peri-
toneum and attaches to and joins the bladder,
vagina, uterus and rectum. The parietal fascia has
areas of condensation, ligaments and septa, which
provide fixation of the pelvic floor. The parietal
fascial supports the viscera and defines the anatomic
location of the pelvic viscera, by giving them ade-
quate fixation (e.g., uterosacral and cardinal liga-

ments), septation (e.g., rectovaginal and vesicovagi-
nal septae) and definition of pelvic spaces (e.g., pre-
vesical, vesicovaginal, and rectovaginal) as seen in
Figure 3.10. The endopelvic fascia serves to suspend
the viscera over the levator plate and provides physi-
cal support to neurovascular channels.

The Parametrium

Anatomically, the cardinal ligament lies directly
lateral to the cervix and vagina and the uterosacral
ligament lies posterolateral. These structures are not
separate, but are discrete condensations of the
endopelvic fascia, providing further support and
holding the cervix and upper vagina over the levator
plate. The cardinal ligaments contain vascular pedi-
cles supplying the uterus and upper vagina while the
uterosacral ligaments restrict downward prolapse of
the uterus and upper vagina. Detachment of these
structures can cause uterovaginal prolapse [15].

Broad and Round Ligaments

These structures form lateral attachments of the
uterus cephalad to the cardinal ligaments. They are
probably unimportant in providing pelvic support.

The Midline Fasciae

The muscular and fascial urethral supports (pub-
ourethral ligament) distal to the levators run
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between the pubis and the urogenital diaphragm,
enveloping and suspending the mid-urethra (Figures
3.1, 3.2, 3.5, 3.9). DeLancey has demonstrated the
functional role of these ligaments in micturition [9].
Damage to these ligaments causes posterior and
inferior movement of the mid-urethra without
hypermobility at the bladder neck and has been
associated with stress urinary incontinence [16].

The urethropelvic ligaments are slightly cephalad
to the level of the pubourethral ligaments and
envelop the proximal urethra. These ligaments, along
with fibers from the pubococcygeus muscle, travel
from the anterior aspect of the tendinous arch to the
anterior vaginal wall, bladder neck, and proximal
urethra. This specialized portion of the endopelvic
fascia provides the major musculofascial support of
the bladder neck and proximal urethra and may
assist in opening of the urethra during voiding.

The Superficial Compartment of the
Urogenital Triangle

Anterior Triangle/Perineal Membrane
The perineal membrane (urogenital diaphragm) is a
fibrous layer composed of smooth and striated
muscles providing further anterior pelvic outlet
support (Figure 3.11). Laterally, it attaches to the
ischiopubic ramus while fusing medially with the
perineal body and the sidewalls of the vagina. The
perineal membrane tightens to prevent further
downward descent of the lateral vaginal walls and
perineal body when the levator ani muscles relax.
Also, during sudden increases in intra-abdominal
pressure, fibers from the perineal membrane con-
tract to steady the perineum.

Posterior Triangle/Ischiorectal Fossa
The ischiorectal (ischioanal) fossa lies in the poste-
rior triangle of the pelvis between the pelvic walls
and the levator ani muscles (Figure 3.12). It is a
space filled with adipose tissue which can be the site
of hematoma formation, especially after obstetrical
trauma. Anteriorly, the fossa lies above the perineal
membrane. Medially, the space is bounded by the
levator ani muscles and anterolaterally by the obtu-
rator internus muscle. Posteriorly, the space is
bounded by the gluteus maximus. The pudendal
neurovascular plexus traverses this space at its
lateral margins and is prone to injury during vaginal
reconstructive and operative obstetrical procedures.

Perineal Body
The perineal body or central perineal tendon
(Figure 3.11) is formed by the convergence of the
tendinous attachments of the bulbocavernosus, the
external anal sphincter, and the superficial trans-
verse perineal muscle. The contribution of the per-
ineal body to pelvic support is minimal, as support
of the pelvic outlet is maintained by continuity of
the perineal membrane and the upward traction
exerted by the levator ani muscle. Nonetheless, it
represents an important anatomic central connec-
tion between the pelvic and urogenital diaphragm.

Pelvic Vasculature

The knowledge of the vasculature of the pelvis is
essential to pelvic surgeons, as lacerations of pelvic
vessels can result in severe hemorrhage. At the level
of the fourth lumbar vertebra, the aorta bifurcates
and the right and left common iliac arteries arise.
The common iliac vessels bifurcate at the level of the
fifth lumbar vertebra to form the internal and exter-
nal iliac vessels. Each external iliac vessel exits the
pelvis below the inguinal ligament to become the
femoral artery and vein, while in the vicinity of the
inguinal ligament, the external iliac artery gives off
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the inferior epigastric artery and the deep iliac
circumflex artery (Figure 3.13).

The internal iliac artery supplies the pelvic
viscera, walls of the pelvis and the perineum. The
posterior trunk of the internal iliac artery is com-
posed of the iliolumbar artery, the lateral sacral
artery and the superior gluteal artery. Such vascula-
ture supplies somatic musculature. There is an
extensive network of anastomoses with collateral
circulation about the hip. Anomalies are common.

The anterior trunk of the internal iliac artery sup-
plies both somatic and visceral structures. As
depicted in Figure 3.13, the inferior gluteal artery in
the pelvis supplies portions of the coccygeus, piri-
formis and levator ani muscles. The internal puden-
dal artery supplies the perineum as it enters the
pelvis via the lesser sciatic foramen traversing the
ischiorectal fossa (Figure 3.8). The obturator artery
supplies somatic structures in the anteromedial
thigh. The vessel runs ventrally along the pelvic side
wall, medial to the obturator fascia, and exits the
pelvic cavity via the obturator canal to supply the
adductor muscles. Both the obturator artery and
vein have many anomalies which can be trouble-
some in reconstructive pelvic surgery, especially
when reattaching the prolapsed vagina to the pelvic
sidewall and arcus tendineus [18].

The umbilical artery is another branch of the
anterior division of the hypogastric artery. Prior to
its obliteration, it gives off vascular supply to the
bladder, specifically the superior vesical artery,
the middle vesical arteries, and medial umbilical 
ligaments.

The uterine artery travels medially on the supe-
rior surface of the levator ani and passes superior to
the ureters and the cardinal ligament and then
ascends between the layers of the broad ligament to
supply the uterus. The middle rectal artery supplies
part of the rectum and the inferior vesical artery
supplies the neck of the bladder.

There are also extensive venous plexuses within
the pelvic cavity. The principal drainage of the
pelvis is into the internal iliac vein. However, abun-
dant anastomoses connect the systemic drainage
with the hepatic portal system.

The Nerve Supply to the Pelvis

The lumbosacral plexus provides somatic innerva-
tion to the pelvis and the lower extremities (Figure
3.14). The lumbar plexus (T12–L4) lies in the poste-
rior abdominal wall and iliac fossa. The lumbosacral
trunk (L4–L5) contributes to the sacral plexus
(L4–S3). Knowledge of the specific sensory and
motor nerve contributions is essential for evaluating
nerve injuries that may occur in complicated pelvic
surgery. Also, these nerves can be injured by errant
sutures or instruments placed on the pelvic sidewall
superior to the ischial spines.

The major nerves of interest in the lumbar plexus
include the iliohypogastric, ilioinguinal, lateral cuta-
neous, genitofemoral, femoral and obturator nerves.
The iliohypogastric nerve (T12, L1) supplies sensory
fibers to the suprapubic region. The lateral femoral
cutaneous nerve (L2, L3) supplies sensory fibers to
the lateral thigh.

The genitofemoral nerve (T11, L2) innervates the
skin overlying the labia and a small region of the
superior thigh. The femoral nerve (L2–L4) has
motor function assisting in hip flexion and leg
extension while the sensory component provides
innervation to the anterior and medial thigh and
medial leg. The obturator nerve (L2–L4) supplies
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motor innervation to the adductor muscles of the
thigh and sensory innervation to the upper thigh.

The anterior division of the lumbosacral trunk
contributes the tibial portion of the sciatic nerve
while the posterior division contributes the superior
and inferior gluteal nerves and the common per-
oneal nerve. The sacral plexus (L4–S3) lies in the
minor pelvis and supplies the gluteal region, poste-
rior thigh, leg, foot and perineum. The pelvic plexus
arises from spinal nerves S2–S3 or S3–S4 and con-
sists of parasympathetic fibers as well as visceral
afferent fibers from portions of the pelvic viscera.

The sacral plexus (Figure 3.5) has five major
branches: (1) The superior gluteal nerve (L4–S1)
exits the pelvis superior to the piriformis portion of
the greater sciatic foramen. (2) The inferior gluteal
nerve (L5–S2) exits the pelvis inferior to the piri-
formis of the greater sciatic foramen. Damage to
either of the two branches, which may occur during
pelvic surgery, causes weakness in abducting the
hip, resulting in a rolling gait. (3) The common per-
oneal nerve (L4–S2) exits the pelvis inferior to the
piriformis of the greater sciatic foramen. Nerve
injury results in foot drop and inability to evert the
foot. (4) The tibial nerve (L4–S3) exits from the
infra-piriform region of the greater sciatic foramen.
(5) The pudendal nerve (S2–S4), whose anatomical
course was described above, supplies motor and
sensory innervation to the perineum via the inferior
hemorrhoidal and perineal nerve. Any of the above
nerves can be injured during reconstructive pelvic
surgical procedures near the greater sciatic foramen,
sacrospinous ligament or iliococcygeus fascia. The
femoral nerve is subject to stretch injury if the hips
are hyperflexed or outwardly rotated during surgi-
cal procedures.

Ureter

The anatomic proximity of the urinary and genital
tract puts both the ureter and bladder at risk during
gynecologic surgery. Although full consideration of
urologic complications is given Section 8, a few
important anatomical landmarks will be reviewed
here.

The ureter is about 25 to 30 cm long and is
divided anatomically into abdominal and pelvic
components. In the abdomen, the ureter travels
along the anterior aspect of the psoas muscle and
enters the pelvic inlet and passes over the bifurca-
tion of the internal and external iliac arteries medial
to the ovarian vessels [20].

The pelvic portion of the ureter passes along the
postero-lateral pelvic wall anterior to the internal
iliac artery and descends further in the pelvis lateral
to the uterosacral ligaments, entering into the base

of the broad ligament. At the level of the internal os,
it crosses under the uterine artery, approximately 
1.5 cm lateral to the cervix, and then crosses medi-
ally over the anterior fornix of the vagina to enter
the wall of the bladder at the vesical trigone (Figures
3.15, 3.16). The ureteral blood supply is variable,
with contributions from the renal, ovarian, common
iliac, internal iliac, uterine and vesical arteries, while
the innervation is via the ovarian and vesical plexus.
These intricate neurovascular tissues may be
damaged from extensive pelvic dissection and ulti-
mately present with postoperative complications. It
is extremely important to avoid stripping or injury
to the serosa investment of the ureter (Waldeyer’s
sheath) to avoid injury to small vessels and nerves
supplying the ureter. Inadvertent ligation, crushing
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Figure 3.15 The abdominal course of the ureter anterior to the
common iliacs.The ureter deviates posteriorly at the pelvic brim, passes
under the uterine arteries and courses just lateral to the uterosacral liga-
ments. Rock JA,Thompson JD, editors. Te Linde’s Operative Gynecology,
8th edn.Philadelphia: Lippincott-Raven Publishers, 1997, 1138.[21]



or severance of the ureter are the most common
injuries. Since complex reconstructive surgery, par-
ticularly high uterosacral ligament fixation, carries
even greater risk for ureteral injury than other
benign or oncologic surgery, many experts advocate
confirming ureteral patency preoperatively and
intraoperatively by cystoscopic examination.

Summary and Key Points
A thorough knowledge of anatomic relationships
affords the pelvic surgeon the comfort of eliminating
guesswork while repairing defects in the pelvis with
confidence.With practice, persistence, and meticulous
observational skills, anatomic structures can be seen
and palpated during surgical procedures. The most
important structures to be avoided are the ureters, the
obturator vessels and nerves, and the pudendal vessels
and nerves. To avoid sacral plexus injuries, one must
never place sutures near the pelvic sidewall superior
to the ischial spines. Lengthy procedures also subject
the patient to the risk of nerve stretch injury and
increased blood loss.

Since many anomalies exist in the pelvis, the
surgeon must exercise constant attention and vigi-
lance. Moreover, pelvic organ prolapse predisposes
for both distortion and displacement of normal
structures, especially the ureter. The pelvic surgeon

must also be aware of distorted anatomy and
attempt to avoid errant structures.

The study of anatomy requires meticulous atten-
tion to detail and repetitious exercises to commit it
to memory. Yet, when confronted with challenging
dilemmas in the operating room, the surgeon’s
knowledge of anatomy can provide confidence and
ease to overcome these difficulties.
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Continence and appropriate evacuation of urine and
stool is the result of coordinated action of the skeletal
and smooth muscles of the lower urinary tract and
the anorectum. The neural control of these muscles is
complex, not fully understood and mostly studied in
animals although valuable information has been
derived from the observation of the effects of neuro-
logical injury or disease in humans. Full understand-
ing of the neurophysiologic control of micturition
and defecation is therefore not the goal of the chapter
but rather an review of known information regarding
the integration of autonomic and somatic nervous
systems in regulating these functions.

The Lower Urinary Tract
Both central and peripheral nervous systems inter-
act to control lower urinary tract function (Figure
4.1). The peripheral nervous system is composed of
both autonomic nerves (sympathetic and parasym-
pathetic) and somatic nerves. Regulation of invol-
untary activity (smooth muscle, visceral functions)
is the role of the autonomic system whereas somatic
nerves control voluntary activity (skeletal muscles).

Preganglionic parasympathetic efferents origi-
nate in the intermediolateral cell columns of the
sacral spinal cord at the level of S2 through S4 and
travel through the the pelvic nerve synapsing on
cholinergic neurons in the pelvic plexus or on intra-
mural ganglia located directly within the bladder or
urethral wall [1, 2]. Detrusor smooth muscle cells
are densely innervated [3]. The majority of these
nerve endings are considered excitatory cholinergic
(parasympathetic) in type and promote bladder
contraction via muscarinic receptor stimulation [4,
5]. Many different muscarinic receptors types are
identified in the bladder wall but the M3 subtype is

believed responsible for this activity [6].
Histochemical studies show that cholinergic nerves
are abundant in all parts of the bladder but less
extensive in the urethra [7]. The effect of parasym-
pathetic stimulation on the urethra is controversial
but likely results in urethral relaxation, which is
mediated by nonadrenergic-noncholinergic neuro-
transmitters [8].

Sympathetic preganglionic efferents arise from the
thoracolumbar region of the spinal cord between the
levels of T10 to L2. The preganglionic efferents travel
in the hypogastric nerve and synapse on the postgan-
glionic neurons in the sympathetic chain but can also
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course through the sympathetic chain and synapse on
postglanglionic neurons in the pelvic plexus . These
neurons then synapse either on noradrenergic
neurons in the pelvic plexus or within the bladder
wall and urethra [9, 10]. Sympathetic innervation (via
alpha and beta receptors)predominates in the urethra
and is by comparison relatively sparse to the detrusor
cells, mostly located in the trigone area [11]. In the
bladder, beta adrenergic receptor stimulation of the
detrusor will result in smooth muscle relaxation but
this is likely of little clinical significance . The sympa-
thetic nerves may also act on the parasympathetic ter-
minals, modulating them to inhibit cholinergic
excitation of the bladder [12].Alpha adrenergic recep-
tor stimulation (predominant in the bladder base and
the urethra) will cause urethral smooth muscle con-
traction [3] but, as for the bladder, there is little evi-
dence that beta adrenoreceptor stimulation will result
in clinically evident relaxation of the urethra [8].

Skeletal muscles are found in the urethra and the
pelvic floor. Their activity is coordonated with that
of the smooth muscles of the bladder and urethra
allowing the storage and evacuation of urine. The
female urethra has two muscular coats: an outer
sleeve of circumferential striated muscles ( the rhab-
dosphincter) and an inner coat of smooth muscle
fibers . Motor cell bodies of nerves supplying the
rhabdosphincter lie in the ventral horn of the 2nd,
3rd and 4th sacral segment of the spinal cord
(Onuf ’s nucleus). These fibers travel through the
pudendal nerve, but there may also be some inner-
vation of the urethral sphincter through the pelvic
nerve [12]. The rhabdosphincter contains striated
muscle fibers that are predominantly slow-twitch
(type 1 muscle fibers) in nature; it has therefore the
characteristic of being able to continuously contract
and consequently contribute to the baseline tone of
the urethra, particularly in its middle third where
the muscle is at its thickest. There is additional stri-
ated muscle periurethrally (fast-twitch or type 2),
originating from the medial part of the levator ani
(pubococcygeus), which aids in providing additional
occlusive force on the urethral wall with increases in
intra-abdominal pressure [6, 12].

The pelvic nerve, the pudendal nerve and the
hypogastric nerve not only transmit efferent
impulses to the bladder wall and urethra but also
afferent information from the lower urinary tract to
the lumbosacral spinal cord [12]. Most of the affer-
ent supply of the bladder and urethra travels through
the pelvic nerve; these afferents are the most impor-
tant for initiating storage and voiding reflexes in the
lower urinary tract [8]. Some afferent input is also
received through the hypogastric nerve [8] which
may explain why presacral neurectomy does not
seem to cause alteration in bladder or urethral sensa-

tion [13]. Pelvic afferent nerves have been further
described in animal studies to be myelinated (A-
delta) or unmyelinated (C-fiber) and convey infor-
mation regarding bladder distension or pain [6].
Based on studies of the effects of lesions on humans,
sensory afferents from the lower urinary tract are
believed to travel in the dorsal, lateral and ventral
columns of the spinal cord to the thalamus, brain-
stem and other rostral locations. The dorsal columns
transmit information about sensation of touch and
pressure in the urethra and innocuous sensations
from the pelvic floor muscles [14]. The lateral
columns (spinothalamic tract) convey information
concerning temperature sensation in the urethra and
sensation of bladder fullness and desire to void as
well as pain sensation from skin, bladder, urethra
[15]. The central projections of these afferents
overlap in the spinal cord, where information is
relayed either to other regions of the spinal cord or to
the brain, suggesting an intricate level of coordina-
tion between the lower urinary tract and upper neu-
rological centers which results in the coordination of
the visceral smooth muscle activity of the bladder
and urethra with the activity of the urethral rhab-
dosphincter [6, 10]. Central neural modulation of the
lower urinary tract is important for the storage and
elimination fonctions of the lower urinary tract. This
modulation may be under either voluntary or invol-
untary control. Supraspinal modulation of
autonomous nerve function has been found to origi-
nate from medulla, pons, hypothalamus and cerebral
cortex [16]. The frontal cortex and septal areas of the
brain exert inhibitory control of the detrusor in the
human [10]. A discrete area in the pons (the pontine
micturition center) also appears necessary for mic-
turition; when stimulated it will cause bladder con-
traction and synchronous urethral sphincter
relaxation [10]. Voiding reflexes detailing the
supraspinal control of micturition have been derived
principally from brain-lesioning experiments in cats
[16]. In essence, to promote urine storage, spinal
reflex activity through efferent pathways will main-
tain pudendal nerve stimulation of the external ure-
thral sphincter as well as adrenergic stimulation of
the internal urethral sphincter, while enhancing
detrusor inhibition through sympathetic nerves and
inhibiting parasympathetic stimulation of the
bladder. On the other hand, when bladder fullness is
expressed by increasing afferent vesical activity, the
spinobulbospinal voiding reflexes initiated, if a deci-
sion has been made to void, will inhibit the pudendal
stimulation of the external urethral sphincter as well
as inhibiting sympathetic outflow to the internal ure-
thral sphincter and simultaneously stimulate
parasympathetic efferents to the detrusor and
urethra thus resulting in bladder emptying [8].
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Anorectum
Anorectal control ressembles that of the lower
urinary tract since it is also regulated by interactions
between the autonomic and somatic nervous
systems, and may be under reflex or voluntary
control. But, fecal continence differs from urinary
continence since it is also dependant upon stool con-
sistency (solid, liquid or gas). In a way similar to the
bladder and urethra, the rectum and anus depend on
coordinated action of both smooth and squeletal
muscles for proper function but the physiology of
the anorectum is complex and not completely under-
stood. Whereas the rectum contains only smooth
muscle (arranged in an inner circular layer and a
longitudinal outer layer), the activity of the anal
canal results from the action of both smooth muscle
(the internal anal sphincter) and skeletal muscle (the
external anal sphincter) [18, 19].

Both parasympathetic and sympathetic efferents
innervate the rectum [20] (Figure 4.2). Sympathetic
stimulation (from the inferior mesenteric plexus for
the distal part of the rectum and the hypogastric
plexus for the more proximal part) causes inhibition
of rectal smooth muscle activity . Parasympathetic
efferents from the pelvic nerve result in contraction
of the rectal wall. As far as afferent information, the
rectal wall is only sensitive to stretch, this informa-
tion being transmitted by the parasympathetic
nerve; it is insensitive to pain, touch, cold or pres-
sure [21]. Sensation from the rectum initiate from
parasympathetic nerve receptors for rectal disten-
sion, located on the outside of the rectal wall itself in
the pelvic fascia or musculature, and travel to the
sacral cord (mostly S2 and S3), in the pelvic visceral
nerve and then to higher centers [22, 23]. Some
afferent information may also be relayed in the
hypogastric nerve [24].

The anal canal has a rich sensory nerve supply.
Both an inner internal anal sphincter, made of
smooth muscles continuous with the smooth muscle
layer of the rectum, and an outer squeletal muscle
layer, the external anal sphincter, are resposible for
anal canal function(Figure 4.3). The internal anal
smooth muscles are different from other smooth
muscles in that they are under constant intrinsic
tonic activity. The internal anal sphincter is respon-
sible for 85% of the resting pressure in the anal
lumen, whereas the external anal sphincter accounts
mostly for demands of additional increases in
squeeze pressure. The role of the parasympathetic
innervation to the internal anal canal is not well
defined but believed to be inhibitory [25, 26].

Sympathetic innervation is the dominant auto-
nomic innervation to the internal anal sphincter.
Alpha adrenergic receptors are excitatory but there

may also be a contribution made by inhibitory beta
adrenergic stimulation resulting in a dual action
[18, 26]. But even though sympathetic nerves are in
majority responsible for the enhanced activity of the
internal anal sphincter, when sympathetic stimula-
tion is abolished, the internal anal sphincter retains
some of its basal tone [25]. A contribution to this
anal sphincter tone is also provided by the submu-
cosal vascular plexus (anal cushions)since it is
readily distensible and will therefore hold the anal
mucosa in apposition during abdominal straining
by increasing vascular congestion [24]. Sensation
from the urethral mucosa, the skin of the genital
area and the anal canal travel through the pudendal
nerve [27]. The very sensitive anal epithelium will
be able to discriminate between solid, liquid or gas
content in the anal canal.

The striated anal sphincter and the puborectalis
muscle (the most medial part of the levator ani) are
the squeletal muscles involved in fecal continence.
The external anal sphincter is the continuation of the
puborectalis (Figure 4.3) and it is innervated by the
inferior rectal branch of the pudendal nerve [27]. In
some cases, a additional input from a direct branch of
the fourth sacral nerve has been described [26]. Like
the striated muscle sphincter of the urethra, the
external anal sphincter and the puborectalis contain a
predominance of type 1 fibers and therefore maintain
a tonic continuous activity, even at rest, but are also
capable of short periods of additional phasic activity
[28]. When stimulated by a sharp increase in abdomi-
nal pressure, the external anal sphincter will contract
but, in addition, the contraction of the puborectalis
also displaces the anorectum anteriorly therefore nar-
rowing the anorectal angle and obstructing the
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passage of stool. The importance of this contribution
of the puborectalis to fecal continence remains con-
troversial. The puborectalis and the external anal
sphincter share the same innervation [27]. The
pudendal nerve, via its inferior rectal branch, also

conveys proprioceptive impulses from the striated
muscles of the pelvic floor.

Reflex and voluntary activation of smooth and
squeletal muscles of the anorectum and pelvic floor
will integrate to either allow defecation or favor rectal
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storage in the normal individual. The complete neural
pathway involved in control of the anorectum is
complex. There is evidence that a neural reflex
pathway is located at the sacral spinal cord level, since
it has been observed that there remains residual
autonomous function of bladder and rectum in
suprasacral cord transection patients [29]. Although
most work has been done in animals, experiments in
humans have revealed that part of the superior frontal
gyrus and anterior cingulate gyrus along with the
adjacent white matter are important for conscious
awareness and control of anal sphincter function [30].
Upon rectal filling, the activity of the smooth muscle
of the anal canal is completely inhibited (the rectoanal
inhibitory reflex) [31]. This relaxation of the internal
anal sphincter is a reflex likely mediated by an intrin-
sic intramural plexus since this reflex is preserved
after high cord compression, resection of the rectum,
spinal anasthesia and pudendal block [32]. Relaxation
of the proximal anal canal will allow the rectal con-
tents to come into contact with the very sensitive anal
mucosa of the mid anal canal during what is called the
sampling reflex [32]. Once the bolus is recognized
(solid, liquid or gas), the external anal sphincter and
puborectalis either relax, therefore normal defecation
occurs, or they contract, thus forcing the fecal material
back into the rectum. In order to maintain fecal conti-
nence the following elements are necessary: consis-
tency of stool, capacity of rectum, normal sampling
reflex, normal anorectal sensation, normal anal
resting tone, intact innervated puborectalis and exter-
nal anal sphincter muscles and volitional control. In
contrast to urinary continence where urine remains
the only medium, in the rectum, stool consistency
may greatly vary (solid, liquis, flatus) thus affecting
continence control in an otherwise competent sphinc-
ter. To complicate matters further, there appears to be
controversy about whether the anal and urethral
sphincters are activated separately or if they function
together [25].

In recent years there has been an increasing inter-
est into fecal and urinary incontinence fueled by a
greater awareness of these issues from physicians
and patients. A better understanding of the neuro-
physiological basis of voiding and fecal dysfunction,
can be instrumnental in helping those affected by
these disturbing problems and clearly justifies
ungoing research in this field.
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Introduction
This chapter endeavors to provide the necessary
background in congenital anomalies of the urogeni-
tal system and lower bowel for the pelvic surgeon.
Incorporated in this synopsis is a brief review of
embryology, sexual development, and intersex dis-
orders. Surgical principles in restoring anatomy are
discussed.

Embryology of the Urogenital
System
A through understanding of the development of the
urogenital system is essential for the pelvic surgeon
to accurately diagnose a presenting anomaly. A full
appreciation of the potential variations in anatomy
will enable the surgeon to anticipate surgical chal-
lenges, and thereby achieve superior postoperative
results.

Formation of the Urologic System

The urogenital system begins as the cloaca at week 4
of embryogenesis [1]. The cloaca arises from the
yolk sac as a union of the hindgut, allantois and
wolffian duct. In week 7, the urorectal septum
forms, and fuses with the cloacal membrane,
thereby bisecting the cloaca into the dorsal hindgut
and ventral urogenital sinus. At the same time, the
urogenital membrane dissolves, creating an opening
in the urogenital sinus (Figure 5.1).

The mesonephric duct contributes to the adult
ureter and urethra [1]. In week 5, the mesonephric
duct gives rise to the ureteric bud. Both enter the
cloaca together at the dorsomedial aspect of the

cloaca (week 7). The mesonephric duct divides the
urogenital sinus into a cranial urethrovesical canal
and caudal definitive urogenital sinus. With growth,
the mesonephric bud migrates superiolaterally to
the eventual location of the ureter, while the original
mesonephric duct migrates inferiomedially to form
the trigone and proximal urethra. The most caudal
portion of the mesonephric duct can persist in
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Figure 5.1 Formation of the primitive urogenital system: weeks 4–7
embryogenesis.



adulthood as Gartner’s duct [2]. The urethrovesical
canal is destined to form the bladder, part of the
urethra (prostatic) in males and the entire urethra
in females. By the twelfth week of embryogenesis,
splanchnopleuric mesoderm surrounds the bladder
to provide smooth muscle. Eventually, the allantois
regresses, and is identified as a remnant known as
the urachus (Figure 5.1).

Gonadal Development

At week 4 of development, the embryo’s gonads
begin to form. Initially, a gathering of biopotential
primordial germ cells, mesenchyme and coelomic
epithelium identified as the genital ridge, the
gonadal tissue demonstrates its potential under the
influence of the organism’s sex chromosomes [3].
The gonads are destined to become ovaries, unless
influenced by the sex-determining region, a segment
of genes located on the short arm of the Y chromo-
some. This gene sequence directs production of tes-
ticular determinant factor (TDF), which is essential
to the development of the male testes. In the male,
the medulla of the gonad proliferates, and the cortex
regress. In the female, the cortex proliferates and the
medulla regresses to form ovaries. It is felt that regu-
latory genes, located on the autosomal chromo-
somes, also make a significant contribution to
testicular development [4].

By week 5, under the influence of TDF, the
coelomic epithelium proliferates and penetrates the
underlying mesenchyme, giving rise to the primitive
sex cords [2]. At the same time, a mesenchymal band
forms at the caudal end of the gonad as a precursor
of the gubernaculum. This is followed in week 6 by
migration of the primordial germ cells into the
primitive testes. In the testes, Sertoli cells are evident
by week 6 of embryogenesis. These cells produce
mullerian inhibiting factor (MIF), a parahormone
which actively suppresses the formation of the para-
mesonephric (mullerian) system ipsilateral to the
gonad in which MIF is produced. This is known as
the Jostian principle [5]. In 1947, Jost eloquently
demonstrated the local parahormone effect of MIF
in an experiment using embryological rabbits. He
castrated male rabbits at progressively later stages of
development, and demonstrated the importance of
testes to ipsilateral duct development.

At 8 weeks, Leydig cells are developed and under
the influence of placental hCG begin to produce
testosterone [3]. Testosterone actively stimulates the
evolution of the wolffian system, eventually giving
rise to the vas deferens, epididymis, and seminal
vesicles. Dehydrotestosterone (DHT) is detectable by
14 weeks and it is this testosterone derivative that is

responsible for virilization of the external genitalia
[3] (Figure 5.2).

Formation of the Female Internal
Genitalia

At week 6, the paramesonephric duct evolves from
the coelemic epithelium of the urogenital ridge near
the third thoracic somite [1]. The wolffian duct lies
just under the coelemic epithelium. It is thought the
wolffian duct may act as a trigger to the formation
of the paramesonephric duct and as a guide for its
caudal growth [1]. The paramesonephric duct grows
lateral to the wolffian duct, crossing medially within
the pelvic brim to fuse with its counterpart from the
other side, thus forming the uterovaginal pri-
mordium. This structure will eventually give rise to
the uterus, cervix and upper vagina, as the dividing
septum dissolves by the end of embryonic week 11.
The cranial portion of the paramesonephric ducts
remains unfused, forming the left and right fallop-
ian tubes (Figure 5.3).

The uterovaginal primordium approaches the
urogenital sinus at the mullerian tubercle, which lies
between the two orifices of the laterally placed
wolffian ducts [1]. This meeting of the uterovaginal
primordium and the mullerian tubercle stimulates
development of two endodermal invaginations
termed sinovaginal bulbs. These bulbs grow until
approximately week 16 to create the solid primitive
vaginal plate. The primitive vaginal plate canalizes
to create a tubular structure, the vaginal canal, by 20
weeks of gestation. Therefore, the vaginal canal is
derived from the urogenital sinus but the surround-
ing fibromuscular wall is from the paramesonephric
duct. The surrounding mesenchyme condenses,
and transforms into the uterine stroma and
myometrium. The cervix is formed at 20 weeks of
gestation by condensation of the stromal cells
between the uterine and vaginal structures (Figure
5.3).

It is important to remember that without TDF, the
gonads develop into ovaries in which the cortex of
the structure proliferates and the medulla regresses.
Note that unless suppressed by MIF, the para-
mesonephric (mullerian) system will spontaneously
develop and become the fallopian tubes, uterus,
cervix, and upper vagina. Furthermore, without
testosterone, the wolffian system will spontaneously
regress or fail to develop beyond primitive struc-
tures. It is of note that the evolution of the para-
mesonephric duct starts 2 weeks behind Sertoli cell
MIF production. It is therefore possible for the
Sertoli cells to exert their suppressive influence on
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the paramesonephric duct before an arrest in the
testicular development. This is known as Swyer’s
syndrome (XY female without internal genitalia, but
no testes or testosterone production).

Formation of External Genitalia

The external genitalia begins at 6 weeks of embryo-
genesis, when the mesenchyme surrounding the
cloaca proliferates, giving rise to the genital tuber-
cle, and more lateral cloacal folds [2]. By week 7,
labioscrotal swellings, lateral to the cloacal folds, can
be identified. The endoderm of the cloaca thickens
to form the urethral plate. The ectoderm of the

genital tubercle is in contact with the endoderm of
the urethral plate. The cloacal folds infold to create a
“primitive urethral groove”, and the urogenital sinus
advances along this tract to provide an endodermal
lining in all but the most superficial part of the adult
urethra.

The common anlagen are the genital tubercle,
urethral folds and labioscrotal swellings [2]. In the
male, the genital tubercle becomes the corpora cav-
ernosa and glans penis. The urethral folds form the
urethra, and the labioscrotal swellings fuse to form
the scrotum. In the female, the genital tubercle
forms the clitoris, the labioscrotal swellings form the
labia majora, and the urethral folds form the labia
minora (Figure 5.4).

Clinical Aspects of Urinary, Genital and Lower Bowel Anomalies and Ambiguous Genitalia 45

Testicular
Determinant

Factor

Coelomic epithelium
of urogenital ridge

MIF
Testicular cords

seminiferous tubules
Sertoli cells

’s

dererminant
factor

wolffian

Figure 5.2 Sexual differentiation.



Clinical Aspects of Congenital
Anomalies
Development of the urogenital structures evolves
over a period of 20 weeks, and there are a multitude
of opportunities to disrupt the process giving rise to
an array of potential anomalies. These anomalies can
be seen in isolation or as part of a more complex
picture. The earlier the assault to the developing
embryo, the more extensive the anomaly. For
example, disruption of the formation of the cloaca or

urogenital sinuses can impact on the subsequent
development of the paramesonephric ducts. This is
an important point to be remembered by all pelvic
surgeons, whether urologist, general surgeon, or
gynecologist. Recognizing the distinction between
development of the urinary, alimentary, and genital
systems is artificial. Such categorization facilitates
understanding of the various anomalies encountered,
their potential etiology, and therefore an organized
approach to management. However, all surgeons
experienced in dealing with congenital anomalies of
the urogenital system appreciate the value of a multi-
disciplined approach in restoring their patient to as
near as possible normal anatomy and function.

Cloacal Deformities

This defect represents a failure of the septation of
the cloaca leading to persistence of the rudimentary
midgut, and imperforate anus [6]. It is reported to
occur in 1/200 000 to 1/250 000 newborns [7]. The
precipitating insult occurs early in embryogenesis at
approximately week 4 [6]. The resultant disruption
in pelvic anatomy can also lead to gender ambiguity
[8]. Therefore, gender assignment must also be
established early in the diagnosis.

Initially, these newborns require a diverting
colostomy [9]. Anal pull-through and reconstruc-
tion of the bladder conduit and drainage should be
coordinated as a single procedure [9]. Otherwise,
performing an anal pull-through in isolation can
lead to obstruction of the urinary outflow via the
rectovaginal fistula and its sequelae [8].
Vesicoureteral reflex is common in these individu-
als, and reimplantation is often necessary at the
same time [8]. Reconstruction of the genitalia 
is entertained in later infancy after the integrity 
of the alimentary and urinary systems has been 
preserved [10].

Normalization as much as possible of the exter-
nal anatomy to assigned gender is usually achieved
in early childhood. Although vaginal drainage must
be established in the newborn phase, creation of a
functional vaginal passage should be delayed until
after puberty [10]. If the vagina enters the urogenital
sinus low, it can be mobilized and exteriorized by a
transperineal approach [9]. However, if the vagina
fuses high in the urogenital sinus, a diverting
vaginoplasty with grafting is required, leaving the
urogenital sinus to function as the urethra [9].

Imperforate Anus

The high imperforate defect results from disruption
of formation of the urorectal septum at approxi-
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mately week 7 of embryogenesis [1]. Agenesis of the
anorectal canal is usually associated with a recto-
vaginal fistula. A lower imperforate anus can result
from either persistence of the anal membrane, or
excessive fusion of the genital folds [1]. In Hall’s
series of 162 cases of imperforate anus, 79% had rec-
tovaginal fistulas [11]. Of these, 22 had associated
vaginal anomalies other than rectovaginal fistula.
These defects included vaginal septum, agenesis,
partial agenesis, and imperforate hymen. In 51
patients whose upper genital tracts were investi-
gated, 18 had anomalies including uterine didelphys,
bicornuate uterus or hypoplastic uterus.

Bladder Exstrophy

A relatively uncommon congenital anomaly, bladder
exstrophy occurs in approximately 1/50 000 newborn
females [12]. It is more common among males, at
1/30 000 to 1/40 000 [13]. A proportion of these
males will have associated genital disfiguration such
that sex reassignment might have to be considered.

Classically, the defect includes the absence of the
lower anterior abdominal wall with protrusion of
the internal bladder mucosa to the external environ-
ment [10]. The bladder neck is poorly defined, and
the urethra is short and dilated. Pubic bones are
splayed, causing the mons to be split. Also, the
phallus is bifid, splayed or only a rudimentary struc-
ture. The vagina is usually short, horizontal, and
stenosed. Lateral fusion defects of the mullerian
system are common. The anus is usually displaced
anteriorly.

The etiology of the diagnosis has two theories.
Patton and Barry theorize that this defect is due to
the caudal displacement of the genital tubercle
which allows persistence of the cloacal membrane
[14]. Marshall and Muecke claim there is overdevel-
opment of the cloacal membrane, preventing the
migration of the mesenchyme tissue between the
endodermal and ectodermal layers [15]. This results
in a larger than usual defect for the anal and uro-
genital orifices.

Clearly, the primary goal in management of this
anomaly is preservation of renal function, followed
by reconstruction of the bladder to gain urinary
continence [10]. If continence is not achievable, then
socially acceptable urinary division is the next
acceptable alternative. Surgical reconstruction
favors a two-stage procedure. Initial closure of the
bladder and abdominal wall within 48 hours of life
is performed (Figure 5.5a). Follow-up continence
surgery is attempted at around age three (Figure
5.5b) [16]. Penile reconstruction can also be done

around this time. Vaginal and perineal reconstruc-
tion is best delayed until after puberty [12].

From a gynecologic perspective, these individu-
als are at risk for vaginal stenosis and dyspareunia
[12,17,18]. Uterine prolapse is also seen as a result
of the splayed pelvis and lack of urogenital support
[12,17]. Uterine anomalies and their associated
outflow concerns are common [12]. Fertility can be
compromised as a result of the mullerian anomalies
as well as postoperative intra-abdominal adhesions
and consequent fallopian tube injury. Recurrent
and chronic vulvitis can result from incomplete
urinary continence. Prophylactic urinary antisepsis
predisposes these women to recurrent yeast vulvo-
vaginitis.

In pregnancy, these women face an even greater
risk of ascending urinary infection, and should be
vigilantly monitored for this complication
[12,18,19]. There is no evidence, however, of deterio-
ration in renal function [12]. Those with stomal sites
for intermittent catheterization report increased risk
of stomal prolapse [19]. There has been no reported
increase in obstructive complications from ileal con-
duits or ureterosigmoid transplant [12].

Fetal risk of bladder exstrophy is not increased
[12]. Early ultrasound and maternal alpha-fetopro-
tein screening will help diagnose bladder exstrophy
prenatally [20]. Intrauterine growth restriction due
to uterine anomalies is a concern, as is prematurity
and fetal malpresentation.

At delivery, consideration should be given to pro-
tecting and preserving prior continence surgery, as
damage is unlikely to be as successfully repaired with
subsequent surgery. Patients with bladder neck
surgery or ureterosigmoidostomy should undergo
elective cesarean section, although Krisiloff would
suggest delivery for obstetric indications only
[12,19]. Those without significant uterine prolapse
should also be counseled for cesarean section deliv-
ery to prevent subsequent prolapse after vaginal
delivery [12,19]. Blakeley and Mills suggest patients
with ileal conduits should deliver vaginally, if at all
possible, as previous surgery leaves a high risk of
difficult bowel dissection at the time of cesarean
section [12]. It is the author’s opinion that this is the
very situation one wishes to avoid, an emergency
procedure where minutes count, and would therefore
support elective cesarean sections in these patients
as well. Of course, cesarean section delivery for the
usual obstetrical indications is also appropriate.
Ideally, cesarean sections should aim for a lower
segment incision, but a classical incision may be
preferable or necessary to preserve the reconstructed
bladder and the patient should be made aware of this 
possibility.
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Ectopic Ureter

This uncommon anomaly is highly associated with
duplication of the ureters [1]. Ectopic ureter is the
abnormal position of the ureter outside the bladder
such as the urethra, vestibule, or vagina. These indi-
viduals present with urinary incontinence or persis-
tent watery vaginal discharge. Diagnosis is usually
made by high index of suspicion on history and
confirmatory intravenous pyelogram. Surgery
involves isolation of the ectopic ureter and reim-
plantation in the appropriate bladder trigone.

Prune Belly

An extremely rare condition estimated to be present
in 1/35 000 to 1/50 000 live births, this defect is due
to failure of development of the secondary mes-
enchyme at week 12 of embryogenesis [21]. It is
exceedingly rare in females. These individuals have
megabladder, along with absence of urethra, vagina,
and rectum. Surgery aims to provide appropriate
drainage of bowel and bladder. In the rare cases of
females with prune belly syndrome, mullerian
defects are reported [21]. The surgeon should
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endeavor to create a functional vagina and preser-
vation of fertility if at all possible.

Uterovaginal Anomalies

The true incidence of anomalies of the mullerian
system is probably under-represented as the spec-
trum of defects can span from minor clinically
inconsequential fusion defects to complete failure of
the process. The modified American Fertility
Society (AFS) classification system offers a useful
approach to organizing the potential variations in
paramesonephric (mullerian) development [22]
(Table 5.1).

Class I – Mullerian Duct Dysgenesis
Failure of the paramesonephric ducts to develop
(mullerian agenesis) is also known as
Mayer–Rokatansky–Kuster–Hauser syndrome after
the various gynecologists who describe this condi-
tion [23]. Mayer was the first to recognize this
anomaly in 1829 [24]. Mullerian agenesis is thought
to show autosomal dominant inheritance, with an
incidence estimated to be 1/4000 to 1/5000 female
births [25].

These women usually present in teen years with
primary amenorrhea, having gone through an
apparently otherwise normal puberty. Clinical
examination is entirely normal except for the
finding of an absent vaginal opening, or vaginal
dimple in the otherwise normal external female
genitalia (Figure 5.6). The major differential diagno-
sis is complete androgen insensitivity syndrome.
However, women with mullerian agenesis have a
normal XX karyotype and intact ovarian function.
Ultrasound will confirm the absence of or rudimen-
tary upper vaginal and uterine structures with nor-
mally placed ovaries, possessing evidence of follicle
development. Other differential diagnoses include
imperforate hymen, transverse vaginal septum, and
partial vaginal agenesis, all of which can be
excluded by presence of a functional uterus and
hematocolpos on ultrasound.

It is important to remember the close association
of the paramesonephric and mesonephric duct
during embryogenesis. It is not surprising then to
learn that 30% of individuals with mullerian agene-

sis have associated renal anomalies, such as unilat-
eral renal aplasia, pelvic kidney, or renal ectopia
[26]. Interestingly, these women also have approxi-
mately 10% incidence of minor skeletal anomalies
such as spina bifida occulta and absent ribs [27].

Once the diagnosis of mullerian agenesis has
been confirmed, treatment goals should include
appropriate patient education regarding her condi-
tion [26]. It is important she understand that she
will never menstruate or carry a pregnancy, but that
she can expect to attain normal sexual function and
has the potential to reproduce with use of in vitro
fertilization and surrogacy.

Approaches to the creation of a neo-vagina in this
condition have been widely and extensively pub-
lished [17,22–25,27–32,36,38–44,46]. In assessing the
various techniques, the surgeon should always bear
in mind that the goal is to create a female vagina,
rather than a receptacle for a penis. There are
several surgical techniques which will be discussed
shortly, but there is also a growing recognition of
the success and advantages of progressive dilating in
developing the endogenous vaginal tissue into a
very acceptable vaginal canal.
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Class I Dysgenesis
Class II Disorders of vertical fusion
Class III Disorders of lateral fusion
Class IV Unusual configurations (mixed)
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Initially described by Frank in 1938, pressure dila-
tion of the vaginal remnant has regained promi-
nence as a preferable approach in the motivated
patient [28]. Using sequentially larger dilators, the
patient actively stretches the incumbent vaginal skin
by daily exercises (Figure 5.7). Pressure dilation
requires patience, persistence, and determination on
the part of the patient along with a supportive
health care team to provide ongoing education and
monitoring of progress. Given the above conditions,
one could expect to see an acceptable vaginal canal
in 3–9 months of daily dilating. Ingram introduced
the concept of self-dilation using sequential dilators
mounted strategically on a bicycle seat [29]. Using
the patient’s own body weight to provide a more
aggressive dilation, Ingram reported quicker results
than seen by the Frank method.

Pressure dilation spares the patient major
surgery, its inherent risks and resultant tell-tale scar.
It also is a more forgiving approach to the non-com-
pliant patient who might be at risk for not maintain-
ing postoperative dilating and subsequently develop
a vaginal stricture. Since progressive dilating creates
no scars, there is no risk of stricture, only recover-
able loss of length from sexual inactivity or non-
compliance with dilation. Complications of pressure
dilation include inappropriate dilation of other
orifices such as urethra or rectum, inadequate
progress due to discomfort or aversion to dilating
and prolapse of the stretched vaginal skin [27].

Surgical Approaches to Creation of a Neovagina.
The surgical creation of a vagina is often necessary
in complex anomalies where anatomy is not con-
ducive to self-dilation. Other indications for a surgi-
cal approach include patient inability to self-dilate
or the patient’s unwillingness to wait the average
3–9 months required for self-dilation to achieve an
acceptable vaginal canal. It is important, however, to
counsel the patient that surgery itself is not a quick
and easy solution, and to emphasize that ongoing

life-long dilation of the vaginal canal will often still
be required even after surgery.

The timing of neovaginoplasty remains somewhat
controversial. The gynecologic literature would
favor waiting until the patient is physically and
emotionally mature enough to understand the goals
and complications of surgery, as well as comply with
postoperative dilation and care of the neovagina
[9,12,26,30]. This would certainly be true in muller-
ian agenesis, in which the diagnosis is not com-
monly made until late puberty anyway. In more
complex anomalies, there is a growing popularity
among pediatric surgeons to perform a one-step
reconstruction in the early childhood years, citing
the reduced numbers of procedures and the restora-
tion to “normal” anatomy as quickly as possible
[31,32]. Literature examining long-term follow-ups
of this early reconstruction is lacking, particularly
regarding sexual function and performance, as the
majority of these patients are just now entering
puberty. Anecdotal experience of the author would
suggest that while the resulting anatomy is cosmeti-
cally acceptable, the potential function of the neo-
vaginal passage is questionable. Given that repeated
surgery on the vagina leads to increased risk of
fistula, stenosis, graft sloughing, and infection, and
long-term data supporting a one-step surgery
clearly is lacking, the author recommends caution in
embracing this trend.

Skin Graft Vaginoplasty. Introduced by McIndoe in
1938, this technique involves developing the poten-
tial space between the urethra and rectum where the
vaginal canal would normally be placed [33]. A split
thickness skin graft is then harvested from the
patient’s buttock or thigh, placed over a soft
inflatable phallic-shaped mold and placed in this
potential space. The graft is then secured in place
with a series of interrupted sutures at the vulvovagi-
nal verge. The upper graft is held in place by the
pressure of the inflated mold which is secured in
place by retaining sutures until such time as the
surgeon removes the mold. Firm plastic molds have
also been used; however, there is an associated
increased risk of hematoma, fistulas, and graft
sloughing (Figure 5.8) [23,30,33,34].

The length of time until removal of the mold is
variable, dependent on individual surgeons’ prefer-
ences. This can range from 7 days to 6 months.
However, most agree that nightly insertion of the
mold and daily vaginal dilation are needed to main-
tain canal length and caliber during the healing
phase of up to 3–6 months. Subsequently, the fre-
quency of dilating and use of a night mold is again
subject to individual surgeon preference. In general,
ongoing monitoring against shortening and stric-
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ture formation is a common concern [23,30,33–35].
In spite of this issue, the skin graft vaginoplasty
remains one of the most popular approaches to a
neovagina. The technique generally has a high
success rate with relatively minimal risk to the
patient. Surgical risks include intraoperative bleed-
ing, injury to the urethra or rectum, and inadequate
skin graft harvest [23,30,33–35]. Postoperative com-
plications include infection, graft shortening, steno-
sis, dyspareunia, and graft site cheloid formation
[23,33,34,49]. Modifications in this technique have
been offered, including use of amnion for graft
tissue, thereby avoiding the graft site scarring. The
use of amnion carries the risk of transmittable
blood-borne diseases such as HIV, hepatitis B or C,
leaving this variation less desirable for a young, oth-
erwise healthy patient.

Skin Flap Vaginoplasty. Skin flaps in vaginal recon-
struction have received great attention, and a
number of techniques have been described [9]. The
perineal flap, in which an inverted U-flap is created
on the perineum and placed into the vaginal canal
to bridge the lower vagina, is a commonly used tech-
nique [9]. This is an effective approach when a
majority of the vaginal tract is formed, and only the
lower one-third of the vagina is stenosed, or absent,
such as in mild virilizing syndromes [9].

In situations where the vagina is absent or a
significant portion is deficient, a number of flap
designs have been used [36–40]. These include: the
vulvovaginal (Williams) pouch; myocutaneous groin

or gluteal flaps; gracilis flap; transpelvic rectus
abdominis flap; and expanded vulvar flaps. These
techniques can be helpful in bringing additional
blood supply to the area such as in post-irradiation
cancer cases, but is generally not the procedure of
choice in congenital anomalies (Figure 5.9).

Colononeovagina. The use of the bowel to act as a
vaginal canal was first described by Baldwin in 1904
using ileum [23]. Pratt, in 1972, repopularized the
role of bowel using the lower colon [23]. In this
approach, a segment of sigmoid colon is isolated via
laparotomy. More recently, laparoscopic bowel
harvest has been described [41]. The blood supply
to the segment is maintained and the segment trans-
planted to the potential vaginal space which has
been developed from below. The segment of colon
used is then closed superiorly, creating a blind-
ended neovagina. This technique offers the advan-
tage of using the patient’s own tissue (no
transmittable infection), reduced risk of stricture
(inherently tubular tissue), and bringing a good
blood supply to the operative field (less risk of infec-
tion or graft failure). However, this technique also
has significant risks in addition to the previously
stated surgical risks, such as postoperative peritoni-
tis and sepsis, bowel stricture, obstruction and death
[42]. Inflammation and ulceration of the neovagina
has also been reported [42].

The use of colonic tissue brings a naturally secre-
tory tissue to the neovagina. The discharge is often
copious, foul smelling, and quite distressing to the
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Figure 5.8 The McIndoe procedure for vaginoplasty.



patient. Regular douching can help control this
problem, but it remains a significant postoperative
issue [43]. In the past, the risk of serious complica-
tions has made colonovaginoplasty less popular for
creation of a neovagina in an otherwise healthy
young woman [44]. However, improved surgical
techniques are challenging this perspective
[24,41,43,45]. The use of a colononeovagina in devel-
oping a passage in younger children requiring earlier
surgery for the drainage of a functional uterus
(mucocolpos or hematocolpos) deserves considera-
tion as freedom from postoperative dilating for the
very young and emotionally immature patient makes
this approach an appealing option [9].

Class II – Disorders of Vertical Fusion
This classification includes a spectrum of defects
resulting in blockage of the genital outflow tract
including (a) imperforate hymen, (b) transverse
vaginal septum, (c) partial vaginal agenesis, and (d)
cervical agenesis.

Imperforate Hymen. A common anomaly, this defect
usually presents in late puberty as a visible fluctuate
membrane bulging at the introitus in an adolescent
with abdominal pain, amenorrhea and possibly a
pelvic mass (hematocolpos). It can also present in

the neonate as a mass protruding at the introitus
(mucocele) which regresses over the first 6 weeks of
life as the effects of maternal estrogen decrease [9].
Imperforate hymen represents failure of the canal-
ization process of the vaginal plate at the extreme
caudal aspect, the urogenital sinus (Figure 5.10) [1].

The major differential diagnosis is a lower trans-
verse vaginal septum. Repair of the imperforate
hymen involves a simple cruciate incision of the
hymen and evacuation of the hematocolpos under
anesthetic. It is prudent to perform a speculum
examination to ensure the remainder of the vagina
is patent and normal with a visible cervix.

Transverse Vaginal System. The transverse septum
is a blockage of the vaginal tract between the cervix
and the hymen. Incidence of this disorder is
reported in a range of 1/2000 to 1/70 000, dependent
on the population studied [46]. In the Amish popu-
lation, for example, it appears to demonstrate an
autosomal recessive pattern, and owing to increased
consanguinity is much more common [47].
However, in the majority of cases, the defect is felt to
be idiopathic. Although the septal length is variable,
it is generally thicker the more superior in the
vagina. Upper vaginal septa are more common
(46%), versus middle (35%) and lower vaginal septa
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(19%) [48]. It is reported that the higher the septum,
the greater its impact on subsequent pregnancy
rates, suggesting an influence on cervix anatomy or
function [48]. It is the author’s opinion that higher
septa are often thicker and more difficult to repair
surgically. Subsequent pregnancy rates might reflect
postoperative stenosis and impaired sexual func-
tion, leading to decreased sperm deposition at the
cervical verge. A good postoperative result should
alleviate these concerns in reproductive perfor-
mance and studies controlling for these variables
need to be completed.

These individuals usually present in mid to late
puberty, with pelvic pain and amenorrhea. The
author has, however, experienced a presentation of
life-threatening bilateral uteric obstruction due to a
higher transverse vaginal septum and mucocele in
the neonate. Endometriosis is associated with this
defect, thought to be due to reversed menstrual
regress. Earlier studies suggesting this relationship
to endometriosis commonly made the diagnosis at
time of presentation and surgical repair when
hematocolpos was present [49]. This is a question-
able diagnosis under these conditions. The author

would suggest the diagnosis be entertained and
confirmed if necessary, should the patient return
with associated symptomatology. Laparoscopy at the
time of septal repair should be reserved for cases
suggesting additional upper tract anomalies.

Differential diagnosis of the transverse system
includes partial vaginal agenesis, obstructive longi-
tudinal vaginal system, and imperforate hymen. The
possibility of a partial vaginal agenesis should
always be ruled out prior to surgical repair of a
transverse vaginal system, as partial vaginal agene-
sis will often require skin grafting to alleviate the
obstruction and maintain a patent canal. This can be
achieved by a detailed assessment of the septal
thickness prior to surgery. One should be able to feel
a bulging mass anteriorly on rectal examination, up
to the level of the septum identified on vaginal
examination. Transvaginal or labial ultrasound will
help confirm one’s clinical impression. An
obstructed longitudinally vaginal septum is com-
monly mistaken for a transverse vaginal septum, as
the obstructed canal fills and blocks the entire
vaginal passage. A history of painful menses with a
finding of upper tract duplication should alert the
surgeon to this possibility.

The surgical approach to correction of a trans-
verse vaginal system involves resection of the entire
septum, and reattachment of the upper to lower
vagina. If the septum is relatively thin, reattachment
can easily be accomplished by a series of interrupted
radial sutures at the site of resection. However, in
the thickened septum in which this defect is larger,
mobilization of the usually distended upper vaginal
cuff may be necessary. Alternatively, a Z-plasty
approach to the edges of the upper and lower vagina
may be necessary to bridge the defect. This involves
suturing the upper and lower vagina cuffs to the
lateral underlying paravaginal tissue to provide a
continuous path of endovaginal tissue and hemosta-
sis. Some secondary epithelialization is sought in
this situation. Alternatively, preoperative dilation of
the septum can be done using menstrual suppres-
sion to gain the necessary time to stretch the tissue
[50]. The immediate complications of repair of this
defect include injury to urethra or rectum, hemor-
rhage and poor visibility. Long term, the issue of
contracture of the surgical scar leading to vaginal
stenosis, and recurrent obstruction is a major
concern [49]. Proper initial resection and repair
along with early and aggressive postoperative dila-
tion can minimize this risk.

Partial Vaginal Agenesis. This defect involves the
partial absence of the vaginal canal with an intact
upper genital tract. Consequently, these individuals
present with abdominal pain and primary amenor-
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Figure 5.10 Incision of imperforate hymen and release of 
hematocolpos.



rhea in mid to late puberty. The major differential
diagnosis is transverse vaginal septum. The key dif-
ference between these two conditions is the extent
of the blockage. In partial vaginal agenesis, the
extent of the defect is such that skin grafts are
required to bridge the defect between the upper and
lower vagina. In addition, there is an increased risk
of fistula formation to either the urethra or rectum
as the paravaginal plane is absent. Preoperative
preparation and informed consent are clearly
important.

Cervical Agenesis. This defect represents the failure
of stromal condensation and canalization of the
mullerian tubercle in formation of the cervix. These
individuals present much like other disorders of ver-
tical fusion with abdominal pain and primary
amenorrhea in mid to late puberty. Preoperative
diagnosis of this defect is paramount as the patient
counseling, and surgical management, is quite dif-
ferent than other vertical fusion defects. Unless
there is clearly an identifiable cervix and endocervi-
cal canal on ultrasound, the author highly recom-
mends preoperative magnetic resonance imaging
(MRI). Again, not only should a cervical structure be
identifiable, but also a patent endocervical canal.
This is a reliable finding on MRI with an experi-
enced radiologist. Failure to identify these struc-
tures should raise significant concern for a
diagnosis of cervical agenesis.

Management of cervical agenesis remains disap-
pointing. Attempts at fertility preservation by cre-
ation of the cervix and canalization of the passage
from uterus to vagina have been fraught with
failure. Neovaginoplasty can be used to recreate
the upper vagina but not to replicate the cervix in
terms of uterine continence, mucus production,
and a physiologic barrier to ascending infection.
The resulting cervix is always stenotic and at risk
for reobstruction. Although patency may be estab-
lished, subsequent reproductive performance
remains compromised with risk of cervical factor
infertility, incompetent cervix, recurrent pelvic
inflammatory disease, and its resultant upper tract
damage [51]. Traditionally, cases of cervical agene-
sis have been managed by hysterectomy for relief
of the hematocolpos [51]. However, in spite of
these concerns, in selected cases, there is renewed
optimism for surgical correction of this anomaly
[52]. Success rates in terms of fertility and 
fecundity with this technique remain yet to be
determined.

Disorders of Lateral Fusion
These anomalies can be classified as either obstruc-
tive or non-obstructive. Non-obstructive lateral

fusion defects range from the T-shaped uterus,
classically associated with diethylstilbestrol (DES)
exposure, to complete uterine and vaginal dupli-
cation, dependent on the time of the insult. For
example, an insult at 6–7 weeks will result in uterine
didelphys, whereas a later insult at 11–12 weeks
gives rise to a septate uterus [1].

Although it is often sought as a cause for habitual
abortion, less than 10% of women with recurrent
pregnancy loss have abnormal anatomy on hysteros-
alpingogram (HSG) [53]. The septate uterus is asso-
ciated with a term pregnancy rate of between 5 and
10% with a known risk of prematurity, malpresenta-
tion and cesarean section [53]. Metroplasty can
improve term pregnancy rates to as much as
80–90% in cases of septate uterus [53].
Hysteroscopic septal resection should be considered
as the surgery of choice if one is certain to be
dealing with a septate uterus, rather than bicornu-
ate uterus.

The impact of metroplasty on bicornuate uterus
is less clear. There is a known tendency to improve
gestational age at delivery with each subsequent
pregnancy [53]. This is felt to be a result of
increased uterine capacity with subsequent preg-
nancies. Reliable data is therefore not available on
surgical intervention in cases of bicornuate uterus.
The surgeon should be reasonably comfortable that
he or she is truly improving the uterine environ-
ment by metroplasty if improved reproductive
outcome is the goal.

Complete genital tract duplication can also be
associated with prematurity, malpresentation and
cesarean section, but generally surgical correction is
not indicated. On occasion, the patient can present
with dyspareunia, difficulty with use of tampons or
chronic vaginal discharge from a poorly draining,
narrow vaginal passage. In these situations, resec-
tion of the vaginal septum may be indicated [48].

Obstructive lateral fusion defects usually present
shortly after menarche as severe dysmenorrhea. The
pain is a result of uterine distension of the
obstructed horn. If the obstructed passage can be
alleviated, then facilitating drainage is the main goal
of the surgery. In some cases, however, permanent
drainage cannot be achieved, and the mullerian
remnant must then be excised by either laparoscopy
or laparotomy.

Mixed Fusion Defects
This category includes combined complex fusion
defects often resulting from an earlier developmen-
tal insult such as bladder exstrophy or cloacal
defect. These complex anomalies are detailed 
elsewhere.
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Ambiguous Genitalia
The external genitalia is destined to become female
unless actively influenced by the presence and
ability to respond to DHT [3]. The term male
pseudohermaphroditism is applied to chromosomal
males (XY) who are undervirilized. Female pseudo-
hermaphroditism refers to genetic XX females who
have virilized genitalia. True hermaphroditism 
is applied to individuals with XX and XY cell 
lines expressed with evidence of both ovarian and
testicular tissue present.

Determination of an individual’s sex is a culmina-
tion of four factors (Table 5.2) [3]. One’s chromoso-
mal pattern determines one’s potential biologic sex.
The phenotype of an individual reflects the impact
of the chromosomes on that individual’s develop-
ment. Chromosomal sex and phenotypic sex may or
may not be congruent. The psychological makeup of
the individual then overlays on the phenotypic sex,
which again may or may not be congruent.
Commonly, all three of these factors are in agree-
ment. Finally, socialization to gender influences
one’s sexual identity and behavior. Obviously, this
arrangement does not always evolve so harmo-
niously, leading to conflicts in chromosomal, pheno-
typic, and psychological sexual identity.

Ambiguous genitalia is an emotionally charged
diagnosis that can incite great distress among
medical people who are unfamiliar with such condi-
tions. This anxiety is transmitted to the parents of
the unclassifiable newborn. Societal norms, bigotry,
and ignorance add to the crisis, bringing a sense of
shame and fear of the unknown for the family.

The first task of the attending physician is to reas-
sure all present at delivery that while uncommon,
ambiguous genitalia is a diagnosis that is both well
recognized and manageable. If the physician is inex-
perienced with the condition, it is not unreasonable
to acknowledge one’s own limitations, reassure the
concerned parents that experts in the field are avail-
able and then facilitate a prompt referral to these
resources. It is best to avoid guessing the sex of the
child based on the ambiguous genitalia and risk 
creating bias in the minds of the caregivers [3].

As this condition is commonly part of a syn-
drome, the next task is to rule out more extensive
congenital anomalies that may be more serious in
terms of impacting on the newborn’s health and
potential [3]. Once it is certain that the newborn’s
problem is limited to ambiguous genitalia, the
physician can begin to clarify its etiology.

The decision on sex of rearing is a complex and
recently controversial issue [54]. Traditionally, there
are three aspects to consider. Firstly, does the indi-

vidual have any reproductive potential based on
their genetic sex? If this potential is evident, sex
assignment is typically based on genetic sex.
Secondly, will the individual have the potential
anatomically to function sexually? Thirdly, the
parental preferences and cultural influences must be
considered. For example, a male child with inade-
quate external anatomy for sexual function or repro-
ductive capacity may still be preferable in some
cultures to a surgically converted “female” with nor-
malized genitalia, and capable of normal sexual
function but sterile.

In recent years, challenges have been made against
the use of “normal” or mainstream heterosexual
behavior as the gold standard in surgery and deci-
sion-making in this population [56]. The medical
establishment has been criticized for intervening on
behalf of the newborn. It has been suggested that
these individuals be left untouched until adulthood,
at which time decisions of sexual identity and correc-
tive surgery can be made by the individual them-
selves. Proponents of this philosophy cite the
dysphoria reported by some of the sex reassigned
individuals as support for their argument [54]. Given
the greater majority of these reassigned individuals
who are not even aware of their “true” genetic gender,
or if aware, do not choose to vocalize their opinion
on this debate, it is questionable that this issue will
ever be resolved by proper scientific study. However,
the overwhelming range of experience by physicians
involved with individuals born with ambiguous geni-
talia produces an inherent bias towards providing
these newborns with a definitive gender and normal-
ization on which to begin life [55].

True Hermaphrodite

These individuals possess both ovarian and testicu-
lar tissue. Approximately 60% actually have
ovotestes which rarely produce spermatozoa, but
commonly do produce oocytes [3]. They frequently
have a uterine structure. Several cases of pregnancy
have been reported in true hermaphrodites in which
the testicular tissue has been removed. The etiology
can be 46XX/46XY chimerism or 46XX undiagnosed
chimerism. Other etiologies include translocation of
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Sociologic (external appearance)



testicular determining factor from the Y to the X
chromosome or an autosome. Alternately, true her-
maphroditism can be rarely seen when there is
expression of the autosomal sex reversal gene [3].

Male Pseudohermaphroditism

Mixed Gonadal Dysgenesis
These individuals possess a combination of both
male and female chromosomes. They present with a
range of expression from a male with cryptorchism
and hypospadias to a female with pubertal failure or
pubertal virilization. The dysgenetic gonads are
known to have a lifetime risk of 30% malignant
transformations such as dysgerminoma or
gonadoblastoma [3]. In individuals raised as
females, the gonads cannot be accurately monitored
due to their internal location. This, plus the risk of
virilization at puberty, support the early removal of
the gonads by minimally invasive techniques. In
those raised as males, where the gonads are placed
in the scrotum and are more easily monitored for
malignant transformation, the gonads can be main-
tained. Infertility is common in these males [4].

Deficiency of Testosterone Biosynthesis
A defect in the ability to produce testosterone will
inhibit the full expression of the XY potential,
leading to ambiguous genitalia. These are generally
autosomal recessive conditions causing defective or
inadequate production of enzymes required in the
production of testosterone and include:
● 17-�-hydroxylase deficiency
● 3-�-ol dehydrogenase deficiency
● 17 ketosteroid reductase deficiency
● 17–20 desmolase deficiency
● congenital adrenal lipoid hyperplasia

These individuals are able to produce MIF, and
therefore develop normal internal male anatomy.
The inadequate testosterone production and there-
fore inadequate DHT leads to under-virilization of
the external anatomy. The extent of this under-viril-
ization is dependent on the severity of the enzyme
deficiency. Challenging the newborn with weekly
injections of human chorionic gonadotropin (HCG)
to stimulate Leydig cell testosterone production can
be used to help determine if the individual pos-
sesses any capacity to further virilize and improve
penile length at puberty [3].

Complete Androgen Insensitivity (AIS)
This is an X-linked inherited disorder in which
there is no ability for peripheral tissue to respond to
androgens. The incidence is quoted as 1/20 000 to

1/64 000 [4]. Consequently, these “XY girls” are born
with entirely normal appearing female external gen-
italia. They typically present in late puberty with
primary amenorrhea, and at this time are discov-
ered to have absent internal female anatomy and a
blind ended vagina. More careful physical assess-
ment will reveal an absence of axillary or pubic hair,
yet well-developed breasts with somewhat pale
areola. Chromosome testing confirms an XY
pattern, differentiating this diagnosis from muller-
ian agenesis (XX). The gonads are normal testes,
producing high levels of testosterone which can be
detected in peripheral blood samples. These testes
have approximately a 30% risk of malignant 
transformation and therefore should be removed
laparoscopically at the time of diagnosis and 
age-appropriate hormone replacement therapy
(HRT) instituted [3]. The major differential diagno-
sis for AIS includes incomplete AIS, 5-a-reductase
deficiency and mullerian agenesis.

Incomplete Androgen Insensitivity
Also an X-linked recessive disorder, incomplete AIS
is a condition in which there are defective or dimin-
ished numbers of androgen receptors in peripheral
tissue. Individuals with incomplete AIS can present
with a range of findings from azospermic males to
females indistinguishable from those with complete
AIS, depending on the density and effectiveness of
the androgen receptors. In those assigned to the
female gender, gonadectomy is recommended, along
with the appropriate reconstruction of the anatomy.
Again, age-specific HRT is indicated.

5-�-Reductase Deficiency
This is an autosomal recessive condition. These indi-
viduals are born with a defective 5-�-reductase
enzyme and therefore do not efficiently convert
testosterone to 5-DHT [3]. 5-DHT is essential for
virilization of the external genitalia. Depending on
the degree of the enzyme defect, these individuals
can be born with normal external female genitalia.
Inguinal hernias with undescended testes are
common and often the first hint of the diagnosis in
a “female” newborn.

In 5-�-reductase defect there are, however,
normal peripheral androgen receptors. Therefore, at
puberty with the increase in testosterone produc-
tion, some further virilization can occur. With the
higher testosterone levels yet normal peripheral
receptors, breast tissue is suppressed and therefore
there is no breast development in these patients. In
those born with ambiguous genitalia, a challenge
with HCG will reveal an increased testosterone to
DHT ratio for diagnosis of this defect [3].
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Agonadia
More commonly associated with multiple congenital
anomalies, agonadia involves the failure of the XY
gonad to evolve beyond early embryogenesis.
Depending on the timing of failure, internal
anatomy can be mixed with either wolffian or mul-
lerian structures, or both present. External anatomy
can also be indeterminate. The infant has very low
testosterone levels, undetectable gonads and an XY
chromosomal pattern. Pelvic ultrasound usually
shows no identifiable internal anatomy or rudimen-
tary mullerian structures only. Sex of rearing is
usually female.

Leydig Cell Agenesis
An early embryological insult results in failure of
the formation of Leydig cells in an XY individual
and therefore no testosterone production. As a
result, they are born with female external genitalia.
Since MIF is produced by the Sertoli cells, internal
female development is suppressed. The wolffian
structures develop internally, but these individuals
have no reproductive potential.

Cloacal Defects
Although not classifiable as an intersex disorder,
cloacal defects commonly result in disfigurement of
the external genitalia. In male infants, this can result
in ambiguous genitalia and gender confusion. This
anomaly is discussed in more detail elsewhere.

Female Pseudohermaphroditism

Congenital Adrenal Hyperplasia (CAH)
By far the most common cause of female viriliza-
tion, CAH is the result of an inherited defect of one
of the enzymes in the conversion of cholesterol to
cortisol by the adrenal gland [57]. A complex
pathway, there are several enzymes which can be
affected which will lead to excessive production of
androgens resulting in virilization of the developing
female fetus. The three enzyme defects virilizing
females are: (a) 21-hydroxylase defect, (b) 11-�-
hydroxylase defect, and (c) 3-�-ol dehydrogenase
defect (Figure 5.11). A deficiency in 17-�-hydroxy-
lase is also recognized. This blocks production of
androgens, thereby leading to under-virilization or
male pseudohermaphrodites (see “Deficiency of
Testosterone Biosynthesis”, above).

21-Hydroxylase Deficiency. The most common form
of CAH, 21-hydroxylase deficiency is seen in over
95% of cases. The incidence is 1/5000 to 1/25 000 in
Caucasian populations, yet as frequent as 1/700
among Yupik Eskimos [57]. There are two forms of

21-hydroxylase deficiency, the simple (salt sparing),
and the salt wasting form. The difference in these
two types reflects the severity of the enzyme defect.

Located on chromosome 6p, there are six alleles
involved in production of this enzyme, and there-
fore, variable expression [58]. The 21-hydroxylase
enzyme is also involved in production of aldos-
terone, which modulates the renal control of pota-
ssium and sodium losses. The salt wasting form
leads to altered fluid and electrolyte balances.
Consequently, these individuals tend to present with
more virilized anatomy, along with dehydration,
hyperkalemia, hyponatremia, and the sequelae
including seizures, shock and death. Approximately
60% of 21-hydroxylase CAH are of the salt wasting
variety [57].

Simple CAH represents a less severe form of the
condition. These females usually have clitoromegaly,
mild labioscrotal fusion and rugation, a normally
placed urethra, and some hyperpigmentation of the
genitalia. Work-up confirms XX chromosomes,
normal internal anatomy, with elevated 17-hydrox-
yprogesterone levels and normal electrolytes.
Medical management includes cortisol replacement
and careful monitoring of growth and development.
Inadequate cortisol replacement can lead to exces-
sive endogenous androgen production, premature
epiphyseal closure and short stature. Counseling
regarding increased cortisol needs in times of stress
or infection is vital [57].

Surgical management includes clitoroplasty,
usually prior to graduation from diapers, and peri-
neoplasty or lower vaginoplasty if necessary after
menarche to facilitate use of tampons and sexual
function [39,59]. At puberty, monitoring for viriliza-
tion is heightened, specifically looking for hirsutism,
acne and oligomenorrhea. Although fertility is com-
promised due to anovulation and oligomenorrhea,
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correction of this problem can result in restored fer-
tility, conception and delivery.

While there is no evidence these women have
altered ability to deliver vaginally, it may be prefer-
able to perform elective cesarean sections if there
has been excessive perineal reconstruction in the
past [18,39]. During pregnancy, careful monitoring
of cortisol replacement needs is important as is 
prophylactic coverage for the stress of labor.
Preconceptual counseling as to the genetics of CAH
is helpful [58]. Testing of the partner for carrier
status is recommended. Management of the poten-
tially affected fetuses is outlined later.

Salt wasting CAH is a much more challenging 
situation [58]. Inadequate cortisol replacement or
aldosterone supplementation can be life-threaten-
ing. Parental and patient education and compliance
is essential. From a gynecologic perspective, the
genitalia tend to be much more virilized with
marked clitoromegaly, fusion of the urethra and
vagina leading to a common urogenital opening and
extensive posterior labioscrotal fusion (Figure 5.12)
[59]. The urethrovaginal fusion can be variable and
it is vital this anatomy be delineated preoperatively

[60]. Fusion at the lower third requires perineo-
plasty and a lower mobilizing vaginoplasty [59].
Alternatively, fusion can be at the internal bladder
sphincter, requiring complete vaginoplasty includ-
ing skin grafting [9].

Timing of surgical correction is dependent on the
extent of the anatomical distortion. Clitoroplasty is
usually performed in early childhood, leaving the
common urogenital opening to be dealt with at
puberty or later when patient compliance can
greatly assist with the postoperative results [61].
Proper menstrual egress can be a concern if the ure-
thral fusion is high. In this situation, surgery in early
puberty in anticipation of obstructive hematocolpos
may be necessary. However, if possible, it is prefer-
able to delay surgery until the genitalia have evolved
through puberty, are well vascularized, estrogenized,
and the patient is fully comprehensive and compli-
ant with the goals of surgery.

11-�-hydroxylase CAH. This autosomal recessive
(chromosome 8) condition involves a defect in pro-
duction of 11-�-hydroxylase [58]. It is seen in
approximately 5% of cases of CAH. It has an inci-
dence of 1/100 000 white births, particularly in
Moroccan Jews [58]. This enzyme converts 11-
deoxycorticosterone to corticosterone, and converts
11-deoxycortisol to cortisol. Consequently, a block
at this level also results in elevated 11-deoxycorti-
costerone, which causes salt retention, leading to
hypertension in these individuals.

3-�-ol dehydrogenese CAH. This enzyme converts
dehydroepiandrosterone sulfate (DHEAS) to
androstenedione, 17-hydroxypregnenalone to 17-
hydroxyprogesterone, and pregnenalone to proges-
terone. Consequently, these affected individuals
cannot produce aldosterone, and are therefore also
salt wasters. DHEA is androgenic, and so the
increased levels virilize the female fetus. The lack of
testosterone production, for which androstenedione
is a precursor, also leads to male pseudohermaphro-
ditism.

Clitoroplasty. Clitoral reduction is best performed
in early childhood, while the individual is still dia-
pered, and not yet toilet trained. Evidence suggests
gender identity is not solidified until after age 18
months; therefore efforts to establish the phallic
structure as a clitoris should be made by this time
[55]. Clitorectomy or amputation of the clitoris is no
longer acceptable [39]. Preservation of the dorsal
vessels and nerves is essential to maintaining
normal clitoral sensation and sexual response.

A semicircular incision is made between the
shaft and glans, allowing dissection and retraction
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Figure 5.12 CAH (salt wasting): common urogenital opening, prior
clitoroplasty.



of the overlaying skin. The dorsal artery, vein and
nerve are identified and dissected free of the lateral
crura. The crura are then isolated bilaterally,
ligated at each end, and excised. The remaining
pedicle of dorsal vessels, nerve and glans are then
accordioned to the subpubic arch and secured with
sutures bilaterally. On occasion, bilateral wedging
of the glans itself may be necessary to achieve a
cosmetically acceptable clitoris. The previously
retracted skin can then be used to fashion labia
minora bilaterally.

Pregnancy and CAH. CAH is an autosomal recessive
trait that is common. It is estimated that 1/20 to
1/250 people in the North American population are
carriers [57]. Preconceptual counseling and screen-
ing is valuable in families known to have this gene
defect. In women known to be at risk for a fetus with
CAH, either due to family history or a previously
affected child, early diagnosis of pregnancy is essen-
tial. Proper treatment can prevent genital disfigure-
ment in the affected female child [62]. These women
are initially placed on dexamethasone (dose:
1.5 mg/day in divided doses) in an effort to provide
transplacental cortisol replacement to the fetus and
prevent excessive androgen production. Risks with
dexamethasone therapy include excessive maternal
weight gain, hypertension, gestational diabetes, and
gastrointestinal upset [63].

At approximately 11 weeks gestation, chorionic
villus sampling is done to identify the sex of the
fetus, and if the fetus is affected with CAH. If there is
an affected female fetus, treatment is maintained
throughout pregnancy. If there is an affected male
fetus, treatment is usually discontinued as genitalia
are not disfigured for males and the known risks of
maternal steroid ingestion outweigh the theoretical
fetal benefits of continued steroid support. Of
course, in the unaffected fetus, treatment is discon-
tinued [64].

Teratogenic
Exposure to a virilizing agent can result in ambigu-
ity of the female genitalia. The impact is dependent
on the androgen strength, dose, and timing.
Exposure at 5–12 weeks gestation impacts on the
vaginal tube and labioscrotal anatomy [1]. After 12
weeks, exposure impacts only on the clitoris [1].
Endogenous androgen sources are rare, but include
ovarian tumors in pregnancy such as an
arrhenoblastoma, Leydig cell tumor, or luteoma of
pregnancy. External androgen sources such as
medroxyprogesterone acetate and norethindrone
rarely impact as the placenta acts as a barrier to
these molecules.

Conclusion

This chapter has reviewed the embryology of the
female urogenital system in the context of congeni-
tal anomalies encountered by the clinician. The
intent of this approach is to give the pelvic surgeon a
greater understanding of the spectrum of variabil-
ity in the anatomy of the female reproductive system
and the impact of one anomaly on associated struc-
tures. A basic review of sexual development of the
fetus is provided. The management issues of abnor-
mal anatomy and ambiguous genitalia are dis-
cussed. Finally, a discourse on the surgical aspects of
these clinical challenges is presented with the hope
that the reader gains a better appreciation of the
complexity and controversies of pelvic reconstruc-
tion for the child or adult regardless of the surgeon’s
background training in this field.
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Background
Pelvic floor dysfunction (encompassing genital pro-
lapse, urinary, and fecal incontinence) is very
common but our epidemiological studies are poor.
Not only is our literature on prevalence and inci-
dence inadequate, but we have not come to a univer-
sal consensus on assessment of the pelvic floor.

History and physical examination are key compo-
nents in our patient assessment. As part of this, a
detailed pelvic examination is important in devel-
oping a comprehensive management plan. If treat-
ment strategy focuses exclusively on the support or
function of one compartment or organ system,
long-term success is unlikely. This has been shown
in previous work of both Burch and Wiskind et al.
Burch, in a review of patients who had had his
retropubic suspension, showed 100% of the women
were symptomatically relieved but 8% developed a
postoperative enterocele [1]. In the review by
Wiskind et al., 82% of women were dry following a
Burch retropubic suspension but 27% required sub-
sequent surgery for prolapse [2].

In their 1972 paper, Baden and Walker recog-
nized that there was “an inability to communicate
meaningful information about a common gyneco-
logic problem” and created the vaginal profile [3]
(Figure 6.1). However, almost 30 years later,
Brubaker and Norton reviewed the clinical
classification and nomenclature for pelvic support
defects (presented at the ICS meeting, Rome 1993)
[4] and concluded that there was still no univer-
sally accepted method for performing pelvic
examinations and reporting physical findings.
Terminology that has commonly been used to
refer to pelvic organ prolapse includes urethro-
cele, cystocele, enterocele, uterine descensus or
prolapse, procidentia, vault prolapse and rectocele.

However, it is often not clear exactly what the
examiner is describing.

The International Continence Society has been at
the forefront in the standardization of terminology
of lower urinary tract function since the establish-
ment of the Committee on Standardization of
Terminology in 1973 [5]. The committee’s efforts
over the last two decades have led to worldwide
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quate support of all six components. Note sites of the six potential
lesions of vaginal relaxation. This figure represents a patient with no
prolapse according to Baden and Walker’s original six-point classifica-
tion system in the vaginal profile. (Reproduced from Baden and
Walker [3]; copyright Baden and Walker.) 



acceptance of terminology standards, allowing
efficient and precise communication among physi-
cians. Although prolapse and pelvic floor dysfunc-
tion are closely related to urinary tract function,
accurate communication has not been possible due
to the absence of a universally accepted system for
describing pelvic organ position. The grading
systems in existence have not been validated for
reproducibility or the clinical significance of differ-
ent grades. We have all seen patients with large pro-
lapse and minimal symptoms, and also the patient
with significant pelvic pressure but minimal demon-
strable prolapse. The absence of standard, validated
definitions has prevented comparison between insti-
tutions and longitudinal comparison within institu-
tions [6].

Following the review by Brubaker and Norton, a
multidisciplinary committee from the International
Continence Society (ICS), American Urogynecologic
Society (AUGS), and the Society of Gynecologic
Surgeons (SGS) drafted a standardization document
in 1993. Reproducibility studies were done in Europe
and the USA that showed good inter-observer and
intra-observer reproducibility [7]. The document
was accepted by the ICS, AUGS, and SGS in 1995/6.
This led to the creation of the pelvic organ prolapse
quantification examination (POPQ) (Figure 6.2).

Difficulties with Pelvic Organ
Prolapse Grading
There are a number of areas of confusion that arise
when discussing pelvic organ prolapse. The main
factor is that the terminology used is often inconsis-

tent. Other factors that vary and lead to variations
in description of findings include: the position of
the examination, the volume in the bladder, whether
the patient is asked to strain, and whether traction is
applied to the uterus. There are multiple grading
systems that can be used; these will be described
later in this chapter.

Objective classification of pelvic organ prolapse
presupposes a knowledge of normal pelvic support.
However, at present there is no objective data
regarding “normal support” in women of different
ages, childbearing history, or surgical history. Also,
there is no information directly correlating physical
findings with subjective or objective measurements
of pelvic organ function.

Terminology
The following terms are currently widely accepted
in the urogynecologic community.

● Urethrocele: a protrusion of the urethra into the
vagina signifying loss of fascial supports of the
urethra

● Cystocele: a protrusion of the bladder into the
vagina signifying loss of fascial supports of the
bladder

● Uterine prolapse: a protrusion of the cervix and
uterus into the barrel of the vagina (also
referred to as descensus or procidentia)

● Enterocele: herniation of the pouch of Douglas
(cul-de-sac) between the uterosacral ligaments
into the rectovaginal septum (often contains
small bowel)

● Rectocele: protrusion of the rectum into the
vagina signifying loss of fascial supports of the
rectum

Assessment of the Pelvic Floor

Position of the Examination

There is general consensus that the assessment of
pelvic organ prolapse should be performed such
that support in all parts of the vagina can be evalu-
ated. Various positions have been used including
supine lithotomy, 45° lithotomy, a birthing chair, the
left lateral position, and standing. It may be useful to
ask the patient to point out what they are feeling as
abnormal or to use a mirror to confirm the correla-
tion of physical findings with patient symptoms.
The standing position is helpful to demonstrate pro-
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lapse that may not be obvious with the patient
recumbent; however, it is often difficult to assess
certain areas with the patient standing, so this
should certainly be combined with some form of
assessment with the patient lying down.

Comparisons have been done between different
positions of patient assessment. In 1998 Swift and
Herring reported on 51 women examined both in
the dorsal lithotomy position and standing; they
found no statistically significant difference in the
stages assigned between the two groups [8].
The American College of Obstetricians and
Gynecologists has recommended examining women
in lithotomy, sitting, and standing [9]. At the
American Urogynecologic Society (AUGS) Meeting
in 1995, Montella and Cater reported on the differ-
ence between examinations done in the dorsal litho-
tomy position versus the birthing chair; they found
greater protrusion of the prolapse in the sitting
position but never by more than one stage [10]. In
Walters and Karram’s 1992 AUGS report on entero-
cele, a recommendation was made to perform
routine examinations in the lithotomy position, and
then standing if the symptoms did not correlate
with the physical findings [11].

Methods of Grading

Multiple methods of prolapse grading have been
described. Most are modifications of Baden and
Walker’s original vaginal profile, with four degrees
of prolapse described [3]. In the popular gyneco-
logic text by Mishell et al., pelvic examination in the
lithotomy position is recommended, with examina-
tion of the anterior vaginal wall with speculum
blade retraction of the posterior vaginal wall, and
examination of the posterior vaginal wall with
speculum blade retraction of the anterior vaginal
wall. They recommended rectal examination to help
detect an enterocele. Degrees of prolapse are
described as first degree with descent of the pro-
lapse into the upper vagina, second degree is pro-
lapse to the introitus, and third degree (complete) is
prolapse through the introitus [12]. Shull recom-
mended examination recumbent with straining and
then repeated standing, with the patient’s foot on a
stool, and straining if needed. Also recommended,
was retraction of the vaginal walls with speculum
blades and description of findings as clearly as pos-
sible, by specifying the site being examined and
describing the support in relation to fixed points in
the pelvis, such as the ischial spines. In this review, it
was suggested that a mid-vaginal axis should be
used as a point of reference; there is no loss of
support if structures fail to cross the axis with
strain. The cervix or cuff has no loss of support if it

fails to descend past the spines with strain [13]. Raz
acknowledged the existence of many grading
systems, but used a description that was slightly dif-
ferent. For cystocele, Raz labeled grade 1-2 as mild
to moderate hypermobility of the anterior vaginal
wall with strain, grade 3 as descent of the vaginal
wall through the introitus, and grade 4 as descent of
the bladder base through the introitus. Uterine pro-
lapse was described by Raz as grade 1 with minimal
mobility, grade 2 with descent to the mid-vagina,
grade 3 as descent to the introitus and grade 4 (pro-
cidentia) as prolapse through the introitus. Raz’s
description of rectoceles was grade 1 for a saccular
protrusion of the posterior vaginal wall, grade 2 for
a bulge at the introitus, and grade 3 as a protrusion
beyond the introitus [14]. Nicholls and Randall rec-
ommended examination in lithotomy and then
standing (relaxed and straining in both positions).
They used a modification of the system described by
Beecham in 1980 [15].

The POPQ (pelvic organ prolapse quantification)
system was developed in 1996. It is an objective, site-
specific system for describing, quantifying, and
staging female pelvic support. Certain sites along
the vaginal wall are the reference points and their
descent is measured in centimeters in relation to the
hymen. Negative values indicate position above the
hymenal ring and positive values denote points of
descent below the hymen [6]. Intra- and inter-
observer reliability has been evaluated and found to
be good; this system is now gaining wider accep-
tance and is allowing enhanced clinical and acade-
mic communication regarding individual patients
and populations of patients [7].

Collagen and the Pelvic Floor

Pelvic Floor Dysfunction

There is abundant literature on the evaluation and
management of stress urinary incontinence and
pelvic floor prolapse, but relatively few epidemiolog-
ical studies exist. Etiology is rarely discussed and
causative factors are not well defined. In many cases,
including the relationship of childbearing to pelvic
floor damage, we have indirect but not direct evi-
dence regarding etiology. Most literature makes ref-
erences to the effects of pregnancy, childbirth, and
increases in intra-abdominal pressure, but clearly
each individual responds differently to these factors.
Most practitioners have seen patients that have had
multiple children, that have chronic chest conditions
and have no prolapse; the opposite scenario is a
patient that has good health and has only had one
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child, but has severe pelvic organ prolapse. Clearly,
the etiology is multifactorial, and genetic factors,
including collagen and other connective tissues, play
a role.

Epidemiology

Regarding epidemiological studies, there are many
problems with the reporting of pelvic floor prob-
lems; these include embarrassment leading to
underreporting and previous problems with
inconsistencies in description of prolapse. There is
no disease model for pelvic floor disorders, as
there is for such conditions as cancer; this con-
tributes to some difficulties with the epidemiology.
Some studies have reported up to 77% women
having some degree of prolapse, but this is not
always symptomatic [16]. Some estimates suggest
that only 10-20% of patients will seek medical care
for their pelvic floor dysfunction due to embar-
rassment, lack of knowledge about all the treat-
ment options available, and the thought that
nothing can be done as this is just a normal part of
aging.

Etiologic Factors

The etiologic factors contributing to urinary incon-
tinence and pelvic floor prolapse are probably best
described by Peggy Norton as intrinsic or underly-
ing factors versus extrinsic and environmental
factors [17]. The intrinsic factors include: race,
anatomic differences, connective tissue changes, and
neurologic abnormalities. The extrinsic factors
include: pregnancy and childbirth, aging, hormone
effects, non-obstetric pelvic trauma and radical
pelvic surgery, increases in intra-abdominal pres-
sure, and medication effects.

Intrinsic Factors
There is a higher prevalence of stress urinary incon-
tinence in white women [17,18], with less frequent
stress urinary incontinence and prolapse in black
women [15,18]. The racial differences are believed to
be related to differences in pelvic anatomy, connec-
tive tissues, and pelvic supports. Zacharin reported
in 1977 that cadaveric specimens from Chinese
women had thicker pelvic fascia [19]. Prolapse is
more frequent among white, Egyptian, and East
Indian women, but less common among Orientals,
African Americans, South African Bantu, and blacks
of West Africa [14].

Anatomic differences are proposed as a causative
factor in pelvic floor dysfunction. DeLancey found
that the anterior-posterior levator hiatus diameter

was greater in women with prolapse and stress
urinary incontinence [20]. Also, the South African
Bantu woman’s pelvis is small compared to
European women, which may protect the Bantu
from developing prolapse [15]. The mechanical sta-
bility of the genitourinary tract depends on colla-
gen. There is evidence that the underlying
connective tissue is insufficient in women with
prolapse; also, a decrease in total collagen content
has been reported in stress incontinent women
[21]. There is certainly a relationship between
estrogen and connective tissue; therefore, it is
important to consider not only connective tissue
content but also metabolic changes. Small case
series have reported increased prevalence of pro-
lapse in patients with neurologic disorders, such as
spina bifida. This is likely related to some effect at
the level of origin of the pudendal nerve supply,
(S2,3,4), which contributes significantly to pelvic
floor innervation.

Extrinsic Factors
Pregnancy and childbirth remain key factors in the
pathogenesis of pelvic floor disorders. Contributing
factors include: hormonal effects in pregnancy, the
pressure of the uterus and its contents, denervation
(especially stretch or crush injury to the pudendal
nerve), connective tissue changes or injury, and
mechanical disruption of muscles and sphincters.
Effects related to aging include gravity, neurologic
changes, the loss of estrogen, changes in connective
tissue cross-linking, and reduced elasticity.

Because of the common embryonic origin of the
bladder, urethra, and vagina from the urogenital
sinus, there is a high concentration of estrogen
receptors in the tissues of pelvic support. Falconer
et al. described a general collagen deficiency state in
women due to the lack of estrogen [22]. Urethral
coaptation is also affected by the loss of estrogen
[23]. Other external factors that may contribute to
the development of prolapse include trauma or
radical pelvic surgery that affects pelvic floor and
urethral supports and the local nerve supply.

Increases in intra-abdominal pressure may result
from chronic pulmonary disease, constipation with
straining, heavy lifting, high impact exercise (such
as parachute jumping or high impact aerobics)
[24,25], ascites, or obesity. Any of these put addi-
tional pressure on the pelvic floor and may con-
tribute to the development or exacerbation of
prolapse. Medications may unmask incontinence,
but are unlikely to contribute to prolapse; alpha-
blockers used for hypertension may lower urethral
closure pressures and benzodiazepines may con-
tribute to smooth muscle relaxation.
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Collagen Types

Collagen is a fibrous protein that accounts for
approximately 30% of total body protein. It is pro-
duced by fibroblasts and provides tensile strength
for skin, tendons and bone. Nineteen different types
of collagen have been identified; types I and III
comprise the main structural components of epithe-
lial tissue (Table 6.1).

Collagen Metabolism

There is an intricate balance between biosynthesis
and degradation. The fundamental collagen unit is
tropocollagen; each collagen unit is a triple helix of
poypeptide (alpha) chains. The tight helix formation
is facilitated by glycine at every third position.
Proline and hydroxyproline also form cross-links to
stabilize the collagen. Peptidases act on procollagen
to form fibrils; lysine oxidation then occurs to form
cross-links and provide tensile strength. A matura-
tion and glycation process occurs to give the final
product. Acid cathepsins and matrix metallopro-
teinases contribute to collagen degradation.
Therefore, biochemical studies are required in addi-
tion to histology to show collagen defects [26].

Collagen Content

In 1987, Ulmsten et al. studied specimens of skin,
fat, and round ligament from 15 women (8 who had
genuine stress incontinence). They found 40% less
collagen in the skin specimens from the inconti-
nent women and 25% less collagen in the round
ligament tissue [21]. Falconer et al. in 1994 took
skin biopsies from 11 postmenopausal women (7
who had stress urinary incontinence), and found
that the skin fibroblasts in the stress incontinent
women produced 30% less collagen [22]. This work
supports the hypothesis that stress urinary inconti-
nence is due to altered connective tissue metabo-
lism. A reduced type I:III collagen ratio was found
by Norton et al. in women with genital prolapse

but not in those with stress urinary incontinence.
Collagen synthesis was also found to be altered in
patients with recurrent inguinal hernias and recur-
rent genital prolapse [27,28]. Further work was
done by Makinen et al. in 1986 showing decreased
fibroblasts and altered collagen fibril orientation in
women with prolapse [29]. Rechberger et al.
assessed vesicovaginal fascial specimens in 16
women (11 with stress urinary incontinence), and
found less collagen in the fascia of the incontinent
women [30]. In 1990, Sayer et al. examined women
with bladder neck prolapse and stress urinary
incontinence and found that they had a cross-link
modification of their collagen in the pubocervical
fascia, compared to women with only stress
urinary incontinence [31]. Keane et al. studied 52
nulliparous women; they found a reduction in col-
lagen content in the stress incontinent group and
found a reduced type I:III collagen ratio in those
women less than 30 years of age with stress urinary
incontinence. This group felt that the composition
of vaginal epithelium closely resembles that of
endopelvic fascia [32].

Collagen Metabolism and Prolapse

Jackson’s group in Bristol, England, has done much
of the work on collagen and its metabolism in
pelvic organ prolapse. In their 1996 work, they took
vaginal epithelial tissue from premenopausal
women (eight of whom had prolapse). They found
that prolapse was associated with alterations in
collagen metabolism; there was also 25% less colla-
gen content in the prolapse specimens and no
change in the type I:III collagen ratio. Further, they
found the elastin content in these patients was
unchanged, and there was increased matrix metal-
loproteinase 2 and 9 and cathepsin activities. The
specimens examined by Jackson’s group had an
increased concentration of intermediate cross-
links, indicating new collagen synthesis, but of an
immature type that is easier to degrade. The con-
clusions of the Bristol group were that the main
problem in genitourinary prolapse is increased col-
lagen degradation with decreased tissue strength;
they also felt that the increased synthesis of new
collagen is overcome by its preferential degrada-
tion, and that research should be targeted to inhibi-
tion of collagenolytic activity [33].

Nichols stated that there seems to be an increased
incidence of prolapse in diabetic patients [34]. This
may relate to metabolic factors; in 1996, Cohen felt
that protein glycosylation may be a mechanism of
acquired collagen weakness in the diabetic patient
[35].

Table 6.1 Main types of collagen

Type Tissue distribution

I Bone, tendon, skin, dentin, ligament, fascia, arteries,
uterus

II Hyaline cartilage
III Skin, arteries, uterus
IV Basement membranes
V Basement membranes, other tissues
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Estrogen and Collagen

Collagen is transcribed from mRNA in ribosomes of
fibroblasts, which have estrogen receptors. Estrogen
may stimulate fibroblasts directly or act via a
hormone mediator to influence collagen synthesis.
There are certainly cellular changes related to the
menopause; these include: a slowing of cell division
and growth, a reduced capacity for tissue repair, and
degenerative changes in elastic connective tissue.
Jackson’s group did some additional work with a
placebo-controlled trial of estrogen in 33 women.
They found that estrogen stimulates synthesis of
new collagen, and collagen turnover (through stim-
ulation of matrix metalloproteinases) [36]. Brincat
et al. published work in 1983 and 1985; the first
study compared skin biopsies in 29 postmenopausal
women with no hormone replacement with those
from 26 women that had been given estrogen and
testosterone. They found that the mean collagen
content of skin was 48% greater in the treated
women [37]. Not only was skin collagen content and
thickness greater in women treated with estrogen
and testosterone, but in untreated women, skin col-
lagen content declined in relation to menopausal,
not chronological, age [38]. Connective tissue colla-
gen is thought to contribute to the generation of
urethral pressure. In 1988 Versi et al. showed a cor-
relation between urethral pressure measurements
and skin collagen content, and suggested that the
beneficial effect of estrogens on urethral function is
mediated via collagen [23]. Further work looking at
the effect of local estrogens on the urethra was com-
pleted by Hilton and Stanton in 1983; this showed a
decrease in stress urinary incontinence with
increased maximal urethral closure pressure, func-
tional urethral length, and pressure transmission
ratio [39]. In 1989, Bhatia et al. did similar work
showing an improvement in stress urinary inconti-
nence, increased maximal urethral closure pressure,
increased pressure transmission ratio, but
unchanged functional urethral length with vaginal
estrogen [40]. Elia and Bergman also did some ure-
thral function work and showed that estrogens
increase urethral pressure by up to 30%, with
improvement or cure of stress urinary incontinence
in many cases. They noted an additive effect on ure-
thral function when estrogens are combined with
alpha-adrenergic drugs [41].

Other work looking at the effect of estrogens has
not been so encouraging. Fantl did a meta-analysis
reviewing 166 articles; this showed a significant
overall subjective improvement in all patients and in
those with genuine stress incontinence alone.
However, there was no significant effect on the
quantity of fluid loss, but there was a significant

effect on maximal urethral closure pressure [42].
Fantl’s further work in 1996 was a randomized,
double-blind, placebo-controlled trial in 83 hypoe-
strogenic incontinent women. The treatment group
received three months of cyclic hormone replace-
ment therapy; there was no significant difference in
clinical or quality of life variables between the two
groups [43]. Emphasis was made about the need for
prospective, controlled trials, especially looking at
the effects of local estrogen, which may play a
greater role than systemic estrogen therapy for the
treatment of incontinence. Hilton stated that both
endogenous and exogenous estrogens have a posi-
tive effect on cell cycle activity in the squamous
epithelium of the female lower urinary tract and
vagina; this is indicated by Ki67 antigen expression
(an indicator of mitotic activity) [44].

Other Affected Organ Systems

Collagen is part of all connective tissues; therefore,
the loss of estrogen has impact at multiple sites.
Osteoporosis is associated with estrogen deficiency;
a decline in collagen likely plays a role in the devel-
opment of osteoporosis. Brincat et al. in their colla-
gen work showed that the loss of skin thickness and
dermal collagen paralleled the loss of bone density
in menopausal women [45]. There are estrogen
receptors present in the brain; this has led to the
suggestion of associations between estrogen
deficiency, dementia, and the resulting incontinence.

Connective Tissue Disorders

The first reference to a hypermobility syndrome was
made by Hippocrates in the fourth century BC [46].
An association was reported between hypermobility
and knee effusions, hip dislocation, osteoarthrosis,
chondrocalcinosis, mitral valve prolapse, hernias,
striae, and varicose veins. In 1982 Al-Rawi and Al-
Rawi reported on 76 Iraqi women with prolapse; of
these, 66% had joint laxity compared with 18% of
controls [47]. Norton et al. found women with joint
hypermobility had a higher prevalence of genital
prolapse, but no increase in stress urinary inconti-
nence [27].

The Marfan syndrome is a connective tissue dis-
order involving an abnormality of the fibrillin gene
(chromosome 15). Fibrillin is another component of
connective tissue, and is present in ligaments and
fascia. Patients with the Marfan syndrome are
known to have other manifestations of connective
tissue weakness, such as hernias and aneurysms.
They have also been shown, in a small case series, to
have a higher prevalence of incontinence and pro-
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lapse [48]. Ehlers–Danlos syndrome is a connective
tissue disorder affecting collagen types I and III.
There are ten subtypes of this syndrome with varied
manifestations. Stoddart et al. reported a common
finding of prolapse in these women [49]; McIntosh
et al. showed 59% incontinence and 29% prolapse 
in a group of 41 women with Ehlers–Danlos 
syndrome [50].

Clearly, there is a spectrum of genetic connective
tissue abnormalities that contribute to the develop-
ment of pelvic floor dysfunction. There is much
need for further research in this area.

Summary
Genitourinary prolapse is perhaps more common
than previously thought. Multiple systems of
classification exist, but the standardized POPQ eval-
uation has been developed by the ICS, SGS, and
AUGS to allow clarity of description among the
medical profession. Childbirth remains the main
causative factor in the development of pelvic floor
dysfunction, with many other exacerbating factors.
However, connective tissue, especially collagen, plays
an equally important role. Collagen provides tensile
strength to tissue; deficiencies in collagen content
and metabolism have been implicated in the patho-
genesis of stress urinary incontinence and prolapse.
There is evidence that estrogen plays a role in colla-
gen metabolism, and that estrogen is therapeutic in
the connective tissue of postmenopausal women.
Further research is required regarding minor
genetic defects that may be causative of connective
tissue defects. Perhaps, in this group of women,
pregnancy and labor management should be
approached differently to help to prevent defects;
also, this group may require a different type of
pelvic floor repair, with reinforcement with syn-
thetic materials, to allow a more durable result.
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Introduction
As the perinatal mortality rate has fallen, obstetri-
cians have begun to focus on improving perinatal
maternal and fetal morbidity. The relationship
between pregnancy, parturition and the pelvic floor
is quintessential to the obstetrician and urogynecol-
ogist. The lower urinary tract undergoes many
physiological changes during pregnancy and these
may manifest themselves as urinary symptoms.
Also, the pelvic floor undergoes extreme trauma
during parturition and this is often cited as a cause
of uterovaginal prolapse and bladder symptoms
later in life. If this relationship can be established, it
may be possible to manipulate parturition to mini-
mize long-term maternal morbidity from pelvic
floor damage. The evidence for this will be exam-
ined in this chapter.

Mechanical Trauma to Pelvic
Structures in Pregnancy and
Childbirth

Direct Damage to Pelvic Support and
Sphincter Mechanisms

Displacement of the Pelvic Structures
The earliest account of changes in the lower urinary
tract as a result of pregnancy and labor comes from
anatomical dissections of two women in the nine-
teenth century [1]. One had died in late pregnancy
and the other died in labor. These sagittal dissec-
tions showed a change in position of the bladder

and urethra. Malpas et al. [2] reviewed these
findings and performed radiological studies in
pregnancy and childbirth. They found a displace-
ment of the bladder neck and elongation of the
urethra during labor. It was postulated that this
stretching could cause irreversible damage to the
pelvic support structures and sphincter mech-
anisms and be a contributing factor towards the
development of pelvic organ prolapse and urinary
incontinence in later life. Although cystoscopic
studies [3] have confirmed bladder trauma follow-
ing vaginal delivery, this is to be expected following
such a traumatic event, and in itself does not prove
that the damage is irreversible and a precursor of
pelvic floor disorders.

Does Pregnancy Cause Anal Sphincter
Damage?
It is known that overt lacerations of the anal
sphincter caused by childbirth are a major cause
of fecal incontinence. Sultan et al. [4] prospec-
tively investigated 20 women who were to deliver
by cesarean section, to establish whether preg-
nancy itself had any effect on the function 
and morphology of the anal sphincters. Anal
endosonography and manometry were performed
during pregnancy and six weeks after cesarean
section. There was no significant difference in the
thickness of puborectalis, the internal nor the
external anal sphincter before and after cesarean
delivery. The maximum resting pressure and
squeeze pressures were not significantly changed.
Pregnancy itself does not, therefore, appear to
have any significant effect on anal sphincter mor-
phology or function. Any changes in sphincter
function are likely to be due to mechanical trauma
of labor and/or vaginal delivery rather than hor-
monal changes in pregnancy.

7 The Effect of Pregnancy and Childbirth on the
Lower Urinary Tract and Pelvic Floor
Kevin M. Smith and Harold P. Drutz
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Does Labor/Childbirth Cause Anal Sphincter
Damage?
In 1993, Sultan et al. [5] studied 202 consecutive
women prior to delivery, and managed to follow up
150 of them after delivery. Twenty-eight (35%) of the
primiparas who delivered vaginally had a new
sphincter defect on endosonography at 6 weeks
postpartum and these defects persisted in all the
women studied at 6 months. Of the 48 multiparous
women studied, 19 (40%) had a sphincter defect
before delivery and 21 (44%) afterwards. None of
the women who underwent cesarean section had a
new sphincter defect after delivery. The external
sphincter defects noted endosonographically were
associated with the more objective finding of
significantly lower squeeze pressures (increase
above resting pressure, 70 ± 38 versus 44 ± 13
mmHg; p < 0.001). There was also a strong associa-
tion (p < 0.001) between anal sphincter defects and
the development of bowel symptoms. This is direct
evidence of labor and/or vaginal delivery causing
symptomatic pelvic floor damage, which persists at
least until 6 months postpartum.

MacArthur [6], in a study on fecal incontinence fol-
lowing childbirth, noted that some women developed
fecal incontinence following emergency cesarean
section, but none developed fecal incontinence after
an elective cesarean section. This implies that damage
to the pelvic floor may be acquired during labor itself
and not just during vaginal delivery.
In summary, therefore, the evidence would point to
the fact that pelvic floor damage, manifest as either
overt or occult anal sphincter damage, is caused by
vaginal delivery and possibly by labor itself,
although this last point needs further investigation.
This sphincter damage has a high correlation with
symptoms of fecal urgency and incontinence follow-
ing delivery. At 6-month follow-up, both the sphinc-
ter defects and the related symptoms persisted [5],
implying persistence of the pelvic floor damage.

It would appear that most de-novo sphincter
damage occurs after the first vaginal delivery. The
prevalence of symptoms, however, increases follow-
ing vaginal delivery in multiparas without a
significant increase in the number of new sphincter
defects [5] (Figure 7.1). This may indicate that the
sequelae of anatomical damage are somehow com-
pounded by subsequent vaginal deliveries. Indeed,
Ryhammer et al. [7], in a sample of 304 women who
delivered vaginally without overt sphincter damage,
found that the number of women with permanent
incontinence of flatus increased significantly after
the third vaginal delivery compared with the first
and second deliveries (odds ratio 6.6; 95%
confidence interval 2.4–18.3). Persistent urinary
incontinence was also significantly increased after

the third delivery compared with the first and
second (odds ratio 3.2; 95% confidence interval,
1.1 – 9.1) – Figure 7.2.

Indirect Damage to the Pelvic Support
and Sphincter Mechanisms

Does Labor and/or Vaginal Childbirth Damage
the Nerves of the Pelvis?
Overt and occult anal sphincter damage are known
to be common after vaginal delivery. Snooks et al.
[8], in a study of twenty patients with anterior exter-
nal anal sphincter division, showed that pudendal
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nerve damage coexisted with the overt muscle
injury in 60% of these patients. Just as occult
sphincter damage is common after vaginal delivery,
it is perhaps unsurprising that occult nerve damage
can also occur. Allen et al. [9] investigated 96 nulli-
parous women to establish whether childbirth
causes damage to the striated muscles and nerve
supply of the pelvic floor. These women were exam-
ined at 36 weeks’ gestation, at 2–5 days postpartum
and again at 2 months after vaginal delivery. They
used concentric needle electromyography (EMG),
pudendal nerve conduction tests and assessment of
pelvic floor muscle strength using a perineometer,
and found evidence of pelvic floor denervation in
80% of cases. In severe cases this was associated
with incontinence.

Further evidence for vaginal delivery causing
nerve injury comes from Snooks et al. [10], who
found evidence of pelvic floor denervation in
women who delivered vaginally but not in the
cesarean section group. The same authors [11] com-
pared similar groups both antepartum and postpar-
tum and confirmed that vaginal delivery results in
pelvic floor denervation. Sultan et al. [12], in a
prospective study, investigated 128 pregnant women
at 34 weeks’ gestation or beyond, at 6–8 weeks post-
partum and again in a subgroup (n = 24) 6 months
following delivery. They found a significant prolon-
gation of the pudendal nerve terminal motor laten-
cies (PNTML), that is the time interval between
electrical stimulation of the nerve and induced con-
traction of the external anal sphincter, in those
women who delivered vaginally. The PNTML was
not prolonged in those who delivered by elective
cesarean section, but was significantly increased in
those who underwent cesarean section during labor.

These studies have established that vaginal deliv-
ery, and possibly also labor, does cause denervation
of the pelvic floor musculature. The question,
however, is whether or not the direct damage to the
muscles, sphincters and nerves of the pelvic floor,
persists and forms the basis of uterovaginal prolapse
and incontinence problems later in life. Indeed,
Sultan et al. [12] reported that 75% of women with a
significantly prolonged PNTML at 6 weeks, had
normal measurements when restudied 6 months
after delivery.

Is Pelvic Floor Denervation Associated with
Long-term Problems?
There is good evidence that vaginal childbirth, and
possibly labor with subsequent cesarean section, can
cause a degree of denervation of the pelvic floor
musculature. Is there any evidence, however, that
such damage is associated with symptoms in the
patient?

The association of partial denervation of pelvic
floor musculature with fecal and urinary inconti-
nence has been made by Snooks et al. [10,13]. They
investigated 40 women with idiopathic fecal incon-
tinence, 20 of whom also had stress urinary incon-
tinence and found the terminal motor latencies in
the pudendal and perineal nerves were
significantly increased when compared with 20
controls. The perineal nerve terminal latency was
more markedly increased in the 20 patients with
double incontinence than those with fecal inconti-
nence alone.

Further evidence comes from Smith et al. [14],
who performed single fiber electromyography on
the pubococcygeus muscle in 69 asymptomatic
women and 105 women with urinary stress inconti-
nence of urine, genitourinary prolapse or both. The
symptomatic women had a significant increase in
denervation of the pelvic floor compared with
asymptomatic women. The results also suggested
that partial denervation of the pelvic floor is a
normal accompaniment to aging and is increased by
childbirth. The results of these two studies provide
direct evidence of damage to the innervation of the
pelvic floor musculature in urogenital prolapse and
incontinence of feces and urine.

Does the Neurological Damage Caused
Specifically by Childbirth Have Long-term
Sequelae?
It is reasonably well established that childbirth
causes damage to the nerves in the pelvis and that
nerve damage is found in patients with urogenital
prolapse and incontinence or both. Is there any evi-
dence, however, that the nerve damage sustained
specifically in childbirth has any of these long-term
sequelae?

The fact that neurological damage due to child-
birth can be long-standing and associated with
incontinence has been established by Snooks et al.
[15]. They conducted a 5-year follow-up on 14 of 24
multiparous women (58%) who had delivered vagi-
nally. Five of these women had developed clinical
symptoms of stress incontinence during the 5-year
period. There was manometric and neurophysiolog-
ical evidence of muscle weakness due to partial de-
nervation of the pelvic floor with pudendal
neuropathy, which was more marked in those
women with incontinence. Although this study
suffers from small numbers and lack of control
group, it does provide some evidence that pudendal
neuropathy due to vaginal delivery persists and may
form the basis of incontinence later in life.

It is possible that the direct trauma sustained by
the urethral and anal sphincters during labor and
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vaginal delivery is compounded by damage to the
nerves supplying the pelvic floor musculature in the
first and subsequent deliveries. This would explain
why the number of patients with incontinence of
flatus or urine increases, particularly after the third
vaginal delivery [7] – see Figure 7.2), and yet the
majority of the detectable trauma to the sphincters
is sustained during the first vaginal delivery [5] –
see Figure 7.1).

Which Aspects of Labor and Delivery
Cause Pelvic Floor Damage?

The evidence presented so far supports the follow-
ing points:

● Vaginal delivery, and possibly also labor, causes
direct damage to the pelvic musculature inclu-
ding support structures and sphincters.

● Vaginal delivery, and possibly also labor, causes
indirect damage to the pelvic muscles and
sphincters by causing varying degrees of dener-
vation.

● Both the direct and the indirect damage sustained
during labor and vaginal delivery may be the
basis of uterovaginal prolapse and problems of
fecal and urinary incontinence in later life.

The big question is whether or not any particular
part or type of labor or delivery can be held
accountable for the pelvic floor damage. If so, short
of performing an elective cesarean section on every-
one, it may be possible to manipulate labor and
vaginal delivery to minimize pelvic trauma and so
reduce the long-term morbidity. The length of labor,
instrumental delivery and the size of the baby have
all been implicated in worsening the pelvic trauma
of vaginal delivery. However, there have been no
randomized, controlled trials (RCTs) into this area,
so the definitive answers still elude us. In such cir-
cumstances, we must base our clinical practice on
the best available evidence short of RCTs.

Instrumental Delivery and Pelvic Floor
Damage
MacArthur et al. [6], in a retrospective, cohort study,
interviewed 906 women for a mean of 10 months
following delivery and gathered information on
postpartum fecal incontinence. They found that,
among the vaginal deliveries, instrumental delivery,
including forceps and vacuum extraction, was the
only independent risk factor for the development of
fecal incontinence. The data from this study can be
expressed in a two-by-two table (Table 7.1) and the
number needed to harm (NNH) calculated to be 16

(95% CI ± 20). In other words, for every 16 instru-
mental deliveries, a patient is likely to develop fecal
incontinence. This study did not differentiate
between forceps and vacuum delivery and, interest-
ingly, emergency cesarean section did not seem to
confer any protection against developing inconti-
nence (Table 7.2).

In a study into anal sphincter disruption during
vaginal delivery in 1993, Sultan et al. [5], noted that
eight out of ten patients delivered by forceps sus-
tained sphincter damage, whereas none of the five
patients delivered by vacuum extraction sustained
any sphincter damage. In a further study [16] to
investigate this observation further, the same
authors looked at 43 primiparas who had undergone
instrumental delivery (17 vacuum and 26 forceps)
and compared them with 47 who had normal,
vaginal deliveries. The results showed that those
delivered by forceps developed significantly more
defecatory symptoms than those delivered by
vacuum or those in the control group. Those deli-
vered by forceps also sustained significantly more
anal sphincter trauma than those delivered by
vacuum and those who delivered spontaneously
(Table 7.3).

Another study by Sultan et al. [17], in which they
retrospectively reviewed the obstetric variables that
predisposed to third degree anal sphincter tears,
found that third degree tears occurred in 50% of
patients undergoing forceps delivery compared to
7% in a matched control group (p = 0.000 01). There
were no third degree tears sustained in 351 vacuum
deliveries.
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Table 7.1 2×2 table summarizing data from MacArthur et al. [6], on
the development of fecal incontinence following spontaneous vaginal
delivery and instrumental vaginal delivery

Instrumental delivery No instrumental 
delivery

Fecal incontinence 12 24
No fecal incontinence 114 733

Table 7.2 2×2 table summarizing data from MacArthur et al. [6], on
development of fecal incontinence in those delivered instrumentally
and those delivered by emergency cesarean section

Instrumental delivery Emergency 
cesarean section

Fecal incontinence 12 6
No fecal incontinence 114



Such studies, because they were not randomized,
do not exclude selection bias. For example, the selec-
tion of forceps instead of a vacuum extractor may be
because the operator anticipated a more difficult,
and therefore more traumatic, delivery. Interestingly,
and once again highlighting the need for RCTs 
in the field, Allen et al. [9] found that forceps 
delivery did not increase the degree of pelvic floor 
denervation when compared with spontaneous,
vaginal childbirth. In the absence of an RCT,
however, there seems to be some evidence in favor
of using a vacuum extractor rather than forceps for 
instrumental deliveries in order to minimize pelvic
floor trauma.

Large Babies and Pelvic Floor Damage
It may be an over-simplification to suggest that
larger babies produce more pelvic floor damage
when delivered vaginally, as this does not take into
account the size of the maternal pelvis. Once again
there have been no RCTs into this area, but the
available evidence would suggest that vaginal
delivery of babies of higher birthweight does cause
more pelvic trauma. In 1986, Snooks et al. [11], in
their analysis of 122 consecutive deliveries, found
worse pelvic floor denervation in women deliver-
ing higher birthweight babies. This is a finding
common to other, more recent studies: Sultan et al.
[17] found that vaginal delivery of a baby of birth-
weight 4 kg or more was significantly more likely
to cause a third degree tear (p = 0.000 02); Allen et
al. [9] found that while 80% of women delivering
vaginally sustained some degree of pelvic floor
denervation, those delivering heavier babies had
more damage, and Sultan et al. [12] found the
PNTML to be significantly prolonged in women
delivering heavier babies.

Length of Labor and Pelvic Floor Damage
During the second stage of labor, the fetal head lies
deeply in the pelvis and the pelvic contents are com-
pressed. A longer second stage might be expected,

therefore, to produce more pelvic floor damage.
Snooks et al. [11] found that pudendal nerve
damage was worse following a long second stage
and other investigators [9,11] have also shown more
severe pelvic floor denervation following a long,
active part of the second stage. It is not known
whether allowing longer for passive descent in the
second stage and curtailing the active pushing phase
by vacuum extraction would reduce pelvic floor
damage, but one might postulate that this may be
the case. Once again, the need for careful, random-
ized, controlled trials is highlighted.

Episiotomy, Third Degree Tears and Pelvic 
Floor Damage
In a prospective study, Rockner et al. [18] investi-
gated pelvic floor muscle strength pre- and post-
partum in 87 women with uncomplicated
pregnancies. In the group of women with vaginal
delivery, they identified three subgroups: those
with an episiotomy, those who underwent sponta-
neous laceration and those with an intact peri-
neum. There were no differences in mean
birthweight, labor length and mean head circum-
ference of the baby between these groups. Pelvic
floor muscle strength, assessed by vaginal cones,
was weakest in the episiotomy subgroup, the differ-
ence in values between this subgroup and each of
the other subgroups and the elective cesarean
section group being significant. No difference was
evident between the spontaneous lacerations and
the intact perineum subgroups. Although third
degree tears are associated with more severe
pudendal nerve damage and defecatory symptoms
[5,11], an episiotomy is not necessarily protective.
Sultan et al. [12] found that 44% of women who
were delivered without instruments and had a
third degree tear had had an episiotomy.

Lower Urinary Tract Symptoms
During Pregnancy
Lower urinary tract problems are common during
pregnancy and will be of concern to the pregnant
women who suffer from them. It is important for
obstetricians and gynecologists to be aware of the
spectrum of symptoms, their causes and likely
outcome in order to give appropriate advice. To date,
most studies have looked at the prevalence of abnor-
mal voiding patterns and stress incontinence. More
recently, other symptoms, such as urgency and urge
incontinence, have been explored.
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Table 7.3 Table summarizing data from Sultan et al. [16], comparing
the onset of defecatory symptoms and sphincter defects following
different modes of vaginal delivery

Defecatory symptoms, Sphincter defect,
n (%) p value n (%) p value

Spontaneous delivery 2 (4) 17 (36)
Forceps delivery 10 (38) 0.003 21 (81) 0.0005
Vacuum delivery 2 (12) NS 4 (21) NS

NS, not significant; p values calculated in comparison with spontaneous
delivery group.



Voiding Patterns

An increase in diurnal urinary frequency and noc-
turia is almost ubiquitous during pregnancy. Francis
[19] found that 81% of women experienced fre-
quency of micturition at some stage during the
pregnancy, and that the prevalence was the same in
both nulliparous and multiparous women. A cross-
sectional study of 181 women by Stanton [20]
showed that frequency, defined as seven or more
voids a day, and nocturia, defined as two or more
voids at night, both increased in prevalence as the
pregnancy progressed, but returned to pre-preg-
nancy levels in the puerperium (Figure 7.3).
Cardozo and Cutner [21] performed a longitudinal
study on 119 pregnant women and confirmed these
findings (Figure 7.4). Increased frequency and noc-
turia started in the first trimester and the prevalence
increased as the pregnancy progressed. Parity made
no difference to the prevalence of these symptoms.
Overall, they found that 91% of pregnant women
described an increase in the number of voids in a
24-hour period.

The reason for this change in voiding pattern has
not been fully determined, but is probably multifac-
torial. The bladder is certainly distorted during
pregnancy by the enlarged uterus. This seems
obvious and has been documented radiologically
[2,19] and cystoscopically [22]. It has been shown
that patients who have uterine fibroids impingeing
on the bladder show an improvement in their
symptom of urinary frequency when the fibroids
have been shrunk with gonadotropin-releasing

hormone analogues [23]. It is possible, therefore,
that extrinsic pressure on the bladder in pregnancy
can cause a change in voiding pattern.

Francis [19] and Parboosingh and Doig [24] both
performed cross-sectional studies comparing fluid
intake and urine output in a series of women at each
trimester of pregnancy and compared values to
those in non-pregnant, normal controls. They con-
cluded that increased fluid intake and urine output
may be sufficient to explain the prevalence of fre-
quency in pregnancy. Cardozo and Cutner [21]
found that pregnant women spend more hours in
bed, which may account for the nocturia.

Symptoms of frequency and nocturia have cer-
tainly not been correlated to cystometric findings
during pregnancy. Muellner [25] and Youssef [26]
both found a gradual increase in bladder capacity as
pregnancy progressed, and this was accompanied by
a decrease in bladder tone. Francis [19] carried out
50 cystometrograms on pregnant women and found
no correlation between bladder capacity and fre-
quency. These studies, however, were cross-sec-
tional, and it may be that the relative change in
bladder capacity is more important than the
absolute value. Cardozo and Cutner [21], however,
performed a longitudinal study recording the
volume at first desire to void and bladder capacity
at 28 weeks’ gestation, 36 weeks’ gestation and post-
partum, and found no significant change in either
parameter (Table 7.4).

A change in voiding pattern seems to be almost
universal in pregnant women. It begins in the first
trimester and the prevalence increases as pregnancy
progresses. This change may be due to a combina-
tion of extrinsic pressure on the bladder and
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Figure 7.3 Graph summarizing data from Stanton et al. [20],
showing the prevalence of urinary frequency and nocturia at differ-
ent stages of pregnancy.
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changes in fluid intake and urine production in
pregnancy. The symptoms almost invariably
improve postpartum. A pregnant woman presenting
with symptoms of frequency and nocturia should,
however, be screened for acute cystitis, which occurs
in about 1% of pregnancies [27]. If there is no infec-
tion, reassurance is all that is required.

Stress Incontinence

Stress urinary incontinence (SUI) is also common
during pregnancy. It occurs in 31–67% of pregnant
women [19,28] and its onset is likely to occur in any
trimester (Figure 7.5). Stanton et al [20] showed, in a
cross-sectional study, that there was a significantly
higher prevalence of SUI in multiparas than primi-
paras prior to pregnancy, suggesting, perhaps, some
residual effect of previous pregnancies. As preg-
nancy progresses, the prevalence of SUI increases,
with no difference between primiparas and multi-
paras (Figure 7.6). Postpartum, the symptom of SUI
largely resolves, although 6% of primiparas and 11%

of multiparas were found to have persistent SUI in
the puerperium.

The reason for SUI in pregnancy in terms of pres-
sure dynamics has been explained by Iosef et al.
[29]. They investigated 14 pregnant women with SUI
and compared the urodynamic findings with those
of 12 pregnant women without SUI. In all the
women, they found an increase in bladder pressure.
In those who remained continent this was matched
by an increase in maximal urethral closure pressure
(MUCP), maximal urethral pressure (MUP), func-
tional urethral length (FUL) and urethral length
(UL). Those women with SUI did not show these
increases in urethral pressures and urethral length.
These findings were reproduced by Cutner [30], who
also found improved pressure transmission ratios in
the urethra of continent pregnant women. These
findings do not explain why some women develop
symptoms of SUI during pregnancy and others do
not. It may be that relative changes in bladder and
urethral pressures determine the development or
otherwise of SUI, with those women with lower pre-
pregnancy urethral pressures being more prone to
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Table 7.4 Table summarizing data from Cardozo and Cutner [21], showing cystometric
changes in pregnancy

28 weeks’ gestation 36 weeks’ gestation Postpartum

Median FDV (ml) 190 250 200
Median bladder 475 430 440
capacity (ml)
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Figure 7.5 Graph summarizing data from Francis [19], showing ges-
tation at onset of symptom of stress urinary incontinence (SUI).
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SUI in pregnancy. Longitudinal studies into this are,
as yet, lacking.

The situation is further complicated by the dis-
covery that a proportion of pregnant women with
SUI actually has detrusor instability. Clow [31]
investigated 25 women, 15 of whom had developed
SUI, by subtracted, provocative cystometry. Three of
the women with SUI had detrusor instability, which
resolved in the puerperium. Detrusor instability in
pregnancy has been documented by other groups
[32,33], and it has been postulated that it may be
related to high progesterone levels [34]. As with
non-pregnant women with the symptom of urinary
incontinence, one has to question the cause care-
fully. On the whole, most women who develop SUI
during pregnancy can be reassured that the
symptom will resolve by the end of the puerperium.
In a few, however, this transient symptom may be a
marker for long-term problems. The long-term
sequelae of childbirth on the pelvic floor have been
discussed earlier.

Retention of Urine

Symptoms of voiding difficulties are quite common
during pregnancy, with up to 43% of women
describing poor stream and 37% describing what
they perceive as incomplete emptying, by the end of
the third trimester [32] (Figure 7.7). However, once
the voided volume had been taken into account, no

difference was found in the peak flow rate or average
flow rate between those women with and those
without the symptoms of poor stream or incomplete
emptying. It would seem, therefore, that these symp-
toms are a function of the small volumes being
voided.

Urinary retention during pregnancy is quite rare.
It is classically described in some women with a
retroverted uterus, which becomes impacted in the
pelvis, usually between 8 and 12 weeks’ gestation,
and causes outflow obstruction. Once the uterus is
large enough to become an abdominal organ, the
problem resolves spontaneously. In the interim, it
may be possible to antevert, and so disimpact the
uterus using a lever-type pessary, such as a
Smith–Hodge pessary. If this fails, it may be neces-
sary to leave a catheter in place until the uterus rises
out of the pelvis [35–37]. There has also been a
report of urinary retention caused by impaction of a
fibroid during pregnancy [38].

Urinary retention postpartum is more common,
with a reported prevalence of between 0.8% [39]
and 14.6% [40] of vaginal deliveries. Part of the
reason for this broad range in reported prevalence is
due to differences in what different investigators
consider to be significant post-void residual bladder
volume. This varies between 150 ml [40] and 500 ml
[39]. Andolf et al. [41] investigated the prevalence of
postpartum retention in women after vaginal deliv-
ery to determine whether parturients with urinary
retention developed voiding problems later in life.
Of 539 women, they found 1.5% with a post-void
residual bladder volume of more than 150 ml. They
found that all symptoms related to this raised resid-
ual resolved within a few days of delivery, and at 4-
year follow-up they found no difference in the
symptoms of these women compared with the
general population. Yip et al. [40] studied 691
women who had undergone vaginal delivery and
found 9.7% had overt (symptomatic) urinary reten-
tion and 4.9% had covert (asymptomatic) urinary
retention. They defined urinary retention as a post-
void bladder residual of more than 150 ml. All those
with covert “urinary retention” resolved within the
puerperium. They found, also, that urinary retention
was related to the length of labor, whereas Andolf et
al. [41] believed that primiparity, instrumental
delivery and epidural analgesia were risk factors for
postpartum urinary retention. Olofsson et al. [39]
found a significant increase in what they described
as “clinically significant” urinary retention (>500
ml), in women who had received an epidural.
Weissman et al. [42], however, in a study of 106
women who had undergone vaginal childbirth, 68 of
whom had an epidural, found no difference in post-
void bladder residual between the two groups. The
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relationship of parturition and epidural analgesia to
urinary retention is still unclear. Postpartum
urinary retention may be quite common but, on the
whole, is self-limiting. Occasionally, however, clini-
cally significant urinary retention may occur and
become a more chronic problem, requiring the use
of clean, intermittent, self-catheterization or supra-
pubic catheterization [43].

Lower urinary tract symptoms are almost univer-
sal in the antenatal period and in most cases are
transient. Retention of urine is one of the few condi-
tions that must be treated, as there may be long-
term consequences. The symptoms of frequency and
stress incontinence are those which have been most
examined in pregnancy. It would appear that the
former has no long-term sequelae but the latter may
be an indicator of potential sphincter damage
during delivery. The recent documentation of detru-
sor instability antenatally further confuses the
picture and demonstrates the need for functional
studies to determine the exact significance of these
lower urinary tract symptoms.
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3 Investigation of Pelvic Floor
Dysfunction





Introduction
A central tenet of the Hippocratic oath is the injunc-
tion to do no harm. Patients attend physicians trust-
ing that our knowledge is sufficient and our
discretion complete, but above all else, that they will
be treated with empathy and judiciousness. If we are
to avoid doing harm we must recognize that
patients have needs which encompass both the
physical and psychological realms.

Patients come to a physician with a set of goals
[1]. These goals can be listed in order of priority:
(1) to receive an explanation for the cause(s) of
their problem(s); (2) to be given effective therapy;
and (3) to minimize the inconvenience and discom-
fort of both the investigation and the treatment. It is
possible to provide exemplary care while meeting
these goals. The majority of women presenting for
the first time with pelvic organ dysfunction have
neither significant disease nor uncommon neuro-
logic abnormalities. A comprehensive evaluation
which minimizes complex technological investiga-
tions is possible and will provide the basis for the
first line treatment.

Although at first glance this clinical approach
appears to be straightforward, there are several
obstacles which lie in the road of the physician
who aims to achieve these goals. In their article on
the politics of the female pelvis, Wall and
DeLancey highlight the problems which can result
from the traditional subdivision of the female
pelvis into domains reserved for the specialties of
urology, gynecology and colorectal surgery [2].
This artificial subdivision of the pelvic structures
encourages a form of tunnel vision in which each
organ is treated as if it was independent from
adjacent organs. It ignores the functional overlap
of the pelvic organs. Therapy resulting from this

approach, at best, by ignoring this functional
overlap, will be incomplete and at worst, may pre-
cipitate iatrogenic problems – witness the patient
in whom milder degrees of pelvic organ prolapse
are transformed by an incontinence procedure
into clinically significant pelvic prolapse [3].
Recognition of the limitations inherent in pelvic
subdivision has resulted in two thrusts: (1) greater
collaboration between the specialties which 
treat pelvic organ problems and (2) establishment
of training programs designed to equip physicians
with a comprehensive understanding of the 
pelvis.

Every clinical evaluation begins with an interac-
tion between a physician who promises to provide
advice and care and a patient who attends the physi-
cian with a medical problem. If it is to be successful,
this interaction should have the following goals:

1. The physician must understand the impact of
the problem on the patient’s life and the expec-
tations with which the patient enters into their
relationship.

2. The patient must be informed about the full
spectrum of investigations and treatment
options and they must be engaged in the selec-
tion process.

3. A contract must be established which repre-
sents the consensus of this interaction.

Failure to achieve all of these goals will mean that
the interaction is less than fully satisfactory for one
or both parties.

The logical order of the steps in this clinical
interaction is (1) information gathering and 
summarization (2) discussion of a differential
diagnosis and investigation plan (3) investigations
(4) review of findings and (5) development of a
treatment plan.
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Information Gathering
Although comprehensive evaluation of every patient
ensures that nothing will be overlooked, such an
unwavering approach is neither cost-effective nor
necessary to maintain a standard of exemplary
patient care. A triage approach to investigation and
management is better suited to the above-men-
tioned goals [1].Women complaining of urinary
and/or anal incontinence who have not undergone
pelvic surgery qualify for a basic evaluation [4]. The
components of this basic evaluation are listed in
Table 8.1.

Medical Information
A medical history and symptom review permit:
(1) the identification of patients who should
undergo more extensive investigation; (2) the for-
mulation of a differential diagnosis for the cause of
incontinence; and (3) an assessment of the degree of

lifestyle impairment caused by incontinence. The
traditional medical history relies upon the commu-
nication skills of both the physician and their
patient for its completeness. In some cases, where
both participants in this interaction are fluent and
versed in the interpretation of both verbal and non-
verbal communication, a clear picture of the clinical
problem will emerge. In other circumstances where
communication is poor or pressure of time prevails,
the clinical picture may be incomplete or distorted.
Tables 8.2 and 8.3 illustrate symptoms consistent
with certain diagnostic categories of urinary and
fecal incontinence. Inquiry concerning these symp-
toms forms the core of the incontinence history. To
improve the chance of achieving a clear and accu-
rate clinical picture, the medical history should be
supplemented by two forms of additional informa-
tion – questionnaires and diaries.

Traditional questionnaires help to fill out and
complete the clinical history [5]. By having the
patient complete a standardized questionnaire, the
physician ensures that no important details of
the medical history will be overlooked. While ensur-
ing the comprehensiveness of the medical history,
the questionnaire saves time for a busy clinician. But
the traditional clinical history, even when it is sup-
plemented by a questionnaire, neglects an equally
important component of the patient’s history – the
impact of the clinical condition on their quality of
life. Global quality of life measures look at the total
medical picture and its impact upon lifestyle and
sense of well-being. Symptom-specific quality of life
measures are better able to focus on the symptoms
of a particular organ system and measure their
impact [6]. They provide insight into the relative
importance of the symptoms.
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Table 8.1 The components of a basic evaluation of urinary and/or
anal incontinence

1. Medical history and symptom review
2. Urinalysis and urine culture
3. 24-hour urolog/anolog
4. Record of dietary intake and bowel evacuation pattern
5. Physical examination
6. Objective demonstration of incontinence

Table 8.2 A urinary tract symptom review

Symptoms suggestive of stress incontinence Loss of urine with activities producing sudden increases in intra-abdominal pressure 
(coughing, lifting and jolting physical activities)
Urine volume lost with each episode is small (few drops to a tablespoon)
Patient able to satisfactorily protect against socially embarrassing incontinence
episodes by using menstrual pads

Symptoms suggestive of unstable bladder Frequent episodes of urgency incontinence
Urine volume lost with each episode is often large (tablespoon to greater than one cup)
Urinary frequency
Incontinence episodes provoked by sensory stimuli (feeling cold temperature, hearing 
running water)
Patient often has to resort to incontinence garments to avoid socially embarrassing 
incontinence episodes

Symptoms suggestive of an irritative abnormally Urinary frequency prompted by an inability to tolerate the pain caused by bladder 
in the urethra or bladder filling.

Nocturia
Hematuria
Dysuria



Diaries are a means of obtaining a more objective
record of the events of daily life [7]. In the case of
the urinary incontinence diary, the urolog (Figure
8.1), the frequency and volume of micturitions and
the quality and quantity of fluid consumption are
recorded. Incontinence episodes and their precipi-
tating factors are also noted. This objective record
provides: (1) a clear reflection of the frequency and
severity of incontinence episodes and (2) some clues
as to the etiology of the incontinence. This informa-
tion forms the basis for a number of practical rec-
ommendations for lifestyle modification (Table 8.4).

A similar record to document episodes of anal
incontinence is useful. Dietary and behavioral
modification will help patients with anal inconti-
nence (Table 8.5). Despite the wealth of useful 
information obtained by using these methods,
medical history alone is not sufficient to make a
definitive diagnosis and must be supplemented by
other investigations [8].

Clinical Examination
The extent of the clinical examination will reflect
both the complexity of the presenting clinical
picture and the contract established between physi-
cian and patient. The clinical evaluation of patients
should be tailored to their presenting complaint(s).
While many patients will present with a spectrum of
interrelated problems, it is helpful to outline the
conservative clinical evaluation of three symptom
categories – urinary incontinence, anal incontinence
and pelvic organ prolapse. Before outlining the
investigations specific to these symptom categories,
discussion will focus on the investigation common
to all, the pelvic examination.

Pelvic Examination

The pelvic examination should be designed to 
evaluate both the structural and functional integrity
of the pelvic structures and organs. Structural
integrity is reflected in the quality of the tissues, the
location and support of the pelvic organs, and the
presence of pelvic organ pathology. Functional
integrity is assessed by tests which measure 
neurologic function, as well as smooth and striated
muscle function. A complete pelvic examination can
be completed with a few basic pieces of equipment
(Figure 8.2).
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Table 8.3 Symptoms and findings associated with diagnostic categories of fecal incontinence

Overflow incontinence Symptoms: continuous leakage of liquid stool (often in physically or mentally impaired patients)
Cause: impairment of anorectal sensation
Physical findings: rectal examination and/or abdominal X-rays confirm fecal impaction

Reservoir incontinence Symptoms: rectal urgency and incontinence of liquid stool
Causes: inflammatory bowel disease, radiation proctitis, rectal ischemia, etc.
Physical findings: vary with the disease process

Recto sphincter incontinence Symptoms: fecal staining, incontinence of liquid or solid stool
Causes: impairment of anal sphincter function and rectal sensation
Physical findings: impairment of external anal sphincter and puborectalis muscle function.
Decreased rectal sensation

Figure 8.1 The urolog.



Examination for the Structural Integrity of the
Pelvis
The examination for the structural integrity of the
pelvis includes an estimation of the thickness of the
vaginal epithelium, an indirect reflection of expo-
sure of the pelvic organs to estrogen. Adequate
amounts of estrogen are essential to the mainte-
nance of (1) thick vaginal and urethral epithelium,
(2) normal blood flow to the urethral adventitia and
periurethral vascular plexus, and (3) normal pelvic
nerve conduction. Deficiency of estrogen clearly
compromises the structural integrity of the pelvis
[9–11].

Pelvic organ prolapse often accompanies inconti-
nence. Identification and quantification of pelvic
organ prolapse is essential for two reasons: (1)
pelvic prolapse may compromise the voiding–conti-
nence mechanisms and (2) it must be taken into
account when developing both conservative and sur-
gical treatment plans. Until recently, a number of
semiquantitative systems were used to characterize
pelvic organ prolapse [12,13]. The reliability and
reproducibility of these systems was not proven. A
collaborative effort among a number of surgical
societies resulted in the development of a more
objective system for quantifying pelvic organ pro-
lapse called the POP-Q [14]. This system relies upon
nine site-specific measurements which can also be
combined into an ordinal staging system. This
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Table 8.4 Urinary symptom based lifestyle guidelines

Symptom Recommendations

1. Urinary frequency and/or urgency Reduce 24-hour intake to 5–6 cups
Caffeine containing beverages and foods should be eliminated from the diet
Avoid or reduce alcohol intake
Void at regular intervals during the day (at least every 2 hours)

2. Nocturia Reduce 24-hour fluid intake to 5–6 cups
Stop drinking after the evening meal
Avoid caffeinated beverages in the evening
Identify and eliminate other causes of waking

3. Stress incontinence Void every 2 hours to keep the bladder volume low
Void prior to any vigorous physical activity

Table 8.5 Dietary and behavioral modification for patients with anal incontinence

● A low residue diet to improve stool consistency and to decrease colonic pressure
● Avoidance of flatus-producing foods (high fiber) and carbonated beverages
● Decreased air swallowing by the avoidance of sipping hot beverages and chewing gum
● Daily exercise to stimulate bowel function
● A visit to the bathroom within 15 to 30 minutes after each meal will promote regular bowel evacuation by enlisting the natural 

gastrocolic reflex
● Avoidance of straining at stool which can exacerbate denervation injury by stretching the pudendal nerve
● Regular use of a mild suppository (glycerin) at the same time each day may help to promote regular bowel emptying

Figure 8.2 Equipment for clinical pelvis examination.



system has proven to be reproducible [15]. Although
a number of measurement tools have been
described, a tongue depressor marked with indelible
ink works well and is readily available (Figure 8.3).
Although a reproducible system should result in
greater consistency when research results are
reported, any advantages it may offer the clinical
process of classification and management of
patients remain to be demonstrated. Richardson has
demonstrated that the anterior vaginal wall depends
for its support not only upon the integrity of the
tissues separating the bladder from the vagina, but
also upon its attachment to the arcus tendineus
fascia pelvis (ATFP) [16]. Examination of the ante-
rior vaginal compartment must be designed to iden-
tify specific defects. The two most common findings
are central and paravaginal defects. In their classic
presentations, cystoceles caused by these two defects
have distinct appearances. The pulsion-type cysto-
cele, caused by stretching and attenuation of the
anterior vaginal wall tissues (central defect), has a
smooth surface devoid of rugae (Figure 8.4) [17].
The traction-type cystocele caused by detachment
of the pelvic sidewall support (paravaginal defect),

in contrast, results in preservation of vaginal rugae
(Figure 8.5). Support of the vaginal fornices during
the examination, while eliminating a traction cysto-
cele due to a paravaginal defect, will have no effect
on a pulsion-type cystocele caused by a central
defect (Figure 8.6). Some patients will be found to
have a combination of both defects.

Pelvic masses, extrinsic to the pelvic organs or
arising from them, may be identified during pelvic
examination. Extrinsic masses impinging upon
pelvic organs, by affecting their function, will
produce a variety of symptoms. Intrinsic masses
raise the possibility of malignancy and must be con-
sidered in the management plan.

Examination of the Functional Integrity of 
the Pelvis
The functional integrity of the pelvis is primarily
dependent upon normal nerve conduction in con-
junction with normal function of both autonomi-
cally innervated smooth muscle and somatically
innervated striated muscle. Although dysfunction of
autonomic innervation and smooth muscle sphinc-
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Figure 8.3 Tongue depressor marked in centimeters. Figure 8.4 Pulsion-type cystocele (central defect).



ter function may be inferred from symptoms, there
are no tests which can be performed during a pelvic
examination to identify these problems. During the
pelvic examination, functional integrity is reflected
by the normality of a basic neurologic examination
(Table 8.6) and by the striated muscle activity.
Questions which the examiner should consider
during the examination of the functional integrity
of the pelvic muscles include: (1) Are the muscles
morphologically symmetrical? (2) Are there 
any defects in the muscle such as hernias or tears
from obstetrical trauma? (3) Is there any scarring? 
(4) What is the volume of the muscles? (5) Is 
there voluntary symmetrical contraction? (6) Does 

contraction elevate the bladder neck and/or 
anorectal angle? [18]

The examiner uses both inspection and palpation
to answer these questions. During inspection when
the levator ani muscle group is healthy, voluntary
contraction of these muscles will result in a pucker-
ing and indrawing of the vaginal introitus, anal
sphincter and perineal body. Coughing should
produce little or no descent of the perineum either
in the supine or standing positions. In the patient
whose levator ani muscle function is compromised,
voluntary contraction may produce minimal puck-
ering or no movement at all. Coughing will produce
perineal descent and gaping of the vaginal introitus
with accompanying pelvic organ prolapse. These
observations are exaggerated in the standing 
position.

During palpation, the examiner attempts to evalu-
ate muscle bulk, resting tone, contractile strength
and reflex response to cough. Vaginal examination
with a gloved index finger (Figure 8.7) permits
assessment of the resting bulk and symmetry of the
paravaginal muscles, primarily the pubococcygeus
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Figure 8.5 Traction-type cystocele (paravaginal defect). Figure 8.6 Ring forceps supporting the lateral vaginal fornices.

Table 8.6 The elements of a screening neurologic evaluation of the
incontinent woman

1. Sensory dermatomes of the lower limbs
2. Strength in the lower limbs
3. Sacral nerve reflexes (a) Bulbocavernosus

(b) Anocutaneous



muscles (PCM). Normally, the PCM is felt as a dis-
tinct 1 to 2 cm band which surrounds the vaginal
introitus and closes it. A weak or attenuated PCM
may be indistinguishable from the surrounding
tissues. During rectal examination, the intact exter-
nal anal sphincter (EAS) grasps the examining
finger. The pubococcygeus muscle swings around
the anorectal junction and at rest it pulls the junc-
tion forward to create an acute angle between the
anal canal and rectal ampulla. If there is a deficiency
of the anterior EAS it is usually accompanied by a
deficient perineal body. By palpation, this area will
seem to be composed almost exclusively of skin.

The voluntary function of the pelvic floor muscles
can be assessed subjectively. A more sophisticated
evaluation of pelvic floor function known as the
PERFECT scheme involves assessments of the power
(P), the endurance (E) and the number of repeti-
tions (R) which a subject is able to achieve [19].
Every (E) contraction (C) is timed (T) to ensure that
progress can be objectively demonstrated. Using this
system the power of a muscular contraction is
graded from 0 (no movement) to 5 (strong contrac-
tion), a system based upon the Oxford grading
system. Both slow and fast twitch muscle fibers con-
tribute to power. The endurance, measured in
seconds, is the duration of time that a maximum
vaginal contraction can be maintained and reflects
the activity of slow twitch fibers. The number of
maximum vaginal contractions which can be
repeated and held for a specified time becomes the
patient’s baseline “number”, forming the basis for
her exercise prescription. Re-evaluation of patient
performance is recommended once weekly for the

first month and every 2 weeks after that for up to 6
months.

Other aspects of pelvic muscle function which
can be evaluated include coordination and reflex
response. A patient with a healthy functioning pelvic
floor should be able to contract and relax the pelvic
floor both quickly and slowly on command. An
increase in intra-abdominal pressure should result
in a reflex contraction of the pelvic floor muscles
which can be observed at the introitus and palpated
digitally.

Components of the Clinical
Examination for Specific
Symptom Categories

Urinary Incontinence

Urinalysis and urine culture are essential before
beginning a more involved investigation of the
urinary tract. Urinary tract infection (UTI) may be
responsible for some or all of a patient’s symptoms
[20]. If UTI is diagnosed, successful treatment
should be confirmed before other investigations and
therapy are initiated. Symptoms may resolve after
successful treatment of UTI. Instrumentation,
whether for endoscopic evaluation or urodynamics
testing, may exacerbate UTI and lead to iatrogenic
complications. Falsely positive urodynamic test
results may occur if UTI is present.

The stress test, conducted by having the patient
cough in either the supine or standing position, pro-
vides objective evidence of urinary incontinence.
This test may provide some evidence of the clinical
severity of incontinence. Patients who leak, after
voiding, while coughing in the supine position 
probably have a much more compromised 
continence mechanism when compared to those
who leak minimally while coughing in the standing 
position with a full bladder. A more objective
measure of the severity of urinary incontinence 
can be achieved using a pad test [7]. With a sympto-
matically full bladder the patient is asked, while
wearing a pre-weighed perineal pad, to perform a
number of activities which would normally induce
incontinence. The post-test pad weight difference is
calculated. During stress testing, the ability of the
patient to augment the continence mechanism can
be assessed. Some patients are able to contract the
pelvic floor muscles, thereby elevating the ure-
throvesical junction (UVJ) and constricting the
external urethral sphincter sufficiently to prevent
urinary incontinence during coughing.
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Figure 8.7 Palpation of pubococcygeus muscle.



UVJ mobility can be assessed clinically by visual
inspection of the anterior vaginal wall or by using a
lubricated Q-tip inserted to the UVJ – the Q-tip test.
If either the resting (Figure 8.8) or straining angles
(Figure 8.9) of the Q-tip exceed 30º above the hori-
zontal, the UVJ is hypermobile. UVJ hypermobility
should be demonstrated before mechanical
(pessary) or surgical support is undertaken.

When symptoms of overactive bladder are promi-
nent in the clinical picture, detrusor instability must
be suspected. A simple office (or bedside) testing
device involves a 60 ml syringe attached by an
adapter to a straight catheter (Figure 8.10). Aliquots
of fluid are used to fill the syringe. An elevation of
the water level in the syringe accompanied by symp-
toms of urgency is strongly suggestive of unstable
bladder.

Fecal Incontinence

The neurological and functional examinations of
the pelvis outlined earlier encompass most of what
is necessary for the clinical evaluation of fecal

incontinence. Rectal examination rules out
impacted stool while assessing the function of the
external anal sphincter and the puborectalis
muscle.

Pelvic Prolapse

The standard pelvic examination includes an assess-
ment for pelvic organ prolapse. When moderate to
severe degrees of prolapse of the anterior and/or
central compartments exist, stress urinary inconti-
nence may be masked. In some patients, reduction
of the prolapse will reveal this “latent” stress incon-
tinence (Figure 8.11). A finding of latent stress
incontinence should prompt a modification of both
the conservative and surgical management plan.

Conclusions
Armed with the information gathered from this
basic clinical evaluation of the pelvis, the physician
is in a position to outline conservative treatment
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Figure 8.8 Q-tip angle at rest. Figure 8.9 Q-tip angle with Valsalva.



options. In some cases more extensive investigation
will be warranted, but the majority of patients
neither want nor require extensive evaluation prior
to a trial of conservative therapy.
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Introduction
The most accurate tools that are available for the
investigation of the lower female urinary tract in
those with voiding dysfunction include a history,
physical examination and urodynamic studies.
Urodynamic studies have become more and more
sophisticated over the last few years. These studies
include filling cystometrogram(CMG), pressure
flow studies, electromyography(EMG) studies, ure-
thral pressure profile(UPP) studies, Valsalva leak
point pressure (VLPP) and video or fluoroscopic
urodynamics. All these studies can be done at one
sitting to give us the most accurate assessment of a
female patient’s lower urinary tract function. This
information, however, must be used in conjunction
with the patient’s clinical symptoms and treatment
should not be based solely on the urodynamic
findings. Lastly, not every female patient with a
lower urinary tract problem not requires urody-
namic investigation. These sophisticated studies
should be generally reserved for patients with
complex problems and those who have failed
therapy. In this chapter we will discuss non-video
urodynamic testing of the lower female urinary
tract.

Urodynamics
Urodynamic testing can vary in complexity from a
simple “eye ball” CMG [1] to video multichannel
urodynamics. What is used is based on what is avail-
able for the clinician and the patient’s problem. If
simple bladder instability needs to be demonstrated
then a simple CMG can be adequate. If a patient has
had multiple incontinence procedures and is still

incontinent video multichannel urodynamics are
required.

Cystometrogram (CMG)
CMG is the most simple urodynamic test available.
It can be done in the office or in the cystoscopy suite
by simply inserting a 14 French Foley catheter into
the bladder once the patient has voided. In the past
some clinicians have used a suprapubic catheter
instead of a urethral catheter. There is no real
advantage in using a suprapubic catheter and it is
much more invasive. It has been essentially aban-
doned in most centers. The insertion of the catheter
provides a post-void residual to start with. Once the
bladder is empty a 500 ml saline intravenous bag
and tubing with a drip chamber is connected to the
catheter with the patient in the sitting or standing
position. Fluid is run into the bladder at a slow or
moderate rate (i.e. 25–50 ml/minute). The intra-
venous bag must be kept above the patient’s pubis at
a height of 15–20 cm to run in. If the patient has an
unstable contraction the fluid inflow will back up as
seen in the intravenous tubing drip chamber and/or
it will leak around the catheter. Once the patient is
filled to a comfortable capacity the catheter is
removed and the patient can be stress tested (i.e.
coughing, straining etc.) for urinary leakage and
then asked to void. The volume voided is measured
and the residual can be determined with reasonable
accuracy by subtracting the volume infused by how
much was voided and leaked out. Simple CMG elec-
tronic equipment is now readily available. It can
provide more accurate results than an “eye ball”
CMG by picking up low pressure instability and can
document the actual pressure increase (i.e. cmH2O).
CMG electronic equipment uses a pressure trans-
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ducer to pick up changes in bladder pressure.
Numerous models are available at varying costs. A
three-way stopcock is attached to the drainage port
of the Foley catheter with an adapter. The second
port is for infusion of saline and the third port is for
the CMG pressure transducer. The tubing for the
pressure transducer is fluid filled. Filling is then
started and the CMG pressure transducer is zeroed.
Filling should be at a constant rate. The CMG is
zeroed once the infusion is started since the infu-
sion rate affects bladder pressure readings when
both infusion and pressure measurements are done
through a single lumen (Foley catheter). Any
increase in pressure in the bladder is picked up by
the transducer and is recorded. When the infusion
is stopped the pressure transducer may record a
negative pressure and this may need to be zeroed
once again.

An even simpler technique than using a stopcock
is to use a dual lumen catheter. One port is for infu-
sion and the other port is for pressure readings with
a transducer. The dual lumen catheter prevents the
infusion of fluid affecting pressure measurements.
The dual lumen catheter may be costly.

The major problem with a simple CMG is that it
is only a single channel. In other words, we are only
measuring intravesical pressure. Intravesical pres-
sure will include any effect from the detrusor itself
(i.e. a detrusor contraction) and outside effects (i.e.
coughing, talking and straining). As a result, with a
simple CMG low pressure unstable contractions
may not as readily be picked up and straining 
may be misinterpreted as an unstable detrusor 
contraction.

Some clinicians have advocated using gas infu-
sion instead of saline. The use of gas such as carbon
dioxide has multiple problems associated with it.
There is considerable variability and poor repro-
ducibility in results when the test is repeated in the
same patient. Gas can leak around the catheter
unnoticed and result in false negative results for
detrusor instability [2–4]. It is more difficult to
monitor the exact amount of gas infused and hence
a risk of bladder perforation in the elderly. Lastly,
saline, like urine, is incompressible. In contrast, gas
is compressible and hence can cause artifacts during
urodynamics. In the majority of urodynamic labo-
ratories, saline or H2O is used and is more similar
physiologically to urine. Also, saline infusion allows
for other tests to be performed such as a flow study
and stress testing. Temperature of the infusion
liquid may have an effect on bladder contractions.
Saline or H2O at room temperature is recom-
mended. In some cases such as a neurogenic bladder
ice water is used to provoke detrusor hyperreflexia
(“ice water test”).

Lastly, the indications for a simple CMG are as
follows (these are relative): (1) history of pure
urgency or urge incontinence; (2) leakage without
warning (no stress incontinence).

Multichannel Urodynamics
For complex cases of voiding dysfunction multi-
channel urodynamics is used. Adding simultaneous
fluoroscopy/video makes this test the most accurate
available to assess voiding dysfunction. As the name
implies, multiple channels are used. In other words
with a simple CMG we measure only intravesical
pressure. With multichannel testing we can measure
intravesical pressure, rectal pressure (intra-abdomi-
nal pressure), true detrusor pressure and EMG. We
can also measure volume infused, volume voided
and flow rate. All of this information can be printed
out in a coordinated chart form (Figure 9.1). This
allows for simultaneous comparison of all the para-
meters at the exact intervals during filling.

Rectal pressure can be measured in numerous
ways. It is supposed to reflect intra-abdominal pres-
sure, which can obviously affect intravesical pres-
sure. Rectal pressure can be measured by a simple
balloon catheter inserted into the rectum. The
balloon catheter is filled with fluid and attached to a
pressure transducer via fluid-filled tubing. Another
method is to insert a small 8 French feeding tube
into the rectum and very slowly infuse saline 
(5 ml/minute) through the feeding tube into the
rectum. The feeding tube is attached via fluid-filled
tubing to a pressure transducer. A feeding tube is
less costly than a balloon catheter but has some pit-
falls. In using a slow infusion through a feeding tube
fluid may leak out of the rectum and may be mis-
taken for urinary leakage. The last method to
measure rectal pressure is to use a rectal pressure
microtransducer tip catheter. These catheters are
expensive. They can be reused but they can poten-
tially be contaminated and transmit disease. As a
result, they are not commonly used. We generally
use a new rectal balloon catheter or feeding tube
which does not have to be sterile.

Intravesical pressure can be measured by two
methods. The first involves inserting a dual lumen
catheter with one port for infusion and one port for
measuring pressure with a pressure transducer via
fluid-filled tubing. Drawbacks in using such a
catheter is that it is generally 12 French or larger
and this size of catheter may be obstructing and will
affect flow rate and voiding pressure during pres-
sure/flow studies [5]. We recommend the second
method, which uses a 14 or 12 French Foley catheter
with a 5 French pressure catheter inserted together.
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The 5 French catheter is attached to a pressure
transducer via fluid-filled tubing and can record
intravesical pressure. The 5 French catheter comes
with an intraluminal stylet which feeds into the
Foley catheter eyelet. Once both catheters are intro-
duced together into the bladder the stylet is
removed, allowing the 5 French pressure catheter to
disengage from the Foley catheter to float freely in
the bladder. The Foley catheter balloon is inflated to
prevent the catheter from falling out. Care must be
taking to ensure the balloon of the catheter is not
over-inflated as this may provoke bladder instabil-
ity. With this technique infusion of saline can occur
into the bladder without affecting the 5 French
bladder pressure catheter. The 5 French pressure
catheter measures total intravesical pressure
changes. These are affected by detrusor contractions
and intra-abdominal pressure changes such as
coughing and straining. Once infusion is completed
the Foley catheter can be removed and the patient
can void easily around the small 5 French pressure
catheter. This small size catheter is not obstructing

and true flow and voiding pressure can be recorded
simultaneously. Once all the catheters are inserted
the pressure transducers (rectal and intravesical)
can be zeroed. Furthermore, the transducers must
be at the level of the patient’s pubis at all times
during the study. If the patient’s position is altered
(i.e. from sitting to standing) the transducers are
altered or the change in pressure with the change in
position must be documented and taken into
account when recording values.

With the presence of a rectal pressure catheter
and an intravesical pressure catheter we can deter-
mine true detrusor pressure values. By subtracting
the intravesical pressure (total bladder pressure)
from the rectal pressure (intra-abdominal pressure),
we can determine true detrusor pressure changes
such as hyperreflexia or instability or poor compli-
ance. With these two catheters we can accurately
determine bladder pressure changes by eliminating
confusing artifacts such as straining, talking and
coughing which will increase intra-abdominal
(rectal) pressure and hence intravesical pressure.
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Figure 9.1 A typical multichannel urodynamic study without EMG in a woman.(Flow = flow rate,Volume = volume voided, Pabd = rectal pres-
sure, Pves = intravesical pressure, Pdet = Pves – Pabd or true detrusor pressure, EMG = electromyography,VH2O = volume infused.)



This aspect alone makes multichannel urodynamics
more accurate than a single channel simple CMG.
Furthermore, subtle changes in bladder pressure
increases (i.e. pressure changes less than 10 cmH2O)
may be picked up with multichannel testing.

With coughing and straining rectal pressure read-
ings may not equal intravesical pressure readings at
times. There may be some subtle differences which
cause this. The catheters used to measure rectal and
bladder pressure may be different sizes and the
techniques of measurement of pressure are differ-
ent. Also intra-abdominal pressures may not be
transmitted evenly to the bladder and rectum. As a
result, at the beginning of each study the difference
between rectal and bladder pressure with coughing
or straining should be made equal or noted and
then the instrumentation should be zeroed. If a dif-
ference is recorded between rectal and bladder pres-
sure catheters prior to starting the test, it must be
taken into account for all later readings.

Infusion Rate and Measurement
An intravenous bag of saline is hung from an infu-
sion weight transducer at a height of 15–25 cm.
When the infusion starts the weight of the intra-
venous bag decreases and the transducer records
this as the volume infused. With this method the
rate of infusion can also be measured. Different
infusion rates are used during urodynamics. A slow
fill, which we consider to be <25 ml/minute, can be
used in patients with severe instability to allow an
adequate volume of fluid to be infused. This rate of
infusion is often used in patients with neurogenic
bladders. Medium fill is at approximately 25–50
ml/minute and is used in most patients to start with.
Fast fill at >50 ml/minute can be used to provoke
bladder instability or hyperreflexia. One potential
pitfall with a fast fill infusion rate is that it may give
a false positive finding of poor compliance (a
significant pressure rise with filling)[6]. The cause of
this is not exactly clear but may be related to the
inability of the bladder to accommodate fluid so
rapidly. In most individuals the average urine output
is 30–100 ml/hour. In a urodynamic study the infu-
sion rate can be 50 ml/minute or 3000 ml/hour. This
clearly is not a physiological infusion rate.

Positioning
Positioning can be very important. We perform uro-
dynamics in the sitting position in most patients. In
patients who are immobile we will perform testing

in the supine position. It has been shown that 58%
of “unstable bladders” will remain undetected if the
urodynamics is only performed in the supine posi-
tion instead of being done in the sitting or upright
position [7,8]. Other maneuvers such as jumping,
walking on the spot or coughing or straining can
also provoke an unstable bladder contraction.
Placing the patient’s hand in warm or cold water or
the sound of running water may also provoke an
unstable bladder contraction.

Uroflow
Flow rate and volume voided is measured also by
collection of the fluid voided into a container sitting
on a weight transducer which measures the volume
voided over a time interval (cc/second). Peak flow
rate appears to be the most important parameter
used. Close assessment of the peak flow rate on the
graph must be done to rule out artifacts such as
shifting of the weight transducer. Other parameters
such as voiding time and volume voided are also
important. Generally speaking, a voided volume of
>150 ml is needed to assess peak flow rate accu-
rately. Lower volumes voided may not adequately
stretch the detrusor muscle to allow full muscle
fiber contraction and hence a lower flow rate.

Electromyography (EMG)
EMG is the study of electrical potentials produced
by the depolarization of the muscle membrane.
EMG studies are used to assess the activity of the
pelvic floor muscles and external sphincter. There
are two methods used for EMG studies. For both
methods the patient must be grounded. Surface
electrodes placed on the perineum are easy to do
and are attached to an EMG recorder. This recorder
will show a visual scale indicating pelvic floor activ-
ity. Often this scale is used with an auditory scale
also (i.e. increased noise = increased pelvic floor
activity). Unfortunately, surface electrodes are not
accurate and have a tendency to fall off. Needle EMG
electrodes are either very small needles or needles
with small wires (the needles are removed and the
wires are left in) which are placed in the perineum.
This is far more accurate than surface electrodes.
These needles need to be placed very accurately into
the perineal musculature associated with the exter-
nal sphincter. This may be very difficult and takes a
great deal of experience. EMG studies are used to
rule out a spastic external sphincter. In patients with
detrusor external sphincter dyssynergia (DSD) the
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external sphincter fails to relax when the detrusor is
contracting. In this case EMG activity of the external
sphincter will be high during a bladder contraction
and voiding. A spinal cord injury between the brain-
stem and sacral cord or other lesions that affect this
area of the spinal cord (i.e. multiple sclerosis) can
cause DSD. In the majority of female patients EMG
studies are rarely needed and other measurements
can be used to rule out excessive external sphincter
activity (DSD) or urethral “spasms”.

Normal Filling and Voiding
In normal individuals as the bladder fills it accom-
modates fluid without a rise in intraluminal pres-
sure. As the bladder fills pelvic floor activity and
urethral pressure rises to maintain continence (i.e. a
slow rise in EMG activity). As the bladder reaches
capacity the pressure rises slightly. When the patient
voids there is a rise in intraluminal bladder pressure

(usually <40 cmH2O),and the bladder neck, external
sphincter and urethra relax (minimal EMG activity).
When this occurs the urine is propelled through the
urethra and meatus. There are a number of abnor-
mal things that can occur during the filling and
voiding phases of multichannel urodynamics that
can be recorded.

Urodynamic Dysfunction

Filling Phase

Compliance is the ability of the bladder to accom-
modate fluid without a rise in pressure. It is defined
as C = change in volume/change in pressure. Low
detrusor compliance or poor compliance is a rapid
increase in detrusor pressure for a small volume
(Figure 9.2). Generally, an increase in pressure
greater than 3.3 cmH2O per 100 ml filled is consid-
ered abnormal [9]. True detrusor pressure should be
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Figure 9.2 A young woman with spina bifida who has poor detrusor compliance. Note the rise in Pdet (subtracted true detrusor pressure) (see
arrows) as the bladder is filled (VH2O).



lower than 15–20 cmH2O [9]. We like to use the end
filling pressure at a certain volume. We record the
true detrusor pressure at a certain volume which is
usually capacity. If there is no leakage this is termed
the end filling pressure. It is important also to record
the volume with which this occurs. Normally, the
detrusor pressure stays below 10 cmH2O regardless
of volume until the individual is ready to void.
Hence an end filling pressure of 20 cmH2O at a
volume of 200 ml is considered poor compliance in
the absence of an unstable contraction. In some
cases poor compliance may be difficult to differenti-
ate from bladder instability. In these cases we stop
the infusion and wait for the pressure rise to
subside. If after a period of time the pressure does
not go down this is suggestive of poor compliance
as opposed to bladder instability. If the pressure rise
goes down with time, then this pressure rise repre-
sents bladder instability. The causes of poor or low
compliance are listed in Table 9.1. Basically, any
process which affects the bladder wall itself or the
nerves which supply the bladder can cause poor
compliance. Poor or low compliance can result in
discomfort upon bladder filling, urinary frequency
or incontinence and possible damage to the upper
urinary tract due to high pressures within the
bladder. In some cases a weak detrusor is also
present resulting in poor emptying.

High compliance is the ability of the bladder to
accommodate abnormally high volumes without a
significant rise in bladder pressure. This may be as a
result of the detrusor muscle being chronically over-
stretched. This can occur in individuals who delay
voiding, who void infrequently or who drink large
volumes of fluid per day. These individuals will
carry large bladder volumes between voids or empty
very poorly. In some patients who have high com-
pliance they may be able to empty out their large
volumes with normal voiding pressures. In many of
these patients bladder sensation is decreased.
Hence, conditions which result in polydipsia or
polyuria such as diabetes mellitus or insipidus can
result in this problem. Psychiatric patients who are
on antipsychotic medications with anticholinergic
side effects often have a dry mouth, polydipsia and

polyuria. This will result in large bladder volumes,
high compliance and poor emptying. Furthermore,
the anticholinergic side effect of bladder relaxation
can also contribute to this problem.

The other cause of high compliance is poor 
sensation. Diabetes mellitus can result in a sensory
neuropathy in the bladder causing chronic over-
stretching of the detrusor muscle. Pernicious
anemia can also cause a sensory neuropathy of the
bladder causing high compliance. In the acute phase
of a neurological injury such as a stroke or spinal
cord injury this can result in a high compliance low
pressure detrusor curve. This should be dealt with
aggressively by preventing the bladder wall from
being overstretched; otherwise high compliance
may be prolonged or a permanent finding. In
patients with a peripheral nerve injury to the detru-
sor nerves such as a cauda equina injury, colon
surgery or radical pelvic surgery in woman can also
result in a high compliance low pressure bladder.

Bladder Sensation

Sensation of the bladder upon filling is relatively
subjective. We like to record the patient’s first sensa-
tion. Normally this occurs between 150 and 250 ml
of volume infused. We then also assess sensation
near capacity. A lack of sensation at 750 ml infused
is clearly abnormal. The extremes of sensation, i.e.
increased sensation and lack of sensation, are prob-
ably the most important findings to record [10].
Increased sensation, fullness or discomfort at a very
low volume infused can be due to numerous causes.
Poor or low compliance with a low capacity bladder
can result in increased sensation. In some patients
increased sensation alone is found with no other
urodynamic abnormality. This is termed sensory
urgency. This can occur in diseases such as intersti-
tial cystitis or may occur in patients without any
other significant illness. It can result in urinary fre-
quency, nocturia, urgency and suprapubic pressure.
Poor sensation may be a result of a neuropathy (i.e.
diabetes mellitus), spinal cord injury or chronic
bladder overdistension from other causes (i.e.
obstruction). Again, since sensation is very subjec-
tive, we can only assess the extremes of this finding.

Bladder Capacity

This too is a rather subjective measure. Do we
measure this to be when the patient is comfortably
“full” or do we fill the patient till they are in “pain?
In our urodynamic laboratory we fill the bladder till
the patient is comfortably full and would normally
void if they could get to a bathroom. The average
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Table 9.1 Causes of low or poor compliance

Indwelling chronic catheter
Inflammation
Infection
Tuberculosis
Schistosomiasis
Amyloidosis
Obstruction
Neurogenic (myelodysplasia)



capacity in females ranges from 180 to 810 ml (the
mean being 366 ml) [10].

Bladder Instability or Hyperreflexia

Bladder contractions which occur without the
individual’s control are termed detrusor instabil-
ity. If the etiology has a neurogenic basis it is then
called detrusor hyperreflexia. When there is a
sudden rise in detrusor pressure above 15 cmH2O
this is considered by definition an unstable con-
traction (Figure 9.3) [11]. However, low pressure
instability (<15 cmH2O) can also occur, which can
usually only be picked up with multichannel uro-
dynamics (Figure 9.4). These pressure increases
may be subtle and must be carefully watched for
and correlated with the patient’s sudden urge to
void. Instability may be stress induced such as an

unstable contraction brought on by coughing. The
significance of this is that it may mimic stress
incontinence. Careful evaluation with both history
and urodynamic testing will result in the correct
diagnosis. The volume with which the instability
occurs, the actual pressure reading and the
number of unstable contractions are not specific
for the specific etiology causing the bladder dys-
function. Detrusor instability or hyperreflexia can
be caused by obstruction, neurogenic causes
(Parkinson’s disease, stroke, multiple sclerosis,
spinal cord injury etc.). As mentioned previously,
in many cases we cannot find a cause for the insta-
bility. This loss of control may be due to a super-
sensitivity of the bladder wall receptors or
possibly a loss of inhibitory pathways in the brain
due to subclinical ischemia [12]. We also know that
bladder instability occurs more commonly as we
age.
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Figure 9.3 A woman with urge incontinence. Note the detrusor instability on Pdet (subtracted true detrusor pressure) (see arrows) as high as
63 cmH2O.



Detrusor Contractility

When a patient is asked to void we can measure the
voluntary detrusor contraction. It is important that
the bladder pressure catheter be small so as not to
cause obstruction itself, resulting in an elevated
voiding pressure. We use the voiding pressure at
peak flow as our maximum voiding pressure. This
must be assessed from the urodynamic graph to be
accurate. We can also use the voiding pressure at the
start of the flow and this is called the opening
voiding pressure. In women it is not clear if
maximum voiding pressure or opening voiding
pressure is a more accurate assessment of detrusor
contractility. The normal maximum voiding pres-
sure in a woman is usually less than 30 cmH2O
(Figure 9.5). In many cases it is <20 cmH2O. When
the pressure is between 30 and 40 cmH2O this 
may be elevated in some women. This region is a
gray zone. When the maximum voiding pressure is
>40 cmH2O obstruction may be present or the

patient may be voiding with an unstable contrac-
tion. This may be difficult to differentiate but a poor
flow rate will be suggestive of obstruction. A very
low maximum voiding pressure (i.e. <10 cmH2O)
suggests minimal “urethral resistance” and may be
indicative of intrinsic sphincter deficiency. However,
this must be correlated with the clinical situation
since this may be a normal finding in many women.

Obstruction in a woman may be due to failure of
the pelvic floor to relax upon voiding, too tight of a
incontinence repair or a spastic external sphincter
from a neurological cause (DSD). The typical 
urodynamic picture in obstruction would be a low
peak flow rate, a high maximum voiding pressure 
(> 40 cmH2O) and poor emptying (Figure 9.6). EMG
studies will help assess if the obstruction is due to
DSD or failure of the pelvic floor or urethra to relax.
In these cases EMG activity will be increased. In
almost all cases of a spastic external sphincter
(DSD) there is a neurological cause (i.e. spinal cord
injury, multiple sclerosis etc.).
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Figure 9.4 A woman with urgency and occasionally urge incontinence. Note the low pressure instability (DI) on Pdet (subtracted true detrusor
pressure).



Some women cannot relax their pelvic floor or
urethra when they want to void. In these women
there is no neurological disorder that can be found.
These women may have what has been termed as
“urethral syndrome” or “urethral instability”. The
exact cause of this problem is unclear and is not
considered to be true detrusor external sphincter
dyssynergia (DSD). In many instances it may be
difficult on EMG studies alone to differentiate DSD
from failure of the pelvic floor to relax.

Many women during voiding often strain. In most
cases this is of little importance. However, in some
cases women may void entirely by straining with no
detrusor contraction. Straining may be seen as an
interrupted flow pattern, elevated rectal and intrav-
esical pressure with no or minimal detrusor pres-
sure (Figure 9.7). If it is difficult to assess we simply
ask the patient to stop straining during voiding. If
indeed they are straining this will result in no eleva-
tion in rectal or intravesical pressure and the flow
will stop or be extremely slow. Some women will not
generate a voluntary detrusor contraction and will
be in retention or void a small amount with strain-

ing, leaving a large residual behind. This is termed
acontractility or areflexia. An acontractile detrusor
is a bladder which cannot contract. Areflexia 
is acontractility due to a neurological cause.
Acontractility may be a result of the detrusor being
chronically overstretched and unable to contract or
it may be due to a neurological cause such as an
injury to the nerves of the bladder (i.e. cauda equina
injury or colon surgery). Often in these patients
with areflexia there is no instability. Patients with a
spinal cord injury between the brainstem and sacral
spinal cord may have no voluntary detrusor contrac-
tions but rather hyperreflexia. Aging itself will cause
bladder contractility to deteriorate [13]. In elderly
women a condition termed detrusor hyperactivity
with impaired contractility (DHIC) may be found
[13]. These women present with a weak detrusor
with low pressure instability. This results in poor
emptying with urgency, frequency and/or urge
incontinence. In these women care must be taken
when giving anticholinergic medication to treat
urge incontinence because it may put them in reten-
tion. In most woman with retention or poor empty-
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Figure 9.5 A typical flow rate in a woman. The peak flow rate (Flow) is approximately 21 ml/second (see arrow) with a voided volume
(Volume) of 477 ml.



ing the cause is a hypocontractile bladder rather
than obstruction [14,15].

Lastly, some patients may have trouble voiding
in the presence of health care workers and with
urodynamic catheters in place. This unfortunately
is the nature of the testing and failure to void in
the laboratory may not represent pathology in
these patients. We often have these patients void in
a private bathroom and record their voided
volume.

Flow Rate

In most women flow rates are rarely obstructed.
Poor flow rates (<15 ml/second) can occur due to
obstruction from a suspension procedure, DSD or
pelvic floor spasms, a very large pelvic floor pro-
lapse that may include a cystocele, uterine or post-
hysterectomy vault prolapse or rectocele. A poor
flow can also occur with a weak detrusor. This is the
most common cause in women with a poor flow.

Post-void Residuals

Measuring post-void residual is important to assess
detrusor contractility and ability to empty the
bladder. Residual volume must be measured more
than once to get an accurate assessment. The
significance of the residual volume depends on the
clinical situation. Individuals who are asymptomatic
from a 100 ml residual do not need to be treated.
However, females with repeated infections, urge
incontinence or urinary frequency would benefit
from treatment if they had a 100 ml residual.
Clearly, small residuals (i.e. <75 ml) will cause fewer
problems than residuals that are high (i.e. >300 ml).

Urethral Pressure Profile (UPP)
UPP is the measurement of the urethral pressure
from the bladder to the tip of the urethra. Resting
UPP is the pressure measurement within the urethra
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Figure 9.6 A young woman with urinary frequency and a slow stream due to the failure of the pelvic floor and urethra to relax. Note the ele-
vated voiding pressure (Pdet = subtracted true detrusor pressure) and poor flow rate (Flow) (see arrows).



at a certain bladder volume at “rest”. Filling UPP is
the pressure measurement within the urethra with
simultaneous filling. Stress UPP is the pressure mea-
surement within the urethra with coughing or
straining at a certain bladder volume. Micturational
UPP is the pressure measurement within the urethra
during voiding.

Today the most accurate way to perform a UPP is
with a microtransducer tip catheter. Several varia-
tions in the type of catheters (i.e. size, multiple
lumens, location of the sensors on the catheter) exist
depending on the type of UPP performed. A consid-
erable amount of controversy exists regarding the
exact clinical value of the UPP. We believe its use is
limited and more accurate and reliable tests such as
video multichannel urodynamics with EMG and
Valsalva leak point pressure (VLPP) have replaced
its use. However, when the above tests are not avail-
able, or in centers with significant experience in
using UPP, adequate data regarding the female
urethra can be determined.

UPP Definitions

Functional urethral length(FUL) is the length of the
urethra in which the urethral pressure exceeds the
detrusor pressure(Figure 9.8). Maximum urethral
pressure(MUP) is the maximum pressure rise in the
urethra (Figure 9.8). Maximum urethral closure pres-
sure is the difference between the maximum urethral
pressure and the intrinsic bladder pressure [16].

Technique

“Static” or resting UPP is performed by pulling a
microtransducer tip catheter at a constant rate
(either by hand or by machine at a set rate) from the
bladder to the tip of the urethra at a set bladder
volume and measuring and recording the pressure
during this pull. With a dual lumen microtransducer
catheter with multiple sensors along the catheter to
measure pressure along the urethra, a filling UPP
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Figure 9.7 An elderly woman who voids with straining and has a weak detrusor. Note the elevated Pabd (rectal) pressure and low Pdet (sub-
tracted true detrusor pressure) with a poor flow (Flow) (see arrows).



without pulling can be performed. Stress UPP can
also be done this way but the catheter must be small;
otherwise it may be obstructive. Stress UPP can also
be done with a microtransducer tip catheter being
moved either antegrade or retrograde during strain-
ing. Micturational UPP can be done with a small
dual lumen microtransducer catheter with multiple
sensors along the catheter. During voiding the ure-
thral pressure is recorded. Again, a large catheter
may itself be obstructive and give inaccurate results.

Technical Problems

As can be imagined, a number of technical problems
may occur during these tests. Manually pulling out
the microtransducer catheter does not give a consis-
tent pull rate and hence readings may be inaccurate.
Mechanical pull machines are more consistent.
However, the pull rate has not been clearly defined.
Position of the transducer in relationship to the ure-
thral wall will affect pressure measurements
[17–19]. The exact positioning of the microtrans-
ducer tip in the urethra is very hard to tell even on
fluoroscopy. Bladder volumes at which to record
resting or static UPP have not been determined ade-
quately. Bladder filling during UPP measurement
may cause unpredictable results [20]. Posture will
also affect UPP results [19]. Lastly, many women
with a low UPP are continent and vice versa.

Indications for UPP

In our laboratory the indications are minimal in
female patients. It can be used in women with stress

incontinence when video multichannel urodynam-
ics is not available, in women with intrinsic sphinc-
ter deficiency, or after intraurethral bulking agent
injections (collagen, Teflon etc.) or after suspension
procedures. It can also be used in neurogenic
bladder dysfunction to assess urethral function. In
almost all of the above indications, better and more
accurate testing is available using video multichan-
nel urodynamics with EMG and VLPP testing, which
can easily assess all of the above problems.

Valsalva Leak Point Pressure
(VLPP)
This is defined as the minimal pressure within the
bladder to cause urinary leakage in the absence of a
bladder contraction [21]. This measurement is a
more accurate assessment of urethral function and
resistance than the UPP. VLPP is reproducible and
correlates reasonably well with the degree and type
of stress incontinence (i.e. hypermobility versus
intrinsic sphincter deficiency) [22]. In a normal
urethra the VLPP is infinite since no leakage occurs.
Severe urethral dysfunction results in a very low
VLPP. VLPP is performed to assess the type and
degree of stress urinary incontinence.

VLPP Pitfalls

VLPP should be determined at bladder volumes of
250–300 ml since they provide the most accurate
results [23]. Any form of pelvic prolapse may cause
obstruction and hence a falsely elevated VLPP.
Detrusor instability occurring during testing of
VLPP may give an inaccurate assessment. Some
elderly females are not able to generate an adequate
Valsalva pressure to leak, hence giving false negative
results. Lastly, the exact interpretation of VLPP has
also not been fully established. However, in general
terms a VLPP of less than 60–65 cm H2O suggests
intrinsic sphincter deficiency (ISD). VLPP values
greater than 90–100 cmH2O suggest the inconti-
nence is due to urethral hypermobility. Values
between these two points (i.e. 65–90 cmH2O) sug-
gests some degree of hypermobility and ISD [24,25].
Although the interpretation of the VLPP values can
be variable it is still far superior to UPP. VLPP
should be used in conjunction with the physical
examination (pelvic examination) and multichannel
urodynamics. During testing it is highly recom-
mended that multiple measurements be taken to
confirm the VLPP value.
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Technique

VLPP can be done using either a rectal pressure
catheter or an intravesical catheter. In the absence
of a detrusor contraction both methods should
yield the same results. However, as mentioned
earlier, rectal pressure values may not be equal to
intravesical pressures and may be lower. In our lab-
oratory we use an intravesical 5 French bladder
pressure catheter and perform the testing during
video and non-video multichannel urodynamics
(we also record rectal pressures during VLPP
testing) (Figure 9.9a, b and c). If only a VLPP is
required, as in patients after incontinence surgery
to assess improvement, only a rectal tube can be
used to assess the VLPP rather than a full urody-
namic setup. It is very important that the intravesi-
cal catheter used is small to prevent obstruction
which could falsely elevate the VLPP. We test for
VLPP after filling the patient to a comfortable

volume of 250–400 ml. In the sitting position, the
patient begins with a weak Valsalva, increasing the
strength of the Valsalva to the point that the patient
leaks. We will repeat this many times to confirm the
value. We will also record this maneuver on video
fluoroscopy. If the patient does not leak, we will
have them cough or stand to provoke leakage and
record the pressure. We have found, as have others,
that coughing to determine VLPP may yield a
higher VLPP than pure Valsalva or straining [26].
The cause of this may be that the external sphincter
may fatigue more readily with Valsalva and result in
a lower VLPP than with coughing. If the patient still
does not leak and she has achieved an intravesical
pressure of 150 cmH2O or higher, she has either no
stress incontinence or a very minimal degree of
stress leakage.

Despite its pitfalls, VLPP is an excellent and
reproducible test in assessing the degree and type of
stress incontinence. Furthermore, it gives a superior
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Figure 9.9 Videourodynamics of a woman with stress urinary incontinence. a Image at rest, note bladder neck position b Image at capacity.
c Image at VLPP (Pves = 85 cmH2O) with leakage. Note bladder neck position compared to images a and b.



assessment of urethral function and resistance as
compared to UPP testing.

Typical Urodynamic Study
Our typical routine for urodynamic testing is to
have the patient void first. We then place them in the
lithotomy position and perform a pelvic examina-
tion. We then stress test the patient with coughing
and straining in this position. Next, we insert a 14
French Foley catheter with a 5 French bladder pres-
sure catheter into the bladder. We record their post-
void residual. We then insert an 8 French feeding
tube into the rectum to record rectal pressure. All
the catheters are secured with tape. The patient is
then moved to a commode on our fluoroscopic table
in the sitting position. This allows us to perform
video or non-video urodynamics. The rectal and
bladder pressure catheters are connected to fluid-
filled tubing which is connected to the pressure
transducers. The Foley is connected to our infusion
of saline at room temperature. We then flush all the
tubing and then start a very slow 5 ml/minute infu-
sion through the rectal pressure tubing. We then
have the patient cough to check for an increase in
our pressure readings. If there is no pressure rise we
again flush and readjust our catheters. Once this is
corrected we then zero all our catheters and begin
infusion at 25–50 ml/minute. We record compliance,
first sensation, instability and urge incontinence. If
necessary we will have the patient cough, strain,
stand, place their hand in warm or cold water or run
the water tap or increase the infusion rate to 
>50 ml/minute to provoke instability. We fill the
patient to a comfortable capacity (>250 ml) and
then remove the Foley catheter and stress test the
patient many times recording the VLPP. If necessary
we have the patient stand and stress test her in this
position. Once this is completed we have the patient
void, and peak flow, maximum voiding pressure,
volume voided and residual are recorded. If the
patient does not empty we ask her to void in a
private bathroom and measure the volume voided.

Conclusions
A significant amount of important information can
be determined with multichannel urodynamics and
its associated tests. Multichannel urodynamics will
be extremely helpful in complex voiding dysfunc-
tion problems. This form of testing complements
the history and physical examination and can direct

the clinician to an appropriate treatment plan based
on all of the facts available.
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Introduction
The first synchronization of urodynamics with 
cineradiography was in the in the early 1950s
through the pioneering efforts of E.R. Miller [1,2].
The initial goal was to minimize the radiation expo-
sure to the patient during cystourethrography. At
first the patient exposure was high when movies
were taken, but with the advent of image intensifiers,
video transduction, and later videotape recording
the patient exposure was reduced. This permitted
bursts of continuous activity to be recorded during
critical phases of lower urinary tract activity without
overexposing the patient. Today most studies can be
done with less than 1 minute of fluoroscopy time [3].
These developments contributed a wealth of infor-
mation to our knowledge about lower urinary tract
function and dysfunction. Modern videourody-
namic techniques incorporate fluoroscopy with the
evolution of the urodynamic machine from a strip
chart recorder to a microcomputer.

Videourodynamic studies are not necessary in
every patient and simpler studies frequently provide
enough information to adequately delineate and
treat the dysfunction. Videourodynamic studies are
beneficial when simultaneous evaluation of func-
tion and anatomy are needed to provide detailed
information about the whole or parts of the storage
and emptying phases. Complex incontinence where
the history does not fit with the findings on prelimi-
nary investigations, incontinence that has previ-
ously been operated on, and incontinence in the face
of a neurologic abnormality are well suited for
videourodynamic evaluation.

The cost involved in the technique as a result of
the time and effort of the personnel and the expense
of the machinery, however, can be justified by its
utility in solving complicated problems. It also

limits it to larger centers where a large enough
patient base justifies the expense. In this chapter the
procedures that are carried out will be outlined.
Examples of the applications will be provided and
the limitations will be discussed.

Components of
Videourodynamics
A typical arrangement for videourodynamic studies
is shown in Figure 10.1. The fluoroscopic table is
used in both the supine and upright positions. A
video recorder may be used to record the studies for
future review.

Tests Performed

Uroflow [4]

Although the urodynamic catheters have less effect
on voiding patterns in females than males, it is still
useful to obtain a uroflow on arrival that may be
compared with the flow data generated during the
urodynamic study. After the uroflow is done the
patient’s post-void residual can be determined on
introduction of the urodynamic catheters.

Cystometry

The first part of the study is cystometry, the method
by which the pressure-volume relationship of the
bladder is measured [5]. It is used to assess detrusor
activity, sensation, capacity and compliance. The
detrusor pressure (Pdet) is calculated by subtraction
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of the abdominal pressure (Pabd), as measured by a
rectal balloon, from the total intravesical pressure
(Pves). The subtracted detrusor pressure reflects the
activity and pressures generated by the detrusor
muscle alone. However, artifacts on the Pdet may be
produced by intrinsic rectal contractions [5].

Overactive detrusor function is characterized by
spontaneous or provoked involuntary contractions,
which the patient cannot completely suppress [5].Any
such contraction seen while the patient is attempting
to inhibit micturition is termed detrusor instability.
Although originally defined as a minimum pressure
rise of 15 cm water [6], the same diagnosis can be
made if the patient’s symptoms are reproduced by
lesser rises of pressure [7,8]. Motor urgency is caused
by overactive detrusor function and sensory urgency
by a hypersensitive bladder [5]. However, it is possible
that they are both conditions in the same spectrum
and that patients with sensory urgency are able to
inhibit the unstable contractions during cystometry
but not during activities of normal living [9]. The
term detrusor hyperreflexia, to describe the uninhib-
ited contractions, is used when there is objective evi-
dence of an associated neurological disorder [5].

Another type of overactive bladder dysfunction is
reduced compliance. Bladder compliance is defined
as the change in pressure for a given change in
volume [3]. It is calculated by dividing the volume
change by the change in detrusor pressure during

that change in bladder volume, and is expressed as
millimeters per cmH2O [5]. Normal bladder compli-
ance is high and in the laboratory the normal pres-
sure rise is less than 6–10 cmH2O [3]. Low bladder
compliance implies a poorly distensible bladder. The
actual numeric values to indicate normal, high or
low compliance are not yet defined [5].

The finding of bladder overactivity on cystome-
try is important if it correlates with the clinical
condition of the patient. Bladder instability has
been reported in 30–35% of patients with stress
incontinence undergoing surgery. It resolves in 
the majority following repairs and does not 
have a significant impact on outcomes [10,11].
Alternatively, if the patient’s symptoms are primar-
ily from bladder overactivity or if other factors
predisposing to abnormal bladder behavior are
present, the cystometric findings will influence
treatment. These include a history of radiation,
chronic bladder inflammation, indwelling catheter,
chronic infection, chemotherapy, voiding dysfunc-
tion following pelvic surgery or other neurological
conditions.

Leak Point Pressures

The Valsalva or abdominal leak point pressure
(VLPP) tests the strength of the urethra and is the
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total abdominal pressure (Pves or Pabd) at which
leakage occurs during a progressive Valsalva ma-
neuver or cough in the absence of a bladder contrac-
tion [12]. The study is performed in the sitting or
standing position with at least 150–200 ml of fluid in
the bladder. A VLPP of less than 60 cmH2O is evi-
dence of significant intrinsic sphincter deficiency
(ISD) and correlates well with severe leakage. A
VLPP of between 60 and 90 cmH2O suggests a com-
ponent of ISD and a VLPP of greater than 90 cmH2O
suggests minimal ISD with leakage mainly due to
hypermobility [3]. A cystocele may produce inferior
pressure on an incompetent urethra that will
prevent incontinence and falsely elevate the VLPP.
When a cystocele is present the VLPP should be
repeated with the prolapse reduced by insertion of a
vaginal pack. The VLPP has been shown to be repro-
ducible [13] but has not yet been standardized.

The detrusor or bladder leak point pressure is the
detrusor pressure (Pdet) at which urethral leakage
occurs during bladder filling on cystometry. This
parameter is used to investigate and follow patients
with neurogenic and low compliant bladders. In
general, patients with a detrusor LPP of greater than
approximately 25–30 cmH2O are at risk for upper
tract deterioration from reflux or obstruction [8,14].
In these patients it is necessary to assess compliance
as well. A high detrusor LPP indicates poor compli-
ance with urethral obstruction whereas a low detru-
sor LPP is seen in patients with incompetent
urethras. In order to demonstrate poor compliance
in these patients filling may be done with a Foley
catheter to obstruct the outlet [15]. If both the com-
pliance and the detrusor LPP are low, treatment has
to be directed to the bladder as well as the outlet.

Pressure-Flow Studies

Pressure-flow studies are designed to provide
dynamic information on the emptying phase of lower
urinary tract function. Obstruction is not common in
females [16] but may be found after surgical correc-
tion of stress urinary incontinence and less com-
monly with detrusor sphincter dyssynergia,
pseudodyssynergia [17] and rarely with stricture
disease. Interference with voiding may also 
be associated with pelvic organ prolapse. Although
there are no established nomograms to depict 
pressure/flow in women, as there are in men, the
pattern of high detrusor pressure and low urinary
flow indicates obstruction (Figure 10.2).
Simultaneous cystography may demonstrate the level.

Detrusor pressure during voiding is characteris-
tically low in females. A preoperative study that
demonstrates a low detrusor pressure with a low
flow rate, if the free flow rate is low as well, may aid
in counseling the patient about postoperative
urinary retention after stress incontinence surgery.

Electromyography

Striated sphincter activity during filling and voiding
can be demonstrated by sphincter electromyogra-
phy (EMG) during videourodynamics. This type of
kinesiologic study can be performed with surface
electrodes, vaginal or anal probes, and needles.
Normal sphincter EMG activity has characteristic
audio quality that may be monitored simultane-
ously. Its most important role is the identification of
abnormal sphincter activity in patients with neuro-
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Figure 10.2 Videourodynamic study of a 62-year-
old woman with urgency, frequency and slow
stream following multiple urethral dilatations. The
study shows a stable bladder on filling. Her voiding
pressure exceeds 170 cmH2O and her flow rate is
low.There is a urethral stricture visible (arrow in B)
with proximal urethral dilatation.



genic bladder dysfunction and in those with voiding
dysfunction of behavioral origin [18]. EMG record-
ings are not necessary in routine videourodynamics
for incontinence in females who have no neurologic
abnormalities.

Urodynamic Equipment

Uroflow Meters

Flow meters are commonly of one of three types:
weight, electronic dip-stick, or rotating disk [7]. The
first measures the weight of the collected urine. The
second measures the changes in electrical capac-
itance of a dip-stick mounted in the collecting
chamber. The third measures the power required to
keep a rotating disk rotating at a constant speed
while the urine, which tends to slow it down, is
directed towards it. All three can provide high sensi-
tivity and reproducibility of data.

Multichannel Recorder

A multichannel recorder is required to measure
simultaneous pressures during both phases of lower
urinary tract function and flow during the voiding
phase. There are many systems available [19] and
most of them have dispensed with a strip chart
output in favor of television monitor display of the
procedure.

The choice of components of the study is up to the
individual clinician. Figure 10.1 illustrates possible
inclusions. The channels demonstrating volume of
fluid instilled and volume voided are helpful but not
essential as they can be measured manually. The EMG
channel is not necessary for routine clinical practice
but can be helpful in patients with neurologic disease,
although the fluoroscopy component will demon-
strate detrusor external sphincter dyssynergia in
patients with suprasacral lesions and show urethral
obstruction in patients with dysfunctional voiding.

Some controversy exists regarding the use of sub-
tracted detrusor pressure versus intravesical pressure
although most reports at present are with subtracted
pressures. Bladder pressures are recorded via the pres-
sure line in the bladder. This pressure is affected by
intra-abdominal pressure that can be measured sepa-
rately by a rectal catheter. Increases intra-abdominal
can be from straining, the upright position, and other
provocative activities such as coughing, jumping, and
heel jouncing. In order to get an accurate recording of
bladder pressure and to eliminate the effect of intra-
abdominal pressure, Bates et al. [20] emphasized the
value of electronically subtracting the intra-abdomi-

nal pressure from the intravesical pressure. However,
even with the patient quiescent and totally coopera-
tive, artifacts may be produced by intrinsic rectal con-
tractions [5] since the bladder pressure is derived
from the electronic subtraction. On the other hand,
McGuire et al. [21] do not measure rectal or abdomi-
nal pressure with a separate catheter. They monitor
urethral pressure along with bladder pressure via two
lumens of the same catheter. They state that urethral
pressure reflects rectal or abdominal pressure, allow-
ing them to differentiate bladder contractions from
abdominal straining. In our unit, we use subtracted
detrusor pressures.

Fluoroscopy

A good quality fluoroscopy unit with high resolu-
tion image intensifier and a table that can function
in both supine and erect positions are required.
Fluoroscopic images are obtained selectively during
the filling and voiding study and are either superim-
posed on the pressure-flow tracing or displayed on a
separate screen. The fluoroscopic images can be
stored and reproduced individually or as continuous
clips during key parts of the study. A recording can
be made of the procedure for subsequent review.

Since the contrast medium instilled into bladder
is unlikely to be absorbed we generally use the less
expensive high-osmolality contrast media. A dilute
solution of one liter of Hypaque7 is prepared by the
hospital pharmacy and supplied in sterile intra-
venous bags.

Videourodynamic Technique
The patient attends the examination with a full
bladder and a flow rate is obtained. The patient is
then catheterized with the urodynamics catheters
and the equipment is zeroed. Two (38 cm) 8 French
infant feeding tubes, one for filling which is removed
prior to the voiding study and one for pressure 
measurements, are inserted into the bladder.
Residual urine is measured. The rectal catheter is a
42 cm 14 French with a balloon over the tip.

The study is conducted by a urodynamics special-
ist who is present in the room, communicating 
with the patient throughout the procedure, and
records the findings manually and electronically 
(Figure 10.3). A supine or semi-oblique filling study
is carried out and various measurements are taken
during the study and responses to actions such as
Credé, cough, and Valsalva are recorded. The filling
is usually at a medium rate of 50–75 ml per minute
[5]. The bladder is filled, emptied and then refilled
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in the patient’s usual voiding position (lying, sitting
or standing). Two bladder fillings are usually done
since decreased compliance may be a result of the
medium filling [22] and a second test verifies it. The
upright position of the second filling is also a
provocative test for instability [5]. Additional
responses to Credé, cough, and Valsalva are again

recorded. A commonly used method is to fill the
bladder supine and stand the patient up for
provocative maneuvers.

During the study, recordings are made of bladder
images in the filling phase in the supine and/or in
the upright positions. Antero-posterior (AP) and
oblique views are obtained. The AP position permits
documentation of reflux and its extent, and in the
oblique position the course of the urethra can be
seen separate from a cystocele. Note is made of the
bladder outline and its position relative to the sym-
physis and appearance of the bladder neck at rest
and with straining and coughing. Leakage of urine
with instability, decreased compliance, or with
various stress maneuvers is recorded. In the upright
position, the presence of a cystocele and its relation-
ship to the urethra are also noted. The voiding phase
or parts of it are recorded if the patient can void in
front of the camera. The patient is asked to void in
front of the camera and the pressures and flow are
recorded along with the fluoroscopic image. If the
patient cannot void with the catheters in place they
are removed and a uroflow may be done. The voided
volume is measured. Total fluoroscopy time is
usually less than one minute.

The recorded study provides an opportunity for
the case to be reviewed and discussed. All of the
events of the study are recorded and displayed on
the monitor during the study. The urodynamic
machine is usually equipped with the capability of
compressing the study so that it can be viewed on
an ordinary letter size sheet of paper.

Indications and Examples

Urinary Incontinence

Fluoroscopic imaging during the urodynamic study
provides an anatomic impression of the function or
dysfunction. The technique is ideally suited to evalu-
ation of incontinence. A useful anatomic/radiologic
classification of female incontinence, devised by
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Figure 10.3 a The patient has been catheterized and her bladder is
being filled in the supine position. b The patient is in the upright
position after the filling catheter has been removed. She will be asked
to cough and strain to demonstrate stress incontinence and then to
void.The study will be stored on the multichannel recorder.

Table 10.1 Radiologic type of stress incontinence [23]

Type 0: Vesical neck and proximal urethra closed at rest and situated at or above the lower end of the symphysis pubis.They descend 
during stress but incontinence is not seen.

Type I: Vesical neck closed at rest and is well above the inferior margin of the symphysis. During stress the vesical neck and proximal 
urethra open and descend less than 2 cm. Incontinence is seen.

Type IIa: Vesical neck closed at rest and is above the inferior margin of the symphysis. During stress the vesical neck and proximal urethra 
open and descend more than 2 cm. Incontinence is seen.

Type IIb: Vesical neck closed at rest and is at or below the inferior margin of the symphysis. During stress there may or may not be further 
descent but as the proximal urethra opens incontinence is seen.

Type III: Vesical neck and proximal urethra are open at rest.The proximal urethra no longer functions as a sphincter.There is obvious 
urinary leakage with minimal increases in intravesical pressure.



Blaivas [23], is shown in Table 10.1. We use this
classification to determine the radiologic abnormal-
ity and add to it the information from the VLPP and
the position of the urethra in relation to the cysto-
cele to describe the functional problem. Each of the
urodynamic tracings in the figures is shown in full
with annotations made during the study. The video
recordings depicting parts of the studies were
obtained from a video printer connected to the
fluoroscopy.

Type I abnormalities are illustrated in Figures
10.4 and 10.5. The patient in Figure 10.4 leaks with a
VLPP of 62 cmH2O, indicating most likely a compo-
nent of ISD in her incontinence. The patient in
Figure 10.5 also has a high VLPP of >120 cmH2O on
straining during upright filling. At the end of filling,
a cough caused a large leak without much hypermo-
bility and appears to be accompanied by a small
bladder contraction. This indicates that she has
stress incontinence as well as cough-induced insta-
bility.

Figures 10.6 to 10.9 demonstrate type IIa abnor-
malities. The patient in Figure 10.6 has a high VLPP
indicating primarily a hypermobile urethra without
any appreciable cystocele. In Figure 10.7, the patient
has an unstable contraction with incontinence in the
upright position. She also has a high VLPP. The
patient shown in Figure 10.8 has a grade II cystocele
that appears with straining. She probably has mainly
a lateral defect [24].

The patient in Figure 10.9 complained primarily
of urgency incontinence. Although she has a type IIa
defect, no leakage was demonstrated (type 0). She
has small contractions at the end of the upright
filling showing bladder instability.

Type IIb abnormalities are shown in Figures
10.10 to 10.12. The bladder neck in Figure 10.10 is
seen well below the lower margin of the symphysis
and is associated with a moderate cystocele. Since
the bladder neck is above the base of the cystocele,
but below the lower margin of the symphysis, the
patient most likely has a combined central and
lateral defect. In Figure 10.11, the large cystocele is
not associated with demonstrable stress inconti-
nence, despite coughing and straining pressures of
greater than 100 cmH2O. It appears to be primarily
a central defect. Clinical examination must include
reducing the cystocele and checking for stress
incontinence. The patient in Figure 10.12 has a
combined central and lateral defect. She has
marked bladder instability with urgency inconti-
nence but stress incontinence is not demonstrated
most likely because of the compressive effect of the
cystocele.

Type III incontinence or pure ISD is demon-
strated by the patient in Figure 10.13. Her bladder

neck is open at rest, no appreciable descensus is
seen with coughing or straining and her VLPP is low
at 59 cmH2O.

Neurogenic Bladder Dysfunction

Videourodynamics can be helpful in assessing
bladder dysfunction patients with neurologic disor-
ders. Since incontinence and upper tract dilatation
can be prevented and treated by achieving low-pres-
sure bladder storage and emptying [14,25], the uro-
dynamic study provides a framework for treatment.
Anatomic abnormalities can also be correlated with
pressure changes.

Examples of neurogenic problems are shown in
Figures 10.14 to 10.16. Since the flow rate is not mea-
sured in Figures 10.14 and 10.15, fewer channels are
used during the study.

The patient in Figure 10.14 has a small capacity
hyperreflexic but compliant bladder with grade 1
left vesicoureteral reflux. Her main problem was
incontinence between catheterizations and treat-
ment was anticholinergics and monitoring of her
upper tracts. The patient in Figure 10.15 has a
markedly trabeculated hyperreflexic bladder with
filling pressures of greater than 100 cmH2O. The
study demonstrates detrusor external sphincter
dyssynergia with an open bladder neck and tight
sphincter. She also had bilateral hydronephrosis on
upper tract imaging and required an augmentation
cystoplasty for management. Since she was quadri-
plegic a continent abdominal stoma was brought
from the augmentation to the umbilicus to permit
self-intermittent catheterization.

The patient in Figure 10.16 developed increasing
hydronephrosis and elevated creatinine after inser-
tion of an artificial sphincter for urinary inconti-
nence. She had previously undergone multiple
bilateral ureteral reimplants for reflux. The study
shows a bladder with poor compliance and gross
bilateral reflux. The refluxing ureters probably
dampen the bladder pressure thus improving the
appearance of the compliance curve. She was also
treated with an augmentation cystoplasty.

Other Urodynamic Problems

Obstruction
Although outflow obstruction is uncommon in
females [17], it is occasionally seen. The patient in
Figure 10.2 had an iatrogenic and functionally
significant urethral obstruction that was treated
with a visual internal urethrotomy and subsequent
long-term self-dilation.
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Figure 10.4 Videourodynamic study of a 64-
year-old G0P0 woman with type I stress inconti-
nence. She has a bladder capacity of more than
300 ml. The bladder neck is slightly open at rest
(A). With coughing there is a small amount of
descent and her VLPP is 62 cmH2O. She has no
apparent cystocele and her voiding phase is
normal.

Figure 10.5 Videourodynamic study of a 74-year-old
G2P2 woman with type I stress incontinence. Her
bladder neck is slightly open at rest (A). In the upright
position (B) she leaks with straining and a VLPP of 122
cmH2O. She also leaks with coughing that is followed
by a detrusor contraction (arrow). Her voiding is
normal (D).

Figure 10.6 Videourodynamic study of a 47-
year-old G1P1 woman with type IIa stress
incontinence. Her bladder neck is open at rest
(A). Leakage and hypermobility is seen with
coughing (B).
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Figure 10.7 Videourodynamic study of a 52-year-old
G2P2 woman with a type IIa abnormality who com-
plains of both stress and urgency incontinence. The
bladder neck is slightly open at rest (A). She has an
unstable contraction (arrow) on upright filling that
results in incontinence (B).With straining she leaks with
a VLPP of more than 140 cmH2O (C).

Figure 10.8 Videourodynamic study of a 64-year-old
G2P2 woman with type IIa stress incontinence. Her
bladder neck is well supported on upright filling (A) and
with straining she leaks with a VLPP of 144 cmH2O and a
cystocele is demonstrated. She most likely has mainly a
lateral defect.

Figure 10.9 Videourodynamic study of a 43-year-old
G2P2 woman with urgency incontinence. Her capacity
is more 500 ml and the bladder neck at rest is above
the lower margin of the symphysis (A). On straining (B),
she has type IIa descent but no incontinence is seen
(type 0). She also has unstable contractions at the end
of upright filling (arrows). Her voiding is normal (C).
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Figure 10.10 Videourodynamic study of a 62-
year-old G5P5 woman with type IIb stress inconti-
nence. Her bladder neck (arrow) on filling (A) is
below the symphyseal margin and a cystocele is
seen. She most likely has a combined central and
lateral defect. She has leakage with coughing (B)
and a VLPP of 62 cmH2O on straining.

Figure 10.11 Videourodynamic study of a 75-year-
old G1P1 woman with a large cystocele. Although
she complains of stress incontinence it is not visible
on this study. Her bladder neck (arrow) is at the
lower margin of the symphysis. The cystocele
appears primarily to be a central defect. Clinical
evaluation must include reducing the cystocele and
testing for stress incontinence.

Figure 10.12 Videourodynamic study of an 81-
year-old G1P1 woman with a central and lateral
defect. The bladder neck is below the symphysis
(arrow). She has marked instability on supine and
upright filling (arrows). Although she complains of
stress, in addition to urge incontinence, it is not
demonstrated on this study.
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Figure 10.13 Videourodynamic study of a 69 year-
old G3P3 woman with type III abnormality after 2
previous stress incontinence repairs. Her bladder neck
is open at rest (arrow in A). On straining (B) there is
almost no urethral movement on straining and her
VLPP is 59 cmH2O.

Figure 10.14 Videourodynamic study of a 64-
year-old woman 5 years after a T8–9 spinal cord
injury following a motor vehicle accident. She
has left vesicoureteral reflux (arrow) seen during
hyperreflexic contractions (arrows).

Figure 10.15 Videourodynamic study of a 25-year-
old woman with C7–8 lesion 16 months after spinal
cord injury following a motor vehicle accident. She
needed an indwelling catheter for repeated attacks
of autonomic dysreflexia and her upper tracts
showed marked bilateral hydronephrosis. Her
bladder is markedly trabeculated and during con-
tractions of greater than 75–100 cmH2O her external
sphincter remains tight, consistent with detrusor
sphincter dyssynergia. She was subsequently treated
with an ileal augmentation cystoplasty and a conti-
nent abdominal stoma.



Complex Problems
The patient in Figure 10.17 had a fistula at the anas-
tomosis between an ileal neobladder and the
urethra after a cystectomy for bladder cancer. The
study was done with a Foley catheter obstructing
the bladder neck to test the compliance. The
neobladder was compliant and stable and was not
contributing to the incontinence. No urethral
leakage was seen with stress. All of the contrast
emanated through the vagina. She was treated with a
transvaginal fistula repair with a labial fat pad flap.

Pitfalls of Videourodynamics
Patient cooperation, comfort and compliance are
necessary in order to obtain a meaningful and rele-

vant study. Occasionally apprehensive patients will
faint when the table is moved from the supine to the
upright position and the study cannot be completed.
In addition, with an anxious patient stress inconti-
nence may not be demonstrated. Of 1103 studies
that we reviewed in our laboratory for neurologi-
cally normal women whose chief complaint was
stress incontinence, we were unable to demonstrate
stress incontinence on fluoroscopy in 239 (21.6%). It
is also difficult for many patients to void in front of
the camera with catheters in the bladder and rectum
and observers watching them. In our series, only 585
patients (53%) were able to void and some of these
did so with abdominal straining. The others were
unable to void during the procedure and the voiding
data was obtained from the uroflow.

To optimize visibility of the lower urinary tract
on fluoroscopy patient position has to be correct.
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Figure 10.16 Videourodynamic study of a 25-year-
old woman with sacral dysgenesis. She had an artifi-
cial sphincter inserted for urinary incontinence at
age 14 and then developed bilateral vesicoureteral
reflux unresponsive to multiple ureteral reimplanta-
tions. The study shows decreased bladder compli-
ance on filling (arrows). She has gross bilateral reflux
and a small capacity bladder. The reflux most likely
dampens the poor compliance measurement. She
subsequently underwent augmentation ileal cysto-
plasty and bilateral reimplants.

Figure 10.17 Videourodynamic study of a 60-year-old
G2P2 woman who underwent an ileal neobladder to her
urethra after cystectomy for muscle invasive carcinoma of
the bladder. The study was done with a Foley catheter
blocking the urethra to test compliance (A) which is
normal. All of the leakage was demonstrated to exit the
fistula at the anastomosis (arrow in A). She underwent a
transvaginal fistula repair with a Martius labial fat pad
flap.



However, visibility may be poor or absent with very
obese patients. The clinician also has to maintain a
dialogue with the patient to image crucial events as
the patient must relay changes in sensation during
filling and may be the first to sense incontinence.

The radiation equipment must be well main-
tained and undergo regular maintenance and safety
inspections. Since fluoroscopy time is short, radia-
tion exposure to the patient should not be a
problem. However, the clinician should use radiation
protection such as aprons and thyroid shields.

The other pitfalls relate to the urodynamic
aspects and are similar to those previously outlined
by O’Donnell [26]. Standardized terminology to
communicate results and concepts should always be
used. The testing procedures and equipment should
be compatible with commonly accepted methodolo-
gies. The value and limitations of each measurement
must be realized; for example, the VLPP may not be
useful in the presence of a large prolapsing cysto-
cele. To confirm reliability within a particular labo-
ratory it is necessary to have a high test–retest
correlation of studies. The validity of a test refers to
its ability to measure what it is supposed to
measure. The clinician must always be aware of how
it compares to a “gold standard” test, which in uro-
dynamics may be difficult to establish. The urody-
namic studies should correlate with other clinical
data. The voiding history, the physical examination,
the endoscopic examination, and the urodynamic
evaluation, and in this case the radiologic studies,
should serve to validate one another and strengthen
the clinical assessment. Finally, the failure to main-
tain equipment may lead to inaccurate results.

Conclusion
Videourodynamic techniques have evolved over
the years with improvements in technology and
refinements in the concepts of lower urinary tract
structure, function, treatment. There are exciting
developments in other newer imaging technolo-
gies. Ultrasound can be used during urodynamic
studies but the vaginal probe may alter bladder
neck position and perineal probes are undergoing
investigation [27]. Magnetic resonance (MR)
imaging has provided significant advances in
knowledge about the pelvic floor [28] but it is
carried out in the supine position and interven-
tional MR has not yet been adapted to the tech-
nique. The tests are still applicable today, for the
appropriate indications, as when they were first
developed almost 50 years ago.
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Introduction
Ultrasound was first introduced into medicine in
1942 by the Viennese neurologist Dussik for locating
brain tumors. In 1958 Donald used this diagnostic
method for intrauterine measurements of the fetus.
Since then, ultrasonic investigation has become an
indispensable part of the diagnostic repertoire in
obstetrics and gynecology [1]. Attempts to determine
the functional interactions within the pelvis, includ-
ing the bladder, the urethra and the pelvic floor, have
prompted the study of urethrovesical relationships by
numerous methods, mostly radiographic techniques
of urethrocystography [2,3]. Ultrasound has many
advantages over other imaging systems in that it is
possible to visualize fluid-filled structures without
the use of contrast medium. Ultrasound allows soft
tissues to be seen, including the kidney, the bladder
and its wall, the urethra and the urethral sphincter.
The main advantage with ultrasound is that there is
no ionizing radiation used and this means that tests
may be repeated as frequently as required. There is
no risk to the patient or ultrasonographer from ion-
izing radiation, and urine within the bladder and
urethra is clearly visualized. The installation and
operating costs of ultrasound are significantly less
than those of similar radiological equipment.

While sonographic urethrocystography by per-
ineal, introital or vaginal ultrasound is replacing
radiography in routine clinical use, more detailed
information about the urethra and periurethral
tissues has been obtained by three-dimensional
sonography and intraluminal high frequency ultra-
sound. However, the latter techniques are still the
subject of research.

Ultrasonographic evaluation of the upper urinary
tract belongs to routine assessment in the pre-
and post-therapeutic concept of urogynecology.

Measurement of the kidneys and the calices comple-
ments detection of hydronephrosis, hydroureters
and parenchymal cysts of the kidneys in the diag-
nostic program of upper urinary tract alterations.
Ultrasound has also been suggested as an alterna-
tive source for imaging the urethrovesical anatomy
[3]. Although the clinical significance of various
radiological parameters in patients with pelvic floor
relaxation, especially associated with genuine stress
incontinence (GSI), is controversial, basic evaluation
of its use was sufficient to justify introduction of
sonography as an alternative to commonly used
radiological procedures. Ultrasound has been used
to detect anatomic alterations associated with GSI,
to select the appropriate type of surgery, to assess
surgical results, and postoperative complications.
Moreover, ultrasound imaging is regarded as an
investigation complementing the evaluation of
pelvic floor muscle function. Movement of
intrapelvic structures (e.g. urethrovesical junction,
bladder base) can be evaluated as a consequence of
pelvic floor muscle contraction.

Instrumentation

Ultrasound refers to sound energy with a frequency
above 20 MHz. The sound waves are produced and
received by piezoelectric crystals. The sound beam
itself is propagated as a longitudinal wave through
human soft tissue at a speed of 1.54 km/second.
Penetration of tissue depends on the frequency of
the sound waves. The higher the frequency, the
shorter the wavelength and deeper the tissue pene-
tration. Since frequency selection involves a com-
promise between better image resolution (high
frequency) and deeper tissue penetration (low fre-
quency), the decision must be based on the position
of the organs to be examined.
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There are various types of ultrasound transduc-
ers currently being used, each with an advantage in
certain applications. The advantages of sector scan-
ners include easy handling of the transducer head
and a very small contact site. Linear-array scanners
have a large number of crystals arranged in a linear
fashion. Curved linear-array scanners offer the
improved handling of sector scanners without the
limitations of narrow proximal field widths encoun-
tered with vaginal or rectal endoprobes.

Real-time imaging is particularly suitable for
examination of the bladder and the urethra. In
these areas it provides a mode of dynamic echo-
graphy in which two-dimensional images are con-
tinuously updated. It allows the sonographer to
scan the bladder and the urethra with speed and
precision. Among the various real-time scanners
available, the linear-array and sector scanners have
been recommended and most widely used in
patients with stress incontinence and pelvic floor
disorders.

Vaginal and transrectal probes and sector scan-
ners have overcome some of the difficulties associ-
ated with conventional linear-array machines; they
provide a sharper, better focused picture with good
resolution. The endoprobe may be straight or
flexible; however, it is commonly angulated up to
45∞ to facilitate visualization of the pelvic organs.
This angulation also allows for less external move-
ment of the probe and better patient comfort. A per-
manent record of the scan can be obtained by
attaching a camera to the cathode ray tube. A video-
tape recorder is also useful for obtaining records for
teaching the patient and for future comparisons of
results after treatment. The advanced technology of
urodynamic instruments allows direct sonographic
and tonometric registration on single- or double-
screens with a high reproducibility. Most of them
are on-line with computers provided with improv-
ing software and picture-archiving systems. Thus,
data storage of both tonometric and sonographic
results, essential for patient care and follow-up, for
scientific work, and for forensic reasons, can be
easily obtained.

With advanced technology the size of the scan-
ners has become smaller and meets most of the
requirements for an acceptable investigation with
high resolution. The ongoing development of micro-
probes will increase knowledge about the physiol-
ogy and pathophysiology of the relevant
morphology. Small endoprobes have been used for
demonstration of the sphincteric function of the
urethra and intravesical ultrasound. For urogyneco-
logical investigation commonly employed frequen-
cies for the transducers range from 2.4 to 5 MHz 
for transabdominal ultrasound, 5 to 7 MHz for

endosonography, introital and perineal techniques,
and 20 MHz for three-dimensional ultrasound.

Abdominal Sonography

Upper Urinary Tract

Meanwhile, ultrasonographic evaluation of the
upper urinary tract belongs to routine assessment in
the pre- and post-therapeutic concept of urogyne-
cology [2]. The use of ultrasound for evaluation of
the upper urinary tract has evolved from merely
using the bladder as a transparent window to scan
pelvic structures. Ultrasound is used to evaluate the
upper urinary tract, particularly for the detection of
hydronephrosis, renal stones, and to assess renal
parenchyma. Besides measurement of the kidneys
and the renal pelvis with its calices, and detection of
hydroureters, ultrasound is the relevant diagnostic
modality in the detection of upper urinary tract
lesions [4]. It is quick and easy to perform and thus
useful not only in the pre- and post-therapeutic
assessment, but also for the staging of gynecologi-
cal malignancies. Difficulties exist in the differentia-
tion between obstructive and non-obstructive
patterns of hydroureters [5]. Doppler ultrasound
studies are capable of differentiating between these
two entities. As yet, ultrasound studies may detect
hydronephrosis, which is suggestive of ureteral
damage, but it will not detect a ureter that has been
injured and is leaking into the peritoneal cavity, nor
one that is obstructed but has not yet produced gen-
itourinary anomalies, such as aplasia, hypoplasia
and horseshoe kidney; ultrasound diagnosis must
be confirmed by radiological procedures.

Ultrasound of the Bladder

Bladder and post-void residual volumes can be
determined transabdominally, although accuracy is
not reliable for volumes less than 50 ml [6]. With
transabdominal ultrasound the bladder is scanned
in two perpendicular planes (transverse and sagit-
tal) and three diameters (height, width, and depth)
are measured. Height corresponds to the greatest
superoinferior measurement; depth corresponds to
the greatest antero-posterior (AP) measurement
(Figure 11.1). Both are obtained in sagittal plane
scan. The simplest formula used to estimate volume
by abdominal ultrasound is bladder volume (ml) =
(H × W × D) × (0.7). The correction factor 0.7 is
needed because the shape of the bladder is not cir-
cular until it is almost completely full. The same
formula can be used for pre-micturition and post-
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micturition volume assessments. The error rate of
this formula is approximately 21%.

Recently, small portable ultrasound units have
been developed. These portable units are easy to use
and serve solely for the measurement of residual
urine volumes, including special software to calcu-
late bladder volume, automatically. Meanwhile, a
variety of successive models are available. These
ultrasound systems demonstrate excellent test–retest
and interrater reliability [7–9].

Transabdominal ultrasound has also proven valu-
able in the evaluation of the urinary tract in neuro-
muscular bladder dysfunction and detrusor
instability. Brandt and others found that ultrasound
of the bladder yielded significantly more diagnostic
information than radiography in 27% of their study
group. Brandt also demonstrated bladder trabecula-
tion as well as dilated ureters in neuromuscular dys-
function using abdominal sonography [10].

Sonogaphic Urethrocystography

Numerous studies have demonstrated real-time
ultrasonography to be useful in evaluating the
anatomic relationship of the bladder, the ure-
throvesical junction (UVJ), and the proximal
urethra. With careful observation, the changes in the
shape and position of the vesical neck and the prox-
imal urethra can be determined while the patient is
performing a Valsalva maneuver or coughing.
However, although the bladder neck can be seen on
transabdominal ultrasound, it is occasionally
hidden behind the symphysis pubis. The bladder
neck is especially difficult to locate in obese patients
and in women with severe genitourinary prolapse.
This is the result of significant intervening tissue
affecting sound wave penetration (attenuation) and
acoustic shading from the symphysis. A
transurethral catheter may be needed to demon-
strate the urethral axis. As a consequence, transab-
dominal ultrasound may be used to determine the
extent of mobility of the bladder and urethra and to
detect detrusor instability in some patients.
However, the pitfalls of this technique in evaluating
the urethrovesical anatomy have to be considered.

Perineal Ultrasound
Newer applications of sonography place the trans-
ducer on the perineum. Avoiding excessive pressure
to the perineal region this scanning technique does
not alter anatomic relationships. However, its appli-
cation in patients with severe genitourinary pro-
lapse is limited.

Ultrasonic urethrocystography by perineal scan-
ning for evaluation of female stress urinary inconti-
nence was suggested by Kohorn and others [11]. The
procedure is carried out with the patient in various
positions (upright, supine) with legs slightly
abducted to allow access of the transducer to the
perineum. A linear-array or curved-array transducer
scanner is positioned in a sagittal orientation to
visualize the bladder, bladder base, urethrovesical
junction, and the pubic symphysis (Figure 11.2).
Comparative results between radiologic and per-
ineal sonographic urethrocystography have been
reported, and give comparable and reproducible
results [12–16]. Perineal ultrasound for pelvic floor
exercises as a biofeedback instrument is recom-
mended by Martan et al. [17] and demonstrated in
Figure 11.3. Moreover, changes in bladder neck
mobility in nulliparous continent women, during
pelvic floor muscle contraction, before and after
tension-free vaginal tape (TVT) surgery and Burch
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Figure 11.1 Sonographic assessment of bladder (residual) volume
using transabdominal ultrasound. Measurement of depth (D) and
height (H) in sagittal plane (top) and width (W) in transversal plane
(bottom) – bladder volume (ml) = (H × W × D) × (0.7.) 



colposuspension have been published recently
[18–21].

A standardization of functional sonography has
been published by the German Association of
Urogynecology in 1996 aiming at a common under-
standing and interpretation of pictures with high
quality and reproducibility [22]. Of the various
sonographic techniques used to perform urethro-
cystography, perineal and introital ultrasound have
been widely used and recommended as the most
reliable. Measurement methods for the two tech-
niques have now been standardized as shown in
Figure 11.4. Moreover, picture orientation, compari-
son between radiology, and principles of the respec-
tive investigation, including examination position,
bladder filling, provocation tests and variations
caused by the ultrasound probes, have been pointed
out.

Introital Ultrasound
Regional distortion using vaginal or rectal
endosonography, even with small endoprobes, was
the reason for development of introital sonography
[23]. The technique involves placing a vaginal sector
scanner to the vulva just underneath the external
urethral orifice, visualizing the bladder, urethrovesi-
cal junction, urethra and symphysis (Figure 11.5).
Modern vaginal probes are thin and give good visu-
alization of the lower urinary tract when placed only
a short distance into the vagina. Thus, this technique
is devoid of any potential morphological artifact as
a result of urethral or bladder neck distortion. Using
introital sonography, Hanzal et al. prospectively
determined the influence of transurethral catheters
used for cystometry on bladder neck anatomy [24].

This study revealed similar results for the assess-
ment of bladder neck location and the posterior
urethrovesical angle at rest and during straining,
with and without a catheter in place. Urethral width
was significantly greater with a catheter in situ.
From these data it appears that catheters used for
urodynamic assessment increase urethral width but
do not affect bladder neck location and urethral
mobility. The exact location of microtip pressure
transducers can easily be determined while visualiz-
ing the bladder neck and the urethra during filling
[25]. The voiding phase can also be evaluated even
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Figure 11.2 Sonographic urethrocystography with perineal ultra-
sound (B, bladder; U, urethra; S, pubic symphysis).

Figure 11.3 Sonographic demonstration of the bladder using per-
ineal sonography. The bladder is visualized in sagittal plane at rest
(top) and during contraction of the pelvic floor with marked eleva-
tion of the bladder neck (bottom) (B, bladder; U, urethra; N, bladder
neck).



without the use of catheters. Micturition, and the
patient’s ability to stop voiding, which demonstrates
the voluntary musculature and the urethral “milk-
back” mechanism, can be visualized and evaluated.
Wavelike detrusor contractions accompanied by
bladder neck opening may be seen in patients with
an unstable bladder. Inadequate emptying associ-
ated with urethral obstruction may be seen in
patients following an overzealous urethropexy.
Uncoordinated emptying may be seen in patients
with detrusor-sphincter dyssynergia and can be
verified by simultaneous electromyographic study.
The location of the urethrovesical junction can be
readily determined. Successful colposuspension is
found to be associated with a urethrovesical location
which is more anterior, although not necessarily
more elevated. In addition, overcorrection in anti-
incontinence surgery causing postoperative micturi-
tion disorders can be visualized by ultrasound as
shown in Figure 11.6, as a hypermobile urethra is
easily seen on ultrasound and according to this
study may help to distinguish different causes of
GSI. Movement of the bladder and the urethra
during real-time sonography indirectly reflects
pelvic floor action during both contraction and

relaxation. Pelvic floor defects can be indirectly
visualized with both perineal and introital sonogra-
phy as demonstrated in Figure 11.7. However, owing
to the prolapse, the probes may alter lower urinary
tract anatomy and give erroneous results. First
attempts to identify lesions of the attachments of the
lateral vagina to the tendineal arc of the levator ani,
termed paravaginal defects, are promising.

Vaginal and Rectal
Endosonography
Vaginal or rectal ultrasound techniques involve
probes of higher frequencies than transabdominal
linear-array scanners and, therefore, afford sharper
better focused pictures with high resolution [26].
The endosonographic probes avoid interference
from the symphysis pubis and subcutaneous fat.
Transrectal sonography produces a good view of the
bladder, urethra and the bladder neck, although the
rectal probe can occasionally alter the alignment of
the bladder neck movement during Valsalva maneu-
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Figure 11.4 Sonographic urethrocystography – assessment of the relevant parameters – a line is drawn through the pubic symphysis
between the upper and the lower edge of the pubic bone. (BN, bladder neck, U, urethra, Dy, distance from bladder neck to central line of sym-
physis, Dx, distance bladder neck to lower border of symphysis; �, retrovesical angle.) Recommendations of the German Association of
Urogynecology on functional sonography of the lower urinary tract [22].



vers or coughing [27]. They cannot be used in
patients with significant pelvic relaxation.

Vaginal Sonography

Vaginal ultrasound has been proposed as a suitable
alternative to conventional radiological urethrocys-
tography. In order to quantify displacement of the
urethrovesical junction, Hol et al. introduced a
simple, well-standardized vaginal ultrasound tech-
nique and compared the position and mobility of
the bladder neck in 160 continent women and
patients with GSI [28]. Examinations were carried
out with a Foley catheter introduced into the
bladder, where the balloon half-filled with soapy
water and half with air to give a recognizable fluid
level, paralleled the horizontal axis of the patients.

Compared to continent women, the position of
the bladder neck in patients with GSI was
significantly lower and more posterior at rest,
during straining and squeezing. However, the
authors observed a considerable overlap between
the two groups for all parameters. This study clearly
demonstrates the necessity of indicating patient
position and a point of reference (inferior edge of
the pubic symphysis) for reliable and standardized
evaluation of bladder neck position. Moreover,
assessment of bladder wall thickness of > 5 mm was
found to be associated with detrusor instability with
a positive predictive value of 94% [29].

Some concern exists that the use of a transvagi-
nal probe which lies in direct contact with the
bladder neck may alter lower urinary tract anatomy

and give erroneous results. Mouritsen et al. evalu-
ated the effect of a vaginal ultrasound probe on
bladder neck anatomy and mobility in 20 women
[30]. Colpo-cysto-urethrography (CCU) during rest,
Valsalva and withholding maneuvers were carried
out with and without simultaneous vaginal sonog-
raphy. CCU findings and measurements of bladder
neck position and mobility were reported to be
unaffected by insertion of the probe. In another
investigation Mouritsen et al. studied patients after
bladder neck suspension using CCU and vaginal
sonography [31]. The measurements of bladder-to-
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Figure 11.5 Sonographic urethrocystography with introital sonog-
raphy (B, bladder; U, urethra; S, pubic symphysis).
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Figure 11.6 Introital sonography of a patient after Burch colposus-
pension with voiding disorders at 4 weeks after surgery. The patient
revealed bladder residual volumes up to 150 ml. Sonographic ure-
throcystography shows an elevated bladder neck due to overcorrec-
tion. The retrovesical angle (between arrows) is small (B, bladder; U,
urethra).
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Figure 11.7 Sonographic visualization (introital ultrasound) of a
pelvic floor defect in the anterior and middle compartment assessed
during Valsalva maneuver (B, bladder; U, urethra; E, enterocele; V,
vagina; R, rectum; A, anorectal angle).



symphysis distance and rotation angle in relation to
the symphysis pubis were almost identical for the
two procedures. From these studies it appears that
vaginal ultrasound is a reliable and convenient tech-
nique for pre- and postoperative evaluation of
bladder neck anatomy and mobility.

Quinn et al. (1988) described vaginal sonography
in a series of 100 women with a range of urinary
symptoms [26]. The inferior border of the pubic
symphysis was used as a “key landmark”. A level
mounted on the endoprobe ensured the mainte-
nance of a horizontal position during scanning, thus
avoiding any distortion of urethrovesical anatomy
caused by the probe. In 19/23 patients with genuine
stress incontinence the UVJ was inferior to the level
of the mid-symphysis at rest, and in 18 there was
opening and descent of the bladder neck during
coughing. Meanwhile most of the studies report that
vaginal ultrasound is an accurate method for
recording anatomical changes, especially the mobil-
ity of the bladder neck. Beside its easy feasibility
and reproducibility, Bergman and co-workers
reported that descent of the urethrovesical junction
of more than 1 cm on straining correlated with
stress urinary incontinence [6]. On the other hand, a
considerable overlap in the position of the bladder
neck at rest as well as during straining and sneezing
was observed by Carey and Dwyer [33]. Hol and co-
workers (1994) used a Foley catheter and introduced
it into the bladder, with the balloon half-filled with
soapy water [28]. Thus, a recognizable fluid level
which is parallel to the horizontal axis of the patient
is produced and serves as a reference to assess
mobility of the bladder neck during a standardized
Valsalva force. Compared with a healthy control
group, patients with genuine stress incontinence
revealed a significantly lower and more posterior
position of the bladder at rest, during straining and
squeezing. However, there was a considerable inter-
individual overlap between the two groups for all
parameters. Alterations due to pelvic floor muscle
contraction and straining can be evaluated by “still”
pictures comparing the situation at rest with the
extent of displacement at maximal effort. However,
rapid movement of the urethrovesical unit, e.g.
during coughing, can be measured only when a
video recorder is attached to the ultrasound
machine.

Vaginal ultrasonography has been proposed as a
suitable alternative to videocystourethrography.
However, in a study of 44 women with urinary
incontinence, Wise and co-workers [27] found an
increase of the maximum urethral pressure and the
functional urethral length, and an improvement of
the pressure transmission caused by the endoprobe
inserted 2 cm into the vagina. The authors conclude

that the use of a vaginal probe results in compres-
sion of the urethra and therefore may reduce the
likelihood of detecting incontinence in women with
genuine stress incontinence or underestimate the
severity of GSI diagnosed [27].

Assessment of Bladder (Residual)
Volume

Beside visualization of the bladder and urethra,
vaginal scanning is also valuable in the assessment
of urethral diverticula. However, the diagnosis of
this entity should be confirmed by cystoscopy and
radiological procedures. Until recently, residual
urines have been measured by transabdominal
ultrasound only. However, it can be difficult to visu-
alize low bladder volumes from the abdominal wall
because of distortion and diffraction of the long
ultrasonic beam. Haylen et al. (1989) have used a
transvaginal linear-array ultrasound scanner to
measure bladder volumes in the range 2–300 ml
[34]. The method is simple, atraumatic and accept-
able to patients, and a clear picture of the bladder is
obtained (in the sagittal plane) even at low bladder
volumes. From the maximum dimensions of the
bladder in this plane (horizontal = H, vertical depth
= D) an unknown bladder volume can be calculated
from the formula: bladder volume (ml) = 5.9 × H ×
D – 14.6.

Assessment of Bladder Wall
Displacement and Infiltration

Determination of bladder wall displacement and/or
infiltration caused by cervical cancer is an important
part of the staging procedure. In a comparative study
of computed tomography (CT), cystoscopy, and mag-
netic resonance imaging (MRI), 21 women with
stage Ib–IIIb cervical cancer were evaluated with
vaginal ultrasound to diagnose invasion of the
bladder wall. Mobility of the bladder wall against the
vaginal ultrasound probe in the region of the ante-
rior vaginal fornix was considered to exclude infiltra-
tion. This test showed an accuracy of 95%, while it
was 76%, 86% and 80% for CT, cystoscopy, and MRI,
respectively [35]. From these data it appears that
transvaginal ultrasonographic examination is a
useful adjunct in detecting invasion of the bladder
wall in patients with advanced cervical cancer.

Rectal Sonography

Placing a linear-array transducer within the rectum
to improve imaging of the bladder base and neck
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was described by Nishizawa and co-workers [36].
The authors described how the technique may be
used to replace X-ray cystography during urody-
namic imaging. Shapeero et al. used the same tech-
nique to visualize the bladder base and proximal
urethra in males suspected of having neuromuscu-
lar dysfunction of the bladder [37]. They performed
sonographic and radiologic voiding cystourethrog-
raphy on all patients, and concluded that the sono-
graphic examination is as good, and occasionally
better than the radiographic method. The technique
of using a transrectal probe for the investigation of
women with urinary incontinence was introduced
by Brown and co-workers [38]. However, questions
arose regarding endoprobe movement during
straining maneuvers, thereby creating artifacts,
attendant discomfort, and possible inhibition of
bladder neck movement. Bergman and colleagues
established that insertion of the rectal probe did not
alter urethral junction mobility as evaluated by the
Q-tip angle change [10]. Using the UVJ drop as a
comparative parameter they reported a sensitivity
of 86% and specificity of 92% in the evaluation of
women with genuine stress urinary incontinence.
However, the potential problems of endoprobe
movement during straining were also noted by these
authors. On the basis of findings on rectal ultra-
sound combined with urodynamic observations,
Kuo et al. observed the occurrence of various pat-
terns in patients with GSI [39]. Funneling of the
bladder neck, urethral hypermobility, an incompe-
tent urethral sphincter and a cystocele were found
to occur alone or in conjunction with any other of
these findings. These data highlight the importance
of urodynamic and sonographic assessment to iden-
tify various combinations of defects responsible for
GSI, which may have implications for the choice of
treatment.

Cystosonography
Similar to vaginal ultrasound, cystosonography is a
helpful diagnostic intravesical procedure to scan the
bladder wall, its wall displacement and/or invasion
from gynecological malignancies [40]. This
endosonographic method is performed with a rota-
tion scanner which has a range of 360° and a fre-
quency of 6 MHz. The scanner is introduced via a
24-Charrière resectoscope shaft. Cystosonography
should be preceded by cystoscopy to avoid inadver-
tent bleeding (urethral strictures, bladder tumors).
This type of endosonography is able to detect
edema and/or tumor invasion of the bladder
mucosa. Whereas cystoscopy is capable of demon-

strating superficial changes of the bladder mucosa,
cystosonography permits visualization of deeper
layers of the bladder wall. Moreover, it is possible to
obtain biopsy specimens under direct ultrasound
control that cannot be detected by cystoscopy alone.
Compared with transcutaneous sonography, the
endosonographic evaluation of tumor spread is
more precise, because of the short distance to the
transducer head and the higher frequencies being
applied.

Intraurethral Ultrasound
Intraurethral ultrasound (IUUS) is a new endosono-
graphic technique providing high resolution
imaging (20 MHz) of the urethra and the surround-
ing tissues. This technique is recommended for the
diagnosis of diverticula and urinary incontinence,
since other imaging methods do not provide much
information on the urethra and its sphincter. In a
pilot study Kirschner-Hermanns et al. investigated
the sphincteric region in women using IUUS.
Examination of 44 stress incontinent and healthy
women revealed a negative correlation between the
external urethral sphincter (area and circumfer-
ence) and the grade of stress incontinence (p <
0.01). In no patient with normal urinary continence
was the sphincter reduced in size [41]. The meaning
of these findings in relation to urethral pressure
measurements merits further evaluation, since it
could be helpful in the choice of treatment.
Endoluminal ultrasound has also been applied
during surgical treatment of urethral diverticula
[42]. Intraoperatively, the diverticula were well visu-
alized by endoluminal ultrasound, which demon-
strated improved identification of the size and
orientation of urethral diverticula, sludge within the
diverticula, the extent of periurethral inflammation,
diverticular wall thickness, and the distance
between the diverticular wall and urethral lumen,
compared to traditional imaging techniques.

Three-dimensional Ultrasound
The three-dimensional (3D) reconstruction of ultra-
sound images has become a widespread option in
ultrasound equipment since the early 1990s [43].
Some catheters with an ultrasound transducer in the
tip have been tested for studies of bladder volume.
In a prospective study 249 adult outpatients were
tested for accuracy, by comparing scan versus
catheter volumes [44]. The device exhibited a sensi-
tivity of 97%, a specificity of 91% and an overall
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accuracy of 94%. Three-dimensional ultrasound of
the urethra has also has attracted scientific interest.
Khullar et al. scanned women with urinary symp-
toms with a 5 MHz three-dimensional perineal
ultrasound [45]. All women with urethral sphincter
incompetence had a continuous hypoechoic area
from the bladder neck to the urethral meatus. Some
of the women with severe GSI had breaks in the con-
tinuous circle of the “rhabdosphincter” and it was
replaced by hyperechoic areas. The authors believe
that these observations may indicate damage to the
urethral sphincter. Further studies are needed to
confirm these observations and to elucidate the clin-
ical implications of three-dimensional ultrasound
findings. Moreover, similar results have been
obtained with three-dimensional ultrasound of the
female urethra comparing transvaginal and tran-
srectal scanning [46].

Ultrasound and Fecal
Incontinence
Before the introduction of ultrasound, defects of the
external anal sphincter had traditionally been diag-
nosed by palpation, anal manometry and elec-
tromyography. Now endo- and exoanal techniques
provide information on normal anatomy and on
defects of the anal sphincter [47].

Ultrasound with an endoanal probe has added
significantly to our ability to determine accurately
the occurrence and extent of anatomical anal
sphincter mechanism damage. Comparing clinical
and histological findings with endoanal ultrasound
observations, Sultan et al. showed that the sono-
graphic technique is capable of identifying such
defects resulting in a more precise evaluation of
such lesions shown in Figure 11.8 [48,49]. The sono-
graphic findings showed external sphincter defects
as hypoechoic, or amorphous and of mixed
echogenicity. Anal endosonography was performed
using a 7 MHz rotating endoprobe with a focal
range 2–5 cm. To identify external sphincter defects,
anal endosonography was ascribed more sensitivity
(100%) than clinical (56%) and conventional physi-
ological methods (89% EMG, 67% manometry) [49].
Occult sphincter defects after vaginal delivery were
found by Sultan et al. in 35% diagnosed by anal
endosonography, most of them caused by forceps
delivery [50,51]. Internal sphincter defects were
associated with a significantly lower mean resting
anal pressure and external sphincter defects 
were associated with a significantly lower squeeze
pressure.

Peschers et al. described an exoanal ultrasound
technique using a conventional 5 MHz convex trans-
ducer placed on the perineum [52]. The axial images
of a normal and a damaged anal sphincter complex
are shown in Figure 11.9. Twenty-five women with
fecal incontinence were investigated and compared
to 43 asymptomatic women. Sphincter defects were
detected in 20 women. The internal anal sphincter
has been shown to be visible as a hypoechoic circle,
the external anal sphincter showed a hyperechoic
pattern. Whether the exoanal probe provides as
much information as the endoanal one remains to
be seen.

Conclusion
Recent observations confirm that ultrasound is
gaining more importance in the assessment of both
lower urinary tract function and fecal incontinence.
Data comparing ultrasound with radiologic tech-
niques justify the use of ultrasound for various diag-
nostic procedures. Compared with radiology,
sonographic investigation is simple to perform, can
be performed using one hand, lacks side effects, is
minimally invasive and therefore highly acceptable
for most patients. As yet, and similar to conventional
radiology ultrasound, it is not able to provide con-
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Figure 11.8 Anal endosonographic image of a 64-year-old woman
with fecal incontinence. Anterior is to the right of the image. An
amorphous external sphincter defect of mixed echogenicity is delin-
eated by arrows (V, vagina; E, external anal sphincter; I, internal anal
sphincter). (From Sultan et al., Br J Surg 1994; 81:465 [40], with 
permission.)



clusive and discriminatory diagnostic information,
but rather to supply complementary data to be used
in conjunction with other diagnostic tools.

Ultrasound has become an essential procedure in
modern urogynecology to assess upper urinary
tract lesions, morphologic changes associated with
female urinary incontinence, pelvic floor disorders
including external and internal anal sphincter
defects. Its simplicity, cost effectiveness, and avail-
ability in gynecology favor its use as a basic urogy-

necologic screening procedure, especially before and
after conservative or surgical treatment. Meanwhile,
ultrasound has become a potential alternative to
conventional radiological procedures and improve-
ments are continuing. As a consequence a diagnostic
regimen for the sequential use of ultrasound in
urogynecology can be recommended as the result of
scientific work.

Exclusion of upper urinary tract lesions is carried
out with the use of ultrasound, especially in patients
undergoing gynecologic surgery. However, there are
difficulties in the recognition of congenital anom-
alies and therefore radiology still has its place for
selected indications. Surgical complications causing
upper urinary tract lesions should be screened by
ultrasound and completed by radiological proce-
dures when indicated.

Many radiographic studies have been published
evaluating the mobility of the bladder base, the ure-
throvesical junction, urethra, and support of the sur-
rounding soft tissues in women thought to have an
anatomic defect as the basis for stress urinary
incontinence. Cinefluoroscopy is still in routine use,
although urinary incontinence cannot be visualized
adequately using static methods such as the lateral
urethrocystogram. Therefore, ultrasound is particu-
larly suitable for dynamic examination of the
bladder and the urethra without time limits, espe-
cially because of the lack of side effects. Perineal
scanning and introital sonography are less invasive
than transvaginal and transrectal endosonographic
methods. Moreover, demonstration of the urethra
does not necessarily require catheterization.

Ultrasound evaluation of the bladder neck and
urethra provides a wide range of information for the
urogynecologist. Moreover, neighboring structures
can be visualized at the same time giving more
complex information. The position of the bladder
neck in the relaxed state and the degree of displace-
ment with reference to the symphysis pubis can be
measured. This information can be helpful in deter-
mining the type of surgical procedure. Surgical cor-
rection of the anatomic defect can be assessed.
Application of visualization techniques to demon-
strate the urethrovesical anatomy in patients with
genuine stress incontinence relates to one of the
aims of anti-incontinence bladder surgery: to
elevate the bladder neck to a position within the
abdominal cavity. Conversely, failure of adequate
bladder neck elevation is a factor leading to recur-
rent genuine stress incontinence after surgery. Thus,
the ability to measure objectively the descent of the
bladder neck pre- and postoperatively is important.
Although intraoperative use of ultrasound to assess
these changes has been attempted by some urogy-
necologists, its clinical value and feasibility during
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Figure 11.9 Top: Axial images of a normal anal sphincter complex
(above). The internal anal sphincter (IS) appears as a hypoechoic
circle surrounded by the hyperechoic external anal sphincter (ES; MU,
mucosa and submucosa). The top of the image indicates the anterior
part of the sphincter.
Bottom: Axial images of internal and external anal sphincter defects.
The defect appears as an anterior gap in the continuity of the dark
circle (internal sphincter, arrowhead) and the hyperechoic circle
(external anal sphincter, arrow). (From Peschers et al., Br J Obstet
Gynaecol 1997;104:1000–1 [52], with permission.)
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anti-incontinence surgery has not yet been proven.
Detrusor contractions with concomitant funneling
of the bladder neck are occasionally detected during
scanning. Finally, postoperative voiding difficulties
can be evaluated sonographically to determine the
location of obstruction and the volume of residual
volume.

Rapid development, especially the application of
higher frequencies with small transducers, the avail-
ability of ultrasound instruments in gynecology, its
cost-effectiveness, and the lack of radiation without
the need for lead shielding make ultrasound a valu-
able diagnostic procedure which remains in one
hand and can be used in conjunction with other
urogynecologic investigational techniques.
Moreover, there is no limit to investigation time and
no contrast media reaction, which favors its clinical
application. Compared with radiology, the increas-
ing number of comparable results and the technical
developments of smaller endoprobes and three-
dimensional scanners will increase the diagnostic
field in urogynecology, resulting in a better under-
standing of function and dysfunction.

Ultrasound in urogynecology is on its way to
replacing conventional radiological procedures.
Moreover ultrasound has contributed to a better
understanding of physiology and pathophysiology
of both the lower urinary tract and the pelvic floor.
However, as with conventional radiology, it does not
yet appear to provide conclusive and discriminatory
diagnostic information, but supplies complementary
data to be used in conjunction with other diagnostic
tools.
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There are many tests of anorectal function and a
recent review identifies the capabilities of these
various tests and techniques, and provides some
direction for their use in patients with the common
conditions of fecal incontinence, constipation and
anorectal pain [1]. The present discussion will deal
with two tests of the anorectal area that are fre-
quently used in the assessment of pelvic floor disor-
ders, defecography (evacuation proctography) and
anorectal manometry.

Defecography (Evacuation
Proctography)
Defecography involves imaging the rectum with
contrast material and using fluoroscopic techniques
to observe the defecation process and the accompa-
nying changes in anorectal structure [2–7]. The pro-
cedure has the potential to provide information
about anorectal, puborectalis and levator muscle,
and rectal function as well as anatomical defects of
the anorectal area. Various contrast materials have
been used, including esophageal contrast barium,
and barium mixed with potato starch, or other
viscous materials. After filling the rectum with the
contrast material, the external anal opening is
usually outlined by smearing it with barium-
impregnated gel and a contrast-soaked tampon is
inserted by women to define the anterior vaginal
wall. With the subject positioned sitting on a
commode-like chair, video fluoroscopic images are
obtained during a number of maneuvers: resting
state, voluntary and maximum contraction of the
sphincter and pelvic floor muscles (“squeeze”), and
during defecation.

The radiographic images are analyzed to assess a
number of static and movement derived parame-

ters, and other radiographic features. Static mea-
surements can include: anal canal length; anorectal
angle; position of anorectal junction; and rec-
tosacral gap (Figures 12.1 and 12.2). The derived
measurements can include: change in anorectal
length; change in anorectal angle; anal canal angu-
lation; perineal elevation, descent, and total move-
ment; horizontal movement of the anorectal
junction; and rectal evacuation. Other features that
may be noted are: mucosal prolapse and intussus-
ception; rectocele; suspected enterocele; posterior
wall squeeze impression; rectoanal junction appear-
ances; and anal canal closure 7 (Figures 12.3 
and 12.4).

Defecography is not a study of normal defecation
in response to a desire to defecate. Therefore study
subjects are often embarrassed by the nature and
the setting of the test, which may inhibit or alter the
defecation process and emptying of the contrast

12 Anorectal Testing: Defecography and Anorectal
Manometry
N.E. Diamant
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walls, and the rectosacral gap as the space taken at the S3 level.



material. Furthermore, there are a number of
aspects that signal caution in the use of the tech-
nique, in interpretation of the findings, and in sub-
sequent clinical decision-making [1]: (1) There is
disagreement over the measurement of the anorec-
tal angle, a parameter thought to be critical to the
interpretation of defecography results [8,9]. It is
uncertain whether to use the central axis of the
rectum [4,7], the entire posterior wall of the rectum

[10] or the most distal portion of the posterior wall
[2,3,6,7,11]. (2) Some of the often reported findings,
especially rectocele, descent of the pelvic floor, and
internal intussusception, are seen in a high propor-
tion of asymptomatic individuals [6,7,11,12], and
the presence of these entities does not correlate with
impaired rectal emptying [12]. (3) Normal values of
rectal emptying vary widely [13,14]. (4) Rectal evac-
uation does not correlate with symptoms (or distin-
guish between symptoms such as infrequent
defecation versus impaired defecation), colonic
transit, or anal manometry [12,13]. (5) Arguments
are made that defecography adds little additional
data to anorectal manometry [15,16] and/or does
not differentiate patients with impaired defecation
from those with fecal incontinence or from normal
controls [17]. (6) There are significant differences
between men and women, and age-related 
differences. (7) Finally, the method of performance
of the technique varies considerably from center to
center [3,4,7–9,17–20], and factors such as the con-
sistency of the barium can affect the findings [7].
Nevertheless, when used in conjunction with a good
history and physical examination, and with other
tests of anorectal function, there are some potential
uses of this technique.

Because of the limitations of the technique noted
above, there are no generally accepted normal values
and findings that are universally applicable. Some
indication of values for the anorectal angle, position
of the anorectal junction, perineal movement, and
anal canal length are shown in Tables 12.1–12.4. Some
generalizations can be made but the wide variation in
normal values makes application of these question-
able. Men tend to have a longer anal canal, while
women tend to have a greater anorectal angle.
Voluntary “squeeze” decreases the anorectal angle,
while “strain” and defecation increase the angle.

Rectocele

There is some merit to the objective demonstration
of a large rectocele in patients with incomplete evac-
uation, and who are helped by rectal or vaginal digi-
tation during defecation. However, rectoceles less
than 2 cm diameter are normal in women [7]. Even
large rectoceles can be asymptomtomatic, and the
correlation between the presence of such a finding,
symptoms, and improvement with surgery is not
predictable [21].

Intussusception

Internal rectal intussusception has been suggested
as a cause of symptoms and of solitary rectal ulcer.

134 Female Pelvic Medicine and Reconstructive Pelvic Surgery

Anterior�
anorectal line

Central�
anorectal line

Posterior anorectal line

Anorectal angle (central)

Anorectal angle (posterior)

Anal canal line
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Figure 12.3 Mucosal prolapse and intussusception. Mucosal pro-
lapse can occur unilaterally (a), circumferentially (b), and form an
intussusception even to the extent of external prolapse (c).

Figure 12.4 Anterior rectocele.This common rectocele is seen as an
anterior wall protrusion beyond the expected line of the rectum.
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Table 12.1 Anorectal angle

Rest Squeeze Strain Reference

Posterior anorectal angle (°)a

Men 96 ± 17 (64–125) 80 ± 16 (45–116) 98 ± 19 (67–123) Shorvon et al. [7]
{25}b {25} {17}

Women 95 ± 16 (70–134) 71 ± 12 (54–95) 103 ± 15 (75–128) Shorvon et al. [7]
{22} {22} {15}

Men {4} + Women {6} 93.7 ± 2.3 — 123 ± 6.7 Mantzikopoulos et al. [80]
Men {22} + Women {34} 92.0 ± 1.5 — 136.6 ± 1.5 Mahieu et al. [3]
c Men {2} + Women {14} 92 (88–100) — 130 (120–150) Womack et al. [81]

Central anorectal angle (°) a

Men 118 ± 12 (91–140) 113 ± 17 (90–160) 118 ± 12 (97–136) Shorvon et al. [7]
{25} {25} {17}

Men {7} + Women {14} 98.6 (74–121) — 121.6 (90–156) Freimanis et al. [20]
Women {25} 108 (94–119) — — Skomorowska et al. [82]
Men {40} 127 (101–155) — — Skomorowska and 

Hegedus [19]
Women {40} 108 (90–120) — — Skomorowska and 

Hegedus [19]

a Mean ± SD (Range).
b {} = n.
c Central or posterior angle – not stated.

Table 12.2 Position of anorectal junction

Rest Squeeze Strain Reference

cPosition (mm)a

Men 16 ± 9 (0–31) 28 ± 9 (9–41) -4 ± 9 (–22 to +31) Shorvon et al. [7]
{25}b {25} {17}

Women 4 ± 13 (–32 to +21) 14 ± 12 (–20 to +25) 16 ± 15 (–48 to +12) Shorvon et al. [7]
{22} {22} {15}

a Mean ± SD (Range).
b {} = n.
c Distance between upper anal canal and inferior margins of the ischial tuberosities.

Table 12.3 Perineal movement (mm)a

Elevation (squeeze) Descent (defecation) Reference

Men {17}b 13 ± 7 19 ± 10 (2–39) Shorvon et al. [7]
Women {15} 10 ± 7 20 ± 15 (0–54) Shorvon et al. [7]
Men {40} — 45 (20–80) Skomorowska and Hegedus [19]
Women {40} — 45 (20–70) Skomorowska and Hegedus [19]
Women {25} — 45 (25–70) Skomorowska et al. [82] 
Men {22} + women {34} — <20 Mahieu et al. [3] 
Men {4} + women {6} — 35 ± 9 Mantzikopoulos et al. [80] 

a Mean ± SD (Range).
b {} = n.



However, its correction correlates poorly with symp-
tomatic benefit, and mucosal prolapse and rectal
intussusception have been reported in normal 
subjects [7, 20].

Rectal Prolapse

Defecography can demonstrate external rectal pro-
lapse [22–27], a finding readily demonstrated on the
commode without radiology.

Enterocele

Defecography combined with filling of the small
bowel with barium from above may be useful in
demonstrating an enterocele [4], and therefore may
aid in the evaluation of patients with impaired defe-
cation and proctalgia.

Rectal Evacuation

In theory, the quantification of rectal evacuation
could be helpful in patients with constipation attrib-
uted to pelvic floor dysfunction or dyssynergia
[2–5,28]. For example, some patients with constipa-
tion have poor rectal emptying on proctography
[12,29]. However, the finding is nonspecific and no
differences were observed in patterns of rectal emp-
tying of barium contrast among four study groups:
patients with infrequent defecation and normal
colonic transit, those with infrequent defecation
with proximal slowing of colonic transit, patients
with defecatory difficulty only and control subjects
[12]. Further, rectal emptying is subject to many
variables including backflow into the sigmoid,
barium consistency, and rectal size. Finally, informa-
tion about evacuation has not been proven to alter
management or to predict the outcome of treat-
ments such as colectomy in younger patients [30].
Therefore, the degree of overlap renders defecogra-
phy of limited importance in management decisions
in patients with constipation. However, if the results
of defecography (e.g. inappropriate contraction of

the puborectalis muscle) corroborate other studies
of anorectal function, they may serve to reinforce
the validity of such testing, and provide direction
for therapy such as biofeedback training [31].

Fecal Incontinence

There is no evidence that evacuation proctograp
hy is of established value in patients with fecal
incontinence.

Constipation

Proctography is of potential value in patients with
constipation where the following problems are 
suspected as the cause of impaired defecation, and
physical examination and other tests support the
findings: (a) inappropriate contraction of the 
puborectalis muscle; (b) enterocele (e.g. after hys-
terectomy); and (c) anterior rectocele (e.g. history of
manipulation of the rectal wall per vaginam).

Anorectal Manometry
Anorectal manometry provides information about
the nature and behavior of the anorectal area by
measuring pressures in the anal canal and rectum.
Figure 12.5 shows the major anorectal structures.
Measurements are made at rest, with voluntary con-
traction of the external anal sphincter and pelvic
floor, and with straining as if to have a bowel move-
ment. The measurement technique usually includes
balloon distension of the rectum to assess reflex
anal sphincter responses, and to obtain some
measure of rectal sensation. Anorectal manometry
can also be used to perform biofeedback therapy for
anorectal disorders. The technique has been applied
to the assessment of conditions such as constipa-
tion, fecal incontinence and anorectal pain.

Anal canal pressures and anal sphincter responses
can be measured with open-tipped or side-opening
water-perfused catheters, solid state microtransduc-
ers, or air- or water-filled balloons of various sizes
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Table 12.4 Anal canal length (mm)a

Rest Squeeze Strain Reference

Men 22 ± 7 (10–37) 28 ± 9 (12–45) 17 ± 6 (9–27) Shorvon et al. [7] 
{25}b {25} {17}

Women 16 ± 5 (6–26) 19 ± 6 (6–26) 14 ± 5 (6–20) Shorvon et al. [7]
{22} {22} {15}

a Mean ± SD (Range).
b {} = n.



and configurations. However, although balloon
probes can assess sphincter responses to rectal dis-
tension and other stimuli, they cannot adequately
measure resting pressures of the anal canal. To eval-

uate the measurements properly, normal values
must be established for each technique.

By manometry, the anal canal is seen as a region
of higher resting pressure that separates the rectum
from the exterior. Males have longer anal canals
than do women [32–36] with considerable overlap
(Table 12.5, see also Table 12.4). Normal anal canal
pressures vary according to gender, age and tech-
niques employed (Tables 12.6 and 12.7). In general,
pressures are higher in males and in younger
persons but there is a considerable overlap in values.
The pressure decrease with age is particularly
marked in women over the age of 50–55.

Resting Anal Canal Pressures (RAP)

These may be assessed by station pull-through or
rapid pull-through techniques [32,34, 36–41], and
tend to be higher with the rapid pull-through (Table
12.6). Tonic activities of both the internal (IAS) and
external anal sphincters (EAS) contribute to the
resting pressure with approximately 75–85% of this
pressure derived from the IAS. However, if the
patient is not completely relaxed, a larger contribu-
tion from the EAS (and therefore higher pressures)
will be recorded.

Squeeze Pressures

These are obtained by asking the patient to maximally
contract (MSP) the EAS, and considerable variation in
normal values exists (Table 12.7). The duration of
maximal squeeze can also be obtained, and normal
subjects can maintain an increase of 10 mmHg for 
49 ± 1 s and of 5 mmHg for 122 ± 37 s. [37,42].

Reflex Anal Sphincter Responses

The IAS and EAS are normally inhibited either in
response to rectal distension or during attempted

Anorectal Testing: Defecography and Anorectal Manometry 137

Sigmoid colon

Rectum

Puborectalis�
muscle

Internal anal�
sphincter External anal�

sphincter

Cortex

Figure 12.5 Maintenance of continence. In addition to voluntary
control of the defecation process and the external anal sphincter, and
the influence of colonic function and stool consistency, anorectal
structures and function are important and include: rectal compliance
and sensation of urgency; internal and external anal sphincter
integrity; contraction of the puborectalis muscle; and the anorectal
angle.

Table 12.5 Normal values of length (cm) of anal canal

Women n Men n Reference

4.0 ± l.0c 18 4.0 ±1.0c 18 [32] 
3.1 (2.0–4.2)b 20 3.6 (2.4–4.4)b 20 [33] 
2.2 (2.2–3.8)c 35 2.8 (2.1–3.7)c 23a [34] 
3.7 ± 0.2 10 4.0 ±0.6b 12 [36] 

Values expressed as mean ± SEM or mean (range).
a Expressed as median (range).
b Significantly different.
c Not significantly different.
From Diamant et al. [1], with permission.



defecation (Figure 12.6). This reflex inhibition can be
elicited by distending a rectal balloon or by asking the
subject to expel the manometer (pseudo defecation)
[32,38,42–44] (Table 12.8). If the rectum is enlarged
(megarectum), greater volumes of rectal distension
are required to elicit the inhibitory reflex. The
decrease in pressure is largely that of the IAS which
makes up the majority of the resting pressure. This
balloon distension reflex of the IAS remains intact in
patients with extrinsic denervation but disappears

with neuropathy and loss of ganglion cells of the
myenteric plexus (e.g. Hirschsprung’s disease) and/or
with atrophy and fibrosis of the IAS [45,46]. Although
EAS inhibition can be assessed with all types of
anorectal manometers, simultaneous EMG recordings
ensure that inhibition of EAS activity contributes to
the decreased pressures. A transient reflex EAS con-
traction is often seen prior to the reflex inhibition,
and this contraction can be enhanced by biofeedback
training for the treatment of fecal incontinence.
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Table 12.6 Representative normal values of maximal resting anal canal pressures determined manometrically

Women n Men n Reference

Station pull-through 58 ± 3 22 66 ± 6 15 [37] 
54 ± 5 12 Not studied [38] 
50 ± 13 18a 63 ± 12 18 [39]
49 ± 3 12 49 ± 3 7 [40]

Slow pull-through
46 (range 40–58) 35 60 (range 51–98) 23 [34] 

Rapid pull-through 100 ± 22 10a Not studied [32] 
106 ± 18 10a Not studied [32] 
102 ± 19 35b 100 ± 21 27b [41] 
76 ± 24 40c 97 ± 20 31c [41] 
53 ± 22 17d 72 ± 23 3d [41] 

Values expressed as mmHg (mean ± SEM) unless indicated.
a Significant difference between sexes but not age.
b Ages 20–39 years.
c Ages 40–69 years.
d Ages 70+ years.
From Diamant et al. [1], with permission.

Table 12.7 Representative normal values of maximal squeeze anal canal pressures determined manometrically

Women n Men n Reference

Station pull-through 135 ± 15 22 218 ± 18 15 [37] 
90 ± 9 12 Not studied [38] 
159 ± 45 18a 238 ± 38 18 [32] 

Slow pull-through
103 (range 78–190) 35 163 (range 76–234) 23 [34] 

Rapid pull-through
179 ± 55 10a Not studied [39] 
159 ± 35 10 Not studied [39] 
171 ± 40 35b 240 ± 65 27b [41] 
132 ± 169 40c 203 ± 45 30c [41] 
116 ± 40 17d 219 ± 32 3d [41] 

Values expressed as mmHg (mean ± SEM) unless otherwise indicated.
a Significant difference between sexes but not age.
b Ages 20–39 years.
c Ages 40–69 years.
d Ages 70 + years.
From Diamant et al. [1], with permission.



Prolonged Anorectal Manometry

Methods are available to monitor anorectal motor
events over prolonged periods of time and in fully
ambulant subjects [40,47–49]. The clinical applica-
bility of these techniques has not as yet been 
established.

Vector Manometry (Vectometry)

The radial pressure profile along the anal sphincter
is measured by circumferentially placed recording
ports, and it is likely that up to eight radially-ori-
ented recording ports are necessary for adequate
resolution [50–53]. The technique is used to try and
localize weakness of the IAS and/or EAS due to
damage or disruption of the sphincters; this is rec-
ognized by a decrease in pressure in a particular

radial orientation (Figure 12.7). This information is
of value in patients with fecal incontinence, particu-
larly women who may have suffered sphincter
damage at the time of delivery. However, the tech-
nique has limitations which make it less satisfactory
than other methods such as anal ultrasound.
Agreement with ultrasound and needle electromyo-
graphy has been variable [50–54]. The sensitivity
and specificity of vector manometry are too low to
determine which patients should have surgical man-
agement [53]. The technique cannot readily distin-
guish IAS from EAS damage.

Therefore, although some of the data can be
interpreted as indicating that vectometry is of
clinical value in identifying patients with trau-
matic sphincter injury, anal canal ultrasound if
available is a preferable test for identifying such
patients [55–59].
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Figure 12.6 Reflex activity of the anal sphincter. Transient intrarec-
tal balloon distension normally produces a relaxation of the internal
anal sphincter and cessation of external sphincter contraction, which
is recorded as a decrease in resting sphincter pressure. A transient
external sphincter contraction may also be seen as an increase in
pressure prior to the relaxation.

Table 12.8 Thresholds of IAS relaxation (ml)

Thresholdsd n Characteristics of distending balloon Reference

14 ± 1 16 5 cm long, 5 cm from anal verge [42] 
20 (10–30) 11 5 cm long, 5 cm from anal verge [43] 
22 ± 3 (10–40) 12 5 cm long, 5 cm from anal verge [38] 
25 ± 2 17a 5 cm long, 5 cm from anal verge [44] 
19 ± 6 18b 2.5 × 3 cm, 5 cm from anal verge [32] 
23 ± 11 18c 2.5 × 3 cm, 5 cm from anal verge [32] 

a Elderly >age 60 years.
b Elderly >age 66 years.
c Young; ages 21–40 years.
dExpressed as mean ± SEM and or (range).
From Diamant et al. [1], with permission.

Figure 12.7 Vector manometry of the anal canal. Multiple recording
ports circumferentially placed can help detect local areas of the anal
sphincter which are weak or damaged. These are seen as a decrease
in pressure in a specific radial location.



Rectal Sensation

Balloon distension is used to detect the threshold
(smallest volume of rectal distension) for three
common sensations, the first detectable sensation
(rectal sensory threshold), the sensation of urgency
to defecate, and the sensation of pain (often defined
as maximum tolerable volume). The clinical
significance of the latter two thresholds is less well
established than that of the first. The type of
inflation (phasic versus continuous) and the speed
of continuous inflation affect the threshold volume
required for healthy controls to perceive rectal dis-
tensions [60]. Also, the size and shape of the balloon
will affect the threshold volume, and thresholds
appear to vary with the distance of the balloon from
the anal verge. Therefore, within groups, sensory
thresholds vary widely, with an upper range of
normal of 30 ml for a latex balloon 5 × 4 cm situated
5 cm above the anal verge (Table 12.9).

The maximum tolerable volume or pain threshold
may be reduced in patients who have a non-compli-
ant rectum (e.g., abdomino-perineal pull-through,
proctitis, rectal ischemia) [61], and the pain thresh-
old may also be reduced in patients with functional
bowel disorders [61–65]. On the other hand, the
thresholds for first detectable sensation and the urge
to defecate are often elevated in patients with consti-
pation. Significant loss of or delay in the ability to
sense rectal distension (rectal sensory threshold) is
a sufficient but not a necessary condition for fecal
incontinence [15, 66, 67].

Fecal Incontinence

Anal canal pressures are often low in patients with
fecal incontinence, which has led to studies for dis-
criminating fecally incontinent patients from conti-
nent patients and controls [67, 68]. However, it is not
logical to expect anal canal pressure to be perfectly
correlated with continence because of the wide

range of normal pressures, and there are other
factors which may cause fecal incontinence in the
absence of decreased anal canal pressures.

A decrease in MSP has the greatest sensitivity and
specificity for discrimination of fecal incontinence,
the efficiency of this measurement depending on the
cut-off pressure considered as normal and the sex of
the patient. For example, taking the mean minus 
2 SD for controls as the cut-off, the sensitivity is 92%
and specificity is 97% [67]. RAP is decreased but the
sensitivity of this decrease is poor in discriminating
the incontinent patients from normal subjects 
[67, 68]. The duration of maximum squeeze (e.g.
>5 mmHg in lower anal canal) is about 2 minutes,
and is decreased in patients with incontinence
[39,41]. Incontinence to liquids is associated 
primarily with low internal anal sphincter pressures;
patients incontinent to both liquids and solids have
abnormally low squeeze pressures (external anal
sphincter) in addition [69].

Other manometric features may be seen in
patients with incontinence. These include an
increase in spontaneous internal sphincter relax-
ations which are not associated with compensatory
increases in external sphincter activity. These last
about 45 seconds and are more frequently associ-
ated with increases in rectal pressure in the inconti-
nent patients [67,70]. In addition to increased
spontaneous transient relaxations, these incontinent
patients have low thresholds for balloon-induced
relaxations and show post-squeeze or post-strain
relaxations, the latter not usually seen in normal
subjects [70]. Therefore, especially if there is some
loss of rectal sensation, internal sphincter relaxation
can occur before a rectal stimulus is sensed and
before compensatory external sphincter contraction
can be initiated, resulting in fecal incontinence. On
the other hand, the finding of a low threshold to
induce a pain or a desire to defecate may have value
by indicating the presence of visceral hypersensitiv-
ity, poor rectal compliance, or rectal irritability in
patients with fecal incontinence.

140 Female Pelvic Medicine and Reconstructive Pelvic Surgery

Table 12.9 Representative normal values for thresholds of conscious perception of rectal distension

Rectal sensation (ml)a n Technique Reference

12 ± 1 16 Balloon 5.5 × 4 cm, 5 cm from anal verge [42] 
13 ± 2 (10–30) 11 Balloon 5 cm long, 5 cm from anal verge [43] 
13 ± 3 (5–30) 12 Balloon 5 cm long, 5 cm from anal verge [38] 
14 ± 3 17b Balloon 5 cm long, 5 cm from anal verge [44] 
17 ± 9 36 Balloon 2.5 × 3 cm, 5 cm from anal verge [39] 

a Mean ± SEM (range).
b Ages 60–79 years; no differences between gender or age.
From Diamant et al. [1], with permission.



Constipation

Manometry may be utilized to assess anorectal
function in patients with chronic constipation. The
absence of internal anal sphincter relaxation in
response to rectal distension strongly suggests
Hirschsprung’s disease in the appropriate clinical
setting [71], while the presence of internal sphincter
relaxation excludes Hirschsprung’s disease from
consideration. Therefore, manometry is a relatively
noninvasive screening technique for this uncommon
disorder.

Manometry may be used to assess anorectal 
patterns during attempted defecation such as with
expulsion of a rectal balloon (pseudodefecation).
Intrarectal pressure is recorded as an indication of
intra-abdominal pressures generated, while at the
same time, pressure recordings from the anal canal
indicate the normal presence of relaxation or 
inappropriate contraction of the external anal
sphincter [5]. The latter pattern suggests the pres-
ence of pelvic floor dyssynergia, also known as
anismus or the puborectalis syndrome [72].
However, it is uncertain whether a manometric
pattern suggesting dyssynergia alone is a sufficient
diagnostic criterion [12].

Therefore, anorectal manometry is clinically
useful in relatively few patients with chronic 
constipation. The technique has potential value to
exclude Hirschsprung’s disease, and in the assess-
ment and management of constipated adults who
exhibit pelvic floor dyssynergia, especially if this is
corroborated by anal sphincter EMG and by
impaired expulsion of contrast with defecography.

Anorectal Pain Syndromes

Two main syndromes occur, the levator ani syn-
drome and proctalgia fugax. The irritable bowel
syndrome may also be associated with rectal pain
and patients with the syndrome report pain at a
lower volume of rectal distension than do healthy
controls [62]. However, there are no specific mano-
metric features of the syndrome.

Levator ani syndrome is defined as a chronic or
intermittent dull, aching pain or discomfort in the
rectum [73, 74] and the symptoms may also include
a chronic sensation of rectal fullness and urge to
defecate. Although the physiological mechanism for
the syndrome is not firmly established, the 
syndrome has been attributed to chronic tension in
the striated pelvic floor muscles [74]. The diagnosis
is based on clinical symptoms and physical exami-
nation; anorectal manometry is not required

although it may be helpful in confirming the associ-
ation of the symptoms with elevated pelvic floor or
anal canal muscle tension.

Proctalgia fugax refers to sharp, fleeting pains
from the anal canal or rectum [73, 74]. The physio-
logical basis for these symptoms is also unknown
and the diagnosis is based solely on symptom crite-
ria and exclusion of other diseases. A small group of
patients with severe proctalgia may have a myopa-
thy of the internal anal sphincter [75], and in some
patients paroxysms of contraction of the anal canal
may be involved [76]. However, at present anorectal
manometry plays no role in the diagnosis or treat-
ment of proctalgia fugax.

Biofeedback Therapy

Anorectal manometry can be used to perform this
therapy for both fecal incontinence and constipation
[31]. There is as yet no evidence that anorectal
manometry has predictive value for the use of this
therapy.

For fecal incontinence the biofeedback training is
designed to teach the patient (a) how to recognize
small volumes of rectal distension, and (b) how to
contract the external anal sphincter while simultane-
ously keeping intra-abdominal pressure low [77,78].
To accomplish these goals, one needs to be able to
display to the patient a measure of sphincter con-
traction, which can be based on anal canal pressures
or pelvic floor EMG; and a measure of abdominal
wall contraction, which can be based on pressures in
a rectal balloon or a skin surface measure of rectus
abdominis EMG. One also needs to be able to distend
the rectum with graded volumes of air in a balloon.
Therefore objective monitoring of outcome requires
the use of anorectal study techniques.

Biofeedback techniques have value in patients
with constipation with associated pelvic floor
dyssynergia [79]. To perform these studies, anorec-
tal testing techniques are required: (a) pelvic floor
dyssynergia should be corroborated by at least two
different tests from among the following: man-
ometry, defecography and sphincter EMG, and 
(b) sphincter EMG or manometric techniques are
utilized for the biofeedback training sessions where
the patients are taught to relax the anal sphincter
and pelvic floor muscles.
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Introduction
Traditional knowledge of pelvic floor anatomy has
been obtained by anatomists working on cadavers
and consequently all our information is based on
this mode of investigation. However, as a result of
the embalming process, anatomic artifacts have
been described and consequently our understand-
ing of living anatomy is distorted. Furthermore,
because ante-mortem clinical information is often
lacking, such studies are limited in their ability to
correlate anatomy with functional status.

Recently, with the advent of magnetic resonance
imaging (MRI), evaluation of functional anatomy
has become possible in the live subject. This tool has
become invaluable in the description of live and
dynamic anatomy of the pelvic floor. In contrast to
radiology and fluoroscopy, this form of investiga-
tion permits the evaluation of soft tissue without
the risk of radiation exposure and is non-invasive
and preferable for the patient. Regrettably, it is very
costly. Nonetheless, MRI, when available, has now
become the instrument of choice in structural
research of pelvic floor disorders. Its actual role in
the clinical setting remains limited not only for
reasons of cost but also because there is little data
supporting its usefulness in clinical decision
making.

This chapter will attempt to briefly explain MRI
technology. The anatomical information accessed by
this technology will be compared with that obtained
by histology and other types of imaging studies.
Finally, the pathophysiology of pelvic floor support
and continence mechanisms will be discussed in the
context of this new imaging facility.

MRI Technology at a Glance 
MRI uses the natural electromagnetic fields pro-
duced by the spinning protons of the atoms present
in different tissues of the body [1]. The electric
charge of the proton produces an electrical current
as the proton rotates within the nucleus of the atom.
This electric current in turn induces a magnetic
field. This magnetic field assumes random direction
(vector) as the atoms themselves may be positioned
randomly in space. When a patient is placed in a
strong external magnetic field (such as in an MRI
machine), the electromagnetic fields (vectors) of the
individual atoms align with the external magnetic
field.

MRI utilizes a pulse of electromagnetic wave
(radio frequency) that disturbs this alignment,
changing the magnetic vectors (direction) of the
patient’s electromagnetic fields (which were aligned
parallel to the magnetic field). The pulse is of a brief
duration and after this, the magnetic vectors again
change towards the initial alignment. The same way
an electrical current produces a magnetic field, a
shifting magnetic field produces a current.
Therefore, as the magnetic field resumes its original
alignment, a current is produced (also called the
MRI signal) and this is “received” in an “antenna”
(the coil).

How does this translate into an image? The rota-
tional speed of the protons within a magnetic field
is dependent on the strength of the magnet (given
in teslas). The stronger the magnet (greater number
of teslas), the faster the rotation (the higher the fre-
quency). By placing the patient in a magnetic field
that has different (graded) strength at different
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points, the frequency of rotation of each proton will
be different, resulting in an MR signal of different
frequency sent to the receiver coil. A location can
therefore be assigned for a certain frequency. The
computer, by the means of a mathematical process
(the Fourier transformation), analyzes how much
signal of a specific frequency is received. As each
frequency represents a location, the image can be
reconstructed.

As the magnetic field vector (originally aligned
parallel to the external magnetic field of the MRI) is
disturbed by the radio frequency pulses (therefore
becoming perpendicular to the MRI magnetic field),
its final vector (direction) is the addition of longitu-
dinal (parallel to the MRI field) and transverse (per-

pendicular) vectors. Each vector is independent. The
time it takes the longitudinal vector to resume its
original value is named T1 (longitudinal relaxation
time). Similarly, the time it takes the transversal
vector to vanish as the field resumes its parallel
position to the external magnetic field is named T2
(transversal relaxation time). Liquids have a long T1
and T2 time, whereas fat has a short T1 and T2. By
varying the time to repeat (TR) of the radio pulses’
frequency and direction, we can “T1- or T2-weight”
the image, i.e. manipulate the time it takes the two
vectors to resume their original positions. Such
manipulation results in differences in the intensity
of the MR signal received by the coil. This results in
the enhancement of the contrast between different
tissues, as each tissue contain different atoms, whose
protons spin at different frequencies. In a 
T1-weighted image, fluids tend to be darker than
solids, and in T2-weighted images, fluids appear
rather white. In this way, tissue contrast is obtained
and images are developed with excellent resolution.

Anatomical Studies
A full description of anatomical structures of the
pelvic floor can be found in Chapter 3. We will limit
our review to the MRI contribution to the fund of
current knowledge.

Multiple studies have evaluated the anatomy of
the pelvic floor, comparing it to cadaver sections
[2–6], confirming previously described structures
[3,7,8] or describing new ones [5,7,9,10].

The four layers of the urethra, namely the
mucosa, submucosa, smooth muscle and striated
muscles, have been visualized with MRI. Strohbhen
et al. [4] correlated side by side the MRI images and
the histological appearance of a cadaver specimen.
T2-weighted images were found to produce the best
multilayered urethral soft tissues. The mucosa was
bright, circled by submucosa that appeared dark,
bright smooth muscle and finally dark striated
muscle (Figure 13.1). Others [5,7] have obtained
similar results. In addition, Strohbhen et al. [4] com-
pared the MRI appearance of cadavers (pre- and
post-fixation), as well as cadavers versus live sub-
jects. The signal characteristics and ring appearance
remained constant on subjective evaluation pre- and
post-fixation. Findings were also comparable
between living subjects and cadavers except for the
mucosa, which was darker in the living on T2-
weighted images; and the submucosa, which was
brighter in the living than the already bright appear-
ance in the cadaver. The urethral volume measured
by endorectal coil showed an inverse correlation
with advancing age [11].
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Figure 13.1 Midline sagittal T2-weighted MRI image (a) and corre-
sponding histologic section (b). BL, bladder; DM, detrusor muscle; AV,
anterior vaginal wall; LC longitudinal and circular muscles, SUG,
striated urogenital muscle; CU compressor urethrae. (From
Strohnbehn K et al., Obstet Gynecol 1996;87:752, with permission.)



Furthermore, histologic studies and MRI imaging
demonstrated that the urethra and bladder neck
were in close apposition with the vaginal mucosa
[2,6,7]. This substantiates the hypothesis that the
endopelvic fascia, located ventral to the vagina, pro-
vides the primary urethral support. This endopelvic
fascia is the fused layer between the urethra and
vagina and is responsible for the hammock-type of
support of the former. That “fascia”, composed of
connective tissue and smooth muscle, is attached to
the arcus tendineus fasciae pelvis, which runs from
the posterior aspect of the pubis to the ischial spine
on each side. The distal portion of this structure is
often referred to as the “posterior pubourethral liga-
ment”. Attachment of the endopelvic fascia to the
arcus is visible on MRI on T1-weighted axial images
[7] (Figure 13.2).

In a study comparing endovaginal (Figure 13.3a)
to body coil (Figures 13.3b) imaging, Tan et al. [8]
noted that with the endovaginal coil, a sling-like
structure ventral to the urethra, connecting it to the
levator ani muscle, was shown (Figure 13.3), with a
signal intensity suggestive of ligamentous tissue.
This structure was named the “urethropelvic sling”
by the authors. This could correspond to the com-
pressor urethrae described by DeLancey [12] and
identified by us on both supine and erect MRI [13].
Other authors found a similar structure on MRI
using endovaginal and endorectal coils [11].

Whether or not there is a connection between the
urethra and the levator ani is controversial as some
authors have identified it [9] with a 0.3 T magnet
and others [14] not even when a 1.5 T magnet and
endovaginal coil were used [14]. Histological studies
[15] suggest that only the connections between the
levator ani and the vagina on one hand, and between
the urethra and vagina on the other, control the ure-
thral support, rather than there being a direct con-
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Figure 13.2 Serial T1-weighted axial images from a continent nulliparous woman, from proximal to the urogenital diaphragm (a) through the
mid-urethra (c). (From Aronson MP et al., AM J Obstet Gynecol 1995;173:1707, with permission.)

a

b

Figure 13.3 Axial T2-weighted slice through the level of the mid-
urethra showing an elliptic ligamentous loop running ventral to the
urethra (star), the urethropelvic sling (arrows). Note the connection of
the sling with the levator ani muscle, a Endovaginal coil. b Body coil.
(From Tan IL et al., MAGMA 1997;5:61, with permission.)



nection between the urethra and the levator ani.
This has recently been substantiated by DeLancey’s
team [16]. They reported evidence of urethral
support being through a hammock-like structure
provided by the attachment of the vaginal sidewalls
to the fascia of the levator ani. No proper endopelvic
or rectovaginal fascia have been demonstrated on
MRI or histological studies. Instead the space

between the urethra/rectum and the vagina is
formed by a conglomerate consisting of vascular
and connective tissue.

The cardinal and uterosacral ligaments provide
support of the uterus and colpos. The cardinal liga-
ments are not visible on MRI. Histologic studies in
fact reveal that the paracervical area is filled with
adipose tissue, vessels and nerves and MRI confirms
this [2]. The uterosacral ligaments, in contrast, are
visible on MRI scanning and on histologic sections
[2]. They commence at the lateral margin of the cervix
and vault. They run dorsally to connect with the pari-
etal pelvic fascia that covers the sacrospinous liga-
ments, coccygeus muscle and the presacral space.

The levator ani can also be assessed using MRI
scanning [3,9,17]. Although initially described as a
basin by anatomists, the actual shape is rather like two
contiguous domes at rest (Figure 13.4a) [17]. Axial
imaging demonstrates the pubovisceralis muscle, a
thick U-shaped muscle, which runs from the posterior
aspect of the pubic bone and circles the rectum as a
sling. The pubovisceralis muscle is attached to the
distal vagina by smooth muscle, collagen and elastin
fibers [15], which are visible on MRI [10]. The iliococ-
cygeus muscle, thin and flat, arises from a fibrous
band, the arcus tendineus levator ani, which overlies
the obturator internus muscle and stretches from the
pubic bone to the ischial spine.

Most MRI studies of the pelvic floor have been
performed in the supine position. The disadvantage
of this is that the effect of gravity on the pelvic floor
distorts the tissues posteriorly and the supporting
table further compounds this, resulting in their
artificial imaging. In recent years, General Electric
Medical Systems (Schenectady, NY), in conjunction
with researchers at Brigham & Women’s Hospital
(Boston, MA) have designed a 0.5 T interventional
magnet, which allows surgeons to operate under
direct MRI guidance. We have proved that such a
magnet can permit imaging of the pelvic floor, and
have assessed the differences between supine and
erect imaging. In a pilot study [13], we have demon-
strated that this magnet system can be used to iden-
tify pelvic floor structures and that most of these
were stable in both positions, with the exception of
the posterior urethrovesical angle, which increased
significantly in the erect position.

MRI in the Dynamic Evaluation of
the Pelvic Floor
Evaluation of the pelvic floor during a pelvic floor
muscle contraction and a Valsalva maneuver can
provide invaluable information on the dynamics of
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Figure 13.4 MRI coronal image of a female nulliparous pelvic floor at
rest (a), during a pelvic floor contraction (b) and during straining (c).
(From Hjartardóttir S et al., Acta Obstet Gynecol Scand 1997;76:569,
with permission.)



support and continence mechanisms. Quantification
of normal descent of the pelvic organs associated with
a Valsalva was defined by Yang et al. [18]. The bladder
base and vaginal cuff/cervix should not descend more
that 1 cm below the pubococcygeal line (PCL – line
extending from the most inferior portion of the sym-
physis pubis to the tangent of the coccygeal curve at
the last coccygeal joint). The rectum did not descend
to more than 2.5 cm below the same reference line.
Other authors [19], using the same pubococcygeal
line, documented in nulliparous continent women the
following maximal descent: the bladder base was
located at a distance of 1.1 ± 0.9 cm (mean ± SD)
above the PCL, the cervix, at 2.2 ± 0.5 cm. Finally,
these measurements were repeated more recently,
with some variability by Law et al. [20]. The mean dis-
tance between the bladder base and the PCL at
maximal strain was 0 cm, between the cervix and the
PCL 0.6 cm, and between the rectum (anorectal angle)
and PCL 1.3 cm (i.e. below the PCL).

In studies involving normal volunteers perform-
ing a contraction (Kegel), pelvic structures moved
anteriorly and cephalad with a narrowing of the
retropubic space [17,20,21]. The levator plate
reached a position closer to the horizontal. On
coronal views, the levator ani lost its double dome
appearance, with the muscle reaching a more hori-
zontal position (Figure 13.4b) [17]. The bladder base
and upper vagina followed in the same direction.
The anorectal angle decreased [22].

During Valsalva, sagittal views of the levator plate
revealed an increased inclination towards the vertical,
away from the PCL. This inclination, however, was
very slight (only 15 degree) [23]. The width of the
levator hiatus increased by a mean of 8 mm in nulli-
paras and the bladder base descended by a mean of
14 mm in these women [17]. The levator assumed a
basin shape (Figure 13.4c) and the anorectal angle
increased [22]. The uterus was noted to initially move
posteriorly, towards the sacrum, then inferiorly onto
the levator plate with increasing degree of strain [23].
This further supports the theory that the levator is the
main means of support. With maximal Valsalva, the
pelvic organs rest on the levator plate [24].

Correlation of MRI with Clinical
Findings

Prolapse

Studies correlating physical examination with MRI
detection of prolapse are scant, and the quality
varies.

Yang et al. [18] reviewed retrospectively the charts
of the women who participated in their study on
dynamic evaluation of pelvic floor, for evidence of
prolapse on physical examination. The prolapse was
assessed by compartment (anterior – cystocele,
apical – vault/uterine descent, posterior – rectocele)
and the authors assumed that a compartment not
mentioned in the chart note was devoid of prolapse.
The specialty of the examining physician was not
systematically recorded but has included internists
who may not be used to routinely quantifying pro-
lapse. Out of 26 subjects, they found corroboration
with MRI in 20 patients with a clinical cystocele, 24
with an apical descent and 18 with a rectocele.
Lienemann et al. [25] reported the presence of pro-
lapse on MRI, compared to clinical evaluation. Out
of 46 patients, 33 had on physical examination a cys-
tocele and an equal number a vault prolapse. MRI
detected 31 of these 33 cases (94% ± 4%) for each
type of prolapse. Physical examination demon-
strated uterine prolapse in 7 patients, all of which
were detected on MRI. Including findings at time or
surgery (in 8 of the patients), 19 women had a clini-
cal enterocele, of which MRI documented 18 (95% ±
5%). Finally, 17 subjects presented a rectocele on
examination. MRI detected 13 of them (77% ± 10%).
In another study, Goodrich et al. [23] noted that 6
out of 10 women (60% ± 15%) had a cystocele on
physical examination; MRI disclosed them all, plus
an additional one. Five women (50% ± 16%) had a
rectocele and three (30% ± 15%) an enterocele on
clinical evaluation. MRI detected all 5 rectoceles plus
an additional one, and all 3 enteroceles. Finally four
women presented with vault or uterine descent on
physical examination and all four were detected on
MRI. The degree of prolapse as evaluated by MRI
was similar to that of examination in 6 out of 10 for
cystocele and rectocele, 9 out of 10 for enterocele
and 7 out of 10 for uterine/vault descent. When the
grade of prolapse was different from physical exami-
nation, MRI showed a greater degree of prolapse in
all patients for all four types of prolapse, except for
one patient with a cystocele that was downgraded
with MRI from grade 2 to grade 1. Notwithstanding
the flaws in the methodology employed, these
studies suggest that a very good correlation exists
between clinical and MRI diagnoses.

More recently, Gousse et al. [26] reported on a
study aimed at developing a fast cost-effective MRI
assessment for staging prolapse. They studied 100
women (of whom, 65 had symptoms of prolapse and
35 not). They performed a physical examination
using the halfway system. Of the women with 
prolapse, 45 underwent surgical correction.
Intraoperative findings were considered the gold
standard against which physical examination and
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MR were compared. Physical examination was
highly sensitive in detecting urethrocele, cystocele,
cuff prolapse and rectocele (100, 97, 100, 97%,
respectively). Good sensitivity was noted for the
detection of uterine prolapse (87%), but physical
examination was less sensitive for detecting entero-
cele (73%). In comparison, MRI had greater sensi-
tivity than physical examination only for enteroceles
(87%). It had otherwise equal (urethrocele, cysto-
cele, cuff prolapse) or inferior (uterine prolapse:
83%, rectocele: 76%) sensitivity. The specificity of
physical examination was greater for the detection
of urethrocele, cystocele, cuff prolapse and entero-
cele than that of MRI (83 versus 75%, 100 versus
83%, 83 versus 54% and 83 versus 80%, respectively)
or equal. In a qualitative comparison pilot study,
Tunn et al. [27] evaluated 13 patients (who subse-
quently underwent surgical repair) by physical
examination using the Pelvic Organ Prolapse
Quantification (POP-Q) system (International
Continence Society, 1996) [28] and with MRI.
Physical examination disclosed all pelvic floor
defects with the exception of one enterocele, which
was picked up on MRI. MRI staging was not per-
formed. Singh et al. [29] sought to establish an MRI
grading system which would best correlate with the
physical examination (using the POP-Q). They used
the mid-pubic line as a proxy of the hymen (which is
used as reference line in the POP-Q) and a composite
outcome measure made up of the absolute descent
measured and of the distance from the mid-pelvic line
during maximal strain. Data to establish normality
were obtained through MRI from 10 asymptomatic
nulliparous patients presumed to be devoid of pro-
lapse. Twenty patients were recruited in this study.
Eleven had mild prolapse (POP-Q stage I–II), and 9
had severe prolapse (stage III–IV). MRI correlated
with the clinical staging in 15 cases (kappa = 0.61). In
5 cases, the MRI upgraded by one stage the clinical
staging. They did not, however, report on the site-
specific prolapse findings. In a study aimed
specifically at enterocele detection, Lienemann et al.
[30] compared MR colpocystorectography (where
contrast material in placed in the bladder, vagina and
rectum) to physical examination. Physical examina-
tion (supine, during maximal strain using a specu-
lum) revealed 43 cases of enteroceles out of 55
patients, compared to 49 cases detected by MRI.

All of these studies provided data supporting the
accuracy and sometimes the superiority of physical
examination, except for the detection of enterocele.
One should note that in none of the studies were
patients examined standing, using a bi-digital tech-
nique, with one digit in the vagina and the other in
the rectum during maximal Valsalva, which is the
method of choice for the clinical diagnosis of an

enterocele [31]. MRI tended to upgrade the degree
of prolapse; however, this could be artifactual since
MRI grading uses different landmarks as reference
points. Nevertheless, only MRI will provide addi-
tional information (over physical examination) such
as detailed utero-ovarian anatomy, ureteric dilata-
tion, diverticulum etc. Also, while physical examina-
tion may be accurate at detecting a defect in the
pelvic floor, MRI can definitely determine which
organ occupies the prolapsed bulge.

Studies have looked at comparing different radio-
logical imaging techniques in patients with pro-
lapse. In particular, cystocolpoproctography (also
referred to as cystocolpodefecography by certain
authors) has been compared. In all studies where the
small bowel was opacified by oral barium ingestion,
cystocolpoproctography was superior in detecting
all the “celes” [32,41] although only marginally in
one study [33]. One study, performed specifically to
assess the presence of enterocele [30], showed diver-
gent results. The small bowel was not opacified, but
the rectum, vagina and bladder were for both exam-
inations. Fluoroscopy was performed in the stand-
ing position, rather than sitting as in other
publications. The authors reported on the superior-
ity of MR in detecting enterocele over fluoroscopy,
as the latter missed 15/34 enteroceles.

Comparison between (bead-chain) cystourethrog-
raphy and MRI [34] in a study on 27 women with
symptoms of stress incontinence, has found very high
significant correlation between the two tests for the
bladder neck position (r = 0.95) and presence of a
cystocele (r = 0.92) during strain. The posterior vesi-
courethral angle did not significantly correlate with
MRI, the latter showing higher angulation.

Anatomical differences between women with and
without prolapse have also been the subject of MRI
studies. Aronson et al. [7] noted that patients with
prolapse tended to have an attenuation or loss of the
pubourethral ligaments (also referred to as the most
anterior part of the arcus tendineus fasciae pelvis). In
addition, paravaginal defects found on physical exam-
ination were confirmed on MRI. Furthermore, the
levator plate was more vertical (greater angle with
PCL), the hiatus wider, and the bladder base and apex
showed greater descent than in patients without pro-
lapse [23]. Ozasa et al. [35] documented a change in
the levator plate in patients with uterine prolapse
compared to normal controls. The former had a
levator plate assuming a more vertical orientation.

Stress Incontinence

As in the case of studies of prolapse and its sympto-
matology, very few articles are published correlating
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the symptoms of stress incontinence with MRI
imaging. Some studies compared anatomical differ-
ences between stress incontinent and continent
women.

Detailed anatomical differences were noted by
Aronson et al. [7], who documented that, compared
to continent women (n = 4), stress incontinent sub-
jects (n = 4) presented an attenuation of the pub-
ourethral ligament (distal portion of the arcus
tendineus fasciae pelvis that inserts behind the
pubis). However, all incontinent women also had
prolapse and all continent women did not. Thus, this
finding cannot be attributed specifically to either the
incontinence or the prolapse. In addition, funneling
of the urethra was present in two incontinent 
subjects.

Kirschner-Hermans et al. [14], comparing 24
women with stress incontinence to 6 healthy volun-
teers, noted that 66% of the former group showed a
loss of the dorsal angle of the levator sling. In addi-
tion, 66% of the incontinent women revealed
changes thought to be due to muscle degeneration
(increased hypodensity on T1-weighted imaging). A
study comparing 20 women without symptoms of
prolapse or of urinary incontinence to a group of
49 women with such symptoms [36] revealed an
increased signal intensity in the levator muscle com-
pared to the internus muscle amongst women with
prolapse or incontinence (protons density-weighted
images). This was suggestive of a reduction in stri-
ated muscle in favor of an increased content of fat
and water, according to the authors. However, such
findings should be interpreted with caution, as
chemical-shift artifacts (artifact arising at the inter-
face of tissues of which one contains predominantly
water and fat protons) could influence signal 
intensity.

Klutke et al. [9] noted in incontinent women the
change in the “urethropelvic ligament” (extension
originating at the levator muscle from the arcuate
line – arcus tendineus fasciae pelvis – to the bladder
neck and proximal urethra): they seemed to have
lost their attachment to the levator ani. In none of
these studies were symptoms correlated with
findings.

Various authors reported gross anatomical dis-
similarities. Unterweger et al. [19] compared 30 con-
tinent (10 nulliparous, 10 previous cesarean delivery,
10 previous vaginal delivery) to 10 stress inconti-
nent women. None were examined for detection of
prolapse. Significantly greater bladder and cervical
descent on straining was noted in the incontinent
group compared to the continent group. The
symptom of urinary incontinence, as graded on a
visual analogue scale scaled from 0 to 10, did not
correlate with the amplitude of either bladder floor

or cervical descent. The authors concluded that the
pelvic floor laxity was greater in the stress inconti-
nent group than in continent groups, including the
continent women group who had experienced a
prior vaginal delivery. No detailed anatomical differ-
ences were studied. Other authors reported similar
results [21], in addition to describing an increased
pelvic floor descent in multiparous compared to
nulliparous women. They were also unable to
demonstrate a difference between multiparous
women before and after the menopause.

Differences between patients with prolapse and
those with urinary incontinence were sought by
Tunn et al. [27]. No differences between the two
groups were detected. Both groups showed a loss of
the hammock-like shape of the vagina. Therefore, no
MRI criteria to date can differentiate stress inconti-
nent women from women with prolapse.

Only one study correlated different MRI and uro-
dynamic parameters [27]. The authors found no cor-
relation between any of the MRI criteria and urethral
closure pressure at rest or pressure transmission.

MRI in Intervention Studies
A few studies looked specifically at pre- versus post-
operative changes on MRI. Goodrich et al. [23]
studied five women with clinical pelvic floor relax-
ation preoperatively. Surgical procedures were not
described. On physical examination, all postopera-
tive patients no longer showed signs of prolapse. On
MRI, the pelvic organs returned to a more anatomi-
cally normal position postoperatively, both at rest
and with Valsalva. Nonetheless, the levator plate
became more inclined towards the vertical than pre-
operatively, the hiatus was wider, and the 
urethrovesical angle at strain was decreased 
(Figure 13.5).

Huddleston et al. [37] studied 12 patients with
anatomic stress incontinence (hypermobility) on
urodynamic studies. All 12 patients had a cystocele.
Clinical evaluation of paravaginal defect was not
reported. Preoperative MRI was performed and
revealed bilateral paravaginal defects on all 12 sub-
jects. At time of surgery, the presence of the par-
avaginal defects was noted. The operative finding of
a paravaginal defect was found in all patients with
such defects noted on MRI. It is unknown whether
the surgeon was blinded to the results of the MRI
study. Postoperatively (surgical procedure unre-
ported), MRI demonstrated a disappearance of the
defects in three women, with a cure of their stress
incontinence and reduction of cystocele on clinical
examination. In two patients postoperatively, MRI
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detected persistence of defects and this correlated
with a clinically persistent cystocele.

The effect of periurethral collagen injection at the
bladder neck in women with stress incontinence
was evaluated using MRI [38]. Thirty-two women
were studied at a median of 12 months post-
injection. MRI easily imaged collagen. Neither
volume nor position of retained collagen was pre-
dictive of clinical outcome. The mean retained
volume of collagen (2.4 ml) was 25% of the mean
injected volume (9.7 ml).

Magnetic resonance imaging was also used to
depict postoperative anatomy and function follow-
ing sacrocolpopexy [39]. No preoperative physical or
MRI examinations are reported. Sacrocolpopexy was
the sole surgery performed on the 25 women
although attachment of the mesh differed if an ante-
rior wall (ventral attachment) or posterior wall
(dorsal attachment) were present. The mesh attach-
ment site could be identified on the vagina and on
the sacrum. Half the women had the mesh fixed at
the level of S2, others at S1 and S3. The vaginal axis
was on average at an angle of 142° (presumably from
the pubococcygeal line). The mesh could be visual-
ized entirely in most patients. On physical examina-
tion, recurrent prolapse (site unspecified) was found
in 15 women (most with stage I, but 3 women had
stage III vaginal vault prolapse). MRI found a mean
apex position at rest of +3.8 cm from the pubococ-
cygeal line, and of +2.2 cm with strain (range +4.7

to –3.2 cm – a negative value indicates a prolapse
below the pubococcygeal line). Direct comparison of
mean descent or staging between physical examina-
tion and MRI was not performed.

A French group evaluated the anatomical
modifications induced by an intravaginal continence
device (IVD – Temporella, Biogyne Groupe Poli,
France) in a pilot study on 10 women with symptom
of stress incontinence [40]. This device oval-shaped,
devised as a space-occupying apparatus to relieve
stress incontinence. Self inserted, all IVDs were
located underneath the bladder base, above the
levator plate. The IVD resulted in a statistically
significant elevation of the bladder neck (using the
pubococcygeal line as reference) both at rest and
during strain. It brought the urethra and bladder
neck upward and forward, towards the pubic bone.
The IVD produced a 0.7 cm elevation at rest and 
1.5 cm during strain.

Kaufman et al. evaluated whether or not MRI
testing affected surgical management [41].
Detection of levator ani hernias, for which the clini-
cal significance is unknown but appears to be asso-
ciated with obstructed defecation, was the one
defect that was specifically picked up by MRI.
Consequently, the authors modified the surgery to
include correction of this defect.

MRI in Postpartum Studies
Few published reports evaluated the changes in
pelvic floor immediately after vaginal delivery. In
the first reported study [42], 14 women (6 primi-
gravidas, 8 multigravidas) were recruited for the
prospective evaluation of the involuting uterus fol-
lowing vaginal delivery. Supine MRI was done at rest
within 30 hours of delivery, at 1, 2 and 6 weeks as
well as at 6 months after delivery. Measurements
between several anatomical landmarks (urethra,
vaginal, anus) and the symphysis pubis, urethrovesi-
cal angle and vaginal, urethral and anal length were
taken in sagittal and axial views. Only the distance
between the symphysis and the distal vagina showed
a statistical change over time, but no clear trend in
any direction (decreased or increase) was noted. No
comparison was made between primi- and multi-
gravidas or with nulliparas.

In a pilot study (data not published), we have
shown the differences between a group of nulliparas
(n = 9) and a group of primiparas (n = 5), at rest
and with Valsalva, using a 0.5T interventional MRI.
Such MRI allows positioning in the sitting position,
thus allowing the normal gravity effect on the pelvic
floor. All primiparas had a vaginal delivery. In brief,
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Figure 13.5 Postoperative scan of patient at maximal strain.
Although the plane of the levator plate is vertical, there was no sign
of pelvic floor dysfunction after surgical repair, based on either physi-
cal examination of MRI. (From Goodrich MA et al., Obstet Gynecol
1993;82:883--91, with permission.)



we noted a significant increased distance between
the pubis and the bladder neck in primigravidas
compared to nulligravidas at rest. The distance
between the bladder neck and the pubococcygeal
line was smaller is primigravidas (i.e. the bladder
neck was lower in absolute terms) than in nulli-
paras. Of interest, the contour of the left levator ani
was more commonly found to be irregular in post-
partum subjects, possibly suggesting a detachment
of the levator ani from its insertion site.

More recently, DeLancey’s group [43] reviewed
images obtained during studies aimed at assessing
the uterine involution in the postpartum period
[42,44]. They found chemical changes within the
levator ani, which could be related to muscular
structure damage (such as edema, change in fat
content, infarction, and denervation), 1 day postpar-
tum with only partial recovery by 6 months. The
delay in recovery of the chemical changes may help
in future studies to deduce what type of injury is
responsible for each type of damage (denervation,
direct muscular damage). Furthermore, they noted
an increase in the urogenital hiatus, which corre-
lated with midline episiotomy use and birthweight
(only at 1 day postpartum for the latter), but not
with parity. The size of the urogenital and levator
ani hiatus decreased significantly in the 2 weeks fol-
lowing childbirth, which implies a return to levator
ani geometry (provided by the resting tone of the
striated muscles) as early as 2 weeks postpartum.
However, the posterior displacement of the sagging
perineal body during the postpartum period per-
sisted for up to 6 months, suggesting a delayed
recovery of connective tissue remodeling.

MRI Use in Anorectal Diseases
Magnetic resonance imaging techniques have been
more extensively used in the study of anorectal
anatomy [45–49], its diseases such as fecal inconti-
nence or constipation [50,51], and in comparative
study with other testing [46] and imaging tech-
niques [25,52].

A controversy surrounds the anatomy of the anal
sphincters, with the external sphincter being
divided into one [53], two [54] or three parts [55] or
not at all [56] on histological studies. MR imaging
using body coil [48] documented two distinct
muscle masses that were noted on histological sec-
tions: the first one, dorsal and cranial, corresponded
to the puborectalis muscle. The second, more
caudal, represented the combination of the subcuta-
neous and deep part of the external anal canal,
which could not be distinguished. The authors

reported difficulties in identifying the internal
sphincter due to lack of contrast in signal intensity,
a difficulty encountered by other authors [49]. Gross
anatomy was described from MRI done in continent
nulliparous women [45,46] and in continent healthy
volunteers (men and women) [49]. The mean ante-
rior sphincter length was 28 mm in the first study
and 22.6 mm in the second. The mean posterior
sphincter length was 31.5 mm and 27.3 mm, respec-
tively. In both, the internal sphincter was noted to
represent approximately 50% of the total thickness.
More detailed anatomical description was not
reported. The mean thickness of the internal sphinc-
ter was 1.72 mm and that of the external sphincter,
3.99 mm. Inter-observer agreement was high for the
external sphincter but low for the internal one.

Anal anatomy has been further evaluated by
means of endoanal MR studies. Hussain et al. [47],
in an MRI study using an endoanal receive coil,
noted the length of the anterior anal canal to be 36
mm, and that of the posterior canal, 42 mm. The
internal anal sphincter was visible as the continua-
tion of the circular smooth muscle of the rectum.
Average thickness was 2.5 mm. A longitudinal
muscle layer was then visualized, with an average
thickness of 1.3 mm, as a continuation of the outer
longitudinal smooth muscle of the rectum. The
external anal sphincter was noted only in the lower
part of the anal canal, with an average anterior
length of 18 mm and a posterior length of 19 mm. It
appeared to have a varying degree of septation.
Cranial to the external sphincter, the puborectalis
muscle was noted to complete the anal canal, with a
length of 23 mm. These findings were corroborated
in another study using an endoanal coil [57]. In
addition, the latter study described the external
sphincter as consisting of a subcutaneous, a
superficial and a deep part. This is consistent with a
study evaluating the sphincter anatomy on cadaveric
sections of anal sphincters [48] compared with MRI
of anal canal in the living; a clear subcutaneous and
deep portions of the external anal sphincter were
identified on anatomical sections. Furthermore, no
age-related differences in the lengths of the anal
canal, external sphincter and puborectal muscle
were found. However, women had a significant
increase in thickness of the internal but a decrease
of the longitudinal muscles with advancing age.
Non-significant decreases in external sphincter
thickness were noted.

Morphological studies of the anal sphincters have
yielded inconsistent results (Table 13.1). Part of the
difference encountered in morphometry was the
imaging technique, where Aronson et al. [45] and
Fenner et al. [46] used external receive coils and
Hussain et al. [47] used an endoanal receive coil
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which could have resulted in a thinning effect. In
addition, the first two studies included only female
subjects, whereas the third pooled results from male
and female volunteers. All the studies were small,
with 10 or fewer subjects. However, recently a rela-
tionship between atrophic findings on MR and his-
tologically demonstrated atrophy was documented
[58]. Such atrophy on MR has been associated with
impaired continence following sphincteroplasty,
with patient’s outcome being significantly better in
patients without atrophy (92% versus 26%) [59].
Atrophy of the external sphincter was described as
extreme thinning of its fibers or generalized fatty
infiltration.

Two studies looked at anorectal symptoms and
MRI findings [50,51]. Healy et al. [50] compared the
incidence of prolapse and anorectal descent evalu-
ated on MRI to anorectal symptomatology in three
groups: constipation and straining (group 1, n = 10),
women with fecal incontinence (group 2, n = 10)
and asymptomatic women (group 3, n = 10).
Constipated women had a greater incidence of pro-
lapse on MRI than fecally incontinent women or
asymptomatic women, but there was no difference
between fecally incontinent women and asympto-
matic women. Anorectal junction descent was
greater in women with constipation than in asymp-
tomatic women, but the same as in women with
fecal incontinence. Women with fecal incontinence
also had a greater degree of anorectal junction
descent when compared to asymptomatic women.

In another study, Healy et al. [51] compared
women with obstructed defecation (straining,
incomplete emptying and perineal digital manipu-
lation) to asymptomatic women using MRI and
normal evacuation proctography and anorectal
physiology tests. They found no difference at rest.
However, with straining, symptomatic women had a
greater descent of the bladder base, uterocervical
and anorectal junction than asymptomatic women,
a wider pelvic floor hiatus, a more acute anorectal
angle and an increased levator plate angle with the
pubococcygeal line.

Correlation of MRI findings with anal manome-
try [46] showed a positive correlation between the

mean posterior sphincter length measured on MRI
and the mean high-pressure zone length with
squeeze recorded on manometry. This high-pressure
zone represents the continence zone. The sphincter
thickness did not correlate with manometric pres-
sures. In a more recent study [60], cross-sectional
external anal sphincter area, measured on MRI, was
found to correlate with maximal squeeze pressure.
This study also evaluated correlation with pudendal
nerve terminal motor latencies, and the latter was
not found to correlate with squeeze pressure, per-
centage fat content in the external sphincter or
mean external sphincter area. Other authors did not
find a similar correlation [61].

MRI has been compared to fluoroscopic defecog-
raphy [22] and standard evacuation proctography
[52] in patients with constipation. Schoenenberger
et al. [22] evaluated 15 patients with chronic consti-
pation using fluoroscopic defecography and MRI
defecography in a 0.5 T open-configuration magnet
which allows imaging in the sitting position. The
standard of reference for the diagnosis was the com-
bined result of the history, physical examination,
laboratory studies and imaging (fluoroscopy and
MRI) data. The anorectal angle correlated very well
(R2 = 0.984) between the fluoroscopic and MRI mea-
surement. Pathologies could be multiple in any
given patients, with 19 pathologies present in total
(rectocele, spastic pelvic floor syndrome, intussus-
ception, descending perineum syndrome, prostati-
tis, rectal prolapse and stenosis, and hypertrophic
puborectalis muscle). Fluoroscopic defecography
missed 4 pathologic conditions out of the 19, thus
detecting 79% of the pathologies present. MRI, on
the other hand, showed all but one (95%) of the
pathologies.

Healy et al. [52] compared parameters of anorec-
tal configuration by standard proctography and by
MRI in 10 women experiencing difficulty with defe-
cation. They found no correlation of any parameters
at rest. During straining, the measurement on MRI
of the rectal axis (angle formed by the longitudinal
axis of the anal canal and the longitudinal axis of
the rectum), the anorectal junction descent and the
anorectal angle change correlated significantly 
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Table 13.1 Anal canal morphometric measurements in different studies [45–47]

Length (mm) Width (thickness; mm) Proportion of thickness attributed 
to internal sphincter (%)

Anterior Posterior Anterior Posterior Anterior Posterior

Aronson et al. [45] 28 31.5 18.3 25.8 45 49
Fenner et al. [46] 22.6 27.3 15.6 34.3 56–58 28–39
Hussain et al. [47] 36 42 6.3 19.8 60 20



(r = 0.62, 0.7 and 0.78, respectively) with standard
proctography.

Finally, in a comparative study of normal
anatomy between MRI and anal endosonography
imaging on 8 normal volunteers, Schäfer et al. [49]
demonstrated a significant correlation (r = 0.818)
between the muscle thickness (MRI) and the muscle
diameter (sonography). However, as with prior
anatomic studies of the anal canal using a body coil
[45,46], MRI could not differentiate between
mucosa, submucosa and internal anal canal, whereas
this was possible with high-resolution sonography.
Malouf and co-workers performed a comparison of
anal sonogram with endoanal MRI in 52 patients
with fecal incontinence, using clinical consensus as
the gold standard (based on symptoms, trauma,
clinical examination and anorectal physiologic
testing) [60]. Complete agreement was found in only
62% of the patients. They concluded that MRI was
equivalent in the diagnosis of external anal sphinc-
ter injury, but MR imaging was inferior in diagnos-
ing internal anal sphincter injury. This is in slight
contrast to findings reported by another group [62].
Using surgical finding as the gold standard, these
authors reported that MR and ultrasound detected
10/12 defects of the internal sphincter and respec-
tively 12 and 11 out of 13 external defects. However,
MRI was superior in detecting sphincter thinning
(suggestive of atrophy).

MRI and Three-dimensional
Reconstruction Studies
The original study reporting on the use of com-
puter-generated three-dimensional (3D) reconstruc-
tion was applied to a cadaver specimen [3].
Topography of the muscles was reconstructed to
demonstrate the topography of the levator ani.

The first study of the application of pelvic floor
3D modeling in the live subject was performed by
Lennox Hoyte’s group [63]. This group studied 10
young nulliparous women using a 1.5 T magnet and
external coil. Two-dimensional images were
recorded, then the information was segmented into
anatomical components using manual editing. Then
integrated software produced the 3D reconstructed
image. Levator ani volume was then measured. The
combined volume of the coccygeus, puborectalis
and iliococcygeus was 46.6 ± 5.9 ml, with a range
between 39 and 57 ml, and this was not associated
with body mass index.

More recently, the same group [64] found in a
pilot study that there seemed to be a relationship
between levator volume and pelvic floor dysfunction

diagnosis. Volume was lowest in the woman with
prolapse and highest in the continent female. In a
follow-up study [65], the authors compared three
groups of 10 women. The first groups were controls
– no symptoms of incontinence or prolapse; the
second group was incontinent– symptomatic of
stress incontinence and with documented genuine
stress incontinence on urodynamic studies, with no
prolapse on examination; the third group had pro-
lapse – anterior wall prolapse protruding beyond
introitus, with symptoms of prolapse. Their results
were similar to that found in their pilot study.
Controls had a mean levator volume of 32.2 (± 7.0)
cm3, subjects with genuine stress incontinence had a
mean volume of 23.2 (± 5.8) cm3 and subjects with
prolapse had a mean volume of 18.4 (±7.7) cm3.
Although the mean volumes were significantly dif-
ferent, there was overlapping in the range of levator
ani volume found between the three groups. The
study suggested that levator ani mass either plays a
role in female pelvic floor dysfunction or it is
impacted by dysfunction of the latter.

Conclusion
MRI opens up tremendous research opportunities
in imaging of the pelvic floor. Elucidation of the
mechanisms of diseases such as pelvic floor dys-
function and stress incontinence are still in their
infancy and correlation with symptoms, physical
finding and urodynamic testing almost non-exis-
tent. For these reasons, MRI remains, for now, part
of the investigational armamentarium and should
be used in well-designed research protocols and not
for clinical evaluation.
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Bladder Function
The two functions of the bladder are urine storage
at low pressure without leaking and periodic evacu-
ation; these are under the control of the peripheral,
autonomic and central nervous systems.

Urine Storage

The storage of urine is under the control of the
sympathetic nervous system. There is a continuous
tonic stimulation to the urethra (smooth muscle)
via �-adrenergic receptors of the sympathetic
nervous system. In addition, there is an added vol-
untary tone exerted by the external urethra (striated
muscle) and the levator ani muscles for short bursts
via the pudendal nerve and the sacral reflex. The
final urethra continence mechanism is coaptation of
the urethra due to the urethral vascular plexus
(Figures 14.1 and 14.2).

These mechanisms are further enhanced by prog-
esterone stimulation of �-receptors of the bladder
and estrogen stimulates the �-receptors of the
urethra.

The detrusor muscle is inhibited via �-adrener-
gic receptors stimulation to allow the bladder to fill
without increasing intravesical pressure (i.e. accom-
modation) (Figures 14.1 and 14.2).

Bladder Emptying

Once bladder volume reaches maximum capacity
and the intravesical pressure <15–20 mmH2O, the
receptors within the detrusor muscles signal higher
cortical centers to initiate bladder emptying
(Figures 14.1 and 14.2).

In order for the bladder to empty intravesical
pressure must exceed intraurethral pressure. This
requires the parasympathetic coordination of ure-
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thral relaxation followed closely by detrusor con-
traction (Figures 14.1 and 14.2).

There are four basic loops which coordinate
bladder function [1] (Table 1; Figure 14.3).

Neurophysiologic Focused Lower
Urinary Tract Assessment
When assessing the bladder it is important to start
with a history and physical examination.

History

A full history of the present illness should be
obtained, with emphasis on the onset and evolution
of the symptoms, as well as a full medical and med-
ication history. It is also important to take a full
bowel and sexual function history.

Physical Examination [4]

Physical examination should include the following:

● Mental status
● Cranial nerves
● Cerebellum
● Muscle strength
● Deep tendon reflexes
● Sensory function
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Table 14.1 The four basic loops controlling bladder function

Loop I originates in the frontal lobe and terminates in the brainstem where it modifies input from loop II. Lesions in this loop leads to
detrusor hyperreflexia with urinary frequency, urgency and diurnal urge incontinence [2]. Diseases associated with lesions of this pathway
include cerebrovascular disease, brain tumors, Parkinson’s disease, multiple system atrophy and multiple sclerosis.

Loop II originates in the bladder wall (detrusor muscle) and the sacral micturition center (spinal cord) and terminates in the brainstem
detrusor nucleus (brainstem).The signal from this loop is inhibited by loop I or stimulates loop III. Loop II facilitates the emptying of the
bladder by maintenance and amplification of the detrusor contraction. Complete interruption to this loop leads to urinary retention, partial
lesions lead to incomplete emptying [3]. Disorders associated with interruption of this pathway include spinal cord trauma and multiple
sclerosis.

Loop III: sensory afferents in the bladder wall (detrusor muscle) go to the sacral micturition center (spinal cord) then to the spinal pudendal
motor nucleus with motor fibers which terminate in the striated urethral sphincter to allow relaxation of urethra at time of detrusor con-
traction (i.e. coordinates urethral contraction immediately prior to detrusor contraction). Lesions affecting this loop lead to detrusor
sphincter dyssynergia, incomplete emptying and intermittent voiding [4]. Defects associated with interference of the neuronal pathway
include spinal trauma, tethered cord syndrome, multiple sclerosis, diabetic neuropathy, tabes dorsalis and pernicious anemia.

Loop IV originates in the frontal lobe (cerebral cortex) to the pudendal nucleus (spinal sacral micturition center) and terminates in the ure-
thral striated muscle and allows volitional control of the striated urethral sphincter during the storage phase of urine and voiding. Lesions
affecting this loop will lead to maintenance of urethral tone with loss of voluntary control [2]. Diseases associated with lesions include
cerebrovascular disease, brain tumors, multiple system atrophy, spinal cord trauma and multiple sclerosis.
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Figure 14.3 Sympathetic and parasympathetic innervation of the
bladder loops. (Reproduced with permission from Herst AL et al.,
editors. Comprehensive Gynecology. Mosby Year Book, 1992.) 



Diseases Affecting the Lower
Urinary Tract

Diseases of the Central Nervous System
Affecting the Lower Urinary Tract

Diseases that affect the central nervous system
include dementia, cerebral vascular accidents,
tumor, trauma and hydrocephalus. These diseases
should be picked up on history, mental status exami-
nations, loss of muscle strength or asymmetrical
deep tendon reflexes.

Cerebrovascular Disease
Acute cerebral vascular disease can be associated
with urinary retention. Long-term problems are
associated with abnormalities in loops I and IV.
Detrusor dyssynergia can result from loss of loop
one leading to urinary urgency with maintenance of
voluntary urethral control [5,6].

Brain Tumor
Frontal lobe tumors will lead to detrusor
hyperreflexia with loss of loops I and IV. When a
midline paracentral gyrus lesion is present there is
loss of voluntary relaxation of the striated urethral
sphincter (loop IV) with urinary retention [7,8].

Parkinson’s Disease
This is a disease of dopamine deficiency leading to
predominance of the cholinergic system in the
corpus striatum (loop I). Twenty-five to 75% of
patients will have symptoms of urgency, frequency,
nocturia and urge incontinence. The most common
findings are detrusor hyperreflexia with or without
sphincter contraction [6,9].

Shy–Drager Syndrome (Multiple System
Atrophy)
This is a rare degenerative disease which has
Parkinsonian features but involves degeneration of
the cerebellum, brainstem peripheral autonomic
ganglia and thoracolumbar preganglionic sympa-
thetic neurons. The most common voiding dysfunc-
tion in this group is detrusor hyperreflexia (loss of
loop I inhibition of loop II), with denervation of the
striated sphincter leading to an open bladder neck
(loop IV) [9].

Spinal Cord Injuries
The sacral spinal cord starts at T12 to L1 and termi-
nates in the cauda equina.

Suprasacral Injury. Initial spinal trauma associated
with spinal shock will lead to hypotonic bladder
with sphincter spasticity leading to urinary 
retention.

Lesions above T6 will lead to detrusor
hyperreflexia, smooth and striated muscle sphincter
dyssynergia. If the lesion is between T6 and the
sacral spinal cord there will be detrusor
hyperreflexia with striated sphincter dyssynergia
but smooth sphincter synergia [9].

Sacral Spinal Cord. Lesions of the spinal cord lead
to detrusor areflexia with failure of smooth muscle
relaxation; striated sphincter tone remains but vol-
untary control is lost [7].

Tethered Cord Syndrome. Tethered cord syndrome
is a congenital neurogenic bladder syndrome that is
the result of traction of the lower spinal cord
segment.

Incomplete detrusor contraction increases ure-
thral resistance leading to detrusor sphincter
dyssynergia. There is decreased detrusor contrac-
tion due to sacral micturition center damage (loop
III) [10].

Spinal Dysraphism. Incontinence involves stress
incontinence due to intrinsic sphincter deficiency
and detrusor hyperactivity [11].

Myelomeningocele. Varying degrees of lesions can
be present [12,13]: (a) contractile bladder with 52%
bladder neck competence, and 48% incompetence
and 95% detrusor sphincter dyssynergia; (b) inter-
mediate or acontractile bladder with static urethra
that does not respond to bladder pressure or
volume; (c) 6% of patients will have incomplete cord
lesions and have competent sphincter mechanisms
and detrusor hyperreflexia.

Multiple Sclerosis (MS)
MS is a disease in which symptoms wax and wane
and is associated with multiple lesions of the central
nervous system. As it has multiple lesions it can
affect all the loops associated with bladder function.
Voiding dysfunction is the presenting symptom in
about 10% of women with MS, and 50–90% of
women with MS will have voiding dysfunction. The
most common voiding dysfunction is detrusor
dyssynergia, often associated with striated dyssyn-
ergia. Some women will also have symptoms of
urinary retention [14–16].
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Diseases of the Peripheral Nervous
System Affecting the Lower Urinary
Tract

Diabetes Mellitus (DM)
The Schwann cell demyelination that occurs as a
result of the metabolic abnormalities associated
with DM leads to gradual loss of bladder sensation.
This leads to recurrent prolonged detrusor stretch-
ing and over time there is loss of detrusor contrac-
tility. In addition, a variety of pathologic findings
are present: detrusor hyperreflexia, impaired detru-
sor contractility, detrusor areflexia, intermediate
and normal [8,17–19].

Tabes Dorsalis and Pernicious Anemia
These two diseases have the same effect on the
bladder as diabetes mellitus [20].

Guillain–Barré Syndrome
Guillain-Barré syndrome most commonly affects
large myelinated fibers but there may also be
involvement of small myelinated fibers and
inflammatory infiltration of the lumbosacral spinal
roots and thoracolumbar sympathetic chain. This
leads to micturitional disturbances in about 25% of
people with this syndrome. Abnormalities seen
include evacuation, storage abnormalities, bladder
areflexia, disturbance of bladder sensation,
decreased maximum cystometric capacity and
detrusor overactivity or non-relaxing sphincter with
neurogenic changes [21].

The symptoms seen in these patients include noc-
turnal or diurnal urinary frequency, sensation of
urgency, urinary incontinence and enuresis,
difficulty voiding and urinary retention. Symptoms
follow onset of weakness, and resolve with other
symptoms [22,23].

Herpes Zoster
This virus invades the sacral spinal ganglia and
when it erupts, women may experience urinary
urgency, frequency and retention. These symptoms
resolve spontaneously [20].

Spinal Disk Disease
When lumbar disk disease of the L4–5 or L5–S1
leads to compression of the spinal cord, voiding dys-
function results. This may include detrusor areflexia
with or without loss of striated sphincter function.
The status of the sphincter determines if there is
urinary incontinence or retention [24].

Radical Pelvic Surgery
Acute voiding dysfunction is most commonly asso-
ciated with abdominal perineal resection and
radical hysterectomy. Some of these women will go
on to have permanent voiding dysfunction. The
most common abnormalities in these women are
loss of bladder sensation followed by decreased
detrusor contractility and loss of voluntary control
of the striated sphincter which leads to outlet
obstruction [25].

In any disease that leads to obstruction of bladder
emptying, treatment is vital to avoid upper tract
injury, which occurs if intravesical pressure exceeds
40 mmH2O [26].

Clinical Neurophysiological
Testing
If a neurologic deficit is elicited on simple screen-
ing, neurophysiological testing may be considered.

Electrophysiologic testing examines striated
muscle motor and sensory function, smooth muscle
function and autonomic nerve pathways. The
somatic motor sensory system is evaluated by elec-
tromyography (EMG), terminal motor latency mea-
surements, and motor evoked potential (MEP).
Sensory evoked potentials assess the sensory
system. Autonomic nervous system tests relate to
function of the sympathetic or parasympathetic
fibers [27].

Neurophysiological Tests
Neurophysiologic testing is the assessment of nerve
function by stimulation at one site by various means
(electrical, mechanical, thermal or magnetic).
Unfortunately, its role in the assessment of the pelvis
and patients with incontinence is still in its experi-
mental stages. The following are tests that are avail-
able at present [27].

Electromyography (EMG)

Recording of bioelectrical activity of striated muscle
during the tested time period usually correlates with
other urodynamic parameters (kinesiological
EMG).

Motor unit EMG helps differentiate between
normal, denervated/reinnervated and myopathic
muscle.

EMG is used to assess pelvic floor muscle behav-
ior during bladder filling and voiding. This demon-
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strates voluntary and reflex activation of pelvic floor
muscles. Concentric needle EMG is used to diagnose
lower motor neuron units abnormalities [27].

Concentric Needle EMG
This is used to distinguish diseased from normal
striated muscle. However, it is difficult to assess the
urethral sphincter and it is not standardized.

The test can help differentiate between multiple
system atrophy (Shy–Drager syndrome) and idio-
pathic Parkinson’s disease [28].

Concentric needle EMG changes have been
detected in women who are incontinent 8 weeks
postpartum and they are associated with prolonged
second stage and heavier babies [29].

Single Fiber EMG
Once a muscle has undergone denervation there will
be reinnervation with reorganization of motor units
and these abnormalities can be detected using
single fiber EMG. This is an important test for
women with unexplained urinary retention without
obvious cause. It has been standardized; it does
involve some pain.

EMG can detect changes associated with cauda
equina lesion and lumbosacral myelomeningocele. It
can also help distinguish multiple system atrophy
(Shy–Drager syndrome) from Parkinson’s disease
and progressive supranuclear palsy [30].

Pudendal Nerve Conduction Test

Pudendal nerve latency is used to assess nerve func-
tion. Perineal latency is abnormally prolonged in
patients with urinary stress incontinence [31,32]. It
has been found that there is an increase in the mean
pudendal nerve terminal motor latency 48–72 hours
after vaginal delivery but in 60% of women this had
returned to normal 2 months later [33].

Long-term postpartum changes in pudendal
nerve latency are controversial [34,35]. Pudendal
nerve latency is prolonged in women with prolapse
and further prolonged after a vaginal repair [36,37].
The validity of this test is unclear as different labo-
ratories and different techniques have different
normal values.

Electrical stimulation may disturb cardiac pace-
maker activity.

Anterior Sacral Root (Cauda Equina)
Stimulation

This test is used to identify and to assess pathology
of sacral roots. Invasive stimulation of individual
roots in sacral foramina has been advocated as a

diagnostic procedure before the implantation of
electrodes which are to be used with implanted elec-
trical stimulators for treatment of selected types of
lower urinary tract dysfunction [38]. It may be used
to differentiate between motor and sensory involve-
ment of the sacral reflex arc [27].

There is a question regarding its validity because
latencies differ from laboratory to laboratory and
with different electrodes [27]. There is limited nor-
mative data.

Motor Evoked Potentials

Motor evoked potentials are used to demonstrate
the patency of the pyramidal tracts and to reveal
pathological conduction of pyramidal tracts.

Sensory System Tests
Initial screening includes testing of skin sensation
of the pelvic floor with touch and pin prick as well
as testing of sensation during cystometry.

Peripheral sensory pathways are tested by sensory
neurography and the central nervous system by
somatosensory evoked potentials [27].

Quantitative Sensory Testing

The aim of this form of testing is to provide
quantifiable, reproducible and sensitive data on
sensory deficits in response to specific stimuli.

During cystometry, first sensation of bladder
filling, first desire to void and strong desire to void
are recorded.

The International Continence Society’s sixth
report on standardization of the terminology of the
lower urinary tract function suggests the following
details be included when reporting sensory testing:
patient’s position, bladder volume, site of applied
stimulus, number of times the stimulus was applied,
number of responses recorded, sensation that was
recorded, and type of stimulus applied. Normal
values from the laboratory doing the testing should
be included in the reporting [39].

Mechanical stimulation, by measuring the force
applied to a Foley bulb needed to initiate sensation
in the trigone, is neither specific nor reliable [40].

Vibration has not been established to assess lower
urinary tract function.

Temperature can be used as a stimulation tool in
the assessment of the bladder. There is some evi-
dence that filling the bladder with cold water facili-
tates the diagnosis of detrusor instability as a test of
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thin autonomic fibers, but its usefulness is still ques-
tioned [41].

Electrical current can be used for urethral assess-
ment as urethral electrosensitivity has been found
to correlate with first desire to void and maximum
cystometric capacity on urodynamics in normal
subjects. Its role in clinical practice has yet to be
determined [42].

Benefits
Urodynamics give reproducible sensory data that
may be enhanced by the temperature testing as they
test two different sensory mechanisms.

Limitations
There have been no standard sets of tests estab-
lished for the urogenital area.

Risks are those associated with catheter insertion.
Sensory neurography can only be used in males.

Electroneurography of Dorsal Sacral
Root

Electroneurography has been used to identify poste-
rior roots, and to reveal pathological conduction of
roots. Its application is for intraoperative
identification of nerve roots in order to preserve
perineal sensation and avoid voiding dysfunction of
spastic children undergoing dorsal rhizotomy [43].

The clinical usefulness of this test is still 
undetermined.

Somatosensory Evoked Potential (SEP)

SEP is used to demonstrate patency of the
somatosensory pathways and to reveal pathological
conduction of somatosensory pathways to the 
parietal cortex.

● Spinal SEP – technically difficult in women;
therefore not used.

● Cerebral SEP – a stimulating electrode is placed
in the periphery and the impulse is recorded cen-
trally.

● Pudendal SEP [27] – its role is to differentiate
between motor and sensory fibers, and normal
values have been established. However, physical
examination of lower limb abnormalities
(hyperreflexia) is more sensitive then recording
evoked potential from the pudendal nerve in
patients with MS.

● Evoked potential mapping–not currently applica-
ble to incontinent patients.

Sacral Reflexes

Sacral reflex responses on stimulation of the
dorsal clitoris nerve have been proposed to be 
of value in patients with lower motor neuron
lesions and have been found to be absent or
delayed in incontinent patients with conus/cauda
involvement.

The sacral reflex can be elicited mechanically,
electrically and magnetically. The simplest method
is by mechanical stimulation and there are reported
normative data in the literature. To date there is 
no data on the sensitivity or specificity of this 
test [44,45].

Autonomic Nervous System Tests

Sympathetic skin response testing is the standard
test used to assess autonomic function but has not
been established clinically for testing incontinent
patients.

Conclusion
It is important to have a basic understanding of the
neuroanatomy of the bladder and pelvic floor before
going on to assess it.

Clinical neurophysiologic testing is for the most
part only for clinical research at this time. It should
be considered only in a select group of patients sus-
pected or known to have abnormalities of the neu-
romuscular system and should be carried out by a
trained professional.

To date there are no generally accepted guidelines
for performing neurophysiologic tests.

The future of clinical neurophysiology testing
[27]:

● Correlation of test results with both the underly-
ing lesion and disturbed function.

● Pathophysiology of different types of
incontinence.

● Usefulness of tests in clinical practice for better
diagnosis and evaluation of some physiologically
based treatment modalities such as pelvic floor
muscle exercises, biofeedback and electrical 
stimulation.

● Usefulness of tests for intraoperative monitoring.
● Such research will generally further insight 

into pathophysiology of lower urinary tract 
dysfunction.
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Background and History
Urethroscopy, cystoscopy and dynamic cysto-
urethroscopy are valuable diagnostic and therapeu-
tic tools which are essential to the practice of urogy-
necology.

Bozzini [1], who designed a scope that used a
candle for illumination, published the first descrip-
tion of endoscopic visualization of the female bladder
nearly 200 years ago. The technique and equipment
used for cystoscopy were refined during the nine-
teenth century by Desmormeaux [2], Nitze [3] and
Grunfeld [4]. However, it was not until Kelly [5] intro-
duced his scope and method of air distension of the
bladder, with the patient in the knee–chest position,
that cystoscopy became widely used (Figure 15.1).

The development of the fiberoptic telescope in
1954 marked the beginning of modern endoscopy
[6]. This innovation allowed the examiner to view
the bladder through angled lenses, greatly improv-
ing the extent of visualization. While ideal for cys-
toscopy, these angled lenses made visualization of
the urethra quite difficult prompting Robertson [7]

to develop a 0∞ angle, or “straight ahead”, scope
specifically for urethroscopy. Robertson’s technique
of dynamic cystourethroscopy greatly improved
diagnostic evaluation of the lower urinary tract. In
1964, cystoscopy using flexible fiberoptic technology
was described [8]. Today, the techniques of rigid and
flexible cystourethroscopy are used for an ever-
expanding array of diagnostic and therapeutic pro-
cedures in the office and operating room.

Equipment
Three basic components are necessary for endo-
scopic visualization of the bladder and urethra: the
scope, the light source, and the distending medium.

Rigid Scopes

There are three parts that make up the rigid cysto-
scope: the telescope, the bridge and the sheath
(Figure 15.2). The telescope contains an eyepiece,
which can be used with or without a camera;
fiberoptic bundles that carry high-intensity light;
and a lens. Telescopes vary with respect to the lens
angle relative to the long axis of the instrument.
Common viewing angles are 0° (straight-ahead),
25–30° (forward oblique), 70–75° (lateral) and 120°
(retrograde). These different angles facilitate visual-
ization of all areas of the urethra and bladder. The
0∞ scope is used for urethroscopy but should not be
considered adequate for cystoscopy. The 25–30°
scopes are most widely used for diagnostic cys-
toscopy, while the 70–75° scopes are useful for both
surgical and diagnostic techniques. The 120° scope
is less widely used than the others, but can be useful
for visualizing irregular contours within the
bladder.

15 Cystoscopy, Urethroscopy and Dynamic
Cystourethroscopy
Patrick J. Culligan and Peter K. Sand
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Figure 15.1 The Kelly cystoscope.



The telescopes are interchangeable within the
sheath, which can be left in place throughout a given
procedure. Sheaths, which are available in various
shapes and diameters, provide a lumen for the intro-
duction of distending media and surgical instru-
ments. Sheath diameters range from 7F for
pediatrics to 28F for operative cystoscopy, and the
shape of the sheath may be either oval or round. The
smallest adequate sheath should be used in any
given case, but most women can tolerate examina-
tions in the office with up to a 21F sheath even
without the use of local anesthesia. The telescope is
held in place with a locking mechanism called a
bridge, which may have one or two angled sidearms
allowing the introduction of instruments. A special

bridge (called an Albaran bridge) can be used for
manipulation of instruments within the operator’s
field of view. The Albaran bridge (Figure 15.3) has a
deflecting mechanism, which is especially useful
during biopsy, removal of foreign bodies, cauteriza-
tion, and ureteral catheterization.

Flexible Scopes

Despite the refinements in rigid cystourethroscopy,
some drawbacks remain. In order to view the entire
urethra and bladder, at least two lenses (the 0° and
either the 70° or 30°) are needed. Furthermore, rigid
scopes can cause significant pain and trauma, espe-
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cially in male patients, if they are not handled prop-
erly. These and other factors have prompted many
practitioners to use flexible scopes for office cysto-
urethroscopy.

As mentioned previously, Marshall first described
the use of flexible fiberoptic technology for explo-
ration of the bladder in 1964. Since then, several
comparative studies have found that the diagnostic
capabilities of flexible scopes are similar to those of
rigid scopes [9,10].

Unlike rigid scopes, flexible scopes combine the
optics, irrigation channel and instrument channel in
a self-contained unit. The optical fibers are individu-
ally coated, which allows them to transmit light and
images when bent. Separate bundles of fibers are
used for light and image transmission. A central
channel serves as both an irrigation and instrument
port, and the distal tip of the scope has a deflecting
mechanism (15–18F in diameter) that is capable of
turning greater than 290° in a single plane.

Drawbacks of the flexible scope include a some-
what granular image quality, decreased flow rates
through the irrigation channel, and their relatively
fragile nature.

Light Sources

Modern scopes use a fiberoptic cable that transmits
light from a high intensity light source through a
connector on the telescope and down the fiberoptic
bundles. Like flexible fiberoptic scopes, these light
cables are somewhat fragile. A camera can be
attached to the eyepiece of the telescope to allow for
video monitoring.

Distending Media

As previously mentioned, air was the first distend-
ing media used for cystoscopy. Modern cys-
tourethroscopy is usually performed using water or
saline solution, but many practitioners still use
carbon dioxide. Some authors report excellent
results using carbon dioxide as their distending
media [11,12]. The use of carbon dioxide for bladder
distension may result in irritation caused by the for-
mation of carbonic acid [13]. Because of the poten-
tial for false positive cystoscopic findings and the
more physiologic properties of fluid distending
media, carbon dioxide is less commonly used today.

The fluid distending media is typically delivered
via gravity from a 1–3 liter bag connected by tubing
to the scope. Although generally a benign process,
bladder filling has been associated with sudden
death due to intravascular hemolysis in the presence
of a pre-existing vesical ulceration [14].

Indications and
Contraindications
The most common indications for cystoscopy and
urethroscopy include the work-up of hematuria,
sterile pyuria or other potentially cancer-related
findings as well as suspected foreign bodies, diver-
ticula and fistulas. The precise role of cystoscopy 
in the evaluation of the incontinent woman is 
controversial.

In the past, cystourethroscopy was popularized
for the complete evaluation of lower urinary tract
dysfunction [7,15]. Later, retrospective studies
found the technique to be a relatively insensitive
screening tool when compared to urodynamic
studies [16,17]. When used as an adjuvant to urody-
namic studies, however, the anatomical assessment
provided by cystourethroscopy is an important tool.
Following a retrospective analysis of a referral 
population, Cundiff found that urodynamics
without cystourethroscopy would have missed
important diagnoses in 19% of women [18].

Most experts agree that cystourethroscopy is indi-
cated for the evaluation of incontinent patients who
have irritative voiding symptoms such as frequency,
urgency and dysuria. Most urogynecologists also
use the technique to evaluate persistent inconti-
nence or voiding dysfunction following an anti-
incontinence procedure. Unexplained bladder pain
and failure of urodynamics to explain urogenital
symptoms are other relative indications for endo-
scopic evaluation. Further studies are needed before
cystourethroscopy can be recommended as a part of
the routine evaluation of all incontinent patients.

The only true contraindication to cysto-
urethroscopy is a known, active urinary tract 
infection.

Technique and Description of
Normal Findings

Diagnostic Cystourethroscopy

The technique described below is performed in an
office setting using sterile saline or water as the dis-
tending media. The patient’s bladder is empty at the
start of the examination. The fluid is infused via
gravity as previously described. With the patient in
the dorsal lithotomy position, the urethral meatus
and distal anterior vaginal wall is cleansed with an
antiseptic solution. While sterile technique should
be observed, sterile gloves and drapes are not neces-
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sary. Even with strict adherence to sterile technique,
organisms from the distal urethra can be forced into
the bladder causing acute cystitis. For this reason, a
prophylactic dose of an antibiotic is administered
either just prior to or immediately following the
examination.

The 0° urethroscope is inserted under direct visu-
alization without the use of local anesthesia, since
these agents can alter the color of the urethral
mucosa. As long as the operator takes care to main-
tain adequate flow through the scope and inserts the
scope slowly, urethral visualization is usually very
well tolerated without the use of anesthesia. In order
to avoid urethral trauma, the distending media
should be flowing prior to insertion of the scope.
Only the 0° scope is appropriate for visualization of
the urethra. Scopes with angled lenses do not allow
the examiner to completely visualize the circumfer-
ence of the urethra. The urethra is inspected in a ret-
rograde fashion allowing the operator to evaluate
the color and topography throughout its length. As
the scope is advanced, the center of the urethral
lumen should be kept in the center of the visual
field. The normal urethra will appear slightly pink,
with numerous mucosal folds overlying a healthy
vascular submucosa. In a normal urethra, when the
fluid flow is interrupted, coaptation of the mucosal
surfaces occurs rapidly owing to the abundance of
elastic and contractile fibers present. A normal ure-
throvesical junction will automatically close more
tightly as the bladder fills [7].

Following initial inspection, dynamic ure-
throscopy is performed during which the examiner
evaluates dynamic function of the urethra and
bladder during filling and various maneuvers.
Dynamic urethroscopy was first described by
Robertson [7]. For this technique, the urethro-
scope is used to observe the bladder neck during
filling to diagnose detrusor overactivity, and
during provocative maneuvers such as Valsalva,
cough and pubococcygeus contraction to identify
passive opening of the bladder neck indicating
genuine stress incontinence. A normal ure-
throvesical junction will close during such maneu-
vers [15]. Cystometry is also performed during
this portion of the examination. While the bladder
is filling, the patient is asked to identify her first
sensation of having a volume of fluid in the
bladder, fullness or desire to urinate, and
maximum capacity. The urethrovesical junction is
kept in view during cystometry. The patient is
asked to do her best to retain the fluid. During a
spontaneous detrusor contraction, the ure-
throvesical junction and proximal urethra will
open involuntarily. Although this method of
detecting detrusor instability has poor sensitivity

[16], it is worthwhile based on the fact that it is
easily incorporated into a standard examination
during bladder filling.

When urethroscopy is complete, the examiner
uses either a 30° or 70° scope for the systematic
inspection of the bladder. Frequently, 0° scopes
require different sheaths than the angled-lens
scopes requiring removal and reinsertion of the
scope. Since urethral appearance has already been
assessed at this point, it is appropriate to provide
local anesthesia in the form of xylocaine jelly for
insertion of the angled-lens cystoscope. Removing
some fluid from the bladder through the cysto-
scope at this time is another way to make the
patient more comfortable. Flexible cystoscopes do
not require removal and re-insertion, because the
single unit can be used for both urethroscopy and
cystoscopy.

When performing cystoscopy, the first landmark
is the air bubble that invariably gets trapped
against the dome of the bladder in the midline.
Using the air bubble as a starting point, the entire
surface of the bladder is inspected including the
ureteral orifices and trigone. It is important to
remember to move the air bubbles out of the way
with an abdominal hand, as pathology can some-
times be found underneath them. The entire
mucosal surface is examined for lesions, discol-
oration, diverticula, foreign bodies, trabeculations,
stones, and other abnormalities. A progressive
clockwise sweeping motion is used to insure that
the entire surface is visualized. The examiner
should maintain proper orientation throughout the
procedure, and keep the bladder mucosa under
direct visualization at all times to avoid bladder
perforation with the scope. When distended, the
bladder wall should appear smooth, pale pink to
whitish in color and roughly spherical in shape. An
abundance of blood vessels are usually apparent
just beneath the mucosal surface. When present,
the uterus and cervix can usually be seen indenting
the posterior surface of the bladder. The ureteral
orifices usually can be seen during this examina-
tion approximately 1.5–2 cm from midline in either
side of the trigone. One should be able to see efflux
of urine from each orifice. Failure to see such efflux
should be followed up by an intravenous pyelo-
gram to rule out the possibility of congenitally
absent kidney or previous iatrogenic ureteral
damage. Rarely, duplicated ureters are seen, usually
entering the bladder slightly superior to the
trigone in proximity to the ipsilateral orifice.
Manual pressure over the dome of the bladder
towards the symphysis allows easy visualization of
the anterior portion of the bladder. When pelvic
organ prolapse is prominent, it is usually helpful to
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place a finger inside the vagina to elevate hidden
parts of the bladder. As the scope is withdrawn, the
examiner’s finger is placed into the vagina to
palpate the urethral wall against the scope. When
the full length of the scope cannot be palpated dis-
tinctly, occult urethral diverticulum must be 
suspected [19].

Operative Cystoscopy

Apart from some minor procedures that are easily
performed in either an office or operating room
setting, urogynecologists typically refer patients to
urologists for operative cystoscopy. Examples of
these minor procedures include removal of foreign
bodies including intravesical sutures; biopsy of
small lesions; and the placement or removal of
ureteral stents. Of course, periurethral injections for
the treatment of stress incontinence are also per-
formed under direct endoscopic visualization. A
complete discussion of periurethral bulking agents
for the treatment of stress incontinence can be
found in Chapter 36. A full discussion of operative
cystoscopic techniques is beyond the scope of this
chapter.

Intraoperative Diagnostic Cystoscopy

Cystoscopy is an integral part of virtually all urogy-
necologic procedures. In a retrospective analysis,
Harris [20] reported a 4% incidence of ureteral or
bladder injury during complex urogynecologic pro-
cedures. Since none of these injuries were appreci-
ated until intraoperative cystoscopy was performed,
these authors concluded that cystoscopic
confirmation of bladder integrity and ureteral func-
tion should be considered a part of all such proce-
dures. More recently, Jabs and Drutz [21]
recommended that cystoscopy be used liberally to
reduce the frequency of serious sequelae from
urinary tract injury during incontinence and pro-
lapse surgery. Intraoperative cystoscopy can be also
useful for guidance in suprapubic catheter place-
ment and for distinguishing between the bladder
and an anterior enterocele sac at the outset of a
vaginal procedure to correct prolapse. Uro-
gynecologists and urologists have traditionally used
intraoperative visualization of the bladder neck to
assess the tension of an anti-incontinence proce-
dure. However, this practice has recently been shown
to be neither reproducible nor predictive of postop-
erative success [22].

The technique of assessing bladder integrity and
ureteral function is similar to the technique for

office cystoscopy described above. Intravenous
injection of 5 ml of indigo carmine dye approxi-
mately 5–10 minutes prior to cystoscopy is very
helpful when looking for ureteral function. A blue
jet of dye should efflux from each ureteral orfice. If
after an appropriate interval no dye is seen coming
from a ureteral orifice, three possibilities should
be considered: the ureter in question has been
ligated during the operation; an undiagnosed pre-
operative condition exists such as ligation with
prior surgery or congenital absence; or the bladder
is so distended that back pressure on the ureteral
orifices is too great to allow efflux of dye. It is also
important to note the quality of the stream of
dye-stained urine coming from each ureter. A 
slow trickle of blue dye coming from one or 
both ureters could be indicative of partial ureteral
obstruction and should not be considered 
reassuring.

Unrecognized ureteral or bladder injuries can
lead to postoperative complications of unexplained
fever, ileus, flank pain, hematuria, urinoma, urinary
ascites, and fistula. Loss of renal function and death
from infectious complications can also occur.
Therefore, it is reasonable to include cystoscopic
confirmation of ureteral and bladder integrity into
all major gynecologic operations performed as part
of a resident training program [23]. In fact, with the
increasing popularity of minimally invasive subu-
rethral sling procedures that incorporate cystoscopy
(e.g. the tension-free vaginal tape (Johnson and
Johnson, Sommerville, NJ), such credentialing is
more important than ever.

At times, the surgical approach to incontinence
or prolapse does not lend itself well to
transurethral cystoscopy. When this is the case, the
technique of suprapubic teloscopy may be
employed. For this approach, cystoscopy is per-
formed through the bladder dome by means of a
stab wound that will later serve as the site for
suprapubic catheter placement. Excellent descrip-
tions of both an open and laparoscopic approach
to suprapubic teloscopy have been published
[24,25]. Briefly, after completion of the surgical
procedure, the bladder is filled with 300–400 ml of
sterile saline in a retrograde fashion through a
three-way transurethral Foley catheter. A purse-
string of absorbable suture is placed in the dome
of the bladder, and a small stab wound is then
made through the center of the purse-string. The
30° telescope is inserted into the wound, and the
ends of the suture are held tightly to make 
the defect water-tight. Systematic inspection of the
entire bladder mucosa is then performed.
The same defect can then be used for suprapubic
catheter placement.
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Interpretation of Findings

Urethroscopy

Normal urethroscopic findings are described above.
Some of the most common abnormal urethral
findings are discussed here.

Diverticula are discussed in detail in Chapter 41
of this text. They occur in up to 5% of women [26].
While the diagnosis is typically made by clinical
history and physical examination, some diverticula
are only appreciated with radiologic, urodynamic
or urethroscopic investigation. For direct urethro-
scopic visualization of the diverticular orifice, the
examiner places a finger inside the patient’s vagina,
massaging the urethra against the scope. Pus
and/or urine can then frequently be seen exuding
from the opening of a diverticulum. As mentioned
above, another clue to the presence of a urethral
diverticulum is the inability of the examiner to dis-
tinctly palpate the entire length of the scope inside
of the urethra. It is important to remember that
between 20% and 50% of patients have multiple
diverticula [27,28].

Atrophic changes are seen secondary to estrogen
deficiency. Estrogen receptors are found virtually
throughout the female urogenital tract [29]. The
decreased periurethral blood supply associated with
estrogen deficiency can adversely affect urethral
coaptation and cause patients to experience dysuria,
urgency, dyspareunia, and incontinence. Physical
examination will frequently reveal a urethral carun-
cle, and urethroscopy will reveal a pale epithelium
and loss of the coapting urethral folds. These
findings can be seen even in women who are faithful
in taking their standard estrogen replacement dose,
since these dosing schedules were determined with
osteoporosis and not urogenital symptoms in mind.
Virtually all of the atrophic changes associated with
estrogen deficiency are reversible with local estro-
gen replacement.

Urethritis is a nonspecific term that encompasses
both chronic and acute conditions that cause
various changes in the endoscopic appearance of the
urethra, the most common of which are redness and
exudate.

Pseudo-polyps or “fronds” are frequently seen at
the urethrovesical junction and can even be consid-
ered normal. These fronds are typically transparent
and are of no clinical significance. They are some-
times are attributed to chronic inflammation, but
when this is the case, other inflammatory findings
should be present as well. Any urethral polypoid
lesion seen proximal to the urethrovesical junction
should be biopsied to rule out malignancy.

Condylomata of the urethra are commonly found
in its distal third. Urethral involvement has been
reported in 5–35% of female patients with genital
condyloma acuminatum, with most lesions occur-
ring within or near the meatus [30].

Carcinoma of the urethra is an extremely rare
condition accounting for less than 0.02% of all
cancers in women. The most common type is squa-
mous cell cancer which typically involves the entire
urethra. However, adenocarcinoma, transitional cell
cancer, malignant melanoma, and undifferentiated
primary cancers of the urethra have been reported
as well [31].

Fistulas are discussed in Section 8 of this text.
Intrinsic sphincter deficiency (ISD) is generally

thought to be a diagnosis that should be based on a
combination of historical, urodynamic and urethro-
scopic parameters most of which are not strictly
defined. Typical endoscopic findings in a patient
with ISD include an open patulous proximal urethra
at rest that may or may not be hypermobile with
increased intra-abdominal pressure. In severe cases,
submucosal scarring and fibrosis can lead to a rigid,
“pipe-stem” appearance.

Cystoscopy

Normal cystoscopic findings are discussed above.
Some of the most common abnormal findings are
discussed here.

Cystitis is a nonspecific term that means
inflammation of the bladder. The various causes of
cystitis are discussed in detail in Section 4 of this
text. Below are descriptions of the cystoscopic
findings associated with various forms of cystitis.

Bacterial cystitis is a contraindication for cys-
toscopy, but when it is encountered inadvertently it
can have a wide range of appearances based on clin-
ical severity. These can range from the presence of a
few papules all the way to the finding of hemor-
rhagic cystitis.

Chronic trigonitis is another name for the
common finding of squamous metaplasia overlying
the trigone. The finding, characterized by granular,
pearly gray-white epithelium with irregular borders,
is most common in patients who are middle-aged or
older but can be seen at any age [32]. The etiology of
squamous metaplasia is not known. One theory is
that is it an anatomic epithelial variant that devel-
ops under the influence of hormonal stimulation or
lack thereof [33]. Another theory holds that the
finding is a result of irritation from chronic urinary
tract infections. Biopsies of these lesions consis-
tently show squamous replacement of the urothelial
transitional epithelium without hyperplasia or
abnormal maturation [32].
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Cystitis cystica and cystitis glandularis are also
common findings associated with chronic urothelial
inflammation. Cystitis cystica is characterized by
multiple uniform clear mucosal cysts usually found
along the posterior bladder mucosa. Cystitis glandu-
laris looks like cystitis cystica, except the cysts are not
clear and do not have a uniform appearance. Both
types of cysts arise from glandular metaplasia. While
cystitis cystica is a uniformly benign finding, cystitis
glandularis is thought to occasionally transform into
adenocarcinoma [34,35] and should be followed with
serial cystoscopy and biopsy as appropriate.

Interstitial cystitis is a chronic, non-infectious,
inflammatory condition of the bladder. A complete
discussion of this debilitating condition is found in
Chapter 18 of this text. Hunner’s ulcers are consid-
ered the pathognomonic cystoscopic finding for
interstitial cystitis, but they are seen in only about
10% of cases [36]. A more common finding in these
patients is the presence of glomerulations (Figure
15.4), or diffuse submucosal hemorrhagic spots, seen
with overdistension of the bladder. These spots often
appear only on refilling of the bladder to supra-
physiologic volumes. The patient may require general
anesthesia in order to tolerate this examination.

Radiation cystitis results from injury to the
bladder associated with radiation therapy for
uterine, cervical or colonic malignancies. The clini-
cal presentation of an acute cystitis typically begins
4–6 weeks after treatment, but late reactions can
occur months to years following cessation of treat-
ment [37]. The cystoscopic appearance of radiation
cystitis is dependent on time interval from treat-
ment, but most commonly extensive vascular dilata-
tion is seen.

Atrophic changes within the bladder associated
with estrogen deficiency are similar to those of the

urethra described above. Urothelial paleness is the
most common cystoscopic appearance of this con-
dition.

Diverticula of the bladder are relatively common
clinical disorders that rarely require treatment,
although progressive enlargement to enormous pro-
portions has been reported [38]. Some studies indi-
cate that they result from increased intravesical
pressure secondary to some form of outlet obstruc-
tion [39]. Endoscopic visualization of the entire
diverticulum can be difficult, when the neck of the
structure is relatively small. However, either direct
visualization or cytologic evaluation of the space is
necessary, since malignancies arising from divertic-
ula have been reported [40].

Bladder stones (Figure 15.5) can result from
urinary retention or the presence of a foreign body
such as a non-absorbable suture from a previous
operation. Urinary retention presumably causes
calculi by allowing inflammatory exudate to come
together forming a nidus. Bladder stones may vary
quite a bit in appearance, but they all tend to have a
rather smooth surface.

Trabeculations appear as interlaced cords or mus-
cular ridges beneath the mucosal lining of a dis-
tended bladder. In men, trabeculations are thought
to result from chronic outlet obstruction. However,
this etiology does not necessarily apply to women,
since outlet obstruction is a rare phenomenon in
females. Detrusor instability with chronic voluntary
suppression seems to be a more likely cause for this
invariably benign finding [41].

Fistulas are discussed in a comprehensive fashion
in Section 8 of this text.
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Endometriosis is a common gynecologic disorder
characterized by abnormal growth of endometrial
glands and stroma outside of the uterine cavity. The
classic presenting symptom of intravesical
endometriosis is cyclic pain and irritative voiding
symptoms. Less than 30% of these women report
cyclic hematuria [42]. Cystoscopy will reveal a hem-
orrhagic lesion within the bladder mucosa.
Histologic confirmation is required for the diagno-
sis. There are rare reports of malignant transforma-
tion of vesical endometriosis, so long-term
follow-up is necessary [43].

Ureteral ectopy is the name given to a ureteral
orifice that lies outside the boundary of the trigone.
Most commonly, this condition is associated with a
duplicated collecting system draining the upper of
two kidney pelves [44]. If the ectopic ureter opens
into the urethra, severe urinary incontinence can
result.

A ureterocele is a cystic dilation of the terminal
intravesical portion of the ureter. Ureteroceles are
thought to result from chronic pressure such as the
type that would be exerted against a stenotic
ureteral orifice [45]. Ureteroceles are also commonly
seen when there is a duplicated kidney and collect-
ing system. Most commonly, ureteroceles are not a
clinically significant finding, but surgery can be nec-
essary when the patient experiences ureterovesical
obstruction, ascending infection, secondary ure-
throlithiasis, flank pain, and recurrent hematuria.

Bladder cancer is the most common urinary tract
cancer in women. Approximately 14 900 new cases
of bladder cancer are diagnosed in the United States
annually, making it essentially as common as cervi-
cal cancer [46]. Transitional cell carcinoma (Figure
15.6) is the most common cell type followed by ade-
nocarcinoma and squamous cell carcinoma.
Cystoscopic appearance varies with histologic type
and extent of disease. Although these lesions will
generally appear as obvious raised papillary or
villous lesions, carcinoma in situ can be difficult to
identify. The lesions may be multicentric, requiring
multiple biopsies. In a recent prospective study
including comprehensive evaluations of 1930
patients (736 females) with hematuria, Khadra et al.
recommended cystoscopic evaluation of all such
patients after finding 230 cases of bladder cancer – 7
of which were found in women younger than 
40 [47].

Summary
Technological advances have vastly improved the
utility of endoscopic evaluation of the lower urinary

tract. The techniques of cystoscopy, urethroscopy
and dynamic cystourethroscopy are invaluable to
the pelvic surgeon in both the operating room and
office setting. The diagnostic and therapeutic 
advantages of these techniques should not be 
underestimated.
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4 Inflammatory Conditions, Painful
Bladder and Pelvic Syndromes,

Common Bowel Problems





Introduction
Infections of the urinary tract are common problems
encountered in primary care and specialty care prac-
tice. There are an estimated seven to eight million
physician visits for acute uncomplicated urinary tract
infections and more than one million hospitalizations
annually in the United States [1]. They account for
over US$1 billion in health care costs annually in the
United States [2]. This figure would be much higher if
other costs were included such as laboratory tests,
outpatient-therapy, and missed days from work or
school. Women are more afflicted by urinary tract
infections compared to men except at the extremes of
age. Indeed, urinary tract infections are the most fre-
quent bacterial infection in women. Approximately
half of adult women report an experience with
urinary tract infection at some point in their lives [3].
Of women who experience an initial infection,
25–30% will have recurrent episodes [4].Women with
recurrent urinary tract infections account for a
significant portion of referrals to gynecologists, urol-
ogists, and urogynecologists.

The entire spectrum of urinary tract infection
(UTI) including uncomplicated cystitis is associated
with significant morbidity. The impact of UTI-
related morbidity on society is significant due to its
high prevalence. One study of the effects of UTI
infection in university women reported the follow-
ing per annum rates: inability to attend school or
work 1.2 days, restricted activity 2.4 days, and time
in bed 0.4 days [5]. Similar findings have been
reported in other groups of women. Among older
women, UTI is a leading cause of Gram-negative
bacteremia and potential life-threatening sep-
ticemia. In Canada, 526 patients died of UTI in 1997
[6]. Postmenopausal status is recognized as an inde-
pendent risk factor for new onset and recurrent

urinary tract infections [7]. With the worldwide
aging population, this disease will continue to
increase in both incidence and prevalence among
postmenopausal woman. With emerging antimicro-
bial resistance to urinary tract pathogens, safe and
effective management strategies are necessary for
improving patient morbidity, while minimizing
antimicrobial resistance.

Epidemiology
Approximately 50–70% of women will experience a
urinary tract infection (UTI) in their lifetime and
25–30% will have recurrent episodes [4]. The preva-
lence of acute UTI increases with age, reaching
approximately 7% in women aged 50 or older [8]. In
the elderly population, the incidence of UTI rises
dramatically. Bacteriuria, or colonization of urine
by bacteria, is a prerequisite for the development of
urinary tract infection or symptomatic bacteriuria.
At least 20% of elderly, non-institutionalized
women have bacteriuria [9]. In the institutionalized
population this figure is thought to be higher [10].
Women aged 80 years or more have a reported bac-
teriuria rate of 25–50% [11]. Despite these figures,
the factors predisposing postmenopausal women to
UTIs are yet to be elicited when compared to those
in pre- and perimenopausal women.

In the premenopausal group, several predisposing
factors have been suggested, but very few
scientifically verified. Those factors that are recog-
nized include coitus, the use of a diaphragm or
spermicidal lubricant for contraception, catheteriza-
tion, urinary tract calculi, impaired host defenses,
and previous cystitis [12]. Low socioeconomic
status, recent upper respiratory tract infection, and
recent use of antibiotics have also been identified as
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risk factors for UTI [13]. Other risk factors such as
poor menstrual and toilet hygiene, use of tampons
or douching, and infrequent voiding lack qualified
scientific support [14,15]. Among postmenopausal
women, cystocele, post-void residual volume and
urinary incontinence are strongly associated with
recurrent UTI [16]. Urogenital or gynecologic
surgery is a risk factor for new onset and recurrent
UTI. Estrogen deficiency is also recognized as an
independent risk factor for the development of
urinary tract infection, recurrent urinary tract
infection, and urinary incontinence [17].

Classification
The classification of urinary tract infections has
little scientific basis. The terms uncomplicated and
complicated have simplified the approach to urinary
tract infections for the practicing clinician but con-
tinue to categorically group a wide variety of
patients and pathogens at the expense of the indi-
vidual patient at hand. However, the distinction of
complicated UTI from uncomplicated UTI is impor-

tant owing to the increased risk and incidence of
acquiring new infections, the potential for adverse
systemic or local complications, the likelihood of
therapeutic failure, and the emergence of antimicro-
bial resistance. For the patient, these adverse com-
plications may include urosepsis, abscess formation,
renal scarring, or potentially renal failure and end-
stage renal disease.

Historically, the term complicated urinary tract
infection described a subset of patients who did not
adequately respond to conservative short-term
treatment with antibiotics. Today, this term is
applied to UTI occurring in the presence of struc-
tural urinary tract abnormalities (including
catheterization), metabolic and hormonal abnor-
malities, impaired host defenses, or unusual
pathogens (Table 16.1). The epidemiology, natural
history and burden of illness of complicated UTI are
poorly understood [18]. The literature pertaining to
complicated UTI is scientifically poor, primarily
employing retrospective reviews, and we remain in
the process of eliciting its pathogenesis. This diag-
nostic conundrum is the product of inadequate
knowledge and insufficient scientific evidence [18].
To simplify, these are factors that increase the risk of
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Table 16.1 Classification of women at risk of complicated urinary tract infections

Structural abnormalities (a) Increased post-void residual – pelvic floor prolapse
(b) Obstruction – bladder outlet obstruction
(c) Foreign bodies – catheterization, nephrostomy tubes, ureteral stents
(d) Congenital abnormalities – vesicoureteral reflux, ureteral duplication 
(e) Urinary calculi 
(f ) Neurogenic bladder
(g) Urinary diversion procedures
(h) Infected cysts
(i) Bladder or renal abscess
(j) Fistulas

Metabolic and hormonal abnormalities (a) Diabetes mellitus
(b) Pregnancy
(c) Renal impairment and renal disorders – azotemia, polycystic kidney disease, papillary 

necrosis, nephropathies
(d) Xanthogranulomatous pyelonephritis
(e) Malakoplakia
(f ) Primary biliary cirrhosis

Impaired host defenses (a) Elderly patients
(b) Transplant recipients
(c) Neutropenia, immunosuppressive therapy
(d) Congenital or acquired immunodeficiency syndromes

Unusual pathogens (a) Nosocomial infections and resistant organisms
(b) Long-term institution
(c) Yeasts and fungi
(d) Mycoplasma spp.
(e) Resistant bacteria including Pseudomonas aeruginosa
(f ) Metastatic bacterial infections (Staphylococcus spp.)
(g) Calculi – predisposing bacteria (Proteus spp. and Corynebacterium urealyticum)



acquiring bacteriuria, promote an infection, and/or
contribute to the persistence of an infection that
may lead to adverse consequences. The labeling of a
patient with complicated UTI can lead to a lifelong
experience of extended, and occasionally more
sophisticated yet unyielding investigations, alterna-
tive treatment modalities, prolonged courses of
antibiotics, and protracted follow-up. It must be
remembered that conventional treatment with
antimicrobial therapy will predictably cure 75–80%
of patients with supposed complicated UTI. Thus,
the term complicated UTI should be employed care-
fully and reserved for patients within those groups
who fail therapy because of relapse or persistence of
infection.

Etiology
In uncomplicated UTIs, Escherichia coli is the pre-
dominant causative pathogen, accounting for
70–90% of infections. Staphylococcus saprophyticus
accounts for approximately 5–15%, and enterococci
and non-E. coli aerobic Gram-negatives including
Klebsiella spp. and Proteus mirabilis the remaining
5–10% [19,20].

In complicated UTIs, which include nosocomial-
acquired infections, drug-resistant E. coli and Gram-
negative aerobic bacilli other than E. coli are
responsible. These include Enterobacter spp.,
Klebsiella spp., Serratia spp., Citrobacter spp.,
Providencia spp., Acinetobacter spp., Pseudomonas
spp., as well as Gram-positive cocci, such as
Enterococci and Staphylococci [18,20,21].

Diagnosis
Urinary tract infection is often, but not always,
accompanied by the symptoms of dysuria, fre-
quency, urgency, and possibly nocturia. Fever is rare
in cystitis, but has been reported. Acute
pyelonephritis is a syndrome of localized flank or
back pain accompanied by systemic symptoms of
fever, chills, and prostration.

Diagnostic testing includes urinary dipstick
screening and urinary culture. Urinary dipstick has
been used as a screen for pyuria and hematuria
which are thought to occur in women with UTI.
Urinary dipsticks which detect leukocyte esterase
activity (LE) as an indicator of pyuria and urinary
nitrite production (NIT) as an indicator of bacteri-
uria have been shown to improve detection of

significant bacteriuria (colony counts ≥ 105 colony-
forming units (CFU)/ml) [22]. However, many
women have urinary tract symptoms with colony
counts as low as 103 CFU/ml [21–23]. Semeniuk and
Church [23] have demonstrated poor positive pre-
dictive value of urinary dipstick with LE and NIT
ranging from 0% with a bacterial colony count of
103 CFU/ml to 84% with 105 CFU/ml. However, the
negative predictive value of a negative result with
both LE and NIT ranges from 99.1% with 103

CFU/ml to 98.3% with 105 CFU/ml. Thus, owing to
the high specificity of the test, a negative urinalysis
could be used as a screen to eliminate UTI, as well as
avoid unnecessary urinary culture [23].

Urinary culture and sensitivity remains the gold
standard of diagnostic testing for UTI. Midstream
or “clean-catch”, and catheterized specimens should
be collected for testing to avoid contamination from
external genitalia and skin.

Management of Urinary Tract
Infections

Acute Uncomplicated Lower Urinary
Tract Infection

Currently used antimicrobial agents to treat uncom-
plicated, community-acquired UTI include trimetho-
prim-sulfamethoxazole (TMP-SMX), nitrofurantoin,
ß-lactams, fluoroquinolones, and fosfomycin, all of
which achieve high concentrations in the urine. As a
rule, currently available single-dose therapy is less
effective than the same antimicrobials used for longer
duration [24]. Currently, TMP-SMX for 3 days should
be considered first-line standard therapy [25]. Three-
day treatment with TMP-SMX and fluoroquinolones
are equivalent to regimens of longer duration but with
fewer side effects [25–28]. It should be noted that
ciprofloxacin and ofloxacin are the only FDA*-
approved short-course (3-day) regimens for cystitis
except for fosfomycin tromethamine, which is the first
FDA-approved single-dose therapy for UTI [26].
Trimethoprim alone, and ofloxacin are equivalent to
TMP-SMX [27,28]. �-Lactams, as a group, are less
effective than TMP-SMX when given for 3 days and
thus should be avoided.

Resistance of E. coli and other uropathogens to 
�-lactams continues to increase and now
approaches 23–67% in most studies [26,27,29,30].
Nitrofurantoin and fluoroquinolones have generally
maintained their effectiveness against E. coli isolates
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Table 16.2 In vitro susceptibility of E. coli from North American studies of women with urinary tract infection. Reproduced with permission from
Gupta et al. Increasing antimicrobial resistance and the management of uncomplicated community-acquired urinary tract infections.Ann Intern Med
2001; 135: 41–50.

Study site Year Study sample TMP-SMX Nitrofurantoin Fluoroquinolone Reference
resistance (%) resistance (%) resistance (%)

United States 1990s Outpatient women age 18–93 7 N/A 0 [32]
Washington state 1995 Outpatient university women 11 0.6 0.2 [19]
Washington state 1996 Outpatient women aged 18–50 18 0.2 0.2 [33]
California 1997 Outpatient university women 15 0 0 [34]
United States 1998 Outpatient women aged 15–50 18 1 1 [35]
Canada 1998 Outpatients 19 0.1 1 [36]
Ontario province 1998 Outpatients 8.4 4.6 0 [30a]

a All isolates included, of which E. coli accounted for 91.8%.
Adapted from Gupta et al. [29].

that cause community-acquired UTI (>95–99%)
[31]. However, nitrofurantoin is less effective against
non-E. coli Gram-negative rods and Proteus and
Pseudomonas species [29,31]. Nitrofurantoin is
equally effective in a 5–7-day course as TMP-SMX in
bacterial eradication of E. coli [28]. With 7-day
courses of nitrofurantoin, more gastrointestinal side
effects were noted than equal duration of treatment
with either TMP-SMX or fluoroquinolones [28].

Current TMP-SMX-resistant E. coli varies greatly
from region to region. In southern Ontario, Canada,
the resistance rate of E. coli is 8.4% to TMP-SMX,
and 4.6% to nitrofurantoin [30]. In the United States
there is a reported range of TMP-SMX-resistant 
E. coli from 7 to 18% [19,29,30,32–36] (Table 16.2).
Table 16.3 summarizes the reported resistance of
E. coli to TMP-SMX from 12 to 60% in the world 
literature [29,37–44].

Current recommendations are that TMP-SMX
remain the first-line antimicrobial of choice in areas
that demonstrate <10–20% resistant E. coli rate [29].
In endemic areas where E. coli resistance is >20%,
fluoroquinolones should be the first-line manage-

ment. Nitrofurantoin is especially useful in these
microbial-resistant times and should be considered
for first-line therapy in endemic areas. �-Lactams
should be employed sparingly and only in cases of
documented culture demonstrating Gram-positive
cocci or other sensitive uropathogens.

Acute Uncomplicated Upper Urinary
Tract Infection

Traditionally, acute uncomplicated pyelonephritis
was managed by hospitalization and treatment with
intravenous antibiotics for up to 6 weeks. Current
evidence suggests that most young healthy women
with uncomplicated upper urinary tract infection
will have a satisfactory outcome with 2 weeks of
antimicrobial therapy [45,46]. Patients treated for a
2-week duration for uncomplicated upper urinary
tract infection had similar outcomes as those treated
for the traditional 3–6 weeks [47,48]. It has also been
suggested that the route of treatment need not be
parenteral [49,50]. Mild cases of uncomplicated
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Table 16.3 In vitro susceptibility of E. coli from non-North American studies of women with urinary tract infection. Reproduced with permission
from Gupta et al. Increasing antimicrobial resistance and the management of uncomplicated community-acquired urinary tract infections.Ann Intern
Med  2001; 135: 41–50.

Study site Year Study sample TMP-SMX Nitrofurantoin Fluoroquinolone Reference
resistance (%) resistance (%) resistance (%)

Netherlands 1991 Outpatients 12 7 0 [37]
United Kingdom 1992 Outpatients 19 6 1 [38]
France 1995 Outpatients 13 N/A 0 [39]
Israel 1995 Outpatients 31 N/A 4 [40]
Belgium 1995/6 Outpatients 17 1 1 [41]
Trinidad 1995 Outpatients 17 11 1 [42]
Bangladesh 1996/7 Outpatients 60 N/A 18 [43]
Spain Unspecified Outpatients 32a N/A 13 [44]

a All isolates included of which 84% E. coli.
Adapted from Gupta et al. [29]



pyelonephritis (uncomplicated urinary tract and
patient profile, low-grade fever, moderate costover-
tebral angle tenderness, absence of nausea or vomit-
ing, and normal or slightly elevated leukocyte
count) in the compliant woman may be managed
with oral antimicrobials for 7–14 days as an outpa-
tient [51,52]. A reasonable treatment option is
admission for observation for 12–24 hours with
either intravenous or oral antimicrobial therapy.
Fluoroquinolones should be employed as first-line
empirical therapy, or if the organism is known to be
susceptible, oral TMP-SMX may be employed. If
Gram-positive cocci are responsible, amoxicillin or
amoxicillin/clavulanic acid may be used [25–27].

Criteria for acute uncomplicated upper UTI
requiring admission to hospital has not been well
studied in the literature. If the patient profile is com-
plicated, clinical presentation is severe (with high
fever, markedly elevated leukocyte count, vomiting,
dehydration, sepsis, acute complication such as per-
inephric abscess), or if the patient fails to improve
during an initial outpatient treatment period, she
should be admitted to hospital. Appropriate investi-
gations include complete blood count, serum elec-
trolytes and creatinine if renal compromise is
suspected, and urine culture; blood cultures should
also be performed if the patient is febrile (defined

as temperature ≥38.5°C). Management should com-
mence with intravenous antimicrobials after blood
and urine cultures have been taken (Table 16.4).
Current recommendations include parenteral
fluoroquinolone, an aminoglycoside with or without
ampicillin, or an extended third-generation
cephalosporin with or without an aminoglycoside. If
the patient improves clinically in 48–72 hours, she
may be managed by oral antimicrobials directed at
the cultured organism or, if unknown, empirically
with fluoroquinolones, TMP-SMX, or nitrofurantoin.
If Gram-positive cocci are isolated, ampicillin with
or without an aminoglycoside should be used and
the patient continued on amoxicillin or amoxi-
cillin/clavulanic acid orally after clinical improve-
ment [27]. Medical imaging as clinically indicated
should be performed early in the course of
management.

The Infectious Diseases Society of America (IDSA)
has developed evidence-based, peer-reviewed prac-
tice guidelines for treatment of acute uncomplicated
lower and upper urinary tract infection in women
which have been endorsed by both the American
Urologic Association and European Society of
Clinical Microbiology and Infectious Diseases [25]. It
will continue to be updated every 2 years on the IDSA
homepage (http://www.idsociety.org).
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Table 16.4 Management of uncomplicated upper urinary tract infection

Mild acute pyelonephritis: Outpatient treatment

First line:
PO fluoroquinolones × 2 weeks (i.e. ciprofloxacin 500 mg twice daily)

Second line:
PO TMP-SMX × 2 weeks (i.e. Septra DS twice daily)

Third line (or Gram-positive cocci culture positive):
PO amoxicillin or amoxicillin/clavulanic acid × 10–14 days (i.e. Clavulin 
500 mg four times daily)

Inpatient treatment
First line:
IV fluoroquinolones, aminoglycoside, or third-generation cephalosporin × 1 
dose – 24 hours
Followed by PO fluoroquinolones,TMP-SMX based on culture × 2 week total

Second line:
IV aminoglycoside ± ampicillin × 24 h then PO amoxicillin/clavulanic acid 
× 2 week total

Severe acute pyelonephritis Inpatient management
Appropriate imaging
IV fluoroquinolones, aminoglycoside ± ampicillin, or third-generation 
cephalosporin × 48–72 hours or resolution of fever 

Followed by PO fluroquinolones, amoxicilin/clavulanic acid,TMP–SMX,
nitrofurantoin based on culture × 2 week total

PO, by mouth; IV, intravenous.
Warren et al. [27].

Uncomplicated urinary tract and patient profile
Low-grade fever
Mild to moderate costovertebral angle tenderness
Absence of nausea or vomiting
Normal or slightly elevated leukocyte count



Acute Complicated Lower and Upper
Urinary Tract Infection

If patients with factors mentioned earlier (see 
Table 16.1) present with symptoms and signs of acute
lower or upper urinary tract infection, adequate
medical evaluation prior to embarking on empirical
therapy is vital.Again, all patients with the underlying
factors mentioned earlier should not automatically be
labeled as having a “complicated UTI”. Untreated
infection does not always lead to serious morbidity or
mortality in the “complicated UTI” [53–55]. Treatment
of asymptomatic bacteriuria should be considered
carefully as not all patients with a complicating risk
factor should be empirically treated. Empirical treat-
ment of these patients leads to the potential for
increased resistant microbial pathogens, side effects,
allergic reactions, and health care expenditures. Its use
would be considered appropriate in asymptomatic
patients where the potential exists for serious morbid-
ity. These may include, but are not limited to, the dia-
betic, the leukopenic or immunocompromised
patient, immunosuppressed transplant patient, and
pregnancy [54]. Treatment of asymptomatic bacteri-
uria has been demonstrated to be beneficial in preg-
nancy (see Chapter 7). Treatment is clearly indicated
in the symptomatic bacteriuric patient.

The medical literature is sparse in well-designed
treatment trials for complicated UTIs and thus no
definitive guidelines are available to aid in managing
these patients. We continue to have unproven empiric
therapy for most patients with such infections
[51–52]. Urine dipstick screening in the diagnosis of
UTI is a test with poor positive predictive value. The
importance of proper urinary culture, be it by mid-
stream, clean-catch specimen or catheterized sample,
cannot be sufficiently emphasized for this group of
patients. The decision to embark on empiric treat-
ment versus awaiting urinary culture results should
be individualized based on the severity of the patient’s
illness. Of the multiple organisms that may cause UTI
in the complicated patient, resistant E. coli and
Klebsiella spp. are more common in women [56].

The choice of antimicrobials should take into
account the wide array of potential uropathogens that
may affect this group of patients. For patients with
systemic illness, septicemia, or urosepsis, admission to
hospital and empiric treatment with broad-spectrum
antibiotics should be initiated prior to identification
of the affecting organism. However, urine, and if indi-
cated blood cultures, should be drawn immediately
prior to initiating therapy. First-line empirical therapy
should provide coverage for Enterobacteriaceae spp.,
Klebsiella spp., Enterococcus spp., and Pseudomonas
spp. Acceptable choices would include broad-

spectrum penicillin with �-lactamase inhibitor com-
bined with an aminoglycoside. A third-generation
cephalosporin with pseudomonal coverage would also
be acceptable first-line therapy. Alternatives include
parenteral fluoroquinolones. Therapy should be tar-
geted with narrower-spectrum antibiotics when
organisms and their susceptibility are discerned.
Duration of treatment is dependent on the severity of
illness and the individual clinical setting. Generally a
treatment consisting of parenteral antibiotics for a
period of 48–72 hours until clinical resolution fol-
lowed by targeted antimicrobial therapy based on sus-
ceptibility data for a minimum of 2 weeks is
acceptable.

Medical imaging is used predominantly in patients
with complicated upper UTI. However, its use in com-
plicated and uncomplicated lower UTI cannot be ruled
out entirely and, again, should be individualized.
Ultrasonography is generally accepted as the most
sensitive technique for ruling out urinary tract
obstruction [57,58]. This technique is also the quickest
and most sensitive technique in identification of
abscess formation [59]. An early baseline ultrasound
in the clinically well patient with a febrile UTI is valu-
able for future management [60,61]. In selected cases,
where there is persistence of clinical disease (fever, ele-
vated leukocyte count), computed tomography (CT)
may be used to exclude abscess formation [59]. The
excretory urogram has become less useful with the
advancement of imaging modalities and should be
used in conjunction with urologic and radiologic con-
sultation owing to the potential nephrotoxic effects.
The role of renal cortical scintigraphy with technetium
99m-dimercaptosuccinic acid (99mTc-DMSA) in the
management of acute complicated UTI has not been
fully evaluated but may be of use in the future [62].

Patients with urinary obstruction should have
ultrasonography to visualize the renal tract for
identification and localization of the obstruction, for
identification of hydroureter, hydronephrosis, possible
pyonephrosis, and identifying potential complications
such as renal abscess [62]. Proper management of the
obstruction with elimination of the calculi will aid in
achieving cure for the patient and minimize potential
complications including recurrence. If perinephric or
renal abscess is identified, urologic consultation
should be obtained for potential surgical drainage.
These patients may require prolonged courses of
antibiotics for complete recovery.

If the patient is found to have atrophic kidneys with
severe pyelonephritic scarring, they are at risk of
relapse and persistence of UTI, which may necessitate
nephrectomy [63]. Another complicating factor of
pyelonephritis which may lead to end-stage renal
disease is renal papillary necrosis [64]. Persistence of
bacteria in the necrotic papillae can be cured with
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extraction, or by partial or total nephrectomy [18].
Identification of polycystic renal disease may identify
women at risk of recurrent pyelonephritis. Aerobic
Gram-negative bacilli are the most common cause of
infected cysts and approximately one-quarter of
patients experience perinephric abscess and substan-
tial mortality [3].Aminoglycosides and ß-lactams pen-
etrate the cyst wall poorly; thus lipophilic antibiotics
that can transfer across the epithelial barrier (i.e. TMP-
SMX or fluoroquinolones) should be employed [65].

Special Focus Patients

The Postmenopausal Woman

The postmenopausal woman is at increased risk for
urinary tract infections. Microbiologic observations
in the elderly suggest a wide spectrum of infecting
organisms with a tendency toward pathogens with
increased antimicrobial resistance [66]. E. coli is iso-
lated in 50–60% of infections, with P. mirabilis and
Klebsiella pneumoniae also being frequent. Urinary
incontinence, increased post-void residual volume,
pelvic floor prolapse and in particular cystocele are
risk factors for UTI in the elderly. Estrogen
deficiency has an important role in the development
of bacteriuria and subsequent UTI. Estrogen main-
tains the acidic pH of the vagina through the stimu-
lation of Lactobacillus proliferation in the vaginal
epithelium. The acidic pH of the vagina prevents
vaginal colonization by Enterobacteriaceae spp., one
of the main urinary tract pathogens from the
rectum. In addition, host susceptibility plays an
important role in the development of UTI. Vaginal
mucosal susceptibility to bacterial adherence has
been demonstrated to be increased in epithelial cells
at higher vaginal pH [67]. Vaginal fluid contains
various antibodies that are thought to provide
immune defenses against mucosal pathogens
through inhibition of bacterial adherence to host
cells [68]. These immune defenses may be negatively
affected by increasing age and estrogen deficiency.

Treatment of UTI in the postmenopausal woman
should include evaluation of the lower genital tract
for estrogen deficiency, and the initiation of local or
systemic estrogen. Local estrogen treatment has
been demonstrated to reduce the incidence of UTI
in elderly women [69]. It may be in the form of
vaginal estriol or estrogen cream, or an estradiol-
releasing vaginal ring. It has also been demonstrated
to reduce the incidence of recurrent UTI [70]. In
addition, means to reduce post-void residual sec-
ondary to incomplete emptying or pelvic-floor pro-
lapse should be addressed. Estrogen also has

beneficial effects on pelvic floor prolapse and incon-
tinence, which may secondarily impact on the inci-
dence of UTI and recurrent UTI.

The Catheterized Patient

Indications for urethral catheterization are many
but can be grouped into the categories of surgery,
urine output measurement, urinary retention, and
urinary incontinence. Virtually all complications of
urinary catheterization are the results of subsequent
bacteriuria [71]. The risk of catheter-associated
infection increases by 5–8% per day, so that by the
end of one month, well over 90% of patients with
indwelling catheters are bacteriuric [72]. The risk of
intermittent catheterization is far less at <1% [71].
Endogenous bacteria are the most common
pathogen in the catheterized patient. Its entry is
facilitated by the indwelling catheter, which acts as a
conduit for entry along both internal and external
surfaces of the catheter. A biofilm which covers and
secures bacteria, while potentially facilitating its
transport, has been identified and demonstrated on
both urethral and ureteric catheters [73].
Mechanical damage to the urinary epithelium may
occur, leading to decreased epithelial host defenses.
As a foreign object, the catheter may decrease anti-
bacterial polymorphonuclear leukocyte formation
[74].

Most catheter infections are from single organ-
isms but up to 15% may be polymicrobial [75].
E. coli remains the most frequent organism iso-
lated. However, Enterococcus, Pseudomonas aeru-
ginosa, Klebsiella pneumoniae, Proteus mirabilis,
Enterobacter spp., Staphylococcus epidermis, and
Staphylococcus aureus are more common than in the
non-catheterized patient. Less familiar species
include Providencia stuartii and Morganella mor-
ganii [76]. Long-term catheterization for more than
30 days can lead to complications such as urinary
obstruction, urinary tract stones, chronic
pyelonephritis, and potentially bladder cancer [77].
Bacteriuria caused by P. mirabilis is associated with
catheter obstruction through its hydrolysis of urea
to ammonia leading to increased urinary pH and
crystallization of struvite and apatite within the
catheter lumen [78].

Minimizing the frequency and duration of
catheterization, as well as keeping a closed catheter
system, seem to be the most effective steps in the
prevention of bacteriuria [77]. Prophylactic anti-
biotics appear to decrease the initial incidence of
bacteriuria but long-term studies suggest no differ-
ence in infection rate. With emerging antimicrobial
resistance, their use should be avoided. Patients with
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catheters should be judiciously cultured and treat-
ment individualized based on the results. Empirical
treatment should be reserved for the clinically ill
patient. Treating UTI in catheterized patients
include removal or replacement of the catheter due
to the presence of bacteria on the biofilm, and a
search for urinary stones and urinary obstruction
with ultrasonography. Fungal infections with
Candida species may develop in the catheterized
patient but are generally asymptomatic. Removal of
the catheter results in disappearance of candiduria
in up to 40% of patients [77]. Oral fluconazole or
bladder irrigation with amphotericin B results in
similar eradication rates [79].

The Diabetic Patient

Bacteriuria and urinary tract infections are four
times as common in diabetic women as in non-
diabetic women [80]. Diabetes mellitus causes
several changes in the genitourinary system in-
cluding impaired host defense mechanisms, diabetic
nephropathy, renal artery stenosis, and cystopathy
or impaired bladder tone and function.
Complications of UTI in the diabetic woman include
renal and perirenal abscess, gas-forming infections
such as emphysematous pyelonephritis and emphy-
sematous cystitis, fungal infections, xanthogranulo-
matous pyelonephritis, and renal papillary necrosis.
Lower and upper urinary tract infection may be
asymptomatic in the diabetic patient. E. coli remains
the most common uropathogen, with Klebsiella
pneumoniae in particular being more common in
the diabetic patient [80].

Urinary culture is mandatory in the diabetic
patient because of the higher incidence of microbial
resistance [81]. When clinically indicated, ultra-
sonography or plain abdominal X-ray should be per-
formed to rule out diabetic-related complications as
listed above. Treatment for the asymptomatic dia-
betic with bacteriuria is controversial, because of the
possibility of progression to upper urinary tract
infection. Some experts do recommend treating the
asymptomatic bacteriuric, diabetic patient. However,
if the patient’s glycemic control is optimized, therapy
should be reserved for the symptomatic patient due
to difficulty in bacterial eradication and emerging
antimicrobial resistance.

Recurrent UTI and Preventive Measures

Recurrent UTI is defined as a symptomatic UTI that
follows clinical resolution of an earlier treated or
untreated UTI. The vast majority of recurrent UTI
is due to reinfection as opposed to persistent infec-

tion. Relapse is clinically defined as a UTI that is
caused by the same species as the original UTI
occurring within 2 weeks after completion of treat-
ment. Underlying susceptibility to vaginal coloniza-
tion with uropathogens is more common in women
with recurrent UTI [82]. The underlying mechanism
by which this occurs has yet to be established but
appears to be based on the greater ability for
uropathogenic coliforms to adhere to uroepithelial
cells in patients with recurrent UTI [83]. The discov-
ery of these mechanisms may hold the answer to the
prevention of UTI and recurrent UTI.

In premenopausal women, the frequency of
sexual intercourse appears to be the greatest risk
factor for recurrent UTI [84]. In addition, spermi-
cide use, having a new partner within the last year,
having a first UTI before the age of 15 years, and
having a mother with a history of UTIs appear to
be risk factors for recurrent UTI [84]. Behavioral
factors have not been evaluated in a prospective
fashion. Pelvic anatomy, such as distance from
urethra to anus, may play a role in some women
with recurrent UTI [85]. Hypoestrogenemia in the
postmenopausal woman contributes to the occur-
rence of recurrent UTI. The use of vaginal estro-
gens has been demonstrated in prospective
studies to decrease the incidence of recurrent UTI
[69,70].

Urinary culture is mandatory in the patient with
recurrent UTI who has been treated. Antimicrobial
therapy must be directed at the offending agent for
sufficient duration as outlined by the Infectious
Disease Society of America. Prevention strategies
such as elimination of spermicide-containing prod-
ucts in the premenopausal woman, and use of
vaginal estrogen in the postmenopausal woman are
recommended. Addressing the occurrence of UTI
symptoms in relation to sexual intercourse will help
in identifying those women who may benefit from
post-coital antibiotic prophylaxis. Prophylactic
antibiotics should be reserved for patients who
experience significant distress from their symptoms.
Prophylaxis has been advocated for women experi-
encing two or more symptomatic UTIs in a 6-month
period to three or more symptomatic UTIs in a 12-
month period [86,87]. The infections should be
verified and documented to be culture positive.

Continuous prophylaxis, post-coital prophylaxis,
and intermittent self-treatment have been demon-
strated to be effective in the management of recur-
rent uncomplicated UTI [88]. Several regimens have
been attempted, including daily or post-coital TMP-
SMX, nitrofurantoin, fluoroquinolones, and first-gen-
eration cephalosporins. Continuous prophylaxis has
been demonstrated to be effective in reducing recur-
rent UTI [89–91]. There are varying recommenda-
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tions as to the duration of treatment from an initial 6-
month trial period to a 2-year trial period [88,89].
Treatment regimens include TMP-SMX 40/200 mg
daily or thrice weekly, daily nitrofurantoin 
50–100 mg, daily norfloxacin 200 mg or ciprofloxacin
125 mg, and daily ceflacor 250 mg or cefalexin
125–250 mg [89]. Post-coital prophylaxis has also
been demonstrated to be effective in prevention of
recurrent UTI [88,92]. In the only placebo-controlled
trial performed to date, post-coital TMP-SMX 
40/200 mg single-dose therapy was effective in reduc-
ing the rate of recurrent UTI [92]. Other treatment
regimens have included single-day therapy with
TMP-SMX 80/400 mg, nitrofurantoin 50–100 mg,
ciprofloxacin 125 mg, norfloxacin 200 mg, ofloxacin
100 mg, cinoxacin 250 mg, and cefalexin 250 mg
[88,92]. Prophylactic or self-initiated treatment
should be reserved for the reliable patient who is
motivated and compliant with medical instructions.
They should be instructed to notify their physician or
seek medical attention if their symptoms are not
completely resolved within 48 hours [88–92].

Fruit juices, and in particular cranberry juice,
have been suggested as effective in UTI prevention.
Recent studies suggest that there may be a protec-
tive effect against UTI in the premenopausal age
group [93]. It was initially thought to be effective in
UTI prevention by lowering urinary pH but
scientific evaluation has not confirmed this hypoth-
esis [94]. It is thought that cranberry juice inhibits 
E. coli and other Gram-negative uropathogen 
adherence to uroepithelial cells [95,96]. Only cran-
berry and blueberry juices are known to possess
these anti-adherence compounds [97]. In the post-
menopausal age group, a prospective, placebo-
controlled, randomized study demonstrated a statis-
tically significant difference in the incidence of
asymptomatic bacteriuria and antibiotic use, with a
trend towards decreased incidence of symptomatic
UTI in women randomized to prophylactic cran-
berry juice ingestion [94]. There are insufficient
studies with significant power to state that cran-
berry juice is effective in preventing or treating
symptomatic UTI. Probiotic agents such as
Lactobacillus also have a potential role in UTI pre-
vention. They function in this role through their
competitive colonization of the vagina with
uropathogens through various mechanisms.
Lactobacillus species has been shown to block
potential sites of bacterial attachment, inhibit bacte-
rial growth, maintain a low vaginal pH, and produce
hydrogen peroxide (H2O2), a harmful chemical to
some uropathogens such as Enterococcus [98–102].
Well-designed treatment trials for the prevention of
UTI or recurrent UTI with probiotic agents have yet
to be performed.

Future Directions
As clinicians and researchers in women’s health, we
must better understand the epidemiology and patho-
genesis of urinary tract infections. The prevalence of
this disease demands further research and develop-
ment of diagnostic, therapeutic, and preventive
strategies. We are still dependent on traditional urine
culture for diagnosis of urinary tract infection.
Patient care would benefit greatly from the develop-
ment of a rapid, accurate, inexpensive bedside test
that would allow the practitioner to decide whom to
treat at the time of examination [103]. In develop-
ment is a rapid, automated urine analyzer which
measures the number and size of all urine particles
including bacteria, red blood cells, and white blood
cells by electrical flow impedance [104]. These urine-
screening tests are being evaluated for identification
of samples that will likely result in negative urine cul-
tures. These rapid analyzers would enable clinical
decision-making at the time of presentation, as well
as potentially eliminating costly, time-consuming,
and resource-intensive urine cultures in patients with
negative screening tests.

Management strategies need to be re-evaluated on
an ongoing basis to reduce laboratory testing,
patient visits and hospital admissions, while
improving clinical and bacterial eradication rates
and minimizing antimicrobial resistance. Strategies
in patient-initiated home therapy have been suc-
cessful in clinical outcome studies but have the
potential for unnecessary treatment and further
development of antimicrobial resistance [105].
Hospitals and regional microbiology divisions
should collect data regarding endemic antibiotic
resistance on an ongoing basis to decrease patient
morbidity and improve bacterial eradication rates.

Evolving knowledge of the biofilm will direct
pharmacological research while allowing further
understanding of the pathophysiology behind
urinary tract infections. In the future, biofilm-
directed antimicrobials may emerge as first-line
agents for urinary tract infections. Development of
probiotic Lactobacillus strains that adhere to vaginal
cells and have antimicrobial mechanisms, such as
surfactant and H2O2 production, will help prevent 
bacterial colonization and subsequent urinary tract
infection [103]. Vaccination would be an effective
means of decreasing the incidence and prevalence of
urinary tract infection. One of many promising
strategies for the prevention of urinary tract infec-
tion is the development of vaccines that target the
mechanisms by which uropathogens adhere to uro-
genital epithelium. FimH adhesin molecule is
located on the filamentous type 1-pilus protein
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appendages on the surface of E. coli [106]. Antibody
production against these adherence molecules may
decrease urogenital colonization and subsequent
development of bacteriuria. Vaginal mucosal immu-
nization with whole-cell vaccine containing heat-
killed bacteria has been suggested to stimulate local
cervicovaginal antibodies [107]. These techniques,
aimed at increasing local mucosal immunity to
various uropathogens, are presently in phase II of its
clinical trials [108]. These immunologic approaches
to the prevention of urinary tract infection offer
therapeutic alternatives to the use of frequent or
long-term antibiotics and the threat of antimicrobial
resistance.
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Introduction and Definitions
The urethral syndrome was first described in 1949
by Powell and Powell [1] in a clinicopathological
study. The term was popularized in the 1960s with
the work of Gallagher and co-workers [2] who
wrote that 50% of female patients with lower
urinary tract symptoms had no laboratory evi-
dence of urinary infection. The traditional
definition, therefore, referred to any irritative
symptoms suggesting a urinary tract infection
(UTI) but with a negative urine culture. The term
was widely used in the past but now has evolved
into a much more restrictive condition and most
cases will be labeled with another entity, as will be
discussed below.

The pure urethral syndrome refers to irritative
and painful lower urinary tract symptoms without
infection or objective urological abnormality. It can
be acute or chronic.

Acute urethral syndrome is a self-limited condi-
tion that is very rare. If the midstream culture is
negative but the urine analysis revealed an elevated
white cell count, other causes of inflammation, such
as sexually transmitted diseases, fungal infections,
stone, cancer, urethral diverticula, caruncle, or
condylomata, must be ruled out. If the investiga-
tions are negative, it is probably better to call the
acute episode a frequency/urgency episode rather
than acute urethral syndrome because of the possi-
ble future connotations. In the past twenty years,
with advances in the diagnosis of uncommon or
subacute infections, the term ‘pure acute urethral
syndrome’ is rarely employed in favor of a more
specific diagnosis [3].

Chronic urethral syndrome refers to irritative
symptoms, without any obvious cause occurring
over a long period of time. The patient can have

exacerbations and remissions during this time. It is
still a diagnosis of exclusion and should be used
with caution only after negative investigation.
Interstitial cystitis (IC) must be considered as its
symptomatic manifestations may be indistinguish-
able from the urethral syndrome [4]. The actual
diagnosis of IC may also be problematic and the
reader is referred to the chapter on interstitial cysti-
tis (Chapter 18).

The symptoms were thought to occur mainly in
women as initially in the literature on the urethral
syndrome it was exclusively a female diagnosis.
However, male patients may actually have similar
clinical presentations with non-bacterial syndromes
such as chronic prostatitis or chronic pelvic pain
syndrome [4–6].

Symptomatology
The urethral syndrome has a wide spectrum of non-
specific symptoms: frequency, urgency, nocturia,
pain or burning on urination (dysuria), suprapubic
pain, and other symptoms such as dyspareunia and
postcoital urethral discomfort. Since these symp-
toms can be caused by a large number of different
etiologies (Table 17.1) there are no specific pathog-
nomonic characteristics.

Etiology
The proposed etiologies of the urethral syndrome
have been as varied as the therapeutic interven-
tions. Table 17.2 shows some of the etiologies pro-
posed over the years.

17 Urethral Syndrome
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Acute Urethral Syndrome
An infectious etiology has been suspected for a long
time. The original definition of significant bacteri-
uria of 105 or greater bacteria per milliliter stemmed
from the classic studies of Kass [7–9]. The number
of bacteria was proposed to distinguish contamina-
tion from true bacteriuria. Latham and Stamm in
1984 [10], in their Urologic Clinics of North America
review, lowered the number of bacteria required to

attribute the cause of symptoms to infection based
on the work of Stamm and colleagues [11]. In this
paper 59 women with acute urethral syndrome were
compared with 35 patients with classically defined
cystitis and 66 asymptomatic women. Of the 59
women with acute urethral syndrome, 42 had pyuria
and 37 of these had positive cultures obtained only
by catheterization or suprapubic aspiration with col-
iforms (24), Staphylococcus saprophyticus (3), and
Chlamydia trachomatis (10). Almost no women
without pyuria had positive cultures. Thus 63% of
the women who were initially diagnosed as having
urethral syndrome actually had bacterial infection,
which was not proved on voided cultures. Latham
and Stamm [10] established a new criterion for
acute cystitis with concomitant findings of pyuria
and hematuria in that bacteriuria of greater than 102

per ml, rather than 105 per ml, was sufficient to
make the diagnosis. Hamilton-Miller [12] also found
that in a population of women with recurrent
urinary tract symptoms, only about 50% of the
episodes were due to infections with greater than
105 bacteria/ml. Lowering the threshold for the
definition of significant bacteriuria increased the
frequency with which the symptoms were thought
to be from urinary infection. Overall 30–50% of
patients with symptoms of acute urethral syndrome
have been found to have positive cultures with less
than 105 bacteria/ml [13].

Sexually transmitted organisms such as Neisseria
gonorrhoeae and Chlamydia trachomatis can also
cause dysuria and frequency in 20–30% of women
[10,14]. Primary genital herpes and vaginitis can
also cause dysuria and frequency [15]. In their 
population of 150 women, Horner and co-
workers [16] found that C. trachomatis of the
urethra was frequent but not usually associated with
frequency/dysuria symptoms. Hamilton-Miller also
reported that although candidiasis and trichomoni-
asis are common causes of acute dysuria and fre-
quency the presence of sexually transmitted
organisms could not account for the majority of
these symptoms [12].

The clinical significance of other organisms is
under dispute. Stamm and colleagues [11] found
Mycoplasma hominis and Ureaplasma urealyticum
in both symptomatic and control groups and these
organisms were not felt to be associated with ure-
thral syndrome. Wilkins and colleagues [17] isolated
fastidious organisms, Gardnerella vaginalis and
Lactobacillus sp, from bladder biopsies or urine
culture from patients who met the criteria for ure-
thral syndrome or interstitial cystitis. However, they
did not have a control group. Maskell [18] suggested
that urethral syndrome resulted from excessive mul-
tiplication of lactobacilli in the urethra, but Cooper
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Table 17.1 Possible causes of irritative symptoms

Urinary tract infection
Bladder cancer
Bladder calculus
Radiation cystitis
Detrusor instability
Hyperreflexic bladder
Large post-void residual volume
Urethritis
Urethral caruncle
Urethral diverticulum
Periurethral gland infection
Condylomata
Cervicitis
Carcinoma of the vulva
Pelvic mass
Atrophic genitalia
Diabetes mellitus
Diabetes insipidus
Diuretic medication
Renal impairment
Pregnancy
Chemical irritation (BCG, contraceptive foam)
Chemotherapy

Table 17.2 Proposed etiologies

Acute urethral syndrome
Bacterial infection
Herpes
Sexually transmitted diseases
Urethral spasm
Chemical agents

Chronic urethral syndrome
Urethral stenosis 
Interstitial cystitis
Psychological disorder
Hormonal imbalance
Hypospadias
Chemical agents
Allergy



and colleagues [19] showed that antibiotics with
Lactobacillus activity were no more effective in
treating symptoms than those without such activity.
Gillespie and colleagues [20] also found no differ-
ences in positive cultures of fastidious organisms in
disease and control groups. Although Haarala and
co-workers [21] in a small study demonstrated
streptococci anaerobes in five patients with urethral
syndrome, the significance of the finding was
unclear.

Chronic Urethral Syndrome
Following the description of the urethral syndrome,
urethral stenosis was regarded as a common etiol-
ogy and urethral dilatation was a commonly per-
formed treatment for many years [22,23]. Urethral
cryosurgery has even been proposed to treat recur-
rent urethral syndrome [24]. Although many
patients have been reported to benefit from dilata-
tion, the diagnostic criteria in the reported studies
have been inconsistent, histologic studies docu-
menting periurethral fibrosis have not been shown
to be reproducible, and documentation of a stenosis
by objective means, such as radiography or urody-
namics, has been lacking [25,26]. At this point in
time urethral stenosis should be considered rare and
other causes sought.

Latham and Stamm [10] evaluated women with
chronic urethral syndrome for infectious causes but
found inconsistent results.

Chronic urethral syndrome and interstitial cyst-
itis share many features and in many instances are
thought to be one and the same [14]. The reader is
referred to the chapter on interstitial cystitis
(Chapter 18) for a complete discussion.

Other theories about cause include hormonal
imbalances, reactions to ingested or environmental
chemicals, and allergic conditions, but little support-
ing evidence is available [27]. Fibromyalgia has also
been associated with urethral syndrome. Paira [28]
found that 18% of patients with fibromyalgia met
the criteria for urethral syndrome by questionnaire
compared with none in a control group. Irritative
lower urinary tract symptoms have also been
reported in patients with Sjogren’s syndrome and
systemic lupus erythematosus [29]. It is possible
that the urethral syndrome is an occasional mani-
festation of systemic disease.

More recently, urethral instability has been pro-
posed as a possible etiology of chronic urethral syn-
drome. Urethral instability is a pressure fall of more
than 15 cmH2O measured on urethral profilometry
[30]. Clarke [31] found urethral instability in 6.4%

of 608 patients and noted that it appeared to be a
cause of frequency and urgency of micturition. Weil
and co-workers [32] in their study of 427 female
patients found urethral instability in 16.4% of
patients and showed that the instability was related
to frequency, nocturia, urgency, and a history of ure-
thral syndrome. Bernstein and colleagues [33] found
evidence of a muscular abnormality, characterized
by poor control and increased activity of the pelvic
floor associated with pain, in a small subgroup of
women with urethral syndrome These may be
various types of dysfunctional voiding and can be
related to chronic symptoms.

Psychological factors in urethral syndrome have
also been studied but the data are conflicting.
Baldoni and colleagues [34] described a relation-
ship between micturition, stressful events, and psy-
chological symptoms in 58 female patients
evaluated by questionnaire. O’Dowd and co-
workers [35] also reported a prevalence of psycho-
somatic complaints in patients with urethral
syndrome. Carson and associates [36] proposed
that the disorder was a conversion reaction or psy-
chophysiologic abnormality. Others, however, like
Sumners [37], Maskell [18] and Nazareth and King
[38] could find no role for psychiatric or psycho-
logical factors in the causation. In clinical practice
these patients may be very distressed by their
symptoms so the cause or effect relationship may
be difficult to ascertain.

Van Bogaert [39] described a very rare cause of
urethral syndrome, in six female patients with
hypospadias. He successfully treated their symp-
toms by urethral meatal transposition.

Since an actual cause of symptoms, such as IC or
dysfunctional voiding, can frequently be found, the
term chronic urethral syndrome is no longer used
very much [40]. The diagnostic approach should
focus on finding an underlying condition.

Evaluation
Because of the many possible causes of irritative and
painful lower urinary tract symptoms these patients
should be evaluated carefully. They should all undergo
a history and physical examination. One should
attempt to differentiate between acute and chronic
symptoms as the management differs. The physical
examination should include a careful genital and
pelvic examination to rule out genital condylomata,
atrophic vulvar and vaginal changes, cervicitis, peri-
urethral gland infection, local chemical irritation,
pelvic masses, and rarely vulvar carcinoma.
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In patients with acute symptoms vesical, urethral
and vaginal infection must be ruled out. Urinalysis
and urine culture and sensitivity are done to look
for Gram-negative organisms and Staphylococcus
saprophyticus. Other organisms in the acutely symp-
tomatic patient with pyuria such as Chlamydia tra-
chomatis and sexually transmitted organisms
should occasionally be looked for. Urine microscopy
may miss a low-count infection and indeed low
colony counts in an acutely symptomatic patient
may still indicate true urethritis or cystitis rather
than acute urethral syndrome [40]. Antibiotic
therapy is then indicated when infection is demon-
strated or strongly suspected.

Primary genital herpes (HPVII) can also causes
the symptoms of urgency and frequency associated
with urethral pain. Urinary tract or genital fungus
infections such as candidiasis or trichomoniasis are
not uncommon etiologies of nonspecific symptoms
in the genito-pelvic area.

Since the acute urethral syndrome is by definition
a self-limited condition, in the absence of any treat-
able infection or microhematuria, further diagnostic
studies are not routinely indicated [40].

In patients with chronic symptoms the same
work-up that essentially searches for infection
should be done. If the symptoms persist for more
than 6–9 months, and the infection work-up is nega-
tive, additional testing can be done primarily to look
for interstitial cystitis. It is important to try to make
an accurate diagnosis rather than label the patient
chronic urethral syndrome.
A urinary diary or voiding log is a very helpful and
simple tool that can give an indication of the daily
fluid intake and voiding pattern [41].

Urine cytology and if necessary appropriate
urinary tract imaging studies may be done to elimi-
nate cancer or urethral abnormalities such as a
diverticulum.

Gynecologic consultation may be worthwhile 
in a patient with unexplained symptoms [40].
Occasionally a psychiatric or psychological consul-
tation may be helpful [36–38].

Cystoscopy can help evaluate the urinary tract for
bladder and urethral carcinoma, urethral caruncle
or diverticulum, inflammatory bladder conditions,
radiation cystitis, tuberculosis, or changes associ-
ated with interstitial cystitis such as glomerulations
on second fill or ulcers. Since the patients may feel
extreme discomfort with this test, general or
regional anesthesia may be required. Bladder biop-
sies and/or hydrodistension may also be done.

The value of urodynamic studies is controversial.
However, it can identify patients with findings sug-
gestive of neurologic disease such as hyperreflexia
with detrusor-sphincter dyssynergia. Other condi-

tions such as bladder instability and dysfunctional
voiding may also be diagnosed.

Management
Patients with acute symptoms from a urinary tract
infection should be treated with a short course of an
appropriate antibiotic. In the absence of a positive
culture, most patients will be treated with empiric
antibiotics. Doxycycline, erythromycin, and metron-
idazole have been recommended to treat fastidious
and anaerobic organisms potentially missed on
routine culture [27]. Stamm and co-workers [42]
carried out a randomized trial of doxycycline versus
placebo for treatment of acute urethral syndrome.
They found it to be beneficial in women with pyuria
and infection due to coliforms, staphylococci, or 
C. trachomatis. Other effective choices are tri-
methoprim-sulfamethoxazole or tetracycline [43].

The effect of estrogen deficiency on the urethra
and bladder may be associated with the urethral
syndrome [44]. Estrogen may improve some of the
symptoms and may protect against recurrent lower
urinary tract infections [45].

Patients with dysfunctional voiding may respond
to alpha-blockers or diazepam but long-term
studies with these agents are lacking [46].

Management of patients with chronic symptoms
is much more difficult. If an alternative cause cannot
be found on clinical examination, laboratory testing,
cystoscopy, and urodynamic studies, the diagnosis
of IC should be suspected and the patients treated
for this entity. The reader is referred to the chapter
on interstitial cystitis (Chapter 18) for a complete
discussion. The occasional patient may also present
with fibromyalgia and may respond to antihista-
mines, non-steroidal anti-inflammatories, and
diazepam [28]. The patient with established dys-
functional voiding may be amenable to modalities
such as biofeedback, pelvic floor muscle training, or
sacral neuromodulation. The reader is referred to
the chapters on behavior modification techniques,
biofeedback and functional electrical stimulation,
and sacral nerve stimulation (Chapters 24, 25, 27)
for a complete discussion.

Urethral dilatation was an option for many years
but objective data proving a beneficial outcome are
lacking. The original idea was that distal urethral
constriction was a cause of symptoms. However,
female urethral strictures are rare and Rutherford
and co-workers showed a similar response in two
patient groups one undergoing urethral dilatation
and the other cystoscopy [26]. Sand and colleagues
[24] reported a randomized trial of a cryoprobe
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versus urethral dilatation and massage for recurrent
urethral syndrome. They reported a 91% success
with cryotherapy versus 33% for dilatation.
However, complications of retention, bleeding,
incontinence and recurrence were seen with the
technique. In a recent survey of urologists from
Texas, Lemack and colleagues [47] found that 21%
of urologists trained more than 10 years ago consid-
ered dilation very or extremely successful in treat-
ing urethral syndrome but 0 of 42 urologists trained
more recently considered it to be successful 
(p = 0.014). Urethral dilatation has been relegated to
rarely used treatment for the urethral syndrome.

As with other chronic diseases, patient education,
realistic expectations of treatment outcome, and a
supportive approach on the part of the health care
provider are very important. Additional resources
may include self-help groups such as the Interstitial
Cystitis Association, if appropriate. The manage-
ment of these problems may be frustrating for both
the physician and patient, underscoring the need for
a careful and systematic approach to investigation
and treatment. Since the condition is benign and
may be self-limited or have remissions and exacer-
bations, the treatment should also do no harm.
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Introduction
Interstitial cystitis (IC) is a disorder of the lower
urinary tract that causes symptoms of pelvic pain
and/or urinary frequency. Often mistaken for other
urologic or gynecologic disorders, it is a gradually
progressive disease that may affect as many as 1 in
4.5 women, as well as a significant number of men.
IC has been considered difficult to detect because of
its variable presentation and the lack of a generally
accepted set of criteria for diagnosis. In recent
years, however, significant advances have been made
in the understanding of this complex and surpris-
ingly common disorder.

In this chapter, we will make an attempt to
present a clear and up-to-date definition of IC. We
will review new concepts of its pathogenesis and
discuss diagnostic tools and techniques as well as
recent developments in treatment. We will present
IC as a disease process whose clinical presentation
changes with development of the disease and with
fluctuations in other health factors that may
provoke symptom flares, such as allergies and hor-
monal fluctuations. By recognizing IC in its various
stages, the physician can offer effective treatments
to patients whose disease might otherwise go 
unrecognized.

Definition
Although IC was first reported in the literature in
1915, little progress was made in defining the IC
patient population until 1987, when a group of
interested researchers met at the National Institutes
of Health (NIH) to establish clinical criteria for
characterizing the IC syndrome patient for research
studies [1]. Never intended to define IC, these crite-
ria were designed to describe advanced and persis-
tent disease that had perhaps caused recognizable
pathologic changes. Not surprisingly, subsequent
studies have confirmed that the early NIH criteria
represent only a small part of the IC population.
The results of two 1999 studies indicate that strictly-
applied NIH criteria miss approximately two-thirds
of IC cases [2,3].

In fact, IC is a clinical syndrome with, as yet, no
distinct pathologic tissue or serum changes to indi-
cate its presence. Its symptoms vary depending on
whether a patient has an early-phase, milder version
of the syndrome, or a later, more advanced stage as
is seen in older patients. It is best to think of IC as a
gradually progressive disease process, intermittent
in the beginning and more persistent as the IC
advances and secondary bladder changes become
more apparent in advanced stages (Figure 18.1).

18 Interstitial Cystitis: New Concepts in
Pathogenesis, Diagnosis, and Management
C. Lowell Parsons
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In general, IC is best defined by the clinical symp-
toms of urinary urgency, frequency and/or pelvic
pain in a patient who has no other definable pathol-
ogy such as urinary infection, carcinoma, or cystitis
induced by radiation or medication.

Epidemiology
IC traditionally was considered quite rare, but recent
data suggest that it may be much more common
than early epidemiologic studies suggested.

Although IC was first identified in 1907 by Nitze,
few epidemiologic studies have been reported [4]. In
early reports of the incidence of IC, the numbers are
low. In a Finnish study of 103 individuals with IC,
for example, Oravisto estimated an annual incidence
of 1.2 cases per 100 000 and a prevalence of approxi-
mately 10–11 per 100 000 [5]. Held and co-workers
estimated 44 000 cases in the United States [6] with
a worst-case prevalence of 450 000 [7]. In 1997, Jones
and Nyberg [8] reported an incidence of 500 000 to
1 000 000 people in the US with IC.

These reports may reflect a definition of IC that
encompassed only advanced-phase disease. In a large
study of 1000 successive patients presenting to outpa-
tient centers in England for a clinical trial, 50% of the
patients with signs and symptoms of urinary tract
infection (urgency/frequency) had negative cultures
[9]. In reporting their results, the authors concluded
that these patients had “the urethral syndrome”, which
the authors defined as the presence of signs and
symptoms of infection but negative urine cultures.

It is likely, in fact, that urethral syndrome is the
early or mild form of IC. In 2001, Parsons and co-
workers found a positive potassium sensitivity test,
indicative of an abnormal bladder epithelium, in
78% of 466 patients with clinical IC, 55% of 116
patients with urethral syndrome, and in none of 42
controls. They concluded that the finding of lower
but still significant potassium sensitivity in urethral
syndrome patients is supportive of the concept that
IC is a continuum that begins with the mild and
intermittent symptom profile that traditionally has
been labeled “urethral syndrome” [10]. In addition,
the results of studies in gynecologic pelvic pain
patients and in men with lower urinary tract symp-
toms (LUTS) [11,12] indicate that there may be
significant numbers of previously unrecognized
cases of IC in these patient populations.

Pathogenesis
In recent years, substantial progress has been made
in understanding the development of IC. It may well

be that IC encompasses a number of different eti-
ologies, culminating in a bladder insult that ulti-
mately results in the symptoms of pain and/or
urinary urgency.

Lymphatic, infectious, neurologic, psychologic,
autoimmune, and vasculitic etiologies have been
proposed for IC [13–20], but most of these are hypo-
thetical, with little data to confirm or refute their
role in the disease.

A number of discoveries have helped to put some
of the IC puzzle pieces in place. One of the more
widely accepted theories is that there is a defective
bladder epithelium with loss of the “blood–urine
barrier” resulting in a leaky membrane [21,22]. The
permeability of the epithelium to small molecules
could explain the induction of symptoms, especially
if the diffusing substances stimulate the depolariza-
tion of sensory nerves [23,24]. In particular, it has
been shown that diffusion of potassium across the
bladder epithelium could trigger the sensory nerve
endings, resulting not only in symptoms, but even in
disease progression due to tissue injury from toxic
levels of this cation [25]. Mast cells and their
degranulation, vascular problems such as reflex
sympathetic dystrophy, and probably neuro-
inflammation from upregulation of the sensory
nerves also play a role in IC.

Vascular Insufficiency

Reduction of vascular perfusion may negatively
affect mucosal, muscle and nerve nutrition and ini-
tiate a cascade of events that causes symptoms.
Radiation is known to impair blood supply by injur-
ing the microvasculature of organs and certainly, in
the case of the urinary bladder, leads to a syndrome
that is basically IC with urgency, frequency, and
altered epithelial permeability [26]. Other perfusion
abnormalities such as reflex sympathetic dystrophy
[27] may result in a secondary decrease in blood
flow that also triggers events leading to symptoms
in the IC syndrome. Vascular injury could even be
accelerated in IC because of reduced epithelial per-
meability regulation resulting in a potassium leak
into the bladder interstitial space. This potassium
would be directly toxic to the small blood supply of
the subepithelial tissues, leading to further bladder
destruction.

Epithelial Leak

A widely held theory concerning the pathogenesis of
IC is that of an epithelial leak. The hypothesis is that
the permeability regulatory mechanism of the
superficial epithelial cells is impaired, resulting in
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the migration of solutes across the epithelium.
There had been little data to support the concept
that such a leak existed [21] and a subsequent study
was unable to confirm the initial observation that
both normal subjects and IC patients had abnormal
findings in their tight junctions relative to ruthe-
nium red penetration. The initial report involved
only three patients and no controls, however, and
was primarily an anatomic study.

A well-controlled study in 56 patients provided
data to support the hypothesis that the bladder
surface in many IC patients may indeed leak solute
[22]. This data has been supported by subsequent
investigations which employed an even more sensi-
tive “leak assay” to screen individual patients for
potential aberrations in permeability. From these
studies, it was estimated that at least 70–75% of the
patients could be determined to have a leaky epithe-
lium [26,28]. The caveat here is that there are false
negatives to the test (probably not false positives)
and epithelial problems may be present in even
more patients. In addition, this was a slightly skewed
population, with the patients who have a non-leaky
epithelium being more difficult to treat and more
likely to present to the tertiary care center.

This latter concept is supported by the fact that
other investigators have found similar responses to
the potassium test. To date, the results of over 1300
potassium sensitivity tests (PSTs) in IC patients who
have presented to urologists or gynecologists have
been published. The data indicate that approxi-
mately 80% of individuals with IC have a positive
PST; healthy controls are negative [3,10,26,28–35].
False positive PSTs are rare [10,26,28,29,36–39].
These studies also suggest that a small part of this
patient population has no detectable epithelial leak
(by current technologies) and may represent some
other problem, such as neurological inflammation.
A negative PST confirms nothing, however, so it is
not currently possible to estimate the actual per-
centage of “non-leakers”.

Role of Urinary Potassium in the
Pathogenesis and Diagnosis of IC

One of the most important pieces of the interstitial
cystitis puzzle is the identity of the toxic substance
in urine that leaks across the epithelium and pro-
vokes the symptoms of IC. It has been proposed by
Parsons et al. [28] that the principal toxic substance
in urine is potassium. In essence, it is rather an
obvious toxin in that the urine levels range between
40 and 150 mEq/l with an average of about 
90 mEq/l, a concentration that has long been known
to be toxic to all mammalian cells. In addition, it has

been known for many years that potassium at a level
of 12–15 mEq/l will depolarize sensory nerves and
muscle. Because the kidneys are the main route of
excretion of the dietary potassium, the bladder had
to develop a method to handle these very toxic levels
of potassium. It may well be that the most important
role of the relatively impermeable bladder epithe-
lium is to prevent potassium from diffusing into the
bladder interstitium and destroying the tissue. The
role of the transitional epithelium in regulat-
ing potassium metabolism is summarized in 
Figure 18.2.

If urinary potassium should leak excessively into
the bladder interstitium, the rich supply of subep-
ithelial lymphatic and blood vessels could resorb
this cation and restore the normal equilibrium [40].
The diffusion of potassium at excessive rates could
lead to the destruction of these blood and lymphatic
vessels, however, resulting in the acceleration and
progression of the disease process. The sequence of
events could explain both the presence of symptoms
and the gradual progression of disease in most
patients.

Toxic levels of interstitial potassium could also
induce other neurologically active agents, such as
substance P, and lead to upregulation of pain fibers
which may be an important feature of IC [41–44].
The potassium hypothesis also explains the lack of
any significant inflammatory response in most
patients with IC, in either the urine or bladder inter-
stitium [45].

Based on these concepts, several important com-
ponents in the paradigm of IC pathogenesis can be
proposed. For reasons unknown, the regulatory role
of mucus in reducing permeability is impaired.
Once this impairment takes place, the high levels of
urinary potassium will result in increased intersti-
tial levels in the bladder that induce sensory nerves
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(and muscle) to depolarize, resulting in pain and
urgency, and may destroy tissue, causing progres-
sion of the disease. These concepts have also been
supported by data from Hohlbrugger [25,46].
Incorporated into the progression may be the upreg-
ulation of nerve fibers, mast cells and an ever
increasing neurogenic inflammation, which may
become an important and perhaps driving force of
the disease and one that also has to be dealt with in
terms of therapy. In effect, as the disease progresses,
patients will become both solute and volume 
sensitive.

Based on the epithelial permeability model of IC
pathogenesis, Parsons developed a test in which the
bladder is challenged with separate intravesical
instillations of water and potassium [26,28,29]
(Table 18.1). In response to the potassium, an indi-
vidual with an effective urothelial permeability
barrier suffers no urinary symptoms of urgency
and/or pain. An individual with an abnormally per-
meable epithelium, however, does experience
urgency and/or pain in response to the potassium
instillation, as potassium passes through the urothe-
lium and penetrates the bladder muscle, where it
can depolarize sensory nerves and cause urgency or
pain.

As we have said, published reports indicate that
approximately 80% of over 1300 individuals with IC

have a positive PST. The PST is helpful in diagnosis,
especially in patients with mild IC and when one is
unsure of the diagnosis. It is important to recognize
that a patient with IC may test PST negative on any
given day because of the intermittent nature of IC’s
symptoms. Therapy should not be withheld from a
patient in whom IC is suspected even if the PST is
negative.

Neural Upregulation

Pain becomes a prominent factor as IC progresses.
This fact suggests the presence of significant
upregulation (activation) of sensory nerves in the
bladder, a hypothesis that is supported by the
results of a number of studies [47,48].
Upregulation of pain fibers can lead to a more sub-
stantial and persistent form of interstitial cystitis
[41–44]. This aspect of the pathogenesis of IC may
be the most difficult part of the disease to treat, as
it can persist even if any defect in the epithelium is
corrected. As the disease progresses, the increased
peripheral and central neuronal activity probably
has components of both volume sensitivity and
solute (potassium) sensitivity. The volume sensi-
tivity could readily persist even if solute reactivity
is controlled.
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Table 18.1 Instructions for performing the potassium sensitivity test

Potassium test procedure

Solution 1: 40 ml sterile water
Solution 2: 40 ml potassium solution (16 mEq KCI)a

1. Ask patient to rate baseline pain and urgency using the scales below.
2. Place small catheter in patient’s bladder.
3. Slowly, over 1–2 minutes, instill solution 1 into the bladder.
4. Ask patient to rate current pain and urgency after 5 minutes.
5. Remove solution 1 from the bladder
6. Slowly, over 1–2 minutes, instill solution 2 into the bladder.
7. Ask patient to rate current pain and urgency after 5 mnutes.
8. Remove solution 2 from the bladder and wash once with 40 ml water.
9. Ask patient to compare the solutions using the questionaire below.

Grading scales for symptoms Questionaire

Pain 1. Which solution is worse?
None Mild Moderate Severe ___ Solution 1
|---------------|---------------|---------------|---------------|---------------| ___ Solution 2
0 1 2 3 4 5

Urgency 2. Is the difference between the solutions:
None Mild Moderate Severe ___ None
|---------------|---------------|---------------|---------------|---------------| ___ Mild
0 1 2 3 4 5 ___ Moderate

___ Severe

a For potassium solution, bring 20 mEq KCI ampule up to 50 ml with water.



Mast Cells

The role of mast cells in IC is not fully understood.
Mast cells have been reported by a number of inves-
tigators to be present in IC bladders while other data
suggest that they are also present in non-IC bladders
[18,20,49–53]. The central point of confusion is
whether or not mast cells play a causative or sec-
ondary role. As causative factors, they may be
degranulating and producing the symptoms. On the
other hand, they may represent a response to what-
ever is causing IC (e.g. an epithelial leak), and thus
may be a type of defense mechanism that may ulti-
mately become part of the problem by degranulat-
ing and causing a “leak”.

Regardless of how one views the data, most clini-
cal IC researchers believe mast cells play an impor-
tant role in IC. Clinical impressions are supported
by research data in animal models. Saban and co-
workers have shown quite well that mast cell activa-
tion in guinea pig bladders results in an increase in
epithelial permeability [54]. Active allergies will
significantly flare IC, as we and others have
observed. In light of these observations, the mast
cell takes on added significance, especially when one
embarks on therapy.

Mast cells also interact with sensory nerves and
release transmitters that activate pain, and Sant and
others have obtained data to show upregulation of
nerves and neurotransmitters [41–44,51,53,55–59].
This is to be remembered when therapy is reviewed
because suppression of mast cells appears to be
important in successful management of IC.

Diagnosis
For the physician, perhaps one of the greatest chal-
lenges associated with IC is recognizing the pres-
ence of the disease. Until recently, IC has been
diagnosed only in those patients who have the
severe symptom complex of urinary urgency, fre-
quency, and pelvic pain. The traditional view of IC
recognizes only those patients with advanced-phase
disease, however, and probably identifies no more
than 5% of the individuals who are afflicted. As
such, this view of IC is of little value to the clinician.

In the early phases of IC, patients’ complaints are
usually intermittent. Until the symptoms become
more continuous, it is likely that the disease will be
confused with other urologic or gynecologic disor-
ders. In women who consult urologists for their
symptoms, IC is often mistaken for recurrent
bladder infections or urethral syndrome (which is
IC). Women who experience pelvic or perineal pain

as the primary symptom of their IC often present to
the gynecologist, who may attribute their pain to
endometriosis or various types of vaginitis or vul-
vodynia. In men, the disease is often confused with
prostatitis or with problems associated with bladder
outlet obstruction due to prostate enlargement.
Recent studies indicate there may be unsuspected
numbers of IC patients among women who consult
gynecologists for pelvic pain [11] and among men
with lower urinary tract symptoms who are being
evaluated for possible bladder outlet obstruction
[12].

Signs and Symptoms

The principal symptoms of IC are the presence of
abnormal sensory urgency and/or pain. From
sensory urgency derives urinary frequency. Many
patients may experience urgency and frequency
with no pain problems, but most will have some
combination of urinary frequency and pelvic pain.
In addition, there are some patients who have pain
and no urgency [10]. One study of over 200 patients
[60] showed that approximately 15% of patients pre-
senting with IC have little or no bladder pain, while
85% of patients present with significant pain. The
classic description of IC pain increasing with
holding of urine and relieved by voiding is in fact a
rarity. Bladder pain can increase with holding or
voiding, or refer to any location in the pelvis, supra-
pubically, in the perineum, vulva, scrotum, vaginally
or in the low back or even medial in the thighs
[10,14]. One-third of patients experience dysuria.
Men may experience pain in the scrotum or testes.

Nocturia is variable. Most patients will complain
of voiding at least 1–2 times per night, but many
patients have no nocturia [60]. As nocturia increases
with the severity and duration of the disease, little
or no nocturia will be present in the early phases.
The average patient with clinically significant and
active IC voids approximately 14–15 times a day. A
minimum for diagnostic purposes is considered to
be 8 voids per day [1]. The average voided volume is
70–90 ml. Between 85% and 90% of individuals with
IC are female. Of those who are sexually active
(males and females), the majority (71%) will com-
plain of exacerbation of the symptom complex asso-
ciated with sexual intercourse (during or after) [60].
The increase in symptoms may be felt during sexual
activity, immediately after, or within 24 hours. In
addition, most women who are still menstruating
will complain of a flare of symptoms several days to
a week before the onset of the menstrual cycle
[60,61].
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The median age of diagnosis of IC is quite vari-
able owing to the constantly changing awareness of
IC, and is best expressed as a range of 36 to 46 years.
At the time of presentation to the urologist, the
average patient has had symptoms for 3–4 years,
again reflecting the delay in diagnosis [14,60].

Evaluation

The physician has struggled to establish a diagnosis
of IC, primarily because no objective “blood test”
exists. The evaluation of large numbers of patients
with the urgency-frequency syndrome reveals his-
torical and clinical findings that help establish the
diagnosis.

The NIH criteria for IC [1], described earlier,
defined only those patients with advanced IC. At
present, it is generally believed that an individual
who voids more than 8 times in 24 hours and/or has
associated pain in the bladder, pelvis, or urethra
may have IC. The clinician must bear in mind that
many, perhaps most, patients with IC do not meet
the NIH criteria but do have the disease and will
benefit from therapy. The key for diagnosis is that
no matter what the frequency is the abnormal
urgency and/or pain from which the patient suffers
are enough to drive the patient to seek medical care.

Voiding Log

The more accurate assessment of number of daily
voidings and average volume can be obtained from
a 2-day voiding log in which the patient measures
and records each void at home. From voiding log
data, it was found that the average patient voids 16
times per day with a capacity of 73 ml. In 97% of
patients, voided volume averaged less than 100 ml
[1]. The voiding profile is helpful in establishing the
diagnosis of IC, and may be used subsequently to
create a therapeutic plan and to determine progress
in therapy. The clinician should obtain one voiding
log initially and one at each subsequent visit. As
might be anticipated, patients with a longer disease
history have a smaller functional bladder capacity.

The clinician may be quite surprised that many
patients have abnormal voiding logs but minimal
complaints of frequency. This is because the
increase in urgency may be so gradual that patients
accept it as normal for them; it is the pain and pain
flare cycles that they complain of most.

Physical Examination

There is one important part of the examination that
helps confirm the diagnosis of IC. On physical

examination, over 95% of patients will complain of a
tender bladder base during the pelvic examination.
This discomfort is easily demonstrated by palpation
of the anterior vaginal wall.

Urine analysis (and certainly cultures) on voided
specimens is not useful in these patients because
their low voided volumes make midstream collec-
tion impossible. One sees only vaginal secretions
unless a catheterized specimen is obtained. A
catheterized specimen examined under the micro-
scope should show no bacteria, and most will show
no red or white blood cells. Urine should be sent for
cytological evaluation to rule out the possibility of
carcinoma but in actuality, there has never been a
positive cytology at our center, but perhaps this is
because the patients are usually seen first by other
urologists. Patients presenting with hematuria are
less common, and when present require a full geni-
tourinary work-up to exclude malignancy. All men
and women over 40 probably deserve at least an
initial screening to rule out malignancy. This
screening should be a cytology and office 
cystoscopy.

Urodynamics

The cystometrogram (CMG) is a valuable study to
perform in patients with this syndrome since a
normal study usually excludes the diagnosis of IC.
Recently published data by the NIH ICDB Study
Group demonstrated that the urodynamics could be
substituted for cystoscopy in diagnosis [62]. This
study helps substantially to both include and
exclude patients in diagnosing IC. Together with the
voiding log, the potassium test is quite helpful in
diagnosing IC. Since most patients have some
degree of urinary urgency, this can usually be docu-
mented with cystometry. If gas is employed, they
will have a sensation of significant urgency at less
than 125 cc and with water <150 ml. If this portion
of the CMG is normal, they may not have IC or only
a mild form. In 75 patients with cystometrograms
reported by Parsons [60], the average bladder capac-
ity was 220 cc, with over 90% of patients having a
functional volume of less than 350 cc. In general,
patients should have the bladder discomfort they
experience provoked by the CMG. But, as noted pre-
viously, some patients’ bladder pain is not provoked
by volume. However, there is an important caveat
relative to maximum bladder capacity. A small
group of patients with significant IC will develop
detrusor myopathy (about 5%) [60,63]. Individuals
with this complication will have large atonic blad-
ders with little muscle present. They have moderate
to severe sensory urgency, large bladder capacities
(>1000 cc), and usually carry residual urines 
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(>100 cc). Detrusor function is poor or absent. In
fact, many patients with IC have poor muscle func-
tion as the disease gradually destroys their bladder
and hence, empty their bladders only with difficulty.
Since most of the patients are women, they are able
to void but primarily with a Valsalva maneuver. The
myopathy subgroup represents approximately 5% of
patients with IC, but the general muscle dysfunction
is seen in most patients with advanced disease [60].

Males with advanced IC may require a program of
intermittent catheterization (ICP) as part of their
treatment. In fact, owing to the generalized atrophy
of bladder muscle with this disease, males with low
voiding pressure may require ICP. Urodynamics may
help differentiate men with IC from those with
symptoms secondary to bladder outlet obstruction.
If the patient has increased sensory urgency, low
volume bladder with low flow and low pressure and
positive PST, think IC and not benign prostatic
hyperplasia (BPH).

Cystoscopic Evaluation

Cystoscopic evaluation of the bladder under anes-
thesia is primarily important as a therapeutic
maneuver. It is not necessary for diagnosis [62]
unless cancer is suspected (in an older male with
hematuria, for example). Examination under local
anesthesia for the purpose of diagnosing IC is to be
discouraged, because it offers little help in diagnosis
and causes the patient severe discomfort. To rule out
carcinoma in high-risk individuals (those over 40
and those with hematuria), however, cystoscopy
under local anesthesia is warranted. When a cys-
toscopy is performed for therapy, it should be done
under anesthesia. Not all patients need cystoscopy.
In fact, most patients do not need this unless severe
symptoms are present. It is best to omit cystoscopy
in milder patients and proceed with other therapies
listed below.

The cystoscopy under anesthesia is performed in
a manner to both diagnose and treat. The diagnosis
depends on discovering one of two findings, a
Hunner’s ulcer or the presence of glomerulations or
petechial hemorrhages. However, at least 40% of
patients do not show these changes, so their absence
does not exclude the diagnosis.

Pathology

One should keep in mind the concept that IC is a
disease in a continuum. The 19-year-old with early
disease has significant sensory nerve activation, but
no real damage to the bladder. As the disease pro-
gresses over 10–20 years, however, the patient may

have some significant secondary changes to her
bladder at age 40; for example, altered epithelium,
adhesion molecules, basement membrane changes,
muscle loss, and/or nerve upregulation, but no tra-
ditional clinical pathology changes. Consequently,
routine pathologic processing of tissue yields
neither helpful nor pathognomonic changes in IC;
hence biopsy is worthless.

There is no way to rule in or out this disorder by
pathological examination of bladder tissue. While it
is rare that these patients are confused with those
having carcinoma in situ of the bladder, the biopsy
may be necessary to rule out cancer (reviewed by
Burford and Burford [64]). A combination of cyto-
logical evaluation of the urine and bladder washings
and biopsy is necessary to exclude malignancy in
high-risk patients, that is, men over 40, women over
45, and anyone with hematuria.

Potassium Sensitivity Test

The potassium sensitivity test, discussed above, is a
simple method for detecting the abnormal epithelial
permeability that is present in most individuals with
IC. The PST procedure is presented in Table 18.1.

A positive PST can be regarded as a definitive
sign of the presence of IC; false positives are
extremely rare [10,26,28,29,36–39]. An individual
with IC may test PST negative on any given day,
however, owing to the intermittent nature of the
symptoms of IC. For this reason, a negative PST
does not rule out the presence of IC. Treatment
should not be withheld from a patient who has
symptoms of IC but is PST negative.

Therapy
As a result of dramatic changes in the therapy of IC
in recent years, good disease control can now be
achieved in up to 85–90% of patients with this
disease. The key principle in the treatment of IC is
to use multi-modality therapy to control the various
aspects of the disease that are active at causing
symptoms. Patients with mild IC may not need
much therapy; those with severe disease may
require multiple modes of therapy to control their
complex of symptoms. A good rule of thumb is that
the more active the disease, the more treatment the
patient will need.

The range of therapies available for IC has been
limited by the fact that many of the compounds that
are active in the disease are generic. These generic
compounds have not been, and probably never will

Interstitial Cystitis: New Concepts in Pathogenesis, Diagnosis, and Management 205



be, studied in a controlled fashion. Perhaps the only
medication that has been studied rigorously in mul-
tiple double-blind trials is pentosanpolysulfate
(Elmiron), discussed in detail below.

Patients with IC receive the greatest benefit from
a treatment program based on three principles:

1. Control the dysfunctional epithelium with
heparinoid compounds.

2. Suppress the neural activation with amitripty-
line, imipramine, or a selective serotonin reup-
take inhibitor (SSRI).

3. Manage allergies.

Recommendations for therapy are discussed in
detail below.

Cystoscopy for Therapy

The report by Bumpus in 1930 of bladder hydrodis-
tension improving the symptoms of IC has resulted
in this procedure being a mainstay of therapy [65].
Few would question the activity of hydrodistension
in ameliorating the symptoms in 60% of IC patients.
The procedure must be performed under anesthesia
since it is not possible to dilate a painful bladder
without it.

Control of Epithelial Dysfunction

Most people who have IC have a bladder epithelial
dysfunction, which is reflected in a positive potas-
sium sensitivity test. The cornerstone of treatment
for patients with a dysfunctional epithelium is the
category of heparin-like drugs, or heparinoids.
Heparinoids have revolutionized the treatment of IC
because they correct the problem of epithelial dys-
function, which occurs in the majority of patients
with the disease. Two such medications are clinically
available: heparin and pentosanpolysulfate
(Elmiron) (Table 18.2).

Heparin
Although heparin is given intravesically and has the
drawback of requiring daily self-administration by

the patient, it can be effective in up to 80–85% of
patients [66]. Currently, we use heparin in patients
who are potassium sensitive and have failed oral
therapy with pentosanpolysulfate, or patients who
have very severe disease, and in these individuals we
use a combination of oral and intravesical hepari-
noid therapy.

The patient self-administering heparin at home
should utilize a dose of 40 000 units heparin in 20
cc, introducing the solution into the bladder and
holding it only for as long as is comfortable. If the
patient starts to experience pain, the bladder should
be emptied immediately as it is important not to
activate the pain cycle. Although the patient may be
able to hold the solution in the bladder for only 20
minutes at first, this is a good starting point.
Gradually, the patient will be able to hold the
heparin solution in the bladder for longer periods of
time, with the eventual goal of holding it comfort-
ably for an hour.

On heparin therapy, reasonable improvement of
symptoms can be expected between 6 months and 
2 years after initiation of therapy. As potassium-
sensitive individuals are the patients who are the
most likely to respond to heparin, we recommend
that they remain on heparin therapy for at least 
3–4 years.

Pentosanpolysulfate
Pentosanpolysulfate (Elmiron) is the only IC med-
ication that has been studied rigorously in double-
blind trials. Similar results have been obtained in
four double-blind trials of pentosanpolysulfate;
that is, that IC patients’ response to the drug is
twice the response to placebo, particularly with
regard to pain [36–38,49]. In a longitudinal study
that was published in 1997 [67], it was reported
that up to 75% of patients will respond to pen-
tosanpolysulfate therapy when the drug is used for
6 months to 3 years. In this particular study, it was
also determined that the patients remain better on
the medication once improvement has been
obtained. Because it basically corrects the major
pathology associated with the disease, heparinoid
therapy is the only mode of treatment on which the
patients improve and stay improved. It has also
been reported that if the patients are potassium
sensitive, up to 82% will respond. When they are
not, only 30% respond [31]. The limitations of the
early pentosanpolysulfate trials were that they were
done for only 12 weeks on end-stage patients in
low dose. Many studies of pentosanpolysulfate are
in progress, and new and better dosing regimens
will be emerging shortly.

Although the recommended dose of pentosan-
polysulfate (100 mg three times a day) is effective,
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Table 18.2 Guide to heparinoid therapy for IC

Drug Dose Route

Heparin 20 000–40 000 Intravesical and 
units daily self-administered

Elmiron (pento- 100–200 mg Oral
sanpolysulfate) three times a day



ongoing trials show that higher doses such as 
200 mg or even 300 mg three times a day are more
effective. We usually employ, in females, 200 mg
twice a day because it works well at this dose and is
easier for patients to remember. It is our general rec-
ommendation that men be started on a dose of at
least 200 mg three times a day. As reported in the
double-blind studies mentioned above, the average
patient begins to show reasonable improvement in
3–6 months, with good responses seen at 6–12
months. The more active and severe the IC and the
longer the disease has been present, the longer it will
take for pentosanpolysulfate to work. It is important
for the clinician to bear in mind that while pen-
tosanpolysulfate probably corrects the epithelial
dysfunction at the bladder surface in a relatively
short time, a basic improvement in symptoms will
not be seen until neural deactivation takes place,
which can be over months or years.

In our experience, approximately 75% of patients
who were continuously symptomatic for more than
6–9 months before treatment will relapse with
symptoms after 3–4 months if they stop the medica-
tion once their symptoms improve. Once our
patients have been symptom free for 6–12 months,
we give them the choice of continuing or discontin-
uing the medication. The majority of our patients,
at least 80%, elect to stay on therapy. Those who
wish may be tapered off of medication and restart
should they flare.

Pentosanpolysulfate is safe and non-toxic. The
principal side effect appears to be gastrointestinal
distress, occurring in about 3–4% of patients. As this
side effect may be related to the capsule rather than
to the drug itself, we routinely ask patients experi-
encing gastrointestinal side effects to take the med-
ication with a small snack, or take it out of the
capsule and put it into one ounce of water and drink
the solution. Another pentosanpolysulfate side effect
deserving mention is a rare form of alopecia known
as alopecia reata, a patchy baldness. It is important
to emphasize to the patient that the alopecia that
can be associated with pentosanpolysulfate therapy
will not cause complete baldness as in chemother-
apy patients; rather, it is a completely reversible
process. In those patients who do experience diffuse
hair loss with pentosanpolysulfate, I advise continu-
ing the medication because the alopecia tends to
resolve. This is probably because the alopecia in
many cases is associated with perimenopause rather
than with the pentosanpolysulfate.

It has been reported that pentosanpolysulfate
affects liver enzymes. This is certainly an unusual
event and may be an idiosyncratic reaction.
Pentosanpolysulfate does not appear to cause hepa-
totoxicity and is not metabolized by the liver. We

measure liver enzymes once in our patients, at about
6 months after initiation of treatment. In hundreds
of patients we have treated with pentosanpolysul-
fate, we have detected a liver enzyme aberration in
only one individual. We stopped the medication for
one week and then restarted it; the aberration did
not recur.

Neurological Deactivation

Another basic treatment principle in IC concerns a
factor that urologists have been addressing for many
years in sensory disorders of the bladder; that is, to
inhibit the neurological activation that occurs and
induces symptoms of urgency, frequency and pain. In
a sense, this aspect of therapy treats the symptoms
rather than the disease, but it is important to attempt
to inhibit the neurological activation while the
patient is undergoing heparinoid therapy to repair
the epithelium and effect the natural regression of
neural upregulation. This neurological aspect is the
rate-limiting factor in a patient’s response to treat-
ment. It is not that heparinoid agents do not repair
the bladder surface relatively quickly, but rather that
these patients still have significant bladder volume
sensitivity from the neurological activation. Such
activation takes months or years to regress, and in
some cases the regression never occurs. At the start of
treatment, we place all of our patients on heparinoid
therapy to address the epithelial dysfunction, plus an
antidepressant to address the neural upregulation in
perhaps 30–50% of them.

The drugs we have found to be most active in
controlling the neural upregulation of IC are
amitriptyline [68] and imipramine. The initial dose
of either medication is 25 mg at bedtime. After the
patient has been on this medication for 1–2 months,
the dose can be increased to 50 mg. There is even a
10 mg pill for patients to take until they adjust to the
very sedating effects associated with the medication.
In an uncontrolled trial, Hanno et al. reported that
about 50% of patients will respond to this therapy
[68]. In our experience, it is very useful in severely
symptomatic IC patients, as it does help alleviate
their discomfort.

If the patients are unable to tolerate amitriptyline
or imipramine because of the sedative side effects
and the appetite stimulation, we recommend using
the selective serotonin reuptake inhibitors (SSRIs).
We routinely use fluoxetine (Prozac) at doses of 10
or 20 mg per day. Rarely is it necessary to increase
the dose. Sertraline (Zoloft) can also be used at
doses of 50 mg per day, increasing to 100 mg per day
if necessary.

Interstitial Cystitis: New Concepts in Pathogenesis, Diagnosis, and Management 207



Management of Allergies

Allergies and mast cells play a substantial role in
provoking the symptoms of IC. Mast cell activity is
present in perhaps up to 70% of the patients with
the IC syndrome. If mast cells are not regulated well,
they will constantly muddy the waters, stirring up
the symptom complex during allergy season or even
whenever the patient is exposed to a problematic
food allergen. Although a patient’s epithelial dys-
function may be under good control (see above), his
or her symptoms can activate completely back to the
baseline during an allergy attack. Thus, when
patients who are successfully managed on hepari-
noid therapy complain of symptom flares during the
allergy season, the heparinoid therapy should not be
discontinued, as it is essential to the long-term man-
agement of the patient. Instead, the symptom flares
should be addressed with additional therapy; that is,
antihistamines.

It may be several allergy seasons before this
pattern is even recognized so that effective therapies
can be undertaken. Nonetheless, this is an important
issue to address in the successful long-term manage-
ment of IC. In our practice, if we had only two med-
ications to treat IC, we would select
pentosanpolysulfate (Elmiron) and hydroxyzine
(Atarax, Vistaril). With these two medications, we
can control the symptoms in up to 85% of our
patients quite successfully over the long term.

Up to 70% of IC patients will need antihistamines
in addition to heparinoid therapy to regulate the
disease. The mast cells have been known to be active
in this disease and antihistamines have been used
for a number of years to help control symptoms [52,
69–71]. As with other drugs or generics, the antihist-
amines have never been tried for treatment of IC in
a controlled trial, and probably will not be.

The best medication to use to treat mast cell
degranulation chronically is a tricyclic compound,
the drug hydroxyzine (Atarax, Vistaril) at the same
dosing of imipramine and amitriptyline. A dose of
25 mg is more than sufficient to use chronically to
inhibit mast cell degranulation. If the sedating
effects of the 25 mg dose bother the patient when
the medication is started, 10 mg doses are available.
After 2–3 months of chronic therapy with this med-
ication, the sedating effects disappear and the most
powerful therapeutic effect of this particular anti-
histamine, the inhibition of mast cell degranulation,
starts to become active. Hydroxyzine is the only
antihistamine that works in this fashion and we have
found it to be the best drug to use [72]. During
allergy season, the dose of hydroxyzine can be
readily bumped to 50–100 mg per day with minimal
sedating effects if the patient is accustomed to the

medication. Alternatively, one can use any non-
sedating antihistamine to help control the patient’s
allergy.

Dimethylsulfoxide

Dimethylsulfoxide (DMSO) was approved for use in
IC in 1977 based on uncontrolled trials [73]. DMSO
appears to induce remission in 34–40% of the
patients. The difficulty with DMSO is that it may
induce an excellent remission in the first one to
three cycles of therapy, but as an individual relapses
and requires subsequent treatment, progressive
resistance to its beneficial effects is seen in almost
all patients for reasons unknown.

For treatment, instill 50 cc of 50% DMSO into the
bladder for 5–10 minutes. Longer periods are unnec-
essary since DMSO rapidly absorbs into the blood-
stream. Instillations are performed on an outpatient
basis or patients can be taught to perform it them-
selves. The author recommends that patients receive
weekly treatments for a period of 6–8 weeks to
determine whether a therapeutic response is
achieved. It usually requires 2–3 months to obtain a
good clinical response. If the patient has moderate
or worse symptoms, continue the therapy for an
additional 4–6 months once every other week. It
should be remembered that once DMSO is stopped,
the patient is likely to become resistant to its use.
Some patients will experience a flare of symptoms
when DMSO is placed into the bladder. This phe-
nomenon most likely is due to a detergent-like activ-
ity with DMSO destroying the superficial bladder
umbrella cells and causing a significant increase in
the epithelial leak. Nonetheless, DMSO may be very
effective at treating these patients. Should the
patient experience pain with DMSO, it is recom-
mended that he or she receive intravesically 10 ml of
2% viscous xylocaine jelly 15 minutes before placing
DMSO. If this is not successful, then use an
injectable narcotic or Toradol 60 mg or meperidine
intramuscularly before the intravesical instillation.
The flare of symptoms associated with DMSO
usually disappears over 24 hours. As these patients
receive subsequent treatments, the pain tends to
diminish.

Patients may also receive indefinite therapy using
DMSO. As originally reported by Stewart et al. [73],
patients have used DMSO weekly for several years
without problems. DMSO has been reported to be
associated with cataracts in animals. However, this
complication has not been reported in humans. It
seems reasonable, if the patient is on chronic
therapy, that he or she has a slit lamp evaluation at
6–12-month intervals, but in fact, we have not found
this to be necessary and rarely do it.
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Urinary Alkalinizers

Polycitra is a dilation agent that not only alkalinizes
the urine, but also binds potassium. Both effects
may be beneficial in IC and it is recommended that
patients receive a trial of therapy for 3–6 months.
Employing two doses of medication a day appears
to be sufficient. In general, this drug should be com-
bined with other treatments such as heparin,
Elmiron or Elavil to obtain the best effect. The best
tolerated salt of Polycitra is potassium, but one does
not need to worry about this small amount of potas-
sium. When Polycitra is absorbed and excreted in
the urine, it will help chelate urinary potassium so
the original salt is not a problem for the bladder.

Surgery

Approximately 2% of patients presenting with IC to
the University of California, San Diego Medical
Center have ultimately undergone surgery for
disease that is severe and refractory to all treatment.
The question is the type of surgery to be performed.

Bladder Augmentation
A concept exists that these patients have small blad-
ders and thus, void frequently. Actually the reverse is
true. They have sensory urgency, void frequently
and subsequently develop a small bladder. Hence,
attempts to augment the bladder with a patch of
bowel are likely to fail. Patients will then have a
capacity that is perhaps large, have more difficulty
emptying (usually requiring intermittent catheter-
ization), but still retain all their sensory urgency and
pain [74].

Cystectomy and Diversion
The mainstay of therapy for patients with “end-stage
bladder” is cystectomy and diversion. It is success-
ful, especially in today’s environment of performing
continent lower urinary tract diversions. Pelvic pain
will present after the procedure in 5% of patients. In
general, if the patients have classic bladder pain
associated with filling and relieved or partially
relieved by emptying and have urinary frequency
and urgency and the usual stigmata of IC under
anesthesia, they are likely to have relief of their
symptoms by cystectomy. Those individuals with
severe pelvic pain, not associated with classic para-
meters of IC and particularly not exacerbated by
bladder filling, will be less likely to have their pain
alleviated.

When continent diversion is performed 40–50%
of patients will develop pouch pain 6–36 months
after surgery. This can be managed successfully by

having the patient instill 10 000 units of heparin in
10 ml water into the pouch after each catheteriza-
tion. We now routinely place all patients on 300 mg
of Elmiron orally and daily heparin to prevent
development of pouch pain.

Summary
When IC is recognized as a continuum that may
extend over decades of a patient’s life, clinicians may
detect the disease earlier in its development, and
offer effective treatment to the majority of patients
before their IC can progress to end-stage disease. A
new intravesical test, the potassium sensitivity test,
holds promise as a simple diagnostic tool that will
be useful in identifying IC patients both in urologic
patient populations and in other populations in
whom IC rarely has been considered, such as gyne-
cologic pelvic pain patients and men with lower
urinary tract symptoms. In most cases, IC responds
well to current therapies.
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Introduction
Chronic vulvar pain was first described in the late
1800s as hyperesthesia by Skene [1] with further
reports by Thomas and Munde [2] and Kelly in the
1920s [3]. In the 1970s, the terms burning vulvar
syndrome, psychosomatic vulvovaginitis and
vestibular adenitis became popular.

In 1984 the International Society for the Study of
Vulvar Disease (ISSVD) published a standard
definition for vulvodynia as a chronic vulvar dis-
comfort characterized by the patient’s complaints of
burning, stinging, irritation or rawness due to mul-
tiple causes [4]. Psychological distress as well as
sexual dysfunction could accompany vulvodynia.

Friedrich [5] defined a subset, vestibulitis, as:
(1) severe pain on vestibular touch, (2) introital
(entry) dyspareunia, and (3) vestibular erythema of
various degrees. Woodruff and Parmley [6] were the
first to describe a surgical treatment, perineoplasty,
for vestibulitis.

McKay [7] coined the term essential or dysesthetic
vulvodynia for those patients with non-localizing
burning discomfort and normal appearing skin.

Although there is general agreement on the
definition of vulvodynia, controversy exists relating
to the subsets. Dysesthetic vulvodynia and vestibuli-
tis have gained acceptance; disagreement remains
over other subsets. Table 19.1 illustrates the termi-
nology adopted for this chapter.

Data on prevalence and incidence of vulvodynia
is sparse. The disease occurs predominantly in
Caucasian females. A survey of 150 new consecutive
female patients attending a walk-in genitourinary
clinic reported twenty patients (13.3%) with vulvar
pain, of whom two (1.3%) had vestibulitis [8].
In another general gynecologic practice, vulvar
vestibulitis was diagnosed in 15% of patients [9].

Pathophysiology
The pathophysiology of vulvodynia has not been
well defined. It is generally accepted that multiple
factors may play a role. Etiologic hypotheses
described in the older literature include allergic
responses, contact dermatitis, hormonal dysfunc-
tion, early contraceptive use, psychologic disorders,
Candida antigens, oxalate and responses to infec-
tious agents such as the human papilloma virus
(HPV) [10–12]. Current studies have failed to
demonstrate a significant association of HPV with
vestibulitis [13,14].

Recent progress in neurophysiologic research has
improved our understanding of the mechanisms of
pain in vulvodynia.

Gracely et al. [15,16] postulate that vulvodynia
can be characterized as peripherally-initiated
central pain (PICP), in contrast to centrally-initiated
central pain (CIPC), which results from a central
lesion caused by such conditions as hemorrhage,
tumor or mechanical injury. PICP is caused by a
peripheral lesion which can produce persistent
nociceptive stimuli transmitted to the central
nervous system.

Patients with PICP may have both spontaneous
and evoked pain abnormalities. They present with
allodynia defined as “pain due to a stimulus which
does not normally provoke pain”, and also suffer
from secondary hyperalgesia defined as “an
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increased response to a stimulus which is normally
painful”. Altered central processing is present in
PICP and maintained by peripheral input.

Neuropathic PICP pain in the vulvar vestibule can
vary in extent and spread to the labia majora and
minora as well as in the thigh and perineal area.
Painful regions are often found in Skene’s ducts, the
minor vestibular glands and Bartholin’s glands.
Lidocaine injected at the ducts of Skene’s and
Bartholin’s glands alleviate the pain in injected as
well as adjacent areas [16]. Gracely suggests that
vulvodynia, especially a subset pudendal neuralgia,
is similar to the complex regional pain syndrome
type I (CRPS I) [17], which is refractory to conven-
tional analgesics.

Sensitization of normally silent peripheral affer-
ent nerves can occur under the influence of amines
such as histamine and serotonin, cytokines, peptides
such as substance P, as well as prostanoids and
amino acids [18,19]. Sensitization of afferent nerve
fibers leads mainly to hyperalgesia; some nerve
fibers may even discharge spontaneously with no
input at peripheral sites.

De Groat [20] has described “cross talk” between
pelvic viscera and striated muscle. Afferents from
viscera, muscles, and skin can influence afferent
output back to these structures. Vestibular
inflammation could thus trigger pelvic muscle
spasm. Reflex loops may develop and amplify the
pain. Recognition of these loops can lead to inter-
ventions such as biofeedback in vestibulitis.

Neuroendocrine factors may play a role in the
perception of pain. The main constituents of the
stress system are the corticotropin-releasing hor-
mones (CRH) and locus ceruleus norepinephrine
(LC/NE) autonomic systems and their peripheral
effectors, the pituitary adrenal axis and the auto-
nomic system. Hypo- or hyperactivity of the stress
system can occur in pathologic states [21]. Stress
generally inhibits the immune response with a
decrease in cellular immune response and an
increase in humoral response. CRH can be released
locally at nerve endings and thus may play a role in
regional inflammation [22].

Genetic differences in perception of pain among
individual subjects as well as between sexes have
recently been demonstrated in studies of mice [23].
Genetic reasons for differences in response to pain
are probably multiple rather than being due to
involvement of a single gene.

Psychologic factors play a role in perception of
pain. Several studies have demonstrated that vulvo-
dynia patients have significant psychological 
distress, interpersonal disorders and sexual dysfunc-
tion [24,25]. Pain consists of both sensory and emo-
tional components, which are further modified by

coping mechanisms as well as the depression that
can accompany chronic pain syndromes [26].
Depression leads to maladaptive coping mecha-
nisms, which in turn are associated with more dis-
ability and decreasing physical activity, sleep
disturbances and diminished concentration. In most
cases depression is secondary to chronic pain.

Generalized Vulvar Dysesthesia

Signs and Symptoms

Dysesthetic vulvodynia is a symptom with multiple
causes of uncertain etiology [27]. Patients present
with chronic vulvar pain. It may be constant or
intermittent and is primarily described as a
burning or occasionally a rawness or irritation of
the vulva rather than pruritus, which is more
indicative of an inflammatory condition or a vulvar
dermatosis.

Patients usually are unable to pinpoint the cause
or the onset of pain, although on occasion this may
be associated with monilial vaginitis, antibiotic
therapy or vulvar surgical procedures. Physical
examination in most cases reveals a normal vulva in
the absence of recognizable physical signs.

Investigation

An accurate history is the first step in investigation.
A concise description of the vulvar pain, namely the
location and duration, is obtained. Results of previ-
ous investigations and medications given to the
patient must be documented. The patient’s sexual
history, contraceptive practices and hygienic pat-
terns are elicited.

Special attention is paid to medical conditions
such as diabetes or inflammatory bowel disease. The
history of past health includes neurologic, psychi-
atric, allergic or dermatologic disease as well as sur-
gical procedures.

It is important to determine if the pain is related
to menses or the luteal phase and whether dyspareu-
nia is present on entry or with deep penetration.
Pain associated with menses may be due to cyclic
vulvovaginitis whereas introital dyspareunia is a
symptom of vestibulitis.

On physical examination the vulva is carefully
assessed under magnification, ideally with a colpo-
scope or a magnifying lens. Vulvar intraepithelial
neoplasia, genital condyloma and vulvar dermatoses
are identified. Suspicious areas are biopsied but not
tissue showing erythema only.

214 Female Pelvic Medicine and Reconstructive Pelvic Surgery



Vaginal infections must be ruled out by means of
a microscopic examination of wet preparations with
normal saline or potassium hydroxide as well as
appropriate cultures.

Treatment

In the majority of patients with vulvodynia, the
investigation will fail to identify the cause. No single
therapeutic approach is necessarily valid and differ-
ent treatment possibilities have to be explored.

Medical Management
The categorization of vulvodynia as neuropathic
pain led to the use of drugs that modify nerve
impulses. Tricyclic antidepressants are norepineph-
rine reuptake inhibitors. These drugs, which are
effective in the treatment of post-herpetic neural-
gia [28] and other cutaneous dysesthesias, were
empirically prescribed for patients with vulvody-
nia at doses insufficient for treatment of depression
but effective for pain control [29]. The most widely
used agents are amitryptiline and desipramine.
Amitryptiline is prescribed at the lowest effective
dose, usually 10 mg, which is gradually increased
from 20 mg to 100 mg daily. Desipramine is admin-
istered at dosages of 50 mg to 200 mg daily, with
most responses occurring between 125 mg and 
200 mg.

Side effects common with tricyclic antidepres-
sants, drowsiness, dry mouth, or weight gain, may
limit the dose required for pain control. Patients
unable to tolerate these drugs occasionally respond
to newer antidepressants such as trazodone, fluoxe-
tine sertraline or gabapentin.

There are no randomized controlled studies to
evaluate drug therapy in this group of patients.
McKay [29] published a retrospective analysis of
twenty patients with vulvodynia, who were success-
fully treated with low-dose amitryptiline. The diag-
nostic profile and symptom pattern were described.
Patients most likely to respond had an average age
of 66 with vulvodynia present for 3 years.

Supportive Measures
Measures that decrease contact with allergens or
irritants to the vulva are recommended. Patients are
advised to wear loose-fitting clothing, white cotton
underwear, and to eliminate feminine health prod-
ucts or soaps which may be allergenic. Cold com-
presses may provide pain relief. Coating the labia
with a protective layer of vegetable shortening or
petrolatum is helpful.

Pain Management Therapy
Recent studies suggest that electromyographic
biofeedback of pelvic floor musculature is helpful in
some patients with vulvodynia and vestibulitis [30].
Behavior modification, acupuncture and transepi-
dermal nerve stimulation (TNS) as well as physical
therapy involving pelvic floor muscle strengthening
and relaxation therapy have produced conflicting
results [31].

Dietary Therapy
A low oxalate/calcium citrate regimen has shown
variable effectiveness in patients with vestibulitis.
The original case report [32] of one patient sparked
widespread use of this regimen in vulvodynia.
Solomons et al. [32] recommend a low oxalate diet
combined with oral calcium citrate (200 mg calcium
and 950 mg citrate – two tablets 3 to 4 times a day).
This regimen was thought to inhibit the formation
of calcium oxalate crystals, which may act as an irri-
tant. Baggish et al. [33] were unable to detect a dif-
ference in oxalate excretion in vulvodynia patients
or controls. He concluded that urinary oxalates may
be nonspecific irritants that aggravate vulvodynia;
their role as etiologic agents is doubtful.

Psychologic Support
Significant psychologic problems have been
reported in vulvodynia. Schover et al. [24] published
a study of 45 women with vestibulitis of whom 54%
had severe marital conflict, 42% a somatization dis-
order and 36% depressive symptoms.

The indicators for psychological treatment and
the efficacy of psychologic intervention in vulvody-
nia is unknown. Psychologic counseling and emo-
tional support is often necessary. Patients may
benefit from patient support networks.

Pudendal Neuralgia

Pudendal neuralgia is characterized by a stabbing or
burning pain extending usually unilaterally over the
distribution of the pudendal nerve; the pain can
extend from the mons pubis to the upper inner
thighs and posteriorly to the ischial tuberosities.
Nerve injury, entrapment or compression may
follow obstetric trauma, episiotomy, accidents or
vaginal surgery [34,35]. Similarly ilio-inguinal and
genitofemoral nerve injury has been reported fol-
lowing surgery for urinary stress incontinence and
herniorrhaphies [36].

Pain may be relieved by a local nerve block.
Therapy consists of tricyclic antidepressants such as
amitryptiline, desipramine or alternate drugs such
as clonazepam [37].
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Surgical procedures for some of the above nerve
injuries include removal of sutures around the
nerve, decompression procedures and rarely exci-
sion of the nerve.

If recurrent herpes zoster is suspected, a course of
oral acyclovir is indicated. Other drugs such as
phenytoin and carbamazepine may be effective [37].

Related Syndromes

Vulvodynia may be associated with a variety of
other regional pain syndromes such as the female
urethral syndrome, interstitial cystitis, chronic
fatigue syndrome, irritable bowel syndrome and
fibromyalgia. Around 10–40% of women with the
regional pelvic pain syndrome experience wide-
spread pain such as fibromyalgia and as many as
30–50% of patients with fibromyalgia experience
regional genitourinary syndromes [38].

Foster et al. [39] described an increase in urethral
pressure variability in patients with vestibulitis
compared to asymptomatic controls. Similarly,
Drutz et al. [40] showed very high urethral closure
pressures in women with the urethral syndrome.

The etiology and pathogenesis of these symptoms
is poorly understood. Clauw [41] hypothesizes that
these syndromes have aberrant neural processing of
pain in common as well as regional or widespread
autonomic nervous dysfunction. A genetic predispo-
sition appears to be common.

Secondary Vulvodynia
Vulvar burning and irritation is found in some
patients with conditions such as candidiasis or der-
matoses. These symptoms can become chronic after
the acute onset of vulvar pruritus.

Cyclic Vulvovaginitis

The most common cause of vulvovaginal infections
is Candida. Symptoms of vulvar burning, pain or
irritation are similar to vulvodynia. Candida is most
accurately diagnosed by fungal culture and treated
with the appropriate antifungal agents.

Patients with cyclic vulvitis present with intermit-
tent vulvar pain, worse during the luteal phase of the
menstrual cycle and characterized by erythema and
inflammation at the introitus [37]. Post-coital pain,
either immediate or delayed, is common. Antifungal
therapy gives temporary relief but symptoms recur.
Candida may be cultured consistently in these
patients but not during the symptomatic phase.

Localized hypersensitivity to Candida antigen is
postulated as the cause [11].

The treatment regimen consists of long-term
(4–6-month) therapy with systemic antimycotics
such as fluconazole or ketoconazole. Vaginal antimy-
cotic creams used during episodic flares may also be
effective.

Dermatoses

Vulvar pain with dermatoses is usually pruritic, but
occasionally patients may complain of burning.

Dermatoses show visible changes in the vulvar
skin with a distinctive histopathology; lesions may
be present elsewhere on the body. The major der-
matoses are lichen sclerosus (LS), lichen planus (LP)
and lichen simplex chronicus (LSC) or squamous
hyperplasia, of which lichen sclerosus is the most
prevalent [37].

LS presents as an atrophic white change which
encircles the vulva, perineum and anus in a figure-
eight configuration. Ecchymosis, fissures, ulcera-
tions, erosions and loss of labial architecture may be
present. LSC features a nonspecific asymmetric
white thickening of vulvar skin. The mucosal pre-
sentation of LP varies from a mild inflammatory
erythematous change involving the vestibule and
vagina to an erosive disease involving the vestibule,
vagina and mouth. A biopsy is helpful for a
definitive diagnosis.

Topical corticosteroids are the mainstay of
therapy for the dermatoses. Superpotent steroids are
employed over a short term for the relief of severe
symptoms, followed by a maintenance dose of low
potency steroids.

Vestibulitis
Vestibulitis, also known as localized vulvar
dysesthesia, is the most clearly defined subset of
vulvodynia. Friedrich [5] defined the criteria for
diagnosis as erythema of the vulvar vestibule,
tenderness to pressure in the vestibule, and pain on
touch or with intercourse. The etiology and patho-
physiology remain unclear.

Histopathology

Biopsy of the vestibule reveals a nonspecific chronic
inflammatory reaction, usually in the superficial
dermis, consisting mostly of lymphocytes. The
minor vestibular glands also show areas of
inflammation; metaplastic squamous epithelium
may replace the columnar epithelium of the gland.
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The Bartholin’s duct is occasionally involved with
inflammation around the duct [42,43].

Foster and Hasday [19] studied levels of two
inflammatory cytokines, interleukin-1-beta and
tumor necrosis factor-alpha, in patients with
vestibulitis and found elevations in these women
compared with asymptomatic controls; a 50% con-
cordance was found between presence of these
cytokines and inflammation. The authors theorize
that cytokine elevation may contribute to hyperal-
gesia in the vestibule.

Treatment

The aim of therapy is restoration of normal coital
function and a decrease in vulvar pain.

Standard definitions are important in comparing
results from various studies; unfortunately, nomen-
clature differs among investigators. Along with
Friedrich’s classic definition of vestibulitis, the follow-
ing terms are useful: Dyspareunia may be primary
occurring from first intercourse, or secondary follow-
ing previous pain-free intercourse. Grading of the
severity of dyspareunia is advocated by some authors.
Pure vestibulitis may be present, with pain limited to
the touch of the vestibule. A mixed form occurs in
which pain is present outside the vestibule, and which
is occasionally burning, indicative of dysesthetic
vulvodynia. Vaginismus (levator ani spasm) is often
present, secondary to vestibulitis.

Surgery has the highest success rate in the treat-
ment of pure vestibulitis. Conservative measures are
usually employed before surgical intervention is
considered.

Conservative Management
A local anesthetic (lidocaine, 4% aqueous solution),
applied 15 minutes prior to intercourse is recom-
mended along with a lubricant to relieve discomfort
and allow coitus.

If chronic vulvovaginal candidiasis is present,
long-term antifungal treatment is prescribed,
usually oral fluconazole. Atrophy in the fourchette,
seen in the menopausal patient but occasionally in
younger women on low-dose oral contraceptives,
responds to local application of an estrogen cream;
discontinuation of the oral contraceptive is helpful
in the younger group. Topical preparations such as
aloe vera cream are useful in providing local relief.

Amitryptiline has been suggested for the treat-
ment of vestibulitis. However, its effectiveness is
questionable, with best results occurring in the
mixed form.

A low oxalate diet with calcium citrate supple-
mentation has been advocated by some. A recent

communication by Melmed et al. [44] described a
complete response rate of 50% [10 of 20 women).
However, Bornstein [45] reports improvement in
only 10-20% of women treated with the same 
protocol.

Glazer et al. [30] described biofeedback-con-
trolled pelvic floor exercises in order to reduce a
presumed hypertonicity of pelvic floor muscles.
Twenty-two of 28 women were able to resume inter-
course after 16 weeks of therapy; 83% reported a
subjective decrease of pain. This study suggests that
patients with demonstrable vaginismus should be
treated with biofeedback before treatment with
surgery is contemplated.

Behavior and sex therapy has been reported as
beneficial in the resumption of intercourse in
patients with vestibulitis [46].

Interferon was initially advocated in patients with
vestibulitis at a time when an association with the
human papilloma virus was postulated [47]. Recent
studies [13,14] have failed to confirm the initial
findings. Nevertheless, interferon is still used by
some on the basis of immunomodulatory and anti-
proliferative properties. A report [48] of a focal
depression of natural killer lymph cell activity in
some patients with vestibulitis supports this prac-
tice. Interferon, 1.5 million international units (IU)
is injected circumferentially at different areas in the
vestibule three times a week for a total of 18 million
IU given over 6 weeks. Success rates range from 25 to
80% with an average of 50%. Side effects consist
primarily of flu-like symptoms and a low-grade fever.

Surgery
Surgery is carried out on patients who have failed
conservative therapy. Surgical procedures are most
effective in patients with pure vestibulitis, and may
fail in patients with the mixed form. Surgery is inef-
fective in patients with dysesthetic vulvodynia. The
aim of surgery is removal of all sensitive vestibular
tissue.

Woodruff [6] originally described a partial
vestibulectomy which he referred to as a modified
perineoplasty. He excised all of the sensitive areas of
the vestibule to a depth of 2 mm, as well as the hymen,
with mobilization and advancement of the vaginal
mucosa to cover the excised area (Figure 19. 1).

Some surgeons [49] advocate vestibuloplasty,
which consists of excision of a localized area of pain
such as the posterior, lateral or anterior vestibule
without advancement of the vagina. The hymen 
is excised but perineoplasty is not performed
(Figure 19.1).

Others [50–54] advocate a total vestibulectomy,
which consists of removal of the entire vestibule
starting in the periuretheral area down to the
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fourchette, a hymenectomy and perineoplasty with
vaginal advancement (Figure 19.1). Some [45,56]
advocate removal of Bartholin’s glands, which may
be involved in vestibulitis; the success rate appears
to be increased with the addition of this procedure.

Another technique [24,55] consists of local exci-
sion of painful areas which are identified either clin-
ically or colposcopically. The mucosa is excised and
margins are undermined sufficiently to allow for
primary closure without tension.

Success, as defined in terms of significant
improvement, or complete cure, ranges from 50 to
100%; most authors describe pain relief in 80–85%
of patients (Table 19.2). Studies are difficult to
evaluate and compare because of a variety of
methodological flaws, including an absence of
control groups, a short follow-up, rudimentary
pain measurements and unclear selection criteria
[31]. Baggish [10] reports that the initially high
success rates with short follow-up decrease by
40–60% with longer observation of one year or
more.

Laser therapy for ablation of the vestibule is con-
troversial, with potentially serious side effects
[37,57]. Davis [58], utilizing CO2 laser ablation,
reported a 66% success rate; others experienced
poor results [37,57]. Reid et al. [56] advocate use of
the Flashlamp-Excited Dye laser, which is designed
for photocoagulation of small blood vessels within
the superficial dermis. The objective of this tech-
nique is apparent selective destruction of chroni-

cally inflamed blood vessels adjacent to painful
sympathetic nerves. Reid reported a final complete
response rate of 62% and a partial response of 30%,
usually after re-treatment; these results have not
been confirmed.

Summary
Treating patients with vulvar pain is a frustrating
and continuing challenge. A systematic approach is
necessary, with identification of the subtypes that
respond to different therapeutic modalities. Patients
with dysesthetic vulvodynia should be treated with
medical management utilizing tricyclic antidepres-
sants such as amitryptiline. Vestibulitis responds
best to surgical therapy. A multidisciplinary
approach involving other health care workers such
as nurses, social workers, and psychologists is
helpful in the diagnosis and management.

There is a pressing need for epidemiologic
studies of vulvodynia. Future directions involve
the development of drugs for chronic pain control
such as opioids restricted to peripheral action 
and drugs targeted at spinal cord receptors of
neurotransmitters.

Further research is required in the neurophysiol-
ogy of pain and the neuropathic conditions of the
genitourinary system.
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Figure 19.1 Surgical techniques for vestibulitis. Area of excision – shaded. a Woodruff ’s perineoplasty. b Total vestibulectomy.
c Vestibuloplasty.
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Introduction
Because of the rapid increase in the aging popula-
tion and the plethora of new pharmacologic treat-
ment options, urogenital atrophy disorders have
become a more commonly recognized problem in
the female population. With the large number of
“baby boomers” reaching the menopausal years, by
the year 2000 over one-third of the female popula-
tion in the US were over the age of 50. Up to 43% of
this older population will suffer from symptoms of
vaginal dryness and 41% will report dyspareunia.
However, it is not only gonadal hormonal changes
that impact on the anatomic and physiologic alter-
ations that occur in the urogenital tract and charac-
terize urogenital atrophy; many other factors
including chronologic aging, parity, genetic and
environmental also impact on pelvic health. The fact
that disorders related to urogenital atrophy such as
cystocele, rectocele and uterine prolapse are fre-
quently a challenge to correct either hormonally or
surgically or to ameliorate with estrogen or pessary
use suggests that the etiology is often multifactor-
ial. The hormonal changes that occur with the
menopause transition have a significant effect on
the pelvic vasculature, neurologic and connective
tissue, and data clearly indicate that estrogen loss
has the greatest impact on the development of
pelvic atrophy.

Because vaginal changes associated with urogeni-
tal atrophy are so obvious, senile changes in the uro-
genital area are often discussed from a vaginal point
of view with descriptions of vaginal epithelial thin-
ning, loss of vaginal lubrication, decrease vaginal
rugation, compromised blood flow and pH elevation
to above 7.0. In addition, many of these adverse
vaginal changes associated with hypoestrogenism
are often exaggerated in intensity because of other

chronic conditions. For instance, women with severe
arthritic changes and atrophic vaginitis may be
unable to maintain perineal hygiene because of
their decreased flexibility. However, although
vaginal changes are often highlighted when urogen-
ital atrophy is discussed, urinary tract changes are
just as important and at times even more trouble-
some than vaginal changes. Hypoestrogenism in
addition to causing anatomic and physiologic
vaginal changes also has an adverse impact on colla-
gen, which can contribute to the development of
urinary incontinence.

Prior pregnancy and vaginal childbirth also
adversely affect the functioning of the urogenital
tract and these changes usually are exacerbated
with menopause and aging. Poor diet and chronic
urogenital infection are other factors that the scant
data available suggest may have an adverse effect on
urogenital tract function. However, regular exercise
and continued sexual activity have been correlated
with preservation of urogenital tissue.

Menopausal women present with a spectrum of
clinical complaints as the urogenital tract changes
with loss of estrogen. In the past, with limited treat-
ment options, these urogenital symptoms were
often not addressed because therapies were often
not effective and many women were embarrassed to
discuss symptoms with their physician. With a
greater understanding of the etiology of urogenital
changes and the emergence of effective treatments
and the increased patient acceptance of open dis-
cussion with their clinicians about such issues,
including the reporting of malodorous vaginal dis-
charge, urine leakage and coital pain, more older
women are being helped. Women are reporting not
only urinary and vaginal problems associated with
estrogen loss to their clinicians, but rectal symp-
toms as well.
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Common presenting complaints include recurrent
urinary tract and vaginal infections, vaginal dryness
and pruritus, urinary and rectal incontinence and
urinary frequency and urgency. In addition, many
patients report sexual problems, such as decreased
vaginal lubrication, dyspareunia, vaginal irritation
and post-coital bleeding. The most common and
efficacious intervention for urogenital atrophy in
menopausal women is either systemic or local estro-
gen replacement therapy. In addition to estrogen
replacement being used for the prevention of osteo-
porosis and menopausal symptoms and for the
benefits to cardiovascular and central nervous
system (CNS) functions, it is extremely efficacious
for both the treatment and prevention of urogenital
atrophy. By the reversal of urogenital atrophy with
estrogen use, vaginal flora normalizes with an
increase in Lactobacillus, and vaginal pH decreases
to below 5. In addition to physical symptoms
improving, emotional and psychological symptoms
markedly ameliorate as urogenital problems abate.

Anatomy of the Urogenital Tract
and Changes That Occur with
Menopause
The proper functioning of the vaginal and urinary
tracts depends upon the integrity of the muscular,
neurologic and vascular tissue. These tissues are
important not only for the maintenance of the
urinary tract and vagina, but also for the pelvic
floor. For example, in addition to estrogen loss,
muscle denervation seen with chronological aging
contributes to the development of stress urinary
incontinence and genital organ prolapse. Moreover,
the common embryologic origin of the female
reproductive and urinary tracts also explains the
similar tissue atrophy that is seen in these regions
with hypoestrogenism. During the fourth week of
embryonic growth, the cloaca divides into an ante-
rior and a posterior portion. The anterior portion is
the primitive urogenital sinus. The mesonephric
ducts, urethra and bladder mucosa are of mesoder-
mal origin but the remaining part of the bladder is
derived from the urogenital sinus and is endoder-
mal in origin. With continued embryo growth and
differentiation, the mesodermal lining of the trigone
of the bladder is replaced by endodermal epithelium
and ultimately, the inside of the bladder is com-
pletely lined with epithelium of the endodermal
origin. It is believed that the upper four-fifths of the
vagina is derived from the urogenital canal where
the lower one-fifth has its origin in the urogenital

sinus. In the fully developed fetus, the bladder and
proximal urethra are endodermal in origin and the
vestibule of the vagina and the distal urethra are
ectodermal in origin.

Estrogen receptors can be found in the vaginal
epithelium, stroma cells and smooth muscle cells
and the urethra bladder, trigone and posterior
bladder neck. Not all tissues have the same concen-
tration of estrogen receptors. For example, in the
urinary tract, receptor concentrations are lower in
the trigone and bladder than in the urethra. With
loss of estrogenic stimulation to the receptors that
occur with menopause, senile changes occur: the
vaginal barrel shortens and narrows, blood flow
decreases so that the vaginal epithelium becomes
pale and dry and loses its rugation, and tissue plia-
bility decreases. The epithelium deposits collagen in
the stroma and ultimately the vagina loses its glyco-
gen content. With loss of glycogen, the normal flora
made up of different types of Lactobacillus is
replaced by pathogenic bacteria and vaginal pH
increases from 5.5 to over 7.0. With continued estro-
gen deprivation over time, the vaginal epithelial
surface continues to flatten and in some instances
superficial keratinization may occur. As a result of
these anatomic changes, the urethral orifice comes
into closer proximity to the vaginal introitus which
further contributes to both vaginal and urethral irri-
tation and inflammation. This is especially detri-
mental to the female since the urethra is only 3–4
cm in length. Estrogen has a significant impact on
the distal third of the urethra as this portion of the
urinary tract behaves in the same manner to estro-
gen deprivation as the vaginal barrel. In addition,
atrophy of the pelvic floor tissues also affects
urinary tract function since the vesicle neck and
proximal urethra are partially supported by these
tissues.

Pelvic Floor Changes Related to
Atrophy
The levator ani, the pelvic floor ligaments and the
fascia make up the muscles of the pelvic floor. The
levator ani are composed of a diaphragmatic divi-
sion made up of the iliococcygeus muscle and the
pubovisceral division. The pubovisceral inserts into
the vagina and rectum and also forms a “sling” that
supports the rectum. Urogenital atrophy leading to
denervation of these muscles as a result of estrogen
loss, injury and aging plays a role in the develop-
ment of pelvic floor dysfunction. Not only does
muscle degeneration occur with urogenital atrophy
but also the integrity and structure of the support-
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ing ligaments and fascia are often weakened by
these same processes. With both menopause and
aging the connective tissue, made up of collagen and
elastin fibers embedded in a ground substance of
proteoglycans glycoproteins, is adversely affected.
Collagen loses its tensile strength and elastin from
estrogen loss. The effects of menopause and aging
directly impact on tissue integrity and contribute to
the higher percentage of urinary incontinence and
pelvic floor prolapse seen in older women. With
continued aging, there is progressive tissue trauma,
tissue thinning, loss of fat deposition, and decreased
smooth muscle tone. In addition, the greater
number of cross-linking fibers inhibit collagen
tissue remodeling and compromise tissue pliability.
Cartilage changes and arthritis in the bony pelvis
also add to urogenital symptoms in the geriatric
patient. Atrophy-related tissue denervation to pelvic
floor muscles has been documented by electromyo-
graphic (EMG) studies and has been shown to be an
important cause of fecal incontinence. However, it
has not been as easy to study the role of muscle den-
ervation as the etiology of stress urinary inconti-
nence and genital organ prolapse. However, data
suggest that prior pelvic floor injuries that result in
muscle denervation do result in more bladder and
genital prolapse problems [1].

Hormonal Influences on
Urogenital Function
Estrogen deficiency and its subsequent role in
causing adverse urogenital changes is widely recog-
nized as the primary etiology of urogenital atrophy.
Decreased estrogen is a universal event in either
natural, surgical or medically induced menopause.
However, there are other situations in which there
may be a temporary lack of estrogen such as during
lactation or from pharmacologic interventions, such
as gonadotropin-releasing hormone (GnRH)
therapy. Symptoms associated with vaginal atrophy
are widely recognized and include dryness, dyspare-
unia, pruritus and discharge with odor. Recurrent
urinary tract infections, urinary frequency and
urgency as well as urinary incontinence are also
associated with estrogen loss. The maturation index
of the estrogen-deprived vagina shows no
superficial cells and an abundance of basal and
parabasal cells. When estrogen is restored, the
vaginal epithelial cells mature and superficial cells
replace the parabasal cell types. With estrogen loss
during menopause vaginal blood flow is also
reduced to a level of relative ischemia, which in part
contributes to both vaginal dryness and dyspareu-

nia. When estrogen is replaced, blood flow is
increased, the vaginal arteries increase in diameter
and the number of small blood vessels increases so
that vaginal color returns to pink from a pale white
[2,3]. This is clinically important since it improves
not only vaginal function but urethral function as
well and in so doing decreases urinary symptoms.
Estrogen replacement therapy eliminates or amelio-
rates complaints of dyspareunia by increasing
vaginal lubrication and improving vaginal elasticity
as well as restoring sensitivity of tissue.

Estrogen therapy also has an effect on symptoms
related to the urethra and in some instances gives a
full or partial response in cases of urinary inconti-
nence [4]. For over 55 years, data have suggested a
positive impact of estrogen on urinary tract func-
tion. However, not all research data have pointed to
estrogen’s beneficial effect on urinary incontinence,
such as the report by the Hormone and Urogenital
Therapy Committee in 1994, which did not show an
overwhelming positive effect of estrogen on urinary
tract function [5]. In another recent meta-analysis
by the above committee published in 1998, there was
more overwhelming evidence showing the beneficial
effects of estrogen on vaginal health [6]. The 1998
report noted that although the available studies were
too variable to make conclusive determinations on
urogenital function and estrogen, the data do point
to a positive estrogen effect. The authors noted that
in many of the studies reviewed, there was no
placebo arm and there were no objective outcomes
measures for proving the beneficial effects of estro-
gen. However, the group did conclude that estrogen,
both oral and vaginal and in several dosage regi-
mens, was useful for treating vaginal atrophy. The
group also concluded that low-dose local estrogen
was as effective as systemic estrogen in reversing
changes in the urogenital area.

A small percentage of women on systemic estro-
gen therapy still report symptoms attributable to
urogenital atrophy, suggesting that rather than
increasing the systemic dose of estrogen, local
vaginal estrogen should be used. In addition,
because locally applied vaginal estrogen is as effec-
tive as systemic estrogen, physicians have another
treatment option for women who are unwilling to
use systemic estrogenic replacement therapy or
cannot take estrogen replacement therapy because
of a medical contraindication. It should be empha-
sized to patients with urogenital atrophy who
request local estrogen that this delivery system will
not exert the preventive effects systemic estrogen
does on coronary artery disease, osteoporosis,
menopausal symptoms and cognitive function. As
Semmens and Wagner’s work showed, reversal of
vaginal atrophy in women on estrogen replacement
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therapy may take up to 6 months before an optimal
response is reached [2].

Estrogen’s effect on the urinary tract has not been
as well studied and it is not clear whether it is a vas-
cular effect or whether estrogen’s benefit is increas-
ing production or decreasing degradation of
collagen. In a study by Brincat et al., estrogen
replacement therapy was shown to have a prophy-
lactic effect in women with high collagen levels at
the start of menopause and a therapeutic effect in
menopausal women with lower collagen levels [7].
Brincat and colleagues measured the hydroxypro-
line content in the skin biopsies of a cohort of post-
menopausal women who were treated with four
different regiments of estrogen replacement therapy.
They demonstrated that postmenopausal women
treated with estrogen developed higher total colla-
gen levels, which did not appear to be dependent
upon the regiment used. Falconer studied related
changes in the paraurethral tissues, especially the
loss of tissue elasticity with diminishing estrogen
levels [8]. In this menopausal cohort he showed that
there was a greater degree of cross-linking of colla-
gen fibers. However, when the women were given
estrogen replacement therapy, it was demonstrated
that these adverse connective tissue changes were
reversed.

Effects of Prior Pregnancy and
Childbirth on Urogenital Atrophy
With pregnancy, the urethra becomes more hyper-
emic and congested and under the influence of
higher estrogen levels the transitional epithelium of
the bladder changes to a squamous type. The
urethra in pregnancy has an increased total and
functional length and a higher closing pressure.
Stress incontinence seen in pregnancy can be attrib-
uted to hormonally induced relaxation of the ure-
throvesical junction and/or to an increase in
intra-abdominal pressure. As pregnancy advances,
the bladder moves out of the pelvis, becoming an
abdominal organ. The detrusor muscle also
responds to the high levels of gonadal hormones
characteristic of pregnancy, with estrogen causing
hypertrophy of the detrusor and progesterone
causing hypotonia of the detrusor. These changes
contribute to the increased prevalence of lower
urinary tract symptoms such as urgency, frequency
and nocturia as well as the increased incidence of
urinary tract infection in pregnancy. The long-term
effects of pregnancy-related changes on urogenital
tissue are not clear.

In addition to pregnancy changes to the urogeni-
tal tract, the process of vaginal childbirth also may
contribute to long-term adverse changes to the uro-
genital system that become obvious in the
menopausal years. Vaginal delivery may cause
injury, leading to tissue denervation as the nerve
supply from the sacral plexus to the levator ani may
be compromised by the perineal stretching that
occurs during childbirth. Although this denervation
has been confirmed by EMG studies, these changes
are usually reversible within approximately 
2 months postpartum. Changes may not be totally
reversible for multiparous women or women whose
deliveries require instrumentation such as forceps
or are accompanied by deep perineal lacerations.
Therefore, both physiologic and tissue injury
changes associated with pregnancy and childbirth
may cause irreversible changes in the urogenital that
are exacerbated in the menopausal patient when
imposed upon aging changes and hormonal loss.

Trauma, Injury, Exercise, Diet and
Other Factors Contributing to
Urogenital Atrophy
The long-term effects of hysterectomy, radiation
therapy and non-childbirth-related trauma to the
pelvis have not thoroughly been elucidated. There
may be an increased incidence of urinary inconti-
nence in women undergoing hysterectomy or other
pelvic surgery in which pelvic support is disrupted.
In addition, radiation effects on the pelvic tissue
also may compromise pelvic wall support.
Therefore, the early use of estrogen replacement
therapy should be considered in women in these
risk categories.

Although even less studied, dietary deficiency,
leading to poor tissue quality, has been proposed as
a possible reason for pelvic support defects that are
superimposed upon hormonal deprivation seen in
the aging population. Poor nutrition has been found
to compromise the integrity of collagen by leading
to a deficient blood supply, scar tissue degradation
and decreased healing.

On the other hand, exercise has been found to
make tissue collagen more flexible. Exercise may not
only exert this effect by increasing tissue elasticity
but it may also change the actual composition of the
tissue. Women who exercise may have less cross-
linking of tissue collagen and perhaps the elastin
itself may be different in exercisers compared to
non-exercisers. These positive effects of exercise
may continue into the postmenopausal years and
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advice about exercise should be included in preven-
tive programs.

The same positive results seen with exercise have
also been reported in women who continue to be
sexually active. In a study by Leiblum et al., it was
shown that menopausal women who continue to be
sexually active had better scores on their vaginal
health index than women who did not continue to
be sexually active into their menopausal years [9].
Although sexual activity is often assumed to be
coital activity, in this study the researchers found
that any type of sexual activity, including self-
stimulation, was beneficial for vaginal health. The
conclusion of the authors from this cohort of
menopausal women was that the “use it or lose it”
phenomenon does exist and that sexual activity
does improve urogenital health. Therefore, if
atrophy is not corrected in the postmenopausal
woman and leads to sexual abstinence, the problems
of urogenital atrophy will be compounded. These
data reconfirm the importance of continued surveil-
lance of urogenital health and intervention at the
earliest signs of symptoms so that sexual activity is
not compromised.

The link between urogenital atrophy and connec-
tive tissue disorders such as Ehlers–Danlos syn-
drome, Marfan’s syndrome, hernias and aneurysms
is not well defined. Joint hypermobility, which has
been used as a marker for collagen disorders, has
been proposed as a possible marker for pelvic floor
support defects [10]. Since 10–30% of adult women
have been reported to have joint hypermobility, this
suggests that prophylaxis should perhaps be started
at an earlier point in the menopause transition.
However, Ehlers–Danlos syndrome patients have
not been shown to have a higher incidence of genital
prolapse than the general population, although this
may be due to patient under-reporting of symp-
toms. In addition to abnormal connective tissue,
such as tissue that has a higher proportion of
weaker collagen types such as collagen type III,
there may be conditions characterized by problems
with collagen remodeling. Therefore, more than one
type of collagen defect may influence tissue
integrity and later contribute to urogenital atrophy
leading to pelvic floor displacement.

Treatment and Prevention
Although most clinicians link urogenital atrophy
symptoms only to quality of life, in actuality uro-
genital atrophy can span the entire spectrum of
severity, from mild to almost no symptoms in some
women to marked clinical pathology such as vaginal

stenosis and urinary incontinence in others. In addi-
tion, urogenital atrophy has psychological
significance since it impairs the ability of many
older women to feel sexually fulfilled. Because of our
broader understanding of the pathophysiology of
urogenital aging and the increasing awareness by
women and their willingness to discuss this subject
openly with their physicians, as well as physicians
being able to actively intervene with effective phar-
macologic medical and surgical approaches, the
topic is an important one to discuss with every
patient to ensure delivery of optimal patient care to
the aging population. Clinicians can expect that
more than 50% of postmenopausal women will
experience lack of vaginal lubrication and frequent
vaginal infections. In a study done by Rosen and col-
leagues, looking at the prevalence of sexual dysfunc-
tion in women, it was found that as women progress
from premenopausal to perimenopausal to post-
menopausal the trend is that they report more post-
coital bleeding and irritation, lack of lubrication,
dyspareunia and difficulty reaching orgasm [11].

At our facility we use a vaginal health index 
to screen all women beginning in their 
perimenopausal years to access the degree of
atrophy present [12]. The index looks at overall elas-
ticity, fluid type and consistency, pH, epithelial
mucosa and moisture. It is felt that this type of index
assesses female urogenital health in a clinically
objective manner so that not only can physicians
follow urogenital health on a longitudinal basis and
share the findings with patients, but they can also
use objective data in their decision-making regard-
ing pharmacologic intervention and assessment of
effectiveness of prescribed treatment. Assessment of
aging changes can be put them the context of other
conditions that may be occurring simultaneously
such as neurologic problems or diabetes. In one
recent study there was a 50% increased risk of urge
incontinence in diabetic women over the age of 60
[13]. A past history of urinary tract infection is also
important as in this same study there was a 50%
increased risk of urge incontinence in women who
reported two or more urinary tract infections in the
prior year. Other predictors for urinary symptoms
in postmenopausal women include white race,
higher body mass index (BMI), and higher waist-to-
hip ratio.

Lastly, obtaining a thorough sexual history is
extremely important. Many women become sexually
abstinent because of urogenital atrophy, which only
exacerbates symptoms of vaginal dryness and
urinary urgency and frequency. Since data suggest
that any type of sexual activity is beneficial to uro-
genital health, counseling the patients regarding
non-coital sexual activities can be helpful not only
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for the couple but for the woman who has no
partner or a non-sexually functioning partner. In
addition, over-the-counter lubricants are very effec-
tive in some instances and should be encouraged
when a history of vaginal dryness and dyspareunia
is elicited. It is also important to assess the ability of
the patient to do Kegel exercises (see Figure 24.1)
and using the time during the pelvic examination to
teach both the quick Kegel and the slow Kegel is an
effective use of office time.

The gold standard of care for urogenital atrophy
treatment is estrogen replacement therapy. However,
the standard dosage of estrogen (conjugated estro-
gen 0.625 mg or the equivalent) used for the treat-
ment of menopausal symptoms, prevention of bone
loss and reduction of cardiovascular disease risk
may not be adequate to reverse or ameliorate uro-
genital symptoms. In these instances, either increas-
ing the dose of systemic estrogen or supplementing
the systemic estrogen with a local vaginal estrogen
preparation should be considered. Vaginal estrogen
for the treatment of urogenital atrophy has been
shown to be effective, which is also useful for
women who cannot or will not use systemic estro-
gen replacement therapy. In the US the local vaginal
estrogen used is 17� estradiol and is delivered in
either a cream or a ring form. There will soon be a
17� estradiol vaginal tablet that will have the same
indication as the cream and ring for the treatment of
urogenital atrophy. When the 17� estradiol ring is
inserted the Tmax is reached within 40 minutes and
the 12-week post-treatment estrogen levels are
similar to the pretreatment levels of estradiol.

Summary
Urogenital atrophy is a common problem in the
postmenopausal women that has only recently been
recognized as having a great impact on women’s
health and lifestyle. Many factors in addition to
estrogen loss contribute to urogenital atrophy, but
by far the most significant is hypoestrogenism in the
urogenital area that occurs with the menopause.
Changes associated with urogenital atrophy,
specifically those due to estrogen loss, have been
shown to be preventable and responsive to estrogen
replacement therapy. It is important to identify
women at risk for urogenital atrophy early in their
menopause transition so that appropriate interven-
tions can be instituted as soon as an early problem

is identified. Perineal exercises as well as continued
sexual activity, both coital and non-coital, have been
shown to prevent many of the symptoms resulting
from urogenital atrophy. Other contributors to uro-
genital atrophy such as pregnancy, childbirth, con-
nective tissue disorders, diabetes, previous surgery,
radiation therapy and pelvic trauma have not been
as well studied and their specific impact on urogeni-
tal atrophy is still not clearly defined. However,
although there are many unanswered questions
regarding the onset and severity of urogenital
atrophy, it is clear that physicians can impact posi-
tively on women with this condition using the phar-
macologic interventions that are currently available.
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Anal problems are common in women and often
present special therapeutic challenges, especially
during pregnancy and following delivery.
Thrombosed external hemorrhoids and anal fissure
are frequently seen during and after pregnancy.
Prolapsed, strangulated internal hemorrhoids, an
uncommon problem in the general population, is a
well-recognized complication of vaginal delivery.
Anal skin tags are common in multiparous women.
These problems will be discussed in this chapter.

Thrombosed External
Hemorrhoid
Patients with thrombosed external hemorrhoid
present with acute continuous anal pain associated
with a tender mass. A discrete, subcutaneous,
purple-blue lump is seen at the anal verge. The mass
does not extend proximally above the dentate line.
Thrombosed external hemorrhoid has been
described as a perianal hematoma resulting from
rupture of an external hemorrhoidal vein. In fact,
pathological examination demonstrates thrombosis
of the capillaries that have been stretched to over 
1 cm in diameter [1]. Straining at stool or other
exertion may play an etiologic role, but this is an
inconsistent feature. It is a common lesion in young
adults and an increased incidence during and after
pregnancy seems likely, but is not well documented.
The natural history of thrombosed external hemor-
rhoid is characterized by sudden, severe pain that
peaks within 24–48 hours and then slowly resolves
over the next 1–3 weeks. The thrombus is either
lysed or extruded. A large thrombosed external
hemorrhoid leaves behind a skin tag [1,2].

Treatment depends on the severity of the pain
and the timing of presentation. The condition is

self-limited, and especially during pregnancy and in
the postpartum period, it may be best to treat with
warm sitz baths, a high fiber diet, a stool softener,
and a non-constipating analgesic. A non-medicated
ointment may be soothing. Suppositories are not
helpful. If pain is severe, excision should be per-
formed. The entire lump should be removed and
this can be readily achieved under local anesthesia
in the office setting. An anal canal retractor is not
needed as the dissection is not extended into the
anal canal. The wound is left open, not packed, and
the postoperative care is essentially the conservative
treatment described above. Excision provides
almost immediate pain relief, and the skin tag is
avoided [1,2]. Pregnancy is not a contraindication to
this approach. In the second and third trimester, the
left anterolateral position can be used.

The severe pain of a thrombosed external hemor-
rhoid often seems disproportionate to the magni-
tude of the lesion, and it has been suggested that this
is explained by “spasm” of the internal anal 
sphincter [3]. Topical nitroglycerin has been shown
to relax the internal anal sphincter, and a role for
nitroglycerin ointment has been suggested in the 
management of thrombosed external hemor-
rhoid [3,4]. In a small series, pain relief was achieved
within minutes in 92% of patients, and each applica-
tion relieved pain for 4–6 hours [3]. Thrombus reso-
lution or extrusion followed the usual time course.
The safety of nitroglycerin during pregnancy has not
been established and should only be given if clearly
indicated. It is not known whether nitroglycerin
appears in breast milk. A role for topical nitroglyc-
erin in the postpartum period exists if the patient is
not breastfeeding; otherwise, the conventional 
treatment options are more prudent until further
information is available regarding the safety 
of topical nitroglycerin during pregnancy and 
lactation.

21 Common Anal Problems in Women 
Marcus J. Burnstein

229



There are two potential pitfalls in managing
thrombosed external hemorrhoids. Firstly, the skin-
covered thrombosed external hemorrhoid at the
anal verge must be distinguished from the columnar
mucosa-covered thrombosed internal hemorrhoid
prolapsing through the anal canal. In general, the
prolapsing internal hemorrhoid should not be oper-
atively managed in the office setting. The second
potential error is to incise and evacuate the clot
rather than to excise the entire lesion. Simple evacu-
ation is much less effective in relieving symptoms
than is excision, and evacuation does not prevent
the sequela of tag formation.

Anal Fissure
Anal fissure is a tear in the anal canal, extending
from just below the dentate line to the anal verge.
Fissure occurs equally in men and women, with a
peak incidence in the 20–35-year age group. It is a
common lesion, so it is not surprising that anal
fissure is often seen in association with pregnancy.
However, there may be more than a chance associa-
tion between fissure and pregnancy. In a recent
review of anal fissure, symptoms first appeared after
delivery in 10% of the female patients [5]. In a study
of over 300 primigravid women, postpartum fissure
was diagnosed in 9% [6].

The cardinal symptom of anal fissure is pain
during and for minutes to hours after defecation.
Bright red blood is common. Less common symp-
toms include itch, swelling, and discharge. It is 
primarily a posterior midline lesion, but an unex-
plained gender difference exists with respect to the
frequency of anterior fissure. In men, 5–10% of anal
fissures are found in the anterior midline; in
women, 20–25% are in the anterior midline posi-
tion, and in a series of postpartum fissures, one-half
were in the anterior midline [5–7]. A fissure can
generally be visualized on gentle separation of the
buttocks. Tenderness usually precludes digital and
proctoscopic examination and complete evaluation
must await healing of the fissure.

The acute fissure is a mere crack in the anoderm.
Fissures which fail to heal acquire features of
chronicity, including a distal “sentinel” tag, a proxi-
mal hypertrophied anal papilla, fibrotic edges, and
exposed internal anal sphincter fibers (Figure 21.1).

Etiology and Pathogenesis

The hypothesis that anal fissure is a traumatic lesion
secondary to the passage of a large, hard stool is
attractive. Supporting data include a case control

study demonstrating risk reduction for anal fissure
with increased dietary fruits and vegetables and
whole grain bread [8]. Also, a randomized controlled
trial of prevention of fissure recurrence demon-
strated a decreased recurrence rate with increased
dietary fiber [9]. Interestingly, retrospective reviews
of bowel habits do not confirm that most fissure
patients were constipated when symptoms began
[5,7]. On the other hand, in a prospective study of
pregnant women, postpartum constipation was
significantly more common in those with fissures
(62%) than in those without (28%) [6].

Whatever the etiologic mechanism for acute
fissure, failure of the acute fissure to heal is the con-
sequence of two interacting factors: resting anal
tone and anodermal blood flow. Anal manometry
has demonstrated sustained hypertonicity of the
internal anal sphincter in patients with chronic anal
fissure [10], and laser Doppler flowmetry has
revealed an inverse correlation between anodermal
blood flow and anal pressure, i.e. the higher the
pressure the lower the blood flow [11] (Figure 21.2).
Studies of anodermal blood flow indicate lower per-
fusion of the posterior midline compared to the rest
of the anoderm [11–15]. This amounts to strong evi-
dence for the concept that chronic anal fissure is an
ischemic ulcer. Whether internal anal sphincter
hypertonicity is a cause or effect of anal fissure
remains uncertain.
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While it is beyond the scope of this chapter to go
into detail, it is important to remember the associa-
tion between anal fissure and inflammatory bowel
disease, especially Crohn’s disease. It is also impor-
tant to remember that not all breaches of the
anoderm are typical anal fissures: neoplasms, infec-
tions, and AIDS may produce similar lesions.
Painless fissures, lateral and multiple fissures, and
fissures which cross the dentate line should alert the
clinician that further evaluation is indicated.

Treatment

Acute fissure 
Warm baths and a diet sufficiently high in fiber to
achieve soft, bulky stools allows approximately 80%
of acute anal fissures to heal within 3 weeks. Stool
softeners and fiber supplements are reasonable
additions. Warm baths reduce resting anal pressure
by 40%, an effect which persists for approximately 
30 minutes [16]. Recurrence is common, but can 
be reduced by maintaining a high fiber diet [9].

Chronic fissure
Chronic fissures are unlikely to heal with warm baths
and a high fiber diet. The key to healing chronic
fissures is the reduction of resting anal pressure.

Internal sphincterotomy. Division of the internal
anal sphincter is associated with excellent healing
rates, but carries a risk of diminished continence.
Sphincterotomy in the posterior midline through
the base of the fissure has been condemned because
of slow wound healing and high rates of soiling,

often associated with a posterior midline gutter or
“key hole” deformity [1,2]. Lateral internal sphinc-
terotomy achieves healing in over 95% within
several weeks, the key hole deformity is avoided, and
the rate and severity of continence problems are
reduced, but are not negligible. Continence prob-
lems are reported in 0–35% of patients following
lateral internal sphincterotomy, and the risk may be
highest in women [17,18]. Endoanal ultrasound has
revealed that external anal sphincter defects are
present in 19% of primiparous and 29% of multi-
parous women, and has also shown that lateral
internal sphincterotomy tends to be more extensive
in women than intended, probably related to the
shorter female anal canal [19]. Lateral internal
sphincterotomy should be applied cautiously in
women, and a limited sphincterotomy or a non-
sphincterotomy approach should be considered.
Traditional practice has been to divide the internal
anal sphincter to the level of the dentate line, but
excellent healing rates with low rates of inconti-
nence have been achieved with sphincterotomy tai-
lored to the length of the fissure [20].

Where the risk of post-sphincterotomy inconti-
nence is felt to be increased, a V-Y advancement flap
can be used with excellent results [21]. This option
should be considered in the setting of failed lateral
internal sphincterotomy, a history of sphincter
trauma, including previous anal operation, and
postpartum fissure.

Topical Nitroglycerin. Nitric oxide has been
identified as the chemical messenger mediating
internal sphincter relaxation. Topical application of
nitroglycerin, a nitric oxide donor, causes a transient
lowering of resting anal pressure and an increase in
anodermal blood flow [11,12]. When used in the
treatment of acute fissure, a healing rate of over 90%
is expected [22]. Healing of chronic anal fissure was
68% after 8 weeks in a large randomized controlled
trial of topical nitroglycerin [23]. There was no
incontinence, but half the patients had headache,
especially at the start of therapy. The late recurrence
rate is not known. The reversible nature of “chemical
sphincterotomy” is particularly attractive in patients
at increased risk of impaired continence. As men-
tioned above, the safety of topical nitroglycerin
during pregnancy and lactation has not been 
established.

Internal Hemorrhoids
Internal hemorrhoids are “vascular cushions” in the
upper anal canal, above the dentate line, often
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Figure 21.2 Anal pressure and anodermal blood flow in patients
with chronic anal fissure (From Schoeten RI, Briel JW, Auwerda JJA.
Relationship between anal pressure and anodermal blood flow. Dis
Colon Rectum 1994; 37: 664–669, with permission.)



located in the left lateral, right posterior, and right
anterior positions. These are normal structures
consisting of venules, arterioles, arteriolar–venular
communications, smooth muscle and connective
tissue. “Disease” exists when the cushions bleed
and/or prolapse. Prolapse may be associated with
mucus discharge and local irritation, and if prolapsed
tissue becomes incarcerated, edema, thrombosis, and
strangulation ensue, a condition characterized by
severe pain and tissue necrosis [1,2].

Many factors have been implicated in hemor-
rhoidal disease, including straining, constipation,
vascular engorgement, erect posture, and heredity.
Some of the physiologic changes in pregnancy may
promote the development of hemorrhoidal symp-
toms. Constipation, seen in 11–40% of pregnant
women, has been attributed to the effects of preg-
nancy on smooth muscle, to the mechanical effects
of the gravid uterus, and to iron supplements [24].
The increase in circulating blood volume and the
laxity of connective tissue in pregnancy may also
contribute to internal hemorrhoidal disease. Good
epidemiologic data on hemorrhoidal disease in
pregnancy is lacking, but the incidence of hemor-
rhoidal symptoms among pregnant women is
probably much higher than for age-matched, non-
pregnant women. Surveys suggest that about one-
third of women report having “hemorrhoids” during
pregnancy [24].

Treatment

In the non-pregnant patient, treatment of internal
hemorrhoids is determined by the severity of symp-
toms and the stage of disease (Table 21.1). Most
patients with first-degree and some with second-
degree internal hemorrhoids can control their
symptoms by achieving a daily soft bowel move-
ment through the use of a high fiber diet, a fiber
supplement, and increased fluid intake. Stage I and
II disease that does not respond to dietary
modification and improved bowel habits, and early

stage III disease, may be treated in the office with
rubber band ligation, infrared photocoagulation, or
injection sclerotherapy. These office procedures take
advantage of the fact that the internal hemorrhoidal
tissue originates above the dentate line and there-
fore above the zone of sensory innervation.
Application of these modalities at the cephalad end
of the cushion, 1 cm or more above the dentate line,
can be done without the need for local anesthetic
and with minimal or no discomfort. The three tech-
niques all work by creating a variable degree of
tissue destruction, scarring, and fixation. All three
cushions may be treated at a single session, but
more commonly one or two hemorrhoids are
treated at a time. Long-term efficacy is in the range
of 70%. Rubber band ligation is inexpensive and
appears to have the best risk: benefit ratio, especially
for stage II and early stage III disease [25] 
(Figure 21.3). Infrared photocoagulation is particu-
larly attractive for small grade I internal hemor-
rhoids. Injection sclerotherapy is currently less
popular. All modalities are extremely safe, although
with both injection sclerotherapy and rubber band
ligation, infectious complications have been rarely
encountered. Late stage III hemorrhoids, stage IV
hemorrhoids and “mixed” hemorrhoidal disease
(internal hemorrhoids combined with external
hemorrhoids and skin tags) may require excisional
hemorrhoidectomy [1,2].

Hemorrhoidal symptoms during pregnancy can
almost always be managed conservatively. As a
result, there is very little data on the use of office
procedures during pregnancy [24]. Although the
risks associated with injection sclerotherapy and

232 Female Pelvic Medicine and Reconstructive Pelvic Surgery

Figure 21.3 Rubber band ligation. (From Gordon PH, Nivatvongs A.
Principles and Practice of Surgery for The colon, Rectum and Anus.
Quality Medical Publishing, Inc., St. Louis, Missouri, 1992, with permis-
sion.)

Table 21.1 Internal hemorrhoids: stage and treatment

Stage Treatment

I Bleeding, no protrusion Dietary modification
Office procedure

II Protrusion, spontaneous Dietary modification
reduction Office procedure

III Protrusion, manual Office procedure
reduction Excisional hemorrhoidectomy

IV Chronic protrusion Excisional hemorrhoidectomy



rubber band ligation are extremely small, it is most
unusual to have to treat uncomplicated early stage
hemorrhoidal disease. When this situation does
arise, infrared photocoagulation may be best, but
there are no data. Injection sclerotherapy has been
effectively used during pregnancy, achieving com-
plete symptom control in 86% without complica-
tions [26]. Rubber band ligation has also been
anecdotally reported to be safe and effective during
pregnancy [24].

Acute hemorrhoidal prolapse and strangulation is
usually seen postpartum, but may occur during
pregnancy. The prolapse cannot be reduced because
of massive tissue welling and sphincter spasm.
Treatment recommendations for acute hemor-
rhoidal prolapse include (1) conservative manage-
ment with Sitz baths, bed rest, stool softeners, and
analgesics, (2) field block with a solution of 0.25%
bupivacaine with 1:200,000 epinephrine and 150
TRU (1 ml) hyaluronidase to facilitate manual
reduction of the prolapse, followed either by 
conservative management or by rubber band liga-
tion, and (3) immediate hemorrhoidectomy [1,2,27].
Immediate hemorrhoidectomy most efficiently
eradicates the disease and restores the patient to
good health. In the second and third trimester, hem-
orrhoidectomy can be done under local anesthesia
with the patient in the left anterolateral position. In
the postpartum period, the prone jackknife position
is preferred. Sedation with intravenous medication
is a helpful adjunct to local anesthetic.

The operative principles are the same as for elec-
tive hemorrhoidectomy. Excellent lighting is essen-
tial. Exposure is achieved with careful attention to
avoid a stretch injury of the anal sphincters. The
prolapsed mass is reduced and the hemorrhoidal
tissue is excised with preservation of anoderm,
identification and protection of the underlying
internal anal sphincter, extension of the excision
above the anal canal, hemostasis, and wound
closure. One to three hemorrhoids are excised as
indicated.

Saleeby et al. performed closed excisional hemor-
rhoidectomy under local anesthesia on 25 pregnant
women with acute hemorrhoidal disease [28]; 88%
of patients were in the third trimester and 80% were
multiparous. Symptomatic relief was excellent.
Delivery and the foetus were not affected. Six
patients required further treatment during follow
up. Ruiz-Moreno described 90 patients undergoing
emergency hemorrhoidectomy 0–4 days after deliv-
ery with excellent symptom relief and no complica-
tions. None of the patients who subsequently
became pregnant reported anorectal problems [29].
In a report of postpartum hemorrhoidectomy in 98
patients, minor complications occurred in 3 [30].

Only 2 of 21 patients in this series who subsequently
became pregnant developed anorectal symptoms,
and none of the 98 patients required further opera-
tive treatment.

Skin Tags
Skin tags are large folds of skin arising at the anal
verge. The exact pathogenesis of tags is not always
clear. Tags may be the sequelae of thrombosed exter-
nal hemorrhoids, may be associated with chronic
anal fissure or inflammatory bowel disease, or may
have no identifiable cause or association. Skin tags
may be seen in association with external hemor-
rhoids, the dilated vascular plexus below the dentate
line [1]. Skin tags are common in multiparous
women, and caution must be exercised in ascribing
symptoms, especially itch and irritation, to skin
tags. Skin tags are more likely to be innocent
bystanders [31]. Routine excision is not recom-
mended. Excision may be appropriate when exten-
sive tag formation appears to contribute to poor
hygiene or when recurrent edema, thrombosis, and
discomfort occur.
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Introduction
Chronic pelvic pain (CPP) is defined as a general
symptom of persistent pain located in the pelvis of
at least 6 months’ duration [1]. CPP is considered a
confusing entity because the pain is often unrelated
to underlying gynecological pathology. Some
patients with severe pathology may report little
pain while others with mild to moderate tissue
deformation may experience severe pain [2,3].
According to several studies of laparoscopy per-
formed for CPP, approximately one-third of patients
have endometriosis, one-third have adhesions, and
one-third have unclear pathology [4–7]. Moreover,
pain experienced by patients can range from the
intermittent, such as with dysmenorrhea, to the
kind that may be chronic and continuous [8].
Because of the lack of association to organic or
physiologic change, CPP is often labeled as a func-
tional somatic syndrome.

Stigma and Myths Associated
with Functional Somatic
Syndromes
Nearly every medical specialty has identified a func-
tional somatic syndrome. In gynecology, CPP, or a
subtype of CPP with “unclear pathology”, may be
conceptualized as a functional somatic syndrome.
These syndromes are usually defined by physical
symptoms that are unexplained by organic disease.
The term “functional” implies a disturbance of
physiological function rather than anatomical
structure [9] and is often perceived as psychogenic
and less “real” [10]. As a result of the stigma associ-

ated with the term “functional” various labels have
been used to describe functional somatic syn-
dromes, including somatic disorders, health anxiety,
physical syndromes not explained by organic
disease, unexplained medical syndromes, and psy-
chophysiological disorders [11].

Western societies in general and Western medi-
cine in particular may attach a moral dimension to
functional somatic syndromes. There is metaphysi-
cal dualism underlying Western medicine which
suggests that either illness is an accident that befalls
the patient and can be attributed to impersonal
causes, or it has psychological causes that are medi-
ated by and potentially under the person’s voluntary
control [9]. The morally pejorative connotations
associated with functional somatic disorders such
as CPP often leave patients believing that their
problems are treated as “not real” and due to a psy-
chological and/or moral defect or weakness [9].
Research has found that disorders disproportion-
ately prevalent in women are often trivialized or
described as psychological in origin and thus
women are especially attentive to the possibility that
their symptoms are not being taken seriously [12].
Unfortunately, in our society “psychological” is
often equated with “trivialized”. Accordingly, it is
important to highlight that when people with CPP
are referred to health professionals, they may come
into the office with the belief that caregivers do not
think their symptoms are “real” or serious, but that
they are “all in their heads”. The therapeutic alliance
can be enhanced by validating the reality of the
person’s symptoms and by challenging the artificial
dualism between functional and organic compo-
nents of illness imposed by our society [13].

As emphasized by Steege and his colleagues [14]
in a recent book on CPP, it is important to approach
this disorder in an integrated fashion. Such an inte-
grated or biopsychosocial approach avoids the
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mind/body split by recognizing that the mind and
body is one functioning unit rather than separate
components of a person. According to Steege [15],
this integrated approach has two major goals in the
understanding of CPP. The first goal is to determine
the subtle interactions among disease states, physi-
cal sensations and psychological/emotional
processes that currently exist for the patient. The
second goal is to assess how the pain problem
started and how it gradually reached its present con-
dition in each of these dimensions. The details of
this integrated approach are beyond the scope of
this chapter and the reader is referred to Chronic
Pelvic Pain: An Integrated Approach, edited by
Steege et al. [14], which details the multitude of
factors that contribute to the conceptualization and
treatment of CPP.

In addition to the stigma associated with func-
tional somatic syndromes such as CPP, several other
myths are unhelpful to both physicians and patients
who are experiencing these syndromes. One such
myth is that CPP “with unclear pathology” is a 
psychiatric disorder or that it is masked depression.
This myth may persist because several studies have
found that a substantial percentage of women in 
tertiary care settings presenting with CPP also meet
criteria for an associated anxiety or depressive 
disorder. It is unclear why such an association exists
but some possible explanations are as follows:
(a) Anxiety and depression, like CPP, are common in
the general population, and their co-occurrence 
may simply be due to high frequency. (b) People
who also have an associated anxiety/depressive 
disorder may have more difficulty coping with
chronic pain syndromes and may seek specialized
help for their pain at higher rates than people with
CPP who do not have an associated anxiety or
depressive disorder. (c) Depression/anxiety may be a
consequence of living with a chronic, debilitating
disorder such as CPP [16].

An additional related myth that is an unhelpful
formulation for both physicians and patients is that
some patients with CPP benefit from the sick role.
This myth has pejorative connotations. People with
CPP do not want to be ill and do not take any plea-
sure from this chronic and devastating illness. This
myth may have emerged because people with a
chronic illness such as CPP often receive more
attention than people without an illness, are relieved
from some of their usual responsibilities, and may
receive social and financial compensation [16].
However, it is important to note that there is no
empirical support to validate the notion that
patients seek out or wish to benefit from living with
a chronic painful syndrome such as CPP. Rather,
patients with these disorders are interested in over-

coming the disabling consequences of living with a
chronic illness that reduces their quality of life.

A final myth is that people with CPP are some-
times difficult patients. Rather than conceptualizing
CPP patients as difficult, it is more helpful to con-
ceptualize the disorder as difficult, especially in light
of the fact that there is little information and a great
deal of stigma associated with these functional
somatic disorders [16]. The lack of information
coupled with the shame and trivialization associated
with having a so-called functional disorder leads to
frustration, further distressing patients. Most health
care professionals, including physicians, are not ade-
quately trained in the conceptualization and/or
treatment of functional somatic syndromes such as
CPP. Therefore, treating such patients may elicit
uncomfortable feelings that might lead some health
care professionals to feel helpless and frustrated in
the situation. It is important to recognize that from
both the patient and health care provider’s perspec-
tives, this is a frustrating disorder with many unan-
swered questions. A constructive approach would be
to engage in an honest and open discussion
acknowledging the frustration associated with this
chronic and debilitating disorder. It is important for
both patient and health care provider to work in a
collaborative fashion attempting to understand the
most effective strategies in managing the chronic,
painful symptoms. As there is no effective medica-
tion or cure for CPP at present, the focus needs to be
directed at symptom management and coping with
this chronic condition. However, improved symptom
control requires a shared plan of care between
health care professional and patient. Treatment
plans tailored to patients’ individual needs and con-
cerns will ensure that those with CPP can cope with
their condition as comfortably as possible and with
minimal disruption to everyday life. This approach
has been described in other functional somatic dis-
orders such as irritable bowel syndrome (IBS) [16].

Definition and Subtypes of
Chronic Pelvic Pain
Chronic pelvic pain encompasses multiple syn-
dromes [17] and attempts to establish it as a clinical
entity are longstanding [18]. Three different opera-
tional definitions have been used in the literature:
duration, anatomic, and affective-behavioral [19].
Many of the behavioral, emotional and biochemical
changes in people with a diagnosis of CPP after 
6 months are similar to those in people coping with
other types of chronic pain [1].
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Many theories have been put forth to attempt to
understand the factors associated with CPP, result-
ing in the description “the disease with 20 different
names” [20]. The major reason contributing to this
confusion is that the pathophysiology of CPP is
poorly understood. Often there is little relationship
between the intensity of the pain described and the
extent of the observed pathology. Moreover, women
with CPP can have normal laparoscopies and
women without CPP can have significantly abnor-
mal laparoscopy findings [21]. In a literature review
of laparoscopic findings, Gillibrand [22] discovered
that in at least two-thirds of women with CPP, there
was no obvious identifiable pathology. Another
review of the literature, however, stated that the fre-
quency with which perceptible pelvic pathology is
diagnosed in women with CPP varies from 8% to
80% [23]. Thus, although the literature is mixed in
terms of the percentage of patients with identifiable
pathology, the consensus to date is that a sizable
core of patients with CPP have “unexplained” pain.

The source and type of chronic pelvic pain can
include any of the components of the female repro-
ductive tract as well as those that may involve sur-
rounding viscera, musculoskeletal system and other
systems. Moreover, it is not uncommon for more
than one type of CPP problem to present in the
same person [1]. For example, a woman with vulvar
vaginismus may continue to experience pelvic pain
even after successful medical or surgical treatment
of the original problem. Another such example
would be a woman with endometriosis who may
later develop IBS or pelvic floor muscle dysfunction.

Prevalence
Although CPP is one of the most common problems
seen in gynecological settings, true incidence and
prevalence rates are lacking [1]. In a Gallup poll
conducted in 1996 involving 5325 women, 16%
reported problems with pelvic pain [17]. Of these
approximately 850 women who reported pelvic pain,
11% limited home activity, 11.9% limited sexual
activity, 15.8% took medication, and 3.9% missed at
least one day of work per month. It should also be
noted that prevalence rates for CPP reported in the
literature often differ depending on the examination
setting (i.e., whether it is a tertiary care setting,
primary care setting, or community sample). For
example, in a study of women attending two non-
gynecologic university clinics, 12% of the sample
reported current CPP and 33% had experienced it at
some point in their lives [24]. By contrast, a survey
of 581 women of reproductive age attending

primary care private practices found that 39.1% had
pelvic pain at least some of the time and 11.7% had
pain more than 5 days each month or lasting a full
day or more each month [25]. Moreover, when pelvic
pain is the primary symptom, gynecologic surgery
is frequently performed; this includes 16–40% of
laparoscopies [19,26] and 12% of hysterectomies
[27,28]. Such procedures are expensive; in the
United States alone, CPP accounts for more than
US$2 billion annually in direct health care costs.

General Approach to Assessment
In most cases the major contributing factors in CPP
can be identified by a history and physical examina-
tion. The patient’s history should include the
description, severity, distribution, and daily chrono-
logical pattern of the pain [1]. The pain history
should describe the onset of the original pain in
addition to the accumulation of components over
the course of time. For example, according to Steege
[1], women with dysmenorrhea and premenstrual
pain attributed to endometriosis may gradually
develop problems such as IBS and pelvic floor
levator spasms. A detailed and comprehensive pain
history chronology will also detect increase in inten-
sity despite stable organic pathology. It is also
important to underscore the potential impact of the
pain on the patient as an individual, her relation-
ships, and her work experiences. The psychosocial
factors associated with CPP may be best measured
by a careful clinical history and possibly a psycho-
metric evaluation and consultation with a mental
health professional [15].

While the details of a physical examination, which
include abdominal and pelvic analysis, are beyond
the expertise of the authors, we refer the interested
reader to an excellent review by Steege [29] on office
assessment of CPP. Rather, this discussion will focus
on the approach to the patient, which involves a
comprehensive discussion of chronic pain and asso-
ciated psychosocial factors. Like any medical disor-
der, it is important to view psychosocial issues as
legitimate components of the medical condition.
CPP is best conceptualized as a multidimensional
condition like other disorders including biological,
psychological and social components. Much of this
discussion is also appropriate for other functional
somatic syndromes including IBS, chronic fatigue
syndrome, and fibromyalgia. In particular, there is
much ongoing discussion in the IBS literature
regarding integrating psychosocial issues into our
comprehensive understanding and treatment of
chronic pain syndromes [11,13].
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Discussion of Chronic Pain
It is important that physicians have a comprehensive
understanding of the multifactorial aspects of pain.
In this way, both physician and patient can engage
in an extensive and meaningful discussion of the
psychological, physiological, emotional, cognitive,
and behavioral aspects of the pain experience. To
begin with, it is important to dispel the common
societal myth that if pain is severe, there must be an
organic cause. This common myth persists as a
function of Western society’s false conceptualization
of pain (i.e., if the pain is severe, there must be a
structural cause) [16]. The experience of pain is a
consequence of a complex interaction among physi-
cal, cognitive, emotional and behavioral compo-
nents. We find that the introduction of gate control
theory by Melzack [29] provides a good starting
point for a discussion of chronic pain [13].
According to Steege [15], the gate control theory of
pain remains a useful framework for discussing
body/mind synthesis and serves a useful educa-
tional function in talking with CPP patients. The
gate theory of pain states that pain messages
originate at the site of bodily damage, injury, or
disease and are then passed through a mechanism
that works like a gate to the brain [29]. The brain
then interprets the pain message, and it is at this
point that pain is experienced. The pain “gate” can
be partially or fully opened or closed, determining
the amount of pain experienced.

Factors that can open the gate, i.e., make pain
more central or more intense, include, for example,
thoughts that focus attention on the pain, and
boredom because of minimal involvement in life
activities. Feelings that can open the gate include
depression, anxiety, and anger. Behaviors can also
open the gate, such as an inappropriate activity level
or lack of pleasant activities [13]. Factors that can
close the gate, i.e., make the pain less central or less
intense, include coping strategies such as controlling
pain thoughts through attention diversion.
Examples of attention diversion are distraction,
imagery, and relaxation. Gate control theory can be
used in cognitive behavioral therapy for patients
with CPP. For example, cognitive restructuring
strategies, such as altering self-talk to messages such
as “I can handle this, I’ve handled it before” versus “I
can’t stand another second of this pain” are useful.
Pain can also be affected by changing activity pat-
terns [13].

A discussion of the gate control theory as a mech-
anism to put the mind and body back together is
clinically useful. It provides a sound basis for the
notion that higher brain centers can modulate spinal

cord gating activity. This suggests that information
transmitted is bidirectional, and not just in the
single direction from damaged tissue up to the
brain. This theory also suggests that neurotransmit-
ter states in the brain may have direct chemically
mediated effects on the ability of the spinal cord’s
gating mechanism to block transmission of nocicep-
tive signals [15]. To the degree that this theory is
accurate, direct and concrete links are formed
between body and mind. Gate control theory allows
for the possibility that neurochemical changes asso-
ciated with pain may alter the client’s modulation of
pain at a spinal cord level, thus placing an additional
burden on the central nervous system in ignoring,
blocking, or coping with the pain [15]. It should be
noted that although the gate control theory has been
debated and discussed in terms of its details, it
remains a useful conceptual model for clinicians
and clients. The gate control theory of pain also
reinforces the notion that the pain cannot simply be
assessed based on the amount of tissue damage. As
noted by Steege [15], most clinicians, by training,
look for some association between pathology and
reported pain. With chronic pain patients in general
and CPP patients in particular, this association
between tissue damage and pain does not exist.

Associated Psychosocial Factors
The role of psychosocial factors within CPP has long
been debated in the literature. For two excellent
reviews of this literature, the interested reader is
referred to an article by Fry et al. [18] entitled
“Sociopsychological factors in chronic pelvic pain:
A review” and an article entitled “Psychological
aspects of chronic pelvic pain” by Savidge and Slade
[30]. Taking an overview of this work over the last
50 years, the following relationships between 
psychosocial factors and CPP have been reported.
Studies investigating depression, anxiety, and 
so-called psychoneurotic profile have shown that
depression may be higher in some subgroups of CPP
patients [31–34]. Other studies have shown greater
degrees of “psychopathology” relative to non-
clinical controls [33,35–41]. It has also been pro-
posed that some patients with CPP are more 
hostile [39] or unable to express hostility [42]. There
are some reports suggesting a higher prevalence of
family history of depressive spectrum disease
[32,41].

Some investigators have found significantly
higher levels of childhood sexual abuse or early 
psychosexual trauma in CPP populations 
studied [23,41] or subgroups of the CPP populations
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studied [43]. In contrast, other studies have found
no difference in prevalence of childhood sexual
abuse in comparison to other chronic pain patients
but instead a higher prevalence of childhood physi-
cal abuse [44]. Some studies have found that
patients may have problems with current sexual
relationships [33,34,37,41] and more difficulty with
interpersonal relationships [7,23,36].

In terms of specificity, it is noteworthy that other
chronic pain syndromes such as IBS have reported
similar statistics. For example, approximately 50% of
women who have a diagnosis of IBS and who are
seen in tertiary care settings also have a history of
sexual and physical abuse, a figure which is gener-
ally higher than those reported in primary care set-
tings and in the general population. Walker et al.
[45] also found that patients who had both IBS and
CPP were more likely to have a lifetime history of
dysthymic disorder, current and lifetime panic dis-
order, somatization disorder, and childhood sexual
abuse and hysterectomy. Accordingly, the authors
concluded that the high rate of psychosocial factors
associated with IBS and CPP independently is even
higher in women with both syndromes, and suggest
that women who present with either chronic pain
syndrome should probably be evaluated for these
disorders [45]. In fact, Longstreth [46] argues that
IBS should be considered in the differential diagno-
sis of CPP, and collaboration between gynecologists
and gastroenterologists is needed in the care of
women with CPP and IBS as well as in the conduct
of additional research on the relationship between
these two disorders.

There are theoretical and methodological prob-
lems with studies investigating psychosocial issues
in CPP. The main problem is that most of this
research has been approached from a traditional
biomedical model in which pain has been under-
stood in a dichotomist, organic–psychogenic way
and has not been based on reconceptualizations
about the role of these factors in the cause of CPP
[30]. Within a biopsychosocial framework of illness,
however, such dichotomizing in research is unhelp-
ful and unlikely to yield clinically useful results.
While issues of psychosocial factors and distress
have been reported for women with CPP with and
without organic pathology, it is not possible to draw
conclusions about the role of these factors in the
cause of CPP, particularly given the fact that such
findings are common among other chronic pain
populations, such as IBS, chronic fatigue syndrome,
and fibromyalgia. In addition, most of this research
has not considered the possibility that the high
levels of psychosocial distress among women with
CPP may be a long-term consequence of experienc-
ing chronic pain rather than a specific connection

with the disorder itself [30]. More recently, however,
research has suggested that the psychosocial char-
acteristics found among women with CPP may be
due to the experience of living with chronic pain. As
well, although several studies report a relationship
between CPP and life events, particularly childhood
sexual abuse, it is not clear that such experiences
play a straightforward causal role in the develop-
ment of CPP [30]. Furthermore, studies that have
reported a high frequency of sexual and relationship
problems in women with CPP have drawn mislead-
ing conclusions about the role of sexual anxiety in
the development of pain problems rather than as a
response to the pain experience. As noted by Savidge
and Slade [30], the potential for chronic pain experi-
ence to impact on relationships with significant
others, especially in terms of sexual difficulties, is
hardly surprising given the site of pain.

The relationship between CPP and psychosocial
issues is complex and is affected by a multitude of
other variables. Researchers looking at psychosocial
issues in women with CPP are well advised to take a
lead from other areas of chronic pain research by
looking at psychosocial issues in a broader based,
multidimensional view of pain. Savidge and Slade
[30] suggest that a narrow research focus in the area
of CPP has left many questions unanswered and it
remains a challenge to researchers in this area to
begin to understand the psychosocial factors and
models involved in CPP.

The multidimensional view of pain in recent
years has led to the increasing recognition that
chronic pain can affect a person in many ways [30].
A person’s beliefs about pain and ways of coping
with it have been shown in other pain research to
impact upon psychological distress and affect per-
ceptions of what people can do to relieve the pain.
For example, research indicates that patients who
frequently use comparative self-appraisals to cope
with pain tend to be less depressed and more likely
to feel in control of their pain [47]. Similarly, beliefs
regarding self-efficacy are also important in under-
standing chronic pain. Nicholas [48] has shown that
increased self-efficacy beliefs are associated with
improvements in chronic pain, depressed mood, and
reduction in medication use.

Overlap Between CPP and IBS
According to Longstreth [46] recent studies indicate
that IBS is common in women with CPP and is asso-
ciated with symptoms normally attributed to disor-
ders of the female organs. In particular, there is
considerable overlap of gynecological and gastroin-
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testinal symptoms. One study of CPP patients
attending a primary care or obstetrics and gynecol-
ogy clinic found that 79% of these women also had
IBS-type symptoms [24], while another study found
that approximately 50% of women having diagnos-
tic laparoscopy for CPP had IBS symptoms [49]. In
the latter study, laparoscopic findings did not differ
for the women with and without IBS-type symp-
toms. However, follow-up a year after laparoscopy
found patients’ overall status and pain improvement
ratings to be lower in the group who had IBS-type
symptoms. Studies have also found menstruation to
be related to bowel symptoms in women 
without functional bowel disorder and that the 
association between menstruation and worsening
bowel symptoms was more significant among
patients with IBS and non-patients with 
IBS-type symptoms compared to women without
IBS-type symptoms [50,51].

Women with IBS undergo hysterectomy more
than what would be expected [51] and women with
IBS-type symptoms undergo hysterectomy and
other surgical abdominal procedures more than
women without IBS-type symptoms [52]. In a
prospective study of women having elective hys-
terectomy, Longstreth et al. [49] found increased
prevalence of pain and constipation characteristic of
IBS relative to a control group. Moreover, chronic or
recurrent pelvic pain and abnormal menstrual
bleeding were more commonly found among the
hysterectomy patients with IBS-type symptoms than
those without symptoms. Women who were having
hysterectomy for pain were nearly twice as likely to
have IBS-type symptoms as the other women.
Operative findings did not differ between the two
groups with and without IBS-type symptoms, but
women with IBS-type symptoms reported lower
pain improvement ratings one year after the hys-
terectomy than women without IBS-type symptoms.

As mentioned earlier, there are overlapping psy-
chosocial issues in the etiology of CPP and IBS.
Specifically, research indicates that as with IBS,
women with CPP demonstrate a high prevalence of
depression, somatization, substance abuse, and
childhood sexual and physical abuse [44,53]. Thus,
given the multifactorial nature of IBS and CPP,
researchers have recommended an integrative
approach to both disorders [19,46,54].

Treatment for Chronic Pelvic Pain
Currently, clinicians are confronted with a baffling
array of possible treatments for CPP. The majority
of these treatments are supported by little data to

back up their application, specifically in the area of
CPP [1,15]. Treatments for CPP can range from a
number of surgical and medical strategies including
hysterectomies, operative laparoscopies, oral anal-
gesics, antidepressants (prescribed at lower doses
than for major depression), transcutaneous electric
nerve stimulation, acupuncture, ovarian cycle sup-
pression, antibiotics, and organ-specific medication
such as gastrointestinal agents and medication for
bladder irritability, to a full range of psychothera-
peutic approaches. As pointed out by Steege [15],
many health care providers are not directly involved
in mental health fields, and consequently the recom-
mendation of a psychotherapeutic intervention may
be discussed as a last resort. However, rather than
considering psychotherapeutic interventions as a
last resort, it makes sense to include discussion of
any psychosocial issues when patients first present
with the chronic pain problem. In this way, the mul-
tidimensional view of CPP is conveyed early on in
the discussion and emotional and psychological
concerns are conceptualized as an integral and legit-
imate part of the formulation of the problem and its
effective management. It is desirable to have a psy-
chosocial intervention as one possibility in helping
patients cope with the pain rather than as the only
decision left after extensive physical work-ups have
provided negative results.

As noted by Kames et al. [8], CPP has rarely been
discussed in the pain management literature,
although it is extremely common in general gyneco-
logical practice, and is often refractory to traditional
medical and surgical treatments. These investigators
demonstrated the effectiveness of an interdiscipli-
nary pain management program for the treatment
of CPP relative to a waiting list control group. Kames
et al. [8] described their program as one that con-
ceptualized chronic pain as a complicated, multifac-
eted disorder, requiring both somatic and
psychological intervention strategies. This interdis-
ciplinary program included the use of acupuncture
and antidepressants, a reduction in narcotic medica-
tion, and a broad range of psychological treatments
such as stress management, relaxation training,
anxiety and depression control, activity manage-
ment, sex education, and cognitive therapy. Results
indicated that there were significant decreases in
anxiety and depression as well as a dramatic reduc-
tion in recorded levels of pain following treatment.
Other benefits included returning to work,
improved social activity, and increased sexual activ-
ity among people in the pain management program
relative to people in the waiting list control group.
The outcome suggests that the interdisciplinary pain
management approach is an effective treatment for
CPP. Moreover, these investigators highlight that
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their treatment strategy was effective for 
CPP patients with and without obvious organic
pathology.

The effectiveness of multidisciplinary manage-
ment of CPP was further confirmed by Peters 
et al. [55] in a randomized clinical trial. The multi-
disciplinary approach significantly improved pain
severity, re-employment, and global somatic
symptom scores compared to a traditional medical
approach. In a meta-analysis of 65 studies evaluat-
ing the efficacy of multidisciplinary pain manage-
ment, benefits relating to pain severity, mood,
increased return to work, and decreased health care
use were found to be stable over time [56].

As summarized by Reiter [57], the management of
CPP can be greatly facilitated by a multidisciplinary
perspective that integrates medical treatment with
psychosocial strategies. The majority of the avail-
able evidence indicates that multidisciplinary man-
agement improves outcomes such as pain severity,
general health, functional status, and disability more
significantly than traditional, isolated medical or
surgical procedures. We need to incorporate such
multidisciplinary approaches in both our clinical
services and our treatment protocols for women
with a diagnosis of CPP.
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Introduction
The main components of the lower urinary tract, i.e.
the urinary bladder, urethra, and striated urethral
sphincter, constitute a functional unit, which is con-
trolled by a complex interplay between the central
and peripheral nervous systems and local regula-
tory factors [1–3]. Malfunction at various levels may
result in bladder control disorders, which roughly
can be classified as disturbances of filling/storage or
disturbances of emptying [4]. Failure to store urine
may lead to various forms of incontinence (mainly
urge and stress incontinence), and failure to empty
can lead to urinary retention, which may result in
overflow incontinence.

Urinary incontinence is as prevalent as or more
prevalent than most other chronic diseases, includ-
ing asthma, coronary artery disease, and peptic
ulcer disease, and is associated with considerable
direct and indirect costs [5–7]. Appropriate man-
agement can significantly reduce both morbidity
and costs. Pharmacological treatment has had
varying degrees of success, and there is presently no
group of drugs which can be used with consistently
successful results. Many drugs have been tried, but
the results are often disappointing, owing to poor
treatment efficacy and/or side effects [8]. There
have been many evaluations of the currently used
drugs for treating the disorder. The present review
is based on the evaluations made by the 2nd
International Consultation on Incontinence, held in
Paris 2001 [9].

Drugs have been evaluated using different types
of evidence (Table 23.1). Pharmacological and/or
physiological efficacy evidence means that a drug
has been shown to have desired effects in relevant
preclinical experiments or in healthy volunteers (or
in experimental situations in patients). Clinical drug

recommendations are based on evaluations made
using a modification of the Oxford system, in which
emphasis has been given to the quality of the trials
assessed (Table 23.2).

23 Pharmacologic Approach to Urinary
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Table 23.1 Types of evidence

Pharmacodynamic
In vitro 
In vivo

Pharmacokinetic
Absorption
Distribution
Metabolism
Excretion

Physiological
Animal models 
Clinical phase I 

Clinical
Oxford guidelines 

Table 23.2 ICI assessments: Oxford guidelines (modified) 

Levels of evidence
Level 1: Randomized controlled clinical trials
Level 2: Good quality prospective studies
Level 3: Retrospective case-control studies
Level 4: Case series
Level 5: Expert opinion 
Grades of recommendation
Grade A: Based on level 1 evidence (highly recommended)
Grade B: Consistent level 2 or 3 evidence (recommended)
Grade C: Level 4 studies or “majority evidence” (recommended
with reservation)
Grade D: Evidence inconsistent/inconclusive (not recommended)



Nervous Control of Micturition
The nervous mechanisms for urine storage and
bladder emptying involve a complex pattern of
efferent and afferent signaling in parasympathetic,
sympathetic and somatic nerves (see Figures 23.1
and 23.2). During storage (at low levels of vesical
afferent activity) spinal reflexes are active, mediat-
ing contraction of urethral sphincter mechanisms
through somatic (striated muscle) and sympathetic
(smooth muscle) nerves. Sympathetic nerves may
also mediate detrusor and ganglionic inhibition.
During storage, there is no activity in the sacral
parasympathetic outflow. Micturition is initiated by
distension of the bladder, activating mechanorecep-

tors in the bladder wall. This triggers a high level of
activity in small myelinated afferent nerves (A�),
which via the dorsal root ganglia reaches the lum-
bosacral spinal cord. The A� afferents connect to a
spinobulbospinal reflex consisting of an ascending
limb from the lumbosacral spinal cord, integration
centers in the rostral brain stem, and a descending
limb back to the parasympathetic nucleus in the
lumbosacral spinal cord. Afferent information may
also be conveyed by small unmyelinated (C-fiber)
vesical afferents, which have a high mechanical
threshold, but which may be activated by irritation
of the bladder mucosa. They may also be active in
spinal cord injuries. Efferent micturition reflex path-
ways reach the bladder through the pelvic nerves.
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Figure 23.1 During filling, there is continuous and increasing afferent activity from the bladder. There is no spinal parasympathetic outflow
that can contract the bladder.The sympathetic outflow to urethral smooth muscle, and the somatic outflow to urethral and pelvic floor striated
muscles keep the outflow region closed. Whether or not the sympathetic innervation to the bladder (not indicated) contributes to bladder
relaxation during filling in humans has not been established.



Bladder Contraction
Normal bladder contraction in humans is mediated
mainly through stimulation of muscarinic receptors
in the detrusor muscle. Atropine resistance, i.e. con-
traction of isolated bladder muscle in response to
electrical nerve stimulation after pretreatment with
atropine, has been demonstrated in most animal
species, but seems to be of little importance in
normal human bladder muscle [1,10] (Figure 23.3).
However, atropine-resistant (non-adrenergic, non-
cholinergic: NANC) contractions have been
reported in normal human detrusor and may be
caused by ATP [1,3]. A significant degree of atropine
resistance may exist in morphologically and/or
functionally changed bladders (Figure 23.4), and has

been reported to occur in hypertrophic bladders
[11,12], interstitial cystitis [13], neurogenic bladders
[14], and in the aging bladder [15]. The importance
of the NANC component to detrusor contraction in
vivo, normally, and in different micturition disor-
ders, remains to be established.

Muscarinic Receptors

Molecular cloning studies have revealed five distinct
genes for muscarinic acetylcholine receptors in rats
and humans, and it is now generally accepted that
five receptor subtypes correspond to these gene
products [16,17]. Muscarinic receptors are coupled
to G-proteins (Figure 23.5). The signal transduction
systems involved varies, but M1, M3, and M5 prefer-
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Figure 23.2 Voiding reflexes involve supraspinal pathways, and are under voluntary control. During bladder emptying, the spinal parasympa-
thetic outflow is activated, leading to bladder contraction. Simultaneously, the sympathetic outflow to urethral smooth muscle, and the somatic
outflow to urethral and pelvic floor striated muscles are turned off, and the outflow region relaxes.



entially couple to phosphoinositide hydrolysis
leading to mobilization of intracellular calcium,
whereas activation of muscarinic M2 and M4 recep-
tors inhibits adenylyl cyclase activity. It has been
suggested that muscarinic receptor stimulation may
also inhibit KATP channels in smooth muscle cells
from urinary bladder through activation of protein
kinase C [18], thereby increasing the open probabil-
ity of voltage-operated calcium channels and
calcium influx.

Bladder Muscarinic Receptors

Detrusor smooth muscle from various species con-
tains muscarinic receptors of the M2 (� 2/3) and M3
(� 1/3) subtype [19]. The M3 receptors in the
human bladder are believed to cause a direct
smooth muscle contraction through phosphoinosi-
tide hydrolysis [20], whereas the role for the M2
receptors has not been clarified. It has been sug-
gested that M2 receptors may oppose sympatheti-
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Figure 23.3 Contraction of the normal human bladder.
Acetylcholine is released from cholinergic motor nerves and
binds to the main contraction-mediating muscarinic (M3 )
receptor (see also Figure 23.5). Note that there is practically
no atropine resistance. Modified from Bayliss et al. [10].

Figure 23.5 Acetylcholine (ACh) is released from cholinergic nerve
terminals, and acts on muscarinic receptors (M2 and M3) in the detru-
sor. Both M2 and M3 receptors are coupled to G-proteins (GP) and may
contribute to bladder contraction, but different signal transduction
pathways are involved. M2 receptors inhibit adenylyl cyclase (AC),
which leads to a diminished intracellular level of cyclic AMP (cAMP).
cAMP mediates bladder relaxation. Stimulation of M3 receptors acti-
vates phospholipase C (PLC) to generate inositol triphosphate (IP3).
IP3 can release calcium ions (Ca2+) from the sarcoplasmic reticulum
and this Ca2+ will activate the contractile machinery within the cell
with resulting bladder contraction. The voiding contraction is
believed to be mediated mainly through M3 receptors.

Figure 23.4 Atropine resistance in the human bladder. The contrac-
tion remaining after addition of atropine is caused by ATP, and can be
abolished by α,β methylene ATP, which causes desensitization of P2X
receptors.



cally (via β-ARs) mediated smooth muscle relax-
ation, since activation of M2 receptors (rats) results
in an inhibition of adenylyl cyclase [21].

There is general agreement that M3 receptors are
mainly responsible for the normal micturition con-
traction [19]. On the other hand, in certain disease
states, M2 receptors may contribute to contraction of
the bladder [22,23].

Muscarinic receptors may also be located on the
presynaptic nerve terminals and participate in the
regulation of transmitter release. The inhibitory pre-
junctional muscarinic receptors have been classified
as M4 in the human [24] urinary bladders.
Prejunctional facilitatory muscarinic receptors
appear to be of the M1 subtype and have been
detected in human bladders [25].

The muscarinic receptor functions may be changed
in different urological disorders, such as outflow
obstruction, neurogenic bladders, bladder overactiv-
ity without overt neurogenic cause, and diabetes.
However, it is not always clear what the changes mean
in terms of changes in detrusor function.

Drugs Used for Treatment of
Bladder Overactivity
It has been estimated that more than 50 million
people in the developed world are affected by
urinary incontinence. Even if it affects 30–60% of
patients older than 65 years, it is not a disease exclu-
sive to aging. It appears that detrusor overactivity
may be the result of several different mechanisms,
both myogenic [26] and neurological [27]. Most
probably, both factors contribute to the genesis of
the disease.

An abundance of drugs has been used for the
treatment of the hyperactive detrusor (Table 23.3).
However, for many of them, clinical use is based on
the results of preliminary, open studies rather than
randomized, controlled clinical trials (RCTs).

Antimuscarinic (Anticholinergic) Drugs

Both voluntary and involuntary bladder contractions
are mediated mainly by acetylcholine-induced stim-
ulation of muscarinic receptors on bladder smooth
muscle. Antimuscarinic drugs will therefore depress
both types of contraction, irrespective of how the
efferent part of the micturition reflex is activated. In
patients with involuntary bladder contractions, the
volume to the first contraction is increased, the
amplitude of the contraction is decreased, and total
bladder capacity is increased [28].

Atropine and related antimuscarinics are tertiary
amines. They are well absorbed from the gastroin-
testinal tract and pass into the central nervous
system (CNS). CNS side effects may therefore limit
their use. Quaternary ammonium compounds are
not well absorbed, pass into the CNS to a limited
extent, and have a lower incidence of CNS side
effects [29]. They still produce well-known periph-
eral antimuscarinic side effects, such as accommo-
dation paralysis, constipation, tachycardia and
dryness of mouth. All antimuscarinic drugs are con-
traindicated in narrow angle glaucoma.

Table 23.3 Drugs used in the treatment of detrusor overactivity.
Assessments according to the Oxford system (modified)

Level of Grade of 
evidence recommend-

ation

Antimuscarinic drugs
Tolterodine 1 A
Trospium 1 A
Propantheline 2 B
Atropine, hyoscyamine 2 D
(Darifenacin, solifenacin) Under investigation

Drugs acting on membrane channels
Calcium antagonists Under investigation
Potassium channel openers Under investigation
Drugs with mixed actions
Oxybutynin 1 A
Propiverine 1 A
Dicyclomine 4 C
Flavoxate 4 D

Alpha-adrenoceptor antagonists
Alfuzosin 4 D
Doxazosin 4 D
Prazosin 4 D
Terazosin 4 D
Tamsulosin 4 D

Beta-adrenoceptor agonists
Terbutaline 4 D
Clenbuterol 4 D
Salbutamol 4 D
Antidepressants
Imipramine 2 Ca

Prostaglandin synthesis inhibitors
Indomethacin 4 C
Flurbiprofen 4 C
Vasopressin analogues
Desmopressin 1 A
Other drugs
Baclofen 2b Cb

Capsaicin 3 C
Resiniferatoxin Under investigation 

a Should be used with caution.
b Intrathecal use.
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Antimuscarinics are the most widely used treat-
ment for urge and urge incontinence. However, cur-
rently used drugs lack selectivity for the bladder
[16], and effects on other organ systems may result
in side effects which limit their usefulness. One way
of avoiding many of the antimuscarinic side effects
is to administer the drugs intravesically. However,
this is practical only in a limited number of patients.

Several antimuscarinic drugs have been used for
treatment of bladder overactivity. For many of them,
documentation of effects is not based on RCTs satis-
fying currently required criteria, and some drugs
can be considered as obsolete (e.g. emepronium).
Information on these drugs has not been included,
but can be found elsewhere [30,31].

Atropine and Scopolamine
Atropine (dl-hyoscyamine) is rarely used for treat-
ment of detrusor overactivity because of its sys-
temic side effects, which preclude its use. However,
in patients with detrusor hyperreflexia, intravesical
atropine may be effective for increasing bladder
capacity without causing any systemic adverse
effects, as shown in open pilot trials [32–35]. The
pharmacologically active antimuscarinic half of
atropine is l-hyoscyamine. Although still used, few
clinical studies are available to evaluate the antimus-
carinic activity of l-hyoscyamine sulfate.

Scopolamine (l-hyoscine) has been administered
transdermally in a randomized, placebo-controlled
clinical trial in 20 female patients with detrusor
instability [36]. Although the authors concluded that
transdermal scopolamine was effective and safe as a
treatment of detrusor instability, further investiga-
tions are needed to assess its therapeutic value.

Propantheline
Propantheline bromide is a quaternary ammonium
compound, non-selective for muscarinic receptor
subtypes, which has a low (5–10%) and individually
varying biological availability [37]. It is usually
given in a dose of 15–30 mg four times daily, but to
obtain an optimal effect, individual titration of the
dose is necessary, and often higher dosages.

The AHCPR (Agency of Health Care Policy and
Research) Clinical Practice Guidelines (Urinary
Incontinence Guideline Panel) lists five randomized
controlled trials reviewed for propantheline,
showing a reduction of urge (percent drug effect
minus percent effect on placebo) between 0 and
53%. Controlled randomized trials (n = 6) were also
reviewed by Thüroff et al. [38], who confirmed a
positive, but varying response.

Although the effect of propantheline on detrusor
overactivity has not been well documented in con-
trolled trials satisfying standards of today, it can be

considered effective, and may, in individually
titrated doses, be clinically useful.

Trospium
Trospium chloride is a quaternary ammonium com-
pound with antimuscarinic actions on detrusor
smooth muscle. It has no selectivity for muscarinic
receptor subtypes. Its biological availability is low,
approximately 5% [39,40], and it does not cross the
blood–brain barrier. It seems to have no negative
cognitive effects [40–42].

In a placebo-controlled, double-blind study on
patients with detrusor hyperreflexia [43], the drug
was given twice daily in a dose of 20 mg over a 3-
week period. It increased maximum cystometric
capacity, decreased maximal detrusor pressure and
increased compliance in the treatment group,
whereas no effects were noted in the placebo group.
Side effects were few and comparable in both
groups. In a randomized, double-blind multicenter
trial in patients with spinal cord injuries and detru-
sor hyperreflexia, trospium and oxybutynin were
equieffective; however, trospium seemed to have
fewer side effects [44].

The effect of trospium in urge incontinence has
been documented in placebo-controlled, random-
ized studies. Allousi et al. [45] compared the effects
of the drug with those of placebo in 309 patients in a
urodynamic study of 3 weeks’ duration. Trospium 
20 mg was given twice daily. Significant increases
were noted in volume at first unstable contraction
and in maximum bladder capacity. Cardozo et al.
[46] investigated 208 patients with bladder instabil-
ity who were treated with trospium 20 mg twice
daily for 2 weeks. Also in this study, significant
increases were found in volume at first unstable con-
traction and in maximum bladder capacity in the
trospium treated group. Trospium was well tolerated
with similar frequency of adverse effects as in the
placebo group. Höfner et al. [47] compared the
effects of oxybutynin 5 mg twice daily with those of
trospium 20 mg twice daily in a double-blind, ran-
domized study over 12 months in 358 patients with
urge symptoms or urge incontinence. The urody-
namic improvements after the two drugs were com-
parable, but oxybutynin produced a significantly
higher rate of side effects, and the drop-out rate was
higher in the oxybutynin group.

Jünemann et al. [48] compared trospium 20 mg
twice daily with tolterodine 2 mg twice daily in a
placebo-controlled double-blind study on 232
patients with urodynamically proven bladder over-
activity, sensory urge incontinence or mixed incon-
tinence. Trospium reduced the frequency of
micturition, which was the primary endpoint, more
than tolterodine and placebo, and also reduced the
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number of incontinence episodes more than the
comparators. Dry mouth was comparable in the 
trospium and tolterodine groups (7 and 9%,
respectively).

Trospium chloride has a documented effect in
detrusor overactivity, and seems to be well tolerated.

Tolterodine
Tolterodine is a new potent and competitive antago-
nist at muscarinic receptors, developed for treat-
ment of urinary urgency and urge incontinence
[49–52]. The drug has no selectivity for muscarinic
receptor subtypes, but still shows some selectivity
for the bladder over the salivary glands in an animal
model [49], and possibly in humans [54].
Tolterodine has a major active metabolite with a
similar pharmacological profile as the mother com-
pound [53]. This metabolite contributes significantly
to the therapeutic effect of tolterodine [55,56].
Tolterodine is rapidly absorbed and has a half-life of
2–3 h, but the effects on the bladder seem to be
more long-lasting than could be expected from the
pharmacokinetic data. The main metabolite also has
a half-life of 2–3 h [56].

The relatively low lipophilicity of tolterodine
implies limited propensity to penetrate into the
CNS, which may explain a low incidence of cogni-
tive side effects [52,57].

Several randomized, double-blind, placebo-con-
trolled studies, both on patients with idiopathic
detrusor instability and on those with detrusor
hyperreflexia, have documented a significant reduc-
tion in micturition frequency and number of incon-
tinence episodes [51,52]. Tolterodine immediate
release seems to be well tolerated when used in the
dose range 1–4 mg a day.

A once daily formulation of tolterodine has been
developed, and a large-scale (1529 patients) clinical
trial compared the effects of this agent to placebo
and the twice daily formulation [58]. Tolterodine
extended release (ER) 4 mg once daily and toltero-
dine immediate release (IR) 2 mg twice daily both
significantly reduced the mean number of urge
incontinence episodes per week compared with
placebo. The median reduction in these episodes as
a percentage of the baseline values was 71% for
tolterodine ER, 60% for tolterodine IR, and 33% for
placebo. Treatment with both formulations of
tolterodine was also associated with statistically
significant improvements in all other micturition
diary variables compared with placebo. The rate of
dry mouth (of any severity) was 23% for tolterodine
ER, 30% for tolterodine IR, and 8% for placebo. The
rates of withdrawal were comparable for the two
active groups and the placebo group. No safety con-
cerns were noted.

In a placebo-controlled study, comparing toltero-
dine 2 mg twice daily and oxybutynin 5 mg three
times daily in 293 patients with detrusor instability,
both drugs were found to be equally effective in
reducing frequency of micturition and number of
incontinence episodes. However, tolterodine
appeared to have a better efficacy/tolerability profile
[59]. These findings were largely confirmed by other
investigators [60,61]. These data contrast with those
of Appell et al. [62] comparing extended release oxy-
butynin chloride and immediate release tolterodine
in a 12-week randomized, double-blind, parallel-
group study in 378 patients with overactive bladder.
Participants who had between 7 and 50 episodes of
urge incontinence per week and 10 or more voids in
24 hours received extended release oxybutynin, 10
mg once daily, or tolterodine, 2 mg twice daily. The
outcome measures were the number of episodes of
urge incontinence, total incontinence, and micturi-
tion frequency at 12 weeks adjusted for baseline. At
the end of the study, extended release oxybutynin
was found to be significantly more effective than
tolterodine in each of the main outcome measures
adjusted for baseline. Dry mouth, the most common
adverse event, was reported by 28.1% and 33.2% of
participants taking extended release oxybutynin
and tolterodine, respectively. Rates of central
nervous system and other adverse events were low
and similar in both groups. The authors concluded
that extended release oxybutynin was more effective
than tolterodine and that rates of dry mouth and
other adverse events were similar in both treatment
groups.

No comparative trials between extended release
tolterodine and the extended release form of oxybu-
tynin have been so far been reported. However,
comparison of the immediate release forms would
seem to indicate that efficacy is no different, whereas
the side effect profile of tolterodine is favorable
[57,63]. Head to head comparisons between the two
extended release preparations are required to ade-
quately compare efficacy and tolerability between
the two agents.

Tolterodine, in both the immediate and extended
release forms, has a well-documented effect on
detrusor overactivity, and the side effect profile
seems acceptable.

Drugs in development
Darifenacin. Darifenacin is a selective muscarinic
M3 receptor antagonist developed for treatment of
bladder overactivity [64]. Published clinical infor-
mation on its clinical effects is scarce. In a pilot
study on patients with detrusor instability, the drug
was found to reduce the total number, maximum
amplitude, and duration of unstable bladder con-
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tractions [65]. A randomized, double-blind trial of
25 patients with detrusor instability compared the
effects of darifenacin 15 mg and 30 mg once a day
and oxybutynin 5 mg three times daily on ambula-
tory urodynamic monitoring and salivary flow [66].
Both drugs had similar urodynamic efficacy, but
oxybutynin reduced salivary flow significantly more
than darifenacin. In another controlled study, on 27
healthy male subjects, the effects of darifenacin 7.5
and 15 mg once a day, dicyclomine 20 mg four times
a day, and placebo on cognitive and cardiac func-
tions were investigated [67]. Unlike dicyclomine,
darifenacin had no detectable effects on cognitive or
cardiovascular function.

Darifenacin is currently being evaluated in a
phase III clinical studies.

Solifenacin (YM-905). Solifenacin (YM905) is a
long-acting muscarinic receptor antagonist in devel-
opment for the treatment of overactive bladder. It
has some selectivity for M3 receptors, and it is cur-
rently being investigated in phase III clinical studies.

Drugs acting on membrane channels

Calcium antagonists
Activation of detrusor muscle, through both mus-
carinic receptor and NANC pathways, seems to
require influx of extracellular Ca2+ through Ca2+

channels, as well as via mobilization of intracellular
Ca2+ [1]. The influx of extracellular calcium can be
blocked by calcium antagonists, blocking L-type
Ca2+ channels, and theoretically, this would be an
attractive way of inhibiting detrusor overactivity.
However, there have been few clinical studies of the
effects of calcium antagonists in patients with detru-
sor overactivity (see Andersson et al. [31]).

Available information does not suggest that sys-
temic therapy with calcium antagonists is an effec-
tive way to treat detrusor overactivity, but controlled
clinical trials are lacking. However, the possibility
that intravesical therapy with these drugs could be
useful should not be ignored, nor the fact that
calcium antagonists may enhance the effects of
antimuscarinic agents [1].

Potassium Channel Openers
Opening of K+ channels and subsequent efflux of K+

will produce hyperpolarization of various smooth
muscles, including the detrusor. This leads to a
decrease in Ca2+ influx by reducing the probability
of Ca2+ channels opening with subsequent relaxation
or inhibition of contraction. Theoretically, such
drugs may be active during the filling phase of the

bladder, abolishing bladder overactivity with no
effect on normal bladder contraction. K+ channel
openers, such as pinacidil and cromakalim, have
been effective in animal models [68], but clinically,
the effects have not been encouraging.

The first generation of openers of ATP-sensitive
K+ channels, such as cromakalim and pinacidil, were
found to be more potent as inhibitors of vascular
than of detrusor smooth muscle, and in clinical
trials performed with these drugs, no bladder effects
have been found at doses already lowering blood
pressure. However, new KATP channel openers have
been described, which may be useful for the treat-
ment of bladder overactivity [9].

K+ channel opening is an attractive way of treat-
ing bladder overactivity, since it would make it pos-
sible to eliminate undesired bladder contractions
without affecting normal micturition. However, at
present there is no evidence from controlled clinical
trials to suggest that K+ channel openers represent a
treatment alternative.

Drugs with “Mixed” Actions

Some drugs used to block bladder overactivity have
been shown to have more than one mechanism of
action. They all have a more or less pronounced
antimuscarinic effect and, in addition, an often
poorly defined “direct” action on bladder muscle.
For several of these drugs, the antimuscarinic effects
can be demonstrated at much lower drug concentra-
tions than the direct action, which may involve
blockade of voltage operated Ca2+ channels. Most
probably, the clinical effects of these drugs can be
explained mainly by an antimuscarinic action.

Oxybutynin
Oxybutynin has several pharmacological effects,
some of which seem difficult to relate to its effec-
tiveness in the treatment of detrusor overactivity. It
has both an antimuscarinic and a direct muscle
relaxant effect, and, in addition, local anesthetic
actions. The latter effect may be of importance when
the drug is administered intravesically, but probably
plays no role when it is given orally. In vitro, oxybu-
tynin was 500 times weaker as a smooth muscle
relaxant than as an antimuscarinic agent [69]. Most
probably, when given systemically, oxybutynin acts
mainly as an antimuscarinic drug.

Oxybutynin has a high affinity for muscarinic
receptors in human bladder tissue It was shown to
have higher affinity for muscarinic M1 and M3 recep-
tors than for M2 receptors [70], but the clinical
significance of this is unclear.
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Oxybutynin is a tertiary amine that is well
absorbed, but undergoes an extensive first-pass
metabolism (biological availability 6% in healthy
volunteers). The plasma half-life of the drug is
approximately 2 hours, but with wide inter-individ-
ual variation [71,72]. Oxybutynin has an active
metabolite, N-desethyl oxybutynin, which has phar-
macological properties similar to those of the parent
compound [73], but which occurs in much higher
concentrations [72]. Therefore, it seems reasonable
to assume that the effect of oral oxybutynin is
exerted to a large extent by the metabolite.

Many controlled studies have shown that oxybu-
tynin is effective in controlling detrusor overactiv-
ity, including hyperreflexia (see reviews by Yarker et
al. [74], Thüroff et al. [38], Wein [63]). The recom-
mended oral dose of the immediate release form is 5
mg twice daily or four times daily, though lower
doses have been used. Thüroff et al. [38] summa-
rized 15 randomized controlled studies on a total of
476 patients treated with oxybutynin. The mean
decrease in incontinence was recorded as 52% and
the mean reduction in frequency for 24 h was 33%.
The overall “subjective improvement” rate was
reported as 74% (range 61–100%). The mean per-
centage of patients reporting side effects was 70
(range 17–93%). Oxybutynin 7.5 to 15 mg/day
significantly improved quality of life for patients
with overactive bladder in a large open multicenter
trial. In this study, patient compliance was 97% and
side effects – mainly dry mouth – were reported by
only 8% of patients [75].

In nursing home residents (n = 75), oxybutynin
did not add to the clinical effectiveness of prompted
voiding in a placebo-controlled, double-blind, cross-
over trial. On the other hand, in another controlled
trial in elderly subjects, oxybutynin with bladder
training was found to be superior to bladder train-
ing alone. Several open studies in patients with
spinal cord injuries have suggested that oxybutynin,
given orally or intravesically, can be of therapeutic
benefit [9].

The therapeutic effect of immediate release oxy-
butynin on detrusor overactivity is associated with
a high incidence of side effects (up to 80% with
oral administration). These are typically antimus-
carinic in nature (dry mouth, constipation, drowsi-
ness, blurred vision) and are often dose-limiting
[76,77]. Oxybutynin passes the blood–brain barrier
and may have effects on the central nervous system
[29,41]. The drug can cause cognitive impairment
[78,79], and this side effect may be particularly
troublesome in the geriatric population [80]. The
effects on the electrocardiogram of oxybutynin
were studied in elderly patients with urinary
incontinence [82]; no changes were found. It

cannot be excluded that the commonly recom-
mended dose 5 mg × 3 is unnecessarily high in
some patients, and that a starting dose of 2.5 mg ×
2 with following dose-titration would reduce the
number of adverse effects [75,81].

Once daily formulations of oxybutynin have
been developed. The oxybutynin ER (Ditropan XL)
uses an osmotic drug delivery system to release the
drug at a controlled rate over 24 h. This formula-
tion overcomes the marked peak to trough fluctua-
tions in plasma levels of both drug and the major
metabolite that occur with immediate release oxy-
butynin [83]. A trend towards a lower incidence of
dry mouth with oxybutynin ER was attributed to
reduced first-pass metabolism and to the mainte-
nance of lower and less fluctuating plasma levels of
drugs. Clinical trials on oxybutynin ER have con-
centrated primarily on comparing this drug with
immediate release oxybutynin [84,85]. Anderson et
al. [84] reported on a multicenter, randomized,
double-blind study on 105 patients with urge
incontinence, or mixed incontinence with a clini-
cally significant urge component. Urge urinary
incontinence episodes were the primary efficacy
parameter. The number of weekly urge inconti-
nence episodes decreased from 27.4 to 4.8 after
controlled release and from 23.4 to 3.1 after imme-
diate release oxybutynin, and total incontinence
episodes decreased from 29.3 to 6 and from 26.3 to
3.8, respectively. Weekly urge incontinence
episodes from baseline to end of study also
decreased to 84% after controlled and 88% after
immediate release oxybutynin. Since only patients
who had previously responded to treatment with
oxybutynin were selected for treatment, these
figures do not represent what can be considered
normal in clinical practice. Dry mouth of any
severity was reported by 68% and 87% of the con-
trolled and immediate release groups, respectively,
and moderate or severe dry mouth occurred in
25% and 46%, respectively.

Appell et al. [62] compared extended release oxy-
butynin chloride 10 mg/day and tolterodine 2 mg
twice daily in a 12-week randomized, double-blind,
parallel-group study in 378 patients with overactive
bladder. Extended release oxybutynin was found to
be significantly more effective than tolterodine in
each of the main outcome measures (number of
episodes of urge incontinence, total incontinence,
and micturition frequency at 12 weeks) adjusted for
baseline, and the rates of dry mouth and other
adverse events were similar in both treatment
groups.

Administered intravesically, oxybutynin has in
several studies been demonstrated to increase
bladder capacity and produce clinical improve-
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ment with few side effects, both in hyperreflexia
and in other types of bladder overactivity, and in
both children and adults [86]. Cognitive impair-
ment can also occur in children treated with
intravesical oxybutynin. Since it was reported that
these effects may differ from those with oral
administration [79], these patients should be
closely monitored.

Oxybutynin has a well-documented efficacy in
the treatment of detrusor overactivity, and is,
together with tolterodine, the drug of first choice in
patients with this disorder.

Dicyclomine
Dicyclomine has attributed to it both a direct relax-
ant effect on smooth muscle and an antimuscarinic
action. Favorable results in detrusor overactivity
have been demonstrated in several studies, per-
formed more than a decade ago, and which do not
satisfy current criteria of good quality RTCs [9].

Even though published experiences of the effect
of dicyclomine on detrusor overactivity are favor-
able, the drug is not widely used, and RTCs docu-
menting its efficacy and side effects are scarce.

Propiverine
Propiverine has been shown to have combined anti-
cholinergic and calcium antagonistic actions
[87,88]. The drug is rapidly absorbed, but has a high
first-pass metabolism. Several active metabolites are
formed, whose pharmacological characteristics
remain to be established. It seems most probable
that these metabolites contribute to the clinical
effects of the drug [89].

Propiverine has been shown in several investiga-
tions to have beneficial effects in patients with
detrusor overactivity [89]. Thüroff et al. [38] col-
lected 9 randomized studies on a total of 230
patients, and found reductions in frequency (30%)
and micturitions per 24 h (17%), a 64 ml increase in
bladder capacity, and a 77% (range 33–80%) subjec-
tive improvement. Side effects were found in 14%
(range 8–42%).

In patients with hyperreflexia, controlled clinical
trials have demonstrated propiverine’s superiority
over placebo [89]. Controlled trials comparing
propiverine, flavoxate and placebo [90], and
propiverine, oxybutynin and placebo [91,93], have
confirmed the efficacy of propiverine, and suggested
that the drug may have equal efficacy and fewer side
effects than oxybutynin.

Stöhrer et al. [92] reported a double-blind, ran-
domized, prospective, multicenter trial comparing
propiverine 15 mg three times a day to placebo in
113 spinal cord injury patients with detrusor

hyperreflexia. Maximal cystometric capacity
increased significantly in the propiverine group, by
an average of 104 ml. Changes in bladder capacity at
first contraction and in maximum bladder contrac-
tion were likewise statistically significant. Bladder
compliance showed a more pronounced increase
under propiverine in comparison to placebo. Sixty-
three percent of patients experienced subjective
improvement with propiverine in comparison with
23% of the placebo group. Dryness of the mouth
(37% in the propiverine and 8% in the placebo
group), and accommodation disorders (28% and 2%
respectively) were reported side effects.

Madersbacher et al. [93] compared the tolerability
and efficacy of propiverine (15 mg three times a
day) oxybutynin (5 mg twice daily) and placebo in
366 patients with urgency and urge incontinence in
a randomized, double-blind placebo-controlled clin-
ical trial. Urodynamic efficacy of propiverine was
judged similar to that of oxybutynin, but the inci-
dence and the severity of dry mouth were judged to
be less with propiverine than with oxybutynin.

Dorschner et al. [94] investigated, in a double-
blind, multicenter, placebo-controlled, randomized
study, the efficacy and cardiac safety of propiverine
in 98 elderly patients (mean age 68 years), suffering
from urgency, urge incontinence or mixed
urge–stress incontinence. After a 2-week placebo
run-in period, the patients received propiverine (15
mg three times a day) or placebo (twice daily) for 4
weeks. Propiverine caused a significant reduction in
micturition frequency (from 8.7 to 6.5) and a
significant decrease in episodes of incontinence
(from 0.9 to 0.3 per day). Resting and ambulatory
electrocardiograms indicated no significant
changes. The incidence of adverse events was very
low (2% dryness of the mouth with propiverine – 2
out of 49 patients).

Propiverine has a documented beneficial effect in
the treatment of detrusor overactivity, and seems to
have an acceptable side effect profile. Its complex
pharmacokinetics with several active, not very well-
characterized metabolites, needs more attention.

Flavoxate
The main mechanism of flavoxate’s effect on smooth
muscle has not been established. The drug has been
found to possess a moderate calcium antagonistic
activity, to have the ability to inhibit phosphodi-
esterase, and to have local anesthetic properties; no
anticholinergic effect has been found [95]. It has
been suggested that pertussis toxin-sensitive G-pro-
teins in the brain are involved in the flavoxate-
induced suppression of the micturition reflex in rats
[96]. Its main metabolite (3-methylflavone-8-
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carboxylic acid, MFCA) has been shown to have low
pharmacological activity [95].

The clinical effects of flavoxate in patients with
detrusor instability and frequency, urge and inconti-
nence have been studied in both open and con-
trolled investigations, but with varying rates of
success [97]. Stanton [98] compared emepronium
bromide and flavoxate in a double-blind, cross-over
study of patients with detrusor instability and
reported improvement rates of 83% and 66% after
flavoxate or emepronium bromide, respectively, both
administered as 200 mg three times daily. In another
double-blind, cross-over study comparing flavoxate
1200 mg/day with that of oxybutynin 15 mg daily in
41 women with idiopathic motor or sensory
urgency, and utilizing both clinical and urodynamic
criteria, Milani et al. [99] found both drugs effective.
No difference in efficacy was found between them,
but flavoxate had fewer and milder side effects. The
lack of placebo arm in these studies reduces the
value of the efficacy conclusions.

Other investigators comparing the effects of
flavoxate with those of placebo, have not been able
to show any beneficial effect of flavoxate at dosages
up to 400 mg three times daily [100–102].

In general, few side effects have been reported
during treatment with flavoxate. On the other hand
its efficacy, compared with other therapeutic alter-
natives, is not well documented.

�-Adrenoceptor antagonists

The normal human detrusor responds to norepi-
nephrine (noradrenaline) by relaxing, probably
because of the effect on both �- and �-adrenocep-
tors (ARs). Stimulation of �2-ARs on cholinergic
neurons may lead to a decreased release of acetyl-
choline, and stimulation of postjunctional �-ARs to
direct relaxation of the detrusor muscle [1].

Drugs stimulating �-ARs have hardly any con-
tractile effects in isolated, normal human detrusor
muscle. However, there is evidence that this may
change in bladder overactivity associated with, for
example, hypertrophic bladder and outflow obstruc-
tion and neurogenic bladders [1]. A significant
subtype selective �1D-AR mRNA upregulation was
found in rats with outflow obstruction [103], but
functional correlates were not reported. It cannot be
excluded that factors such as the degree and dura-
tion of obstruction have an important influence on
the �-ARs in the detrusor, but the functional conse-
quences have not been established.

�-AR antagonists have been used to treat patients
with neurogenic bladders and bladder overactivity
[104–107]; however, the success has been moderate.
Abrams [107] reported results from a placebo-

controlled study (4 weeks’ duration) on the effects
of tamsulosin in 263 patients with supra-sacral
spinal cord lesions and neurogenic lower urinary
tract dysfunction. There was a trend, but no statisti-
cally significant reduction of maximum urethral
pressure with tamsulosin after 4 weeks. In 134
patients who completed a 1-year open-label treat-
ment, significant positive effects, urodynamic as well
as symptomatic, were found. At present no definitive
conclusions can be drawn on the efficacy of �1-AR
antagonists in the treatment of neurogenic bladders
until further information is available.

Lower urinary tract symptoms in women have
been reported to respond favorably to treatment
with �-AR antagonists [108,109]. In a prospective
open study of 34 women with urgency and fre-
quency, evaluated by an expanded AUA (American
Urological Association) symptom score, a combina-
tion of doxazosin and hyoscyamine was found to be
more effective than either drug given alone [110].
The value of such a combination should be evalu-
ated in a controlled clinical trial.

Although �-AR antagonists may be effective in
selected cases of bladder overactivity, convincing
effects documented in RCTs are lacking. In women,
these drugs may produce stress incontinence
[111,112].

�-Adrenoceptor Agonists

In isolated human bladder, non-subtype selective �-
AR agonists such as isoprenaline have a pronounced
inhibitory effect, and administration of such drugs
can increase bladder capacity in humans. However,
the �-ARs of the human bladder were shown to have
functional characteristics typical of neither �1-, nor
�2-ARs [1]. On the other hand, receptor binding
studies using subtype selective ligands suggested
that the �-ARs of the human detrusor are primarily
of �? subtype [113]. In a double-blind investigation
clenbuterol 0.01 mg three times daily was shown to
have a good therapeutic effect in 15 of 20 women
with motor urge incontinence [114]. Other investi-
gators, however, have not been able to show that 
�-ARs agonists represent an effective therapeutic
principle in elderly patients with unstable bladder
[115], or in young patients with myelodysplasia and
detrusor overactivity [116].

Atypical �-AR-mediated responses have been
shown to be mediated by a �3-AR, which has been
cloned, sequenced, expressed in model systems, and
extensively characterized functionally [117]. Both
normal and neurogenic human detrusors were
shown to express �1-, �2-, and �3-AR mRNAs, and
selective �3-AR agonists effectively relaxed both
types of detrusor muscle [118–120]. Thus, it seems

Pharmacologic Approach to Urinary Incontinence and Voiding Disorders 255



that the atypical �-AR of the human bladder may be
the �3-AR. Whether or not this is of importance in
humans, and whether �3-AR stimulation will be an
effective way of treating the overactive bladder, has
yet to be shown in controlled clinical trials.

Antidepressants

Several antidepressants have been reported to have
beneficial effects in patients with detrusor overac-
tivity [121,122]. However, imipramine is the only
drug that has been widely used clinically to treat
this disorder.

Imipramine has complex pharmacological effects,
including marked systemic anticholinergic actions
[123] and blockade of the reuptake of serotonin and
norepinephrine [124], but its mode of action in
detrusor overactivity has not been established [125].
Even if it is generally considered that imipramine is
a useful drug in the treatment of detrusor overactiv-
ity, no good quality RCTs that can document this
have been retrieved.

It has been known for a long time that
imipramine can have favorable effects in the treat-
ment of nocturnal enuresis in children, with a
success rate of 10–70% in controlled trials [125,126].

It is well established that therapeutic doses of tri-
cyclic antidepressants, including imipramine, may
cause serious toxic effects on the cardiovascular
system (orthostatic hypotension, ventricular
arrhythmias). Imipramine prolongs QTc intervals
and has an antiarrhythmic (and proarrhythmic)
effect similar to that of quinidine [127,128].
Children seem particularly sensitive to the car-
diotoxic action of tricyclic antidepressants [123].

The risks and benefits of imipramine in the treat-
ment of voiding disorders do not seem to have been
assessed. Very few studies have been performed
during the last decade [125], and no good quality
RCTs have documented that the drug is effective in
the treatment of detrusor overactivity. However, a
beneficial effect has been documented in the treat-
ment of nocturnal enuresis.

Prostaglandin synthesis inhibitors

Human bladder mucosa has the ability to synthesize
eicosanoids, and these agents can be liberated from
bladder muscle and mucosa in response to different
types of trauma [129]. Even if prostaglandins cause
contraction of human bladder muscle [1], it is still
unclear whether prostaglandins contribute to the
pathogenesis of unstable detrusor contractions.
More important than direct effects on the bladder
muscle may be sensitization of sensory afferent

nerves, increasing the afferent input produced by a
given degree of bladder filling. Involuntary bladder
contractions can then be triggered at a small
bladder volume. If this is an important mechanism,
treatment with prostaglandin synthesis inhibitors
could be expected to be effective. However, clinical
evidence for this is scarce.

Cardozo et al. [130] performed a double-blind
controlled study of 30 women with detrusor insta-
bility using the prostaglandin synthesis inhibitor
flurbiprofen at a dosage of 50 mg three times daily.
The drug was shown to have favorable effects,
although it did not completely abolish detrusor
overactivity. There was a high incidence of side
effects (43%) including nausea, vomiting, headache
and gastrointestinal symptoms. Palmer [131]
studied the effects of flurbiprofen 50 mg × 4 versus
placebo in a double-blind, cross-over trial in 37
patients with idiopathic detrusor instability (27% of
the patients did not complete the trial). Active treat-
ment significantly increased maximum contractile
pressure, decreased the number of voids and
decreased the number of urgent voids compared to
baseline. Indomethacin 50–100 mg daily was
reported to give symptomatic relief in patients with
detrusor instability, compared with bromocriptine
in a randomized, single-blind, cross-over study
[132]. The incidence of side effects was high, occur-
ring in 19 of 32 patients. However, no patient had to
stop treatment because of side effects.

The paucity of controlled clinical trials on the
effects of prostaglandin synthesis inhibitors in the
treatment of detrusor overactivity, and the limited
number of drugs tested, makes it difficult to evaluate
their therapeutic value. No new information has
been published during the last decade.

Vasopressin Analogues

Desmopressin
Desmopressin (1-desamino-8-D-arginine vaso-
pressin; DDAVP) is a synthetic vasopressin analogue
with a pronounced antidiuretic effect, but practi-
cally lacking vasopressor actions. It is now widely
used as a treatment for primary nocturnal enuresis
[133]. Studies have shown that one of the factors
that can contribute to nocturnal enuresis in chil-
dren, and probably in adults, is lack of a normal
nocturnal increase in plasma vasopressin, which
results in high nocturnal urine production
[134–137]. By decreasing the nocturnal production
of urine, beneficial effects may be obtained in enure-
sis and nocturnal polyuria.

Several, controlled, double-blind investigations
have shown intranasal administration of desmo-
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pressin to be effective in the treatment of nocturnal
enuresis in children [126,138,139]. The dose used in
most studies has been 20 μg intranasally at bedtime.
However, the drug is orally active, even if the
bioavailability is low (less than 1% compared to
2–10% after intranasal administration), and its oral
efficacy in primary nocturnal enuresis in children
and adolescents has been documented in random-
ized, double-blind, placebo-controlled studies
[140,141].

Positive effects of desmopressin on nocturia in
adults have been documented. Nocturnal frequency
and enuresis due to bladder instability responded
favorably to intranasal desmopressin therapy even
when previous treatment with “antispasmodics” had
been unsuccessful [142]. In patients with multiple
sclerosis, desmopressin was shown in controlled
studies to reduce nocturia, and micturition fre-
quency [143–146]. Furthermore, desmopressin was
shown to be successful in treating nocturnal enure-
sis in spina bifida patients with diurnal incontinence
[147]. Oral desmopressin has proved to be effective
in the treatment of nocturia with polyuric origin. In
addition to prolonging sleep duration to first void,
desmopressin reduced the number and frequency of
nocturnal voids and nocturnal urine volume in both
men and women [148,149].

Desmopressin is a well-documented therapeutic
alternative in pediatric nocturnal enuresis, and
seems to be effective also in adults with nocturia
with polyuric origin. Even if side effects are uncom-
mon, there is a risk of water retention and hypona-
tremia during desmopressin treatment [150,151],
and due consideration should be given to this
potential side effect, particularly in elderly patients.

Other Drugs

Baclofen
Baclofen is considered to depress monosynaptic and
polysynaptic motor neurons and interneurons in the
spinal cord by acting as a GABA receptor agonist,
and has been used in voiding disorders, including
detrusor hyperreflexia secondary to lesions of the
spinal cord [37]. The drug may also be an alternative
in the treatment of idiopathic detrusor overactivity
[152]. However, published experience with the drug
is limited.

Intrathecal baclofen may be useful in patients
with spasticity and bladder dysfunction [153].

Capsaicin and Resiniferatoxin
Capsaicin, the pungent ingredient of red peppers,
has identified a pharmacological classification of

subpopulations of primary afferent neurons inner-
vating the bladder and urethra, the “capsaicin-sensi-
tive nerves”. Capsaicin exerts a biphasic effect on
sensory nerves: initial excitation is followed by a
long-lasting blockade which renders sensitive
primary afferents (C-fibers) resistant to activation
by natural stimuli [154]. It is believed that capsaicin
exerts these effects by acting on specific receptors,
“vanilloid” receptors [155]. It is possible that cap-
saicin at high concentrations (mM) has additional,
nonspecific effects [156].

Intravesical capsaicin has been used with success
in bladder overactivity caused by neurological dis-
orders such as multiple sclerosis, or traumatic
chronic spinal lesions. The effect of treatment may
last for 2 to 7 months [157–159]. However, negative
results have also been reported [160].

Side effects of intravesical capsaicin include dis-
comfort and a burning sensation at the pubic/ure-
thral level during instillation, an effect that can be
overcome by prior instillation of lidocaine, which
does not interfere with the beneficial effects of cap-
saicin [161]). No premalignant or malignant
changes in the bladder have been found in biopsies
of patients who had repeated capsaicin instillations
for up to 5 years [159].

Resiniferatoxin is a phorbol related diterpene, iso-
lated from some species of Euphorbia, a cactus-like
plant. It has effects similar to those of capsaicin.
Given intravesically, resiniferatoxin has been shown
to be approximately 1000 times more potent than
capsaicin in stimulating bladder activity [162].

Lazzeri et al. [163] instilled resiniferatoxin intrav-
esically in 15 subjects, including 8 normal subjects
and 7 with bladder over activity (6 with
hyperreflexia). Resiniferatoxin (10 nM concentra-
tion) did not produce any warm or burning sensa-
tion suprapubically. In the patients with bladder
overactivity, but not in the normal subjects, the
mean bladder capacity increased significantly
immediately after resiniferatoxin treatment.
However, this effect remained in only 2 out of the 7
patients 4 weeks after the instillation. Higher doses
(50 and 100 nM) were used by Cruz et al. [164], who
treated 7 patients with hyperreflexia with intravesi-
cal resiniferatoxin. They found no temporary deteri-
oration of urinary symptoms, as seen with
capsaicin, and found improvement in urinary fre-
quency in 5 of the patients that lasted up to 3
months. The beneficial effect of resiniferatoxin has
been confirmed in other studies [165,166]. These
observations make resiniferatoxin an interesting
alternative to capsaicin, but further investigations
are needed to explore its clinical potential. Currently
it is not in clinical development owing to formula-
tion problems.
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Drugs Used for Treatment of
Stress Incontinence
Factors which may contribute to urethral closure
include urethral smooth muscle tone and the
passive properties of the urethral lamina propria, in
particular the vascular submucosal layer. The rela-
tive contribution to intraurethral pressure of these
factors is still subject to debate. However, there is
ample pharmacological evidence that a substantial
part of urethral tone is mediated through stimula-
tion of �-ARs in the urethral smooth muscle by
released norepinephrine [1]. A contributing factor
to stress incontinence, mainly in elderly women
with lack of estrogen, may be lack of mucosal func-
tion. The role of striated urethral and pelvic floor
muscles has not yet been established.

The pharmacological treatment of stress inconti-
nence (Table 23.4) aims at increasing intraurethral
pressure by increasing tone in the urethral smooth
muscle, or by affecting tone of the striated muscles
in the urethra and pelvic floor (see below). Although
several drugs may contribute to such an increase in
intraurethral pressure, including �-AR antagonists
and imipramine, only �-AR agonists and estrogens
(see below), alone or together, have been more
widely used.

�-Adrenoceptor Agonists

Although several drugs with agonistic effects on �-
ARs have been used in the treatment of stress incon-
tinence, for example midodrine [167,168] and
norfenefrine [169], ephedrine and norephedrine
seem to be the most widely used drugs. Ephedrine,

pseudoephedrine (a stereoisomer of ephedrine),
and norephedrine (phenylpropanolamine, PPA)
directly stimulate �- as well as �-ARs, but can also
release norepinephrine from adrenergic nerve ter-
minals. They have all been reported to be effective in
stress incontinence, as found in open and controlled
clinical trials, ephedrine at a dose of 25 to 50 mg 3–4
times daily, and PPA at a dose of 50 to 100 mg 2–3
times daily. These drugs lack selectivity for urethral
�-ARs, and may increase blood pressure. They also
can cause sleep disturbances, headache, tremor and
palpitations. Long-term experience with the drugs is
lacking. It has been pointed out that individuals
taking PPA might have an initial increase in blood
pressure that can be dangerous, and it should be
noted that the FDA has asked manufacturers to vol-
untarily stop selling PPA-containing drugs and
replace the ingredients with a safer alternative.
Judging from the clinical benefit documented with
PPA and the possible risks, this drug (and probably
drugs with similar action) should not be used [9].

Radley et al. [170] evaluated the effect of the
selective �1-AR agonist, methoxamine, in a random-
ized, double-blind, placebo-controlled, cross-over
study on a group of women with genuine stress
incontinence while measuring maximum urethral
pressure (MUP), blood pressure, heart rate, and
symptomatic side effects. Methoxamine evoked non-
significant increases in MUP and diastolic blood
pressure, but caused a significant rise in systolic
blood pressure and significant fall in heart rate at
maximum dosage. Systemic side effects including
piloerection, headache, and cold extremities were
experienced in all subjects. The authors suggested
that the clinical usefulness of direct, peripherally
acting subtype-selective �1-AR agonists in the
medical treatment of stress incontinence may be
limited by side effects.

�-AR agonists has been used in combination with
estrogens, and with other nonsurgical treatments of
stress incontinence, such as pelvic floor exercises
and electrical stimulation. Even if this type of treat-
ment can be effective in women with mild stress
incontinence or in those not suitable for surgery, the
risks with PPA and related compounds (see above)
do not seem to warrant their use as single drug
therapy or in combination with estrogen. In care-
fully selected patients, selective �1-AR agonists may
be used on an “on demand” basis in certain situ-
ations known to provoke leakage.

�-Adrenoceptor Antagonists

The theoretical basis for the use of �-AR antagonists
in the treatment of stress incontinence is that block-

Table 23.4 Drugs used in the treatment of stress incontinence.
Assessments according to the Oxford system (modified)

Level of evidence Grade of 
recommendation

Alpha-adrenoceptor agonists
Ephedrine 3 C
Norephedrine 
(phenylpropanolamine, PPA) 2 NR

Other drugs
Imipramine 4 Ca

Clenbuterol 4 C
(Duloxetine) Under

investigation

Hormones
Estrogens 2 D

NR, not recommended.
a Should be used with caution.
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ade of urethral �-ARs may enhance the effects of
norepinephrine on urethral �-ARs. Even though
propranolol has been reported to have beneficial
effects in the treatment of stress incontinence
[171,172], there are no RCTs supporting such an
action.

Imipramine

Imipramine, among several other pharmacological
effects, inhibits the reuptake of norepinephrine and
serotonin in adrenergic nerve ending. In the
urethra, this can be expected to enhance the con-
tractile effects of norepinephrine on urethral
smooth muscle. Theoretically, such an action may
also influence the striated muscles in the urethra
and pelvic floor by effects at the spinal cord level
(Onuf ’s nucleus).

Gilja et al. [173] reported in an open study on 
30 women with stress incontinence that imipramine,
75 mg daily, produced subjective continence in 
21 patients and increased mean maximal urethral
closure pressure (MUCP) from 34 to 48 mmHg. Lin
et al. [174] assessed the efficacy of imipramine 
(25 mg imipramine three times a day for 3 months)
as a treatment for genuine stress incontinence in 
40 women with genuine stress incontinence. A 
20-minute pad test, uroflowmetry, filling and
voiding cystometry, and stress urethral pressure
profile were performed before and after treatment.
The efficacy of successful treatment was 60% (95%
CI 44.8–75.2). No RCTs on the effects of imipramine
seem to be available.

Clenbuterol

Since �-AR antagonists have been used as a treat-
ment for stress incontinence, it seems paradoxical
that the selective �2-AR agonist, clenbuterol, was
found to cause significant clinical improvement
and increase in MUCP in 165 women with stress
incontinence [175]. The study was double-blind
and placebo-controlled. The number of patients
reporting any degree of improvement was 56 
(out of 77) in the clenbuterol group and 48 (out of
88) in the placebo group, and the changes in
MUCP was 3.3 cmH2O in the clenbuterol and 
–1.5 cmH2O in the placebo group. The positive
effects were suggested to be the result of an action
on urethral striated muscle and/or the pelvic floor
muscles.

Ishiko et al. [176] investigated the effects of clen-
buterol on 61 female patients with stress inconti-
nence in a 12-week randomized study, comparing

drug therapy to pelvic floor exercises and a combi-
nation of drug therapy and pelvic floor exercises.
The frequency and volume of stress incontinence
and the patient’s own impression were used as the
basis for the assessment of efficacy. The improve-
ment of incontinence was 76.9%, 52.6%, and 89.5%
in the respective groups. Further well-designed
RTCs documenting the effects of clenbuterol are
needed to adequately assess its potential as a treat-
ment for stress incontinence as it is possible that
this agent may have a novel, as yet undefined mech-
anism of action.

Duloxetine

Duloxetine, a combined norepinephrine and 5-HT
reuptake inhibitor, has been shown, in animal exper-
iments, to increase the neural activity to the external
urethral sphincter, and increase bladder capacity
through effects on the central nervous system [177].
In a double-blind, placebo-controlled study in
women with stress (n = 140) or mixed (n = 146)
incontinence, duloxetine (20–40 mg four times a
day) was shown to cause significant improvements
in several efficacy measures (ICS 1 h stress pad test,
24 h pad weight, number of incontinence episodes,
quality of life assessment [178]). The drug was well
tolerated and there were few discontinuations due to
side effects (8% for duloxetine, 3% for placebo).

The drug is still undergoing clinical trials.

Drugs Used for Treatment of
Overflow Incontinence
According to the definition of the ICS (1997),
overflow incontinence is “leakage of urine at greater
than normal bladder capacity. It is associated with
incomplete bladder emptying due to either impaired
detrusor contractility or bladder outlet obstruc-
tion”. Two types of overflow incontinence are recog-
nized, one as a result of mechanical obstruction, and
the other secondary to functional disorders.
Occasionally both types can coexist.

The clinical presentation of overflow incontinence
may vary depending on the age of the patient and
the cause of the incontinence. In children, overflow
incontinence can be secondary to congenital
obstructive disorders (e.g. urethral valves) or to
neurogenic vesical dysfunction (myelomeningocele,
Hinman syndrome). In adults, overflow inconti-
nence may be associated with outflow obstruction
secondary to benign prostatic hyperplasia (BPH) or
can be a consequence of diabetes mellitus. Mixed
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forms may be seen in disorders associated with
motor spasticity (e.g. Parkinson’s disease).

Pharmacologic treatment (Table 23.5) should be
based on previous urodynamic evaluation. The aim
of treatment is to prevent damage to the upper
urinary tract by normalizing voiding and urethral
pressures. Drugs used for increasing intravesical
pressure, i.e. “parasympathomimetics” (acetyl-
choline analogues such as bethanechol, or acetyl-
choline esterase inhibitors), or �-AR antagonists,
have not been documented to have beneficial effects
(see Finkbeiner [179], Wein [4]). Stimulation of
detrusor activity by intravesical instillation of
prostaglandins has been reported to be successful;
however, the effect is controversial and no RCTs are
available [4].

The “autonomous” contractions in patients with
parasympathetic decentralization are probably
mediated by �-AR mediated bladder activity, since
they can be inhibited by �-AR antagonists [180].
The �-AR antagonist that has been most widely
used is probably phenoxybenzamine [181–183].
However, uncertainties about the carcinogenic
effects of this drug, and its side effects, have focused
interest on selective �1-AR antagonists such as 
prazosin [184].

Other means of decreasing outflow resistance in
these patients, particularly if associated with spas-
ticity, are baclofen, benzodiazepines (e.g. diazepam)
and dantrolene sodium (see Wein [4]).

Hormonal Treatment of Urinary
Incontinence

Estrogens and the Continence Mechanism
The estrogen-sensitive tissues of the bladder,
urethra and pelvic floor all play an important role in
the continence mechanism. For a woman to remain
continent the urethral pressure must exceed the
intravesical pressure at all times except during mic-
turition. The urethra has four estrogen-sensitive
functional layers which all play a part in the mainte-
nance of a positive urethral pressure: (1) epithelium,
(2) vasculature, (3) connective tissue, (4) muscle.

Estrogens in the Treatment of Urinary
Incontinence
There are a number of reasons why estrogens may
be useful in the treatment of women with urinary
incontinence. As well as improving the “maturation
index” of urethral squamous epithelium [185],
estrogens increase urethral closure pressure and
improve abdominal pressure transmission to the
proximal urethra [186–188]. The sensory threshold
of the bladder may also be raised [189].

Lose and Englev [190] evaluated the effect of
estrogens in 251 postmenopausal women, with a
mean age of 66 years, reporting at least one bother-
some lower urinary tract symptom in an open, ran-
domized, parallel group, controlled trial. One
hundred and thirty-four women were treated with
the estradiol-releasing ring for 24 weeks; 117 women
were treated with estriol pessaries 0.5 mg every
second day for 24 weeks. Subjective scores of
urgency, frequency, nocturia, dysuria, stress inconti-
nence and urge incontinence were evaluated. The
two treatments were equally efficacious in alleviat-
ing urinary urgency (51% versus 56%), urge inconti-
nence (58% versus 58%), stress incontinence (53%
versus 59%) and nocturia (51% versus 54%). The
authors concluded that low dose vaginally adminis-
tered estradiol and estriol are equally efficacious in
alleviating lower urinary tract symptoms which
appear after the menopause. The lack of a placebo
group makes the improvement rates difficult to 
evaluate.

Estrogens for Stress Incontinence
The role of estrogen in the treatment of stress
incontinence has been controversial, even though
there are a number of reported studies (see Hextall
[191]). Some have given promising results but this
may be because they were observational, not ran-
domized, blinded or controlled. The situation is
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Table 23.5 Drugs used in the treatment of overflow incontinence.
Assessments according to the Oxford system (modified)

Level of evidence Grade of 
recommendation

Alpha-adrenoceptor antagonists
Alfuzosin 4 C
Doxazosin 4 C
Prazosin 4 C
Terazosin 4 C
Tamsulosin 4 C
a(Phenoxybenzamine) 4 NR

Muscarinic receptor agonists
Bethanechol 4 D
Carbachol 4 D

Anticholinesterase inhibitors
Distigmine 4 D
Other drugs
Baclofen 4 C
Benzodiazepines 4 C
Dantrolene 4 C

NR, not recommended.
a Should be used with caution.



further complicated by the fact that a number of dif-
ferent types of estrogen have been used with
varying doses, routes of administration and dura-
tions of treatment. Fantl et al. [192] treated 83 hypo-
estrogenic women with urodynamic evidence of
genuine stress incontinence and/or detrusor insta-
bility with conjugated equine estrogens 0.625 mg
and medroxyprogesterone 10 mg cyclically for 3
months. Controls received placebo tablets. At the
end of the study period the clinical and quality if life
variables had not changed significantly in either
group. Jackson et al. [193] treated 57 post-
menopausal women with genuine stress inconti-
nence or mixed incontinence with estradiol valerate
2 mg or placebo daily for 6 months. There was no
significant change in objective outcome measures
although both the active and placebo group
reported subjective benefit.

There have been two meta-analyses performed
which have helped to clarify the situation further. In
the first, a report by the Hormones and Urogenital
Therapy (HUT) committee, the use of estrogens to
treat all causes of incontinence in postmenopausal
women was examined [194]. Of 166 articles
identified which were published in English between
1969 and 1992, only 6 were controlled trials and 17
uncontrolled series. The results showed that there
was a significant subjective improvement for all
patients and those with genuine stress incontinence.
However, assessment of the objective parameters
revealed that there was no change in the volume of
urine lost. Maximum urethral closure pressure did
increase significantly, but this result was influenced
by only one study showing a large effect. In the
second meta-analysis, Sultana and Walters [195]
reviewed 8 controlled and 14 uncontrolled prospec-
tive trials and included all types of estrogen treat-
ment. They also found that estrogen therapy was not
an efficacious treatment of stress incontinence, but
may be useful for the often associated symptoms of
urgency and frequency.

Estrogen when given alone, therefore, does not
appear to be an effective treatment for stress incon-
tinence. However, several studies have shown that it
may have a role in combination with other therapies
(for combination with a-AR agonists, see above). In
a randomized trial, Ishiko et al. [196] compared the
effects of the combination of pelvic floor exercise
and estriol (1 mg/day) in 66 patients with post-
menopausal stress incontinence. Efficacy was evalu-
ated every 3 months based on stress scores obtained
from a questionnaire. They found a significant
decrease in stress score in mild and moderate stress
incontinence patients in both groups 3 months after
the start of therapy and concluded that combination
therapy with estriol plus pelvic floor exercise was

effective and capable of serving as first-line treat-
ment for mild stress incontinence.

Estrogens for Urge Incontinence
Estrogen has been used to treat postmenopausal
urgency and urge incontinence for many years, but
there are few controlled trials confirming that it is
of benefit [191].

A double-blind multicenter study of 64 post-
menopausal women with the “urge syndrome” has
failed to confirm its efficacy [197]. All women
underwent pre-treatment urodynamic investigation
to establish that they had either sensory urgency or
detrusor instability. They were then randomized to
treatment with oral estriol 3 mg daily or placebo for
3 months. Compliance was confirmed by a
significant improvement in the maturation index of
vaginal epithelial cells in the active but not the
placebo group. Estriol produced subjective and
objective improvements in urinary symptoms, but it
was not significantly better than placebo. Grady 
et al. [198] determined whether postmenopausal
hormone therapy improves the severity of urinary
incontinence. in a randomized, blinded trial among
2763 postmenopausal women younger than 80 years
with coronary disease and intact uteri. The report
included 1525 participants who reported at least one
episode of incontinence per week at baseline.
Participants were randomly assigned to 0.625 mg of
conjugated estrogens plus 2.5 mg of medroxyprog-
esterone acetate in one tablet daily (n = 768) or
placebo (n = 757) and were followed for a mean of
4.1 years. Severity of incontinence was classified as
improved (decrease of at least two episodes per
week), unchanged (change of at most one episode
per week), or worsened (increase of at least two
episodes per week). The results showed that inconti-
nence improved in 26% of the women assigned to
placebo compared with 21% assigned to hormones,
while 27% of the placebo group worsened compared
with 39% of the hormone group (p = 0.001). This
difference was evident by 4 months of treatment and
was observed for both urge and stress incontinence.
The number of incontinent episodes per week
increased an average of 0.7 in the hormone group
and decreased by 0.1 in the placebo group 
(p < 0.001). The authors concluded that daily 
oral estrogen plus progestin therapy was associated
with worsening urinary incontinence in older 
postmenopausal women with weekly incontinence,
and did not recommend this therapy for the 
treatment of incontinence. It cannot be excluded
that the progestagen component had a negative
influence on the outcome of this study.

Estrogen has an important physiological effect on
the female lower urinary tract and its deficiency is
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an etiological factor in the pathogenesis of a
number of conditions. However, the use of estrogens
alone to treat urinary incontinence has given disap-
pointing results.
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Introduction
Urinary incontinence is estimated to affect nearly
40% of older women. While it is widely accepted
that the prevalence of urinary incontinence is high
in older women [1], the few longitudinal studies
that included younger women have shown a sur-
prising prevalence in younger age groups, with only
minimal increases in prevalence as age increases
(peaking in the fifth decade) [2–5]. Further, in
studies comparing gender differences, women older
than 60–65 years have urinary incontinence preva-
lence rates 1.5 to 2 times that of same aged men
[6,7]; the gender difference is even greater (3 to 7
times) in younger women, 25 to 64 years old [4]. The
earlier age of onset magnifies the potential impact
that urinary incontinence has on years of healthy
life in women compared to men. Women are not
only much more likely to become incontinent than
men, but will also live a much larger portion of their
life with urinary incontinence than will men.

Psychological Impact of Urinary
Incontinence
Incontinence may impact on both men and women
to varying degrees, ranging from a minor nuisance
to a severe limitation. Restrictions in physical activ-
ity [8,9], stress, frustration, thoughts of suicide [10],
confusion, depression, anger, decreased well-being
[11], low self-esteem, social isolation, and impaired
sleep [12,13] have all been reported by incontinent
individuals. Despite health care professionals’
awareness of the negative impact of incontinence on

quality of life, treatment of the problem may be less
than optimum, partly due to misunderstandings
about the significant effect that simple behavioral
interventions may have. In many cases, non invasive
conservative treatment initiated by family physi-
cians, specialist nurses or physiotherapists is highly
effective and long-lasting [14–16].

Current Status of Behavioral
Research and Urinary
Incontinence
Behavioral strategies include a variety of
approaches intended to change continence status
and require a degree of willingness on the part of
the woman to incorporate lifestyle adjustments into
her daily routine. The most frequently recom-
mended strategies include fluid adjustment, caffeine
elimination, bowel management, pelvic floor muscle
exercises (PFME), and bladder training. The
research to date addressing behavioral strategies
(also called conservative strategies or lifestyle
adjustments) is limited by several design issues,
including subjective outcome measures, no stan-
dardized protocols, lack of control groups, and
small heterogeneous samples. Thus, it is difficult to
state unequivocally that behavioral strategies for
urinary incontinence are highly effective.
Nevertheless, continence experts across disciplines
agree that, in nearly all cases, conservative treat-
ment provides some benefit and should be the first-
line approach to urinary incontinence treatment in
all women, except those with severe prolapse
[17–20].

24 Behavioral Strategies for the Treatment of
Urinary Incontinence in Women
K.N. Moore and A. Saltmarche
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Assessment at the Primary Care
Level

History

Women who overcome the embarrassment and
shame associated with urinary incontinence will
usually approach their family physician as a first
step in treatment. There is good evidence that initial
assessment and conservative intervention by the
family physician is very effective, long-lasting, and
significantly reduces the psychosocial impact of
incontinence [14,16,21,22]. All programs of behav-
ioral intervention begin with a detailed history
about all medical or associated conditions. Sensitive
questioning about symptoms, a detailed history, and
a focused physical examination including a pelvic
assessment, rectal examination, and brief neurologi-
cal examination are required to make an initial 
diagnosis.

The most useful classification of incontinence for
initial management is symptom-based: overactive
bladder (urge incontinence), stress urinary inconti-
nence, or overflow incontinence. Note that a
definitive diagnosis requires a detailed, expert
assessment, including urodynamics, and is
described in detail in other chapters of this book.

Overactive Bladder
Typically, women with overactive bladder describe
nocturia more than twice a night, as well as urgency
and an inability to delay the urge more than just a
few minutes. Such symptoms, however, should not
be confused with urinary tract infection; urethritis;
atropic vaginitis; or stress, mixed, or overflow incon-
tinence. Behavioral strategies combined with anti-
cholinergic/antimuscarinic drug therapy can be
highly effective in the treatment of overactive
bladder.

Stress Urinary Incontinence
Women suffering from pure stress incontinence
usually describe incontinence with increased
abdominal pressure but no leakage at night and no
nocturia. A 24-hour bladder diary is an effective tool
for discriminating between stress and urge inconti-
nence in women with incontinence. The number of
night-time voids is the best factor in separating the
two groups [23]. Strategies to increase the ability of
the pelvic floor muscles to withstand increases in
abdominal pressure, possibly combined with alpha
agonists, are the choice of management of stress
urinary incontinence.

Overflow Incontinence
Overflow incontinence or incomplete emptying may
also present with mixed symptoms of urgency, a
feeling that the bladder is never empty, and/or
leakage with increased abdominal pressure. The
most effective treatment for overflow incontinence
is clean intermittent self-catheterization.
Pharmacologic therapy with cholinergic stimulators
is rarely effective.

Table 24.1 outlines the symptom presentation,
presumed etiology, and usual treatment strategies at
the primary care level. Note that more than one type
of incontinence may be present (for example, mixed
urge and stress urinary incontinence). As the
bladder can be an “unreliable witness” [24,25], if the
initial strategies discussed in this chapter are not
effective, referral to a specialist and urodynamic
testing are warranted.

Assessment

As well as a physical examination to assess pelvic
muscle tone, sensation, and contractile ability, the
initial incontinence assessment should include uri-
nalysis and post-void residual. A clinical rating scale
for pelvic floor muscle strength such as that shown
in Table 24.2 can help in the initial and follow-up
documentation of progress [26]. In addition, a fluid
volume chart (also called a frequency volume chart,
voiding diary, bladder diary, bladder record) is part
of the initial continence assessment (Table 24.3).
The fluid volume chart is a reliable tool for assessing
voiding patterns and fluid intake over 24 hours to 7
days (average 48 hours), even without detailed
instruction from the health care provider [27,28].
Over a set period, the subject records the amount of
fluid consumed (in ml), the amount of each void (in
ml), and the situations in which leakage occurred. A
7-day dietary and stool record will be helpful if con-
stipation is identified as a problem.

For a cognitively able and motivated person, the
frequency/volume chart poses little problem. For
people with cognitive limitations, obtaining a true
estimate of the frequency and volume of micturi-
tions may be a challenge. Another limitation is that
individuals may put down what they “think” the
practitioner wants to know, rather than what the real
situation is, or they may guess at the amounts rather
than measuring them. Finally, the chart is limited by
the activities in which the individual engages, such
as sitting in an armchair or digging in the garden.
Such limitations can be minimized by fully explain-
ing the purpose of the chart, providing the person
with an easy-to-read measuring receptacle, and
keeping the record for more than one day to capture
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the individual’s typical urine flow, leakage patterns,
and activities that provoke leakage.

Finally, assessment should include some determi-
nation of cognitive ability, ability to adhere to a
behavioral regimen, and the impact of urinary
incontinence on the woman’s quality of life.

Behavioral Strategies
Frequently recommended conservative or behav-
ioral strategies include: fluid adjustment, caffeine
reduction, smoking cessation, weight reduction,

regular moderate physical exercise, bowel manage-
ment, bladder training, and pelvic floor muscle exer-
cises [20,29].

Fluid Adjustment

Frequency and incontinence may not be related to
fluid intake, although fluid intake is related to
voided volume [30,31]. A relationship between
evening fluid intake and night-time incontinence or
voiding in elderly people with urge incontinence
suggests that evening fluid restriction and night-
time toileting may help [30]. In a study to evaluate
the effects of fluid intake on urine loss, Dowd and
colleagues [32] randomized women to one of three
groups – increase fluid by 500 ml, reduce fluid by
300 ml, or remain the same. Small sample size (n =
32) and poor adherence to the fluid volume record
resulted in non-significant results. Subjectively,
however, the authors reported that women who
increased their fluid intake reported fewer incidents
of leakage.
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Table 24.1 Symptom presentation and usual treatment strategies at the primary care level

Presumed etiology Description Treatment options at the primary care level

Overactive bladder Loss of urine associated with a strong desire medication review
(urge incontinence) to void; may be accompanied by frequency Bladder training, timed toileting, fluid management,

and nocturia; nocturia is typically described Constipation management.
by women with overactive bladder but Pelvic muscle exercises (PFME)
not by those with stress urinary incontinence PFME + biofeedback

Electrical stimulation (10–20 Hz)
Estrogen therapy
Anticholinergic/antimuscarinic medications
Incontinence pads
Environmental modifications such as bedside commodes,
night lights and clearly marked toilets

Stress Loss of urine on physical exertion or increases Weight loss, fluid increase/decrease, smoking cessation
in abdominal pressure due to laughing, Constipation management 
coughing, sneezing, etc., due to sphincter PFME
deficiency; women with stress incontinence PFME + biofeedback
are usually dry at night and do not complain Electrical stimulation (>30 Hz)
of nocturia. Pessary (occasionally) 

Alpha agonists

Mixed Loss of urine with urge and also with increases Combination of above conservative measures,
in abdominal stress; symptoms are mixed with with an initial focus on the dominant symptom
urgency, frequency, nocturia, leaking with 
increased abdominal pressures

Overflow Leakage associated with bladder distension; Refer 
leak with increased abdominal pressure; may Intermittent catheterization
be confused with stress incontinence; due to Relief of obstruction
acontractile or poorly contractile detrusor or Medication review
outlet obstruction; chronic retention is usually Alpha adrenergic antagonists
painless Last resort: indwelling catheter

Table 24.2 Clinical rating scale for pelvic floor muscle strength 

0 No palpable muscle contraction
1 Flicker (barely able to detect)
2 Weak but clearly perceived
3 Moderate
4 Good
5 Strong



Caffeine Reduction

There are drugs such as caffeine that can directly
affect the partially decompensated lower urinary
tract and precipitate urgency or incontinence. The
relationship between caffeine intake and inconti-
nence remains unclear. While some have identified
caffeine as a factor in daytime urinary incontinence
[31], others have been unable to identify a clear
association between caffeine and urinary inconti-
nence in community-dwelling women [33] or the
disabled [34]. Creighton and Stanton [35] demon-
strated that 200 mg of caffeine exacerbated unstable
contractions in those individuals with an unstable
bladder, but made no difference in subjects whose
bladders were stable. This oft cited study on the
effect of caffeine on individuals with an unstable
bladder has not been replicated.

Reduction or Cessation of Cigarette
Smoking

The relationship between cigarette smoking and
chronic respiratory problems is irrefutable. Two
large epidemiological studies have demonstrated a
significant risk of incontinence in women over 60
years of age with chronic obstructive pulmonary
disease and chronic respiratory symptoms (cough-
ing and sneezing) [36,37]. Although epidemiological
studies have not confirmed a significant association
between smoking and urinary incontinence in
younger women [33], men aged 50 to 70 who were
smokers and former smokers had a significantly
increased risk of lower urinary tract symptoms
(odds ratio 1.47 and 1.38 respectively) when com-
pared to those who had never smoked [38].

272 Female Pelvic Medicine and Reconstructive Pelvic Surgery

Table 24.3 Fluid volume chart

Date:___________________________Name:_____________________________

Time Amount urinated Leakage? Liquid Comments
(Yes or No) intake

6–8 a.m.

8–10 a.m.

10–12 a.m.

12–2 p.m.

2–4 p.m.

4–6 p.m.

6–8 p.m.

8–10 p.m.

10–12 p.m.

Overnight
(Just make a 
check mark 
for night-time 
voids – no 
need to 
measure)

Total in 
24 hours Voids Wet pads Fluid intake



Moreover, two case-control studies have demon-
strated a relationship between cigarette smoking
and both stress and urge incontinence [39]. In
another case-control study comparing 71 smokers
and 118 non-smokers (all with pure stress inconti-
nence), smokers had stronger urethral sphincters, a
lower risk profile (younger and less often hypoestro-
genic), and significantly stronger coughs than non-
smokers [40]. It was concluded that more violent
coughing by smokers promoted the earlier develop-
ment of the anatomic and pressure transmission
defects that contribute to stress urinary inconti-
nence and overcame any protective advantage of a
stronger urethral sphincter.

Weight Reduction

Obesity is a commonly cited risk factor in the devel-
opment and recurrence of urinary incontinence in
women and is independent of obstetric history,
surgery, smoking, and family history [41]. Defined
as greater than 120% of the average weight for
height and age, obesity is significantly more preva-
lent both in women with genuine stress inconti-
nence and in those with detrusor instability than in
the normal population [42]. Women with a positive
stress test on urodynamics may have a significantly
higher body mass index (BMI) than subjects with a
negative stress test [43]. However, the relationship
between weight loss and improvement in symptoms
is unclear. Although women with profound weight
loss after bypass surgery reported a significant
improvement in incontinence [44], more modest
weight loss programs have not led to notable
improvement [20].

Encouraging women to maintain or attain their
ideal weight or to stop smoking are credible health
maintenance goals that might also prevent urinary
incontinence. Women should be made aware of this
potential health benefit. A weight loss or smoking
cessation strategy combined with other behavioral
strategies should be incorporated when reasonable
into a comprehensive treatment plan.

Physical Activity/Regular Exercise

An area that has attracted little research related to
etiology of urinary incontinence is physical activity
associated with repeated or excessive increases in
abdominal pressure. Amongst nulliparous or elite
athletes, incontinence occurs in as many as 33%
[45,46]. What is unclear from the limited literature is
whether exercise or activities exceed the physiologi-
cal threshold of the lower urinary tract, or whether
vigorous exercise represents the insult that causes

those thresholds to degenerate and decompensate.
In terms of prevention of incontinence, there are no
studies of women assessing the impact of regular
(not high impact) exercise. Men aged 40 to 75 who
undertake moderate exercise (walk 2 to 3 hours a
week) have a 25% lower risk of total benign prosta-
tic hyperplasia [47], but whether lower urinary tract
symptoms in women are delayed by exercise is
unknown. Many women limit their activities or stop
exercising because of incontinence, thereby increas-
ing the risk of other weight-related problems. As
exercise has significant health benefits, it should be
encouraged as part of every woman’s healthy
routine.

Bowel Management

Data linking constipation and urinary incontinence
in women relate to the growing body of evidence
linking urinary incontinence, fecal incontinence,
and pelvic organ prolapse to each other and each of
these conditions, in turn, to pelvic floor denervation
and pudendal neuropathy [48–50]. Stretching of the
pudendal nerve is felt to be a major cause of nerve
damage; excessive straining in conjunction with
perineal descent is felt to be the major cause of
nerve stretch. While vaginal childbirth has been
implicated as a major contributing event for urinary
incontinence and pelvic neuropathy [ 50,51], chronic
constipation with repeated prolonged straining
related to defecation may also contribute to progres-
sive neuropathy and dysfunction [52].

Questioning the woman about bowel and flatus
incontinence, information which people do not will-
ingly volunteer unless directly asked, gives a general
idea of the ability to control the pelvic floor muscles.
In one study, 24% of women had urinary inconti-
nence plus fecal incontinence. The majority stated
that stool leakage, although less frequent, was
significantly more devastating than the urinary
incontinence [53]. Discussing fecal incontinence
provides an opportunity to discuss an embarrassing
issue with even more stigma than urinary inconti-
nence, and the information obtained provides the
practitioner and woman with a discussion point on
which to base collaborative goals and expectations
for conservative treatment.

Older women with urinary incontinence have
been shown to be significantly more likely to have
both constipation and fecal incontinence than
women without urinary incontinence, lending
further evidence to the association [36], and consti-
pation is one of several associated risk factors for
incontinence along with obesity, gynecologic
surgery, and parity [54]. Chronic constipation has a
known effect on the bladder outlet causing obstruc-
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tion-like symptoms of reduced urinary flow rate,
increased voiding time, and increased bladder
capacity [55]. The evidence identifying chronic con-
stipation as a risk factor for urinary incontinence
may be sufficient to warrant efforts to identify
young continent women with severe constipation.
As with urinary incontinence, a specialist referral is
required if initial dietary and non-stimulant bowel
preparations are not effective.

Bladder Training

The purpose of bladder training (also called bladder
retraining urge suppression or scheduled voiding) is
to increase the length of time between voiding by
adherence to a particular schedule (usually based on
an individual fluid volume chart). Ultimately conti-
nence and an interval of 3 to 4 hours between voids
should be achieved. The treatment is recommended
for individuals with urgency and urge incontinence.
Bladder training generally comprises three compo-
nents: patient education, scheduled voiding, and
positive reinforcement [17]. Bladder training may be
more effective if combined with other behavioral
methods and anticholinergic or antimuscarinic
medications [56].

Despite having received the most research atten-
tion of all the behavioral strategies, the evidence to
strongly support bladder training as an effective
protocol is moderate at best. Currently, seven ran-
domized controlled trials that included a total of 259

participants have been published [57]. The studies
were of moderate quality and lacked details con-
cerning teaching methods, patient education materi-
als, fluid intake, and concomitant medications. The
trials did not address the importance of ongoing
follow-up, nor were subjects followed on a long-
term basis. Despite the shortcomings of the studies,
the authors (Roe, Williams and Palmer) conclude
that bladder retraining is a useful management
strategy for urge incontinence. Key to success are
good sensation of bladder fullness, adequate pelvic
muscle tone (assessed by a pelvic examination), and
motivation.

Bladder training is effective in many women, but
3 or more months of commitment may be required
before the desired voiding goal is achieved. During
that time, women require ongoing support and
encouragement from the health care professional.
Table 24.4 outlines a protocol for assisting a woman
with a bladder training protocol [58].

Pelvic Floor Muscle Exercises (PFME)

Pelvic floor muscle exercises remain the mainstay of
therapy, especially for stress urinary incontinence.
The purpose of pelvic floor muscle exercises is to
increase the woman’s awareness of pelvic muscle
function and to strengthen the voluntary muscles to
withstand increases in abdominal pressure. Women
without prolapse who follow an intensive exercise
regimen led by a physiotherapist or nurse report
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Table 24.4 Scheduled (timed) voiding for bladder training

1. Establish a voiding pattern by using a “bladder diary” (frequency/volume chart) to record volume of voids, incontinence episodes, and
fluid intake.

2. Determine a voiding interval based on the voiding pattern of the individual. If frequency is more than every 60 minutes, have the
person void every 60 minutes; if less than 60 minutes, start with a 30-minute interval.

3. Teach urge suppression. Pelvic muscle exercises and distraction techniques may help dissipate the urge to void when it is felt.

To control the urge, take a deep breath and relax. Stand still or sit down. Contract your pelvic floor muscles 5 or 6 times. Count backwards
from 100.Wait until the urge passes and then resume your activities. If it is longer than 2 hours since you last used the toilet, proceed
slowly to the toilet to empty your bladder. Rushing to the toilet will make the symptoms of urgency much worse.

Practice pelvic floor muscle exercises. Pelvic muscles form a muscle support system for your bladder and urethra. A physiotherapist or nurse
specializing in continence care can show you the correct method for doing pelvic muscle exercises.

4. Gradually increase the length of time between voids as continence is achieved.

5. Record progress by bladder diary. A daily or weekly bladder diary helps to track progress.

6. Follow up regularly. Bladder retraining requires a lot of work and commitment on the part of the person. Encouragement is important
for success.

Scheduled voiding is successful in many cases. It requires a very motivated, cognitively able individual and a committed nurse.The goal is
to reach normal voiding patterns by increasing bladder capacity. Scheduled voiding should be combined with an adequate intake of non-
caffeinated fluids (approximately 2 liters per day).



significant benefit from pelvic floor muscle exercises
[59–61].

Moreover, at least 70% of women who have an
initial successful outcome from PFME will report a
durable benefit 4 or more years after cessation of
formal exercise training [62,63]. Primiparas ran-
domized to pelvic floor muscle exercises or routine
care had significantly fewer incontinence episodes
during pregnancy and postpartum than the control
group [26]. Pelvic floor muscle exercises have been
compared to vaginal cones, electrical stimulation
[59] and bladder training [61]. In both studies
women who practiced exercises did as well or better
than those following other treatment protocols.
Critical to success of pelvic floor muscle exercises is
teaching, support, and ongoing follow-up by an
experienced health care professional, usually a phys-
iotherapist or nurse. Without adequate instruction,
there is good evidence that between 30 and 70% of
women will be unable to perform an adequate pelvic
muscle contraction [64].

Teaching pelvic floor muscle exercises involves a
pelvic examination with instruction on identifying
the correct muscles and timing of the contrac-
tions. It also involves teaching the woman how to
do a self-vaginal examination so that she may
assess her progress. Experts have also begun to
systematically teach women to contract their
pelvic floor muscles before the leak-provoking
event. Older women with mild to moderate stress
incontinence, randomized to pre-event contrac-
tions (also called the “Knack”) reported
significantly reduced urine loss from a medium
and deep cough compared to the control group
[65]. Variation is found between practitioners
about the frequency, type, and duration of each
exercise session with ranges between 45 and 400
times per day [29]. The Canadian Continence
Foundation recommends 3 sets of exercises per
day, totaling no more than 50 contractions per day,
based on the work of Bø, Kvarstein, Hagan and
Larsen [66]. Figure 24.1 shows the basic pelvic
floor muscle instruction sheet that the Canadian
Continence Foundation provides. This basic infor-
mation is best combined with physiotherapy or
nursing expertise.

Adjuncts to Pelvic Floor Muscle Exercises

There is also modest evidence from case series or
non-controlled studies that continence is regained
more rapidly when PFME are augmented with
electrical stimulation, biofeedback, or transcuta-
neous electrical nerve stimulation (TENS). Vaginal

cones are also promoted as an adjunct to enhance
the performance of pelvic muscle contractions.
However, recent reviews have questioned the use
of cones as a treatment modality, finding that
pelvic floor muscle exercises were equally effective
[67–69]. In practice, the foreign feel of the cone in
the vagina may be useful for certain women who
have difficulty isolating the pelvic floor muscles (a
Foley catheter with a balloon inflated 20 to 30 ml
may also serve the purpose). Other studies consid-
ering adjunct therapies such as biofeedback and
electrical stimulation are described in detail in
Chapter 25.

Intermittent Catheterization

Traditional behavioral strategies for women with
overflow incontinence or incomplete emptying
include double voiding, voiding on a regular basis,
Valsalva maneuver, external compression, trigger
points, and sitting in or having warm water poured
over the perineum. None of these methods have
been systematically tested for their effectiveness for
incomplete emptying. There is good evidence that
bladder health and complete emptying can be
achieved with intermittent catheterization. In the
community, the procedure is clean, with catheters
being reused after washing with soap and water
[17]. It is currently recommended that sterile single
use catheters be used by immunocompromised
patients, pregnant women, diabetics, or any individ-
uals at high risk of systemic infection [70].

Conclusion
Urinary incontinence is a common health problem
among women. Behavioral interventions are safe,
effective, and can be actively implemented at the
primary care level by the family physician, nurse
or physiotherapist. Structured interventions with
support, individualized care, and regular follow-up
will go far to enhance treatment success. The
strategies suggested in this chapter may not be
applicable to all women and specialist referral may
be required. Even complex cases requiring referral
to a specialist can still afford an opportunity for
teaching the woman good bladder habits (Table
24.5) [19]. Initial assessments such as urinalysis,
post-void residual, and fluid volume chart are
important at both primary and specialist level of
care and the family physician is pivotal in ensuring
continuity of care.
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The Future
Research opportunities abound in the area of
behavioral strategies and the treatment of urinary
incontinence in women [20]. This review provides
a strong basis for further randomized controlled
trials: current evidence and recommendations for
research for most behavioral strategies are equivo-
cal. Research is required to explore the effect of
lifestyle interventions, the impact of weight loss
and bowel management, the effect of pelvic floor
muscle exercises, and the effect of bladder train-
ing. Detailed descriptions of subjects who suc-
ceeded with treatment and those who did not, and
the number and duration of pelvic floor muscle
exercises, will go far to assist in the initial manage-
ment of urinary incontinence. Expert opinion
obtained at consensus meetings strongly endorses
behavioral management as the first-line approach
to urinary incontinence. Health care professionals
have a responsibility to encourage further ran-
domized controlled trials for a ubiquitous health
problem and improved practice based on the best
evidence.
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Introduction
Despite a high prevalence of urinary incontinence
in society, its pathophysiology is not yet fully under-
stood. A complex interaction between the pelvic
structures and the nervous system is required to
maintain continence. By providing support to the
abdomino-pelvic viscera, the pelvic floor plays a
pivotal role in the continence mechanism. Thus a
weak pelvic floor may promote urinary stress
and/or urge incontinence. This chapter will address
the role of the pelvic floor and the therapies devel-
oped to improve its function.

The pelvic floor is composed of connective tissue,
the levator ani muscles and the perineal membrane.
The levator ani muscles are further subdivided into
the coccygeus, iliococcygeus and pubococcygeus
(puborectal, pubovaginal) muscles. The urethra,
vagina and rectum traverse it through the urogeni-
tal hiatus. The innervation of the levator ani is via
the pudendal nerve. The muscle is normally under
continual tonic contraction but modulated by vol-
untary contraction and relaxation. Pelvic floor
pathology can impair normal function by diminish-
ing the resting tone and/or impairing contractility.

As the pelvic floor muscles are connected to the
immobile pelvis, contraction and relaxation move
the urethra and bladder neck. With normal pelvic
floor relaxation, the urethra and bladder neck
descend caudally and posteriorly [1]. This facilitates
urethral opening and allows normal voiding. With
pelvic floor contraction the urethra is elongated and
brought anteriorly and cephalad against the precer-
vical arch, thereby increasing urethral closure pres-
sure [1] and maintaining continence (Figure 25.1).
Further increase in urethral closure pressure is
mediated by a reflex contraction of the periurethral
striated muscles [2]. The muscles contract synergis-

tically with the abdominal, gluteal and adductor
muscles [3]. The role of these muscles in providing
increased pelvic stability is not fully understood.
Excitation of the pudendal nerve causes reflex
bladder relaxation via two reflex arcs: (1) the pelvic
floor efferents (parasympathetic) cause bladder
inhibition at high urethral pressures and (2) the
hypogastric efferents (sympathetic) cause bladder
inhibition at low urethral pressures [4].

For these reasons pelvic floor rehabilitation has
been advocated to treat both stress and urge incon-
tinence. Pelvic floor contraction prior to an increase

25 Biofeedback and Functional Electrical
Stimulation
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Figure 25.1 The hammock hypothesis: Lateral view of pelvic floor
with urethra, vagina and fascial tissues transected at level of vesical
neck drawn from three-dimensional reconstruction indicating com-
pression of urethra by downward force (arrow) against supportive
tissues indicating influence of abdominal pressure on urethra
(arrow). (From DeLancey J (1994) Structural support of the urethra as
it relates to stress urinary incontinence:The hammock hypothesis. Am
J Obstet Gynecol 170:1713–23.)



in abdominal pressure will increase urethral
closure pressure and thereby maintain continence
at times of stress. Pelvic floor contraction will rein-
force bladder inhibitory reflexes causing bladder
relaxation, thereby decreasing urge incontinence. If
the bladder still contracts, leaking may be further
minimized by working against a higher pressure
urethra.

Different regimens of pelvic floor exercises have
been developed. As the levator ani is a striated
muscle, composed of a combination of slow twitch
(type I) and fast twitch (type II) fibers, it follows
the same training principles as any striated muscle.
Depending on the intensity, frequency and load of
exercise, the pelvic floor will respond with muscle
fiber hypertrophy and increased fiber recruitment.
Most of the improvement will be seen in the early
treatment phase and depend on baseline muscle
strength and endurance. This early improvement is
due to more effective recruitment of motor units
[5] brought about by increased awareness. Further
increase in strength is seen by muscle hypertrophy
and requires a longer period of exercise. For these
reasons, exercise should be maintained for 15 to 
20 weeks to provide adequate evaluation [6].

Since Kegel first described the importance of
exercising the pelvic floor through biofeedback [7]
other methods have been advocated; ranging from
simple verbal and written instructions, to physio-
therapy, vaginal cones and functional electrical
stimulation. These methods are all aimed 
at strengthening the pelvic floor. The merits and
successes of these therapies will be further 
discussed.

Simple Instruction
Simple verbal and written instructions for exercis-
ing the pelvic floor are often given as the sole con-
servative treatment for GSI (genuine stress
incontinence). Unfortunately Bo et al. [8] showed
that 31.7% of women could not contract the levator
ani muscle after simple verbal instruction. Bump 
et al. [9] showed that 25% of women actually pro-
moted incontinence with their efforts. Since aware-
ness of the pelvic floor is not taught with simple
instruction, this group of women cannot be
expected to exercise successfully.

After 3 months, 6% (3–13%) of women reported
being completely dry and 31% (18–54%) were
significantly improved with simple instructions
(Table 25.1). This low success rate has led women to
seek other treatment modalities.

Physiotherapy and Biofeedback
Exercising the pelvic floor under supervision of a
physiotherapist allows a woman to gain awareness
of the pelvic floor and improve her ability to con-
tract it. A successful program will follow muscle
training physiology. A minimum of 8–10 exercises,
sustained for 6–8 seconds, with 8–12 repetitions to
fatigue, two times a week is recommended [6]. The
motivation of the woman and the enthusiasm of the
physiotherapist are the key to any successful
program [10]. Adherence to the exercise regime will
provide optimal results. Unfortunately, over time
compliance decreases. Hahn et al. [11] showed that
after 2 years, 15% of women continued to follow the
exercise program prescribed initially, while 6% did
not exercise at all. Glavind et al. [12] reported 50%
of women were still “exercising regularly” after 
2 years following a physiotherapy program.

Studies have only addressed the role of physio-
therapy to correct GSI. After 3 months of training
the average subjective cure rate is 21% (9–36%)
while the significant improvement rate is 69%
(55–85%) (Table 25.1) Only two studies [11,12] have
assessed women beyond 2 years, with a combined
cure rate of 8% (0–9%) and significant improvement
rate of 40% (20–42%).

To improve the success rate, biofeedback has been
advocated. Auditory or visual representation of
pelvic floor recruitment allows increased awareness
and facilitates learning (Figure 25.2). This is accom-
plished by placing a probe in the vagina or rectum.
During exercise, the probe is squeezed and this
increased pressure is translated into a graphic cue.
Learning and motivation is improved by providing
direct, immediate feedback on the effort. The overall
3-month success rate is 29% (15–55%) and improve-
ment rate 78% (68–95%) (Table 25.1). After 2 years
the success rate remains high at 26% with a 42%
improvement rate [12]. This difference in success
compared to physiotherapy may result from the fact
that only 50% of women with physiotherapy alone
were still exercising the pelvic floor after 2 years
compared with 89% of women who initially had
biofeedback [12]. Randomized trials comparing
biofeedback and physiotherapy show that biofeed-
back is superior: success rate 22% (16/73) versus
15% (11/74) and significant improvement rate 79%
(58/73) versus 66% (49/74) at 3 months [13–15].
Biofeedback shows increased promise especially in
the early treatment period [15]. This allows
increased awareness of the pelvic floor and therefore
improved muscle recruitment.

Heterogeneity amongst the different studies has
not allowed a standardized approach to be devel-
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oped. For example; physiotherapy has been pre-
scribed for three 30-minute sessions a week for 4
weeks in one study [15] compared to one 1.5 hour
session every 2 weeks for 6 weeks in another [16].
Continued pelvic floor contractions range from 8 to
12 daily contractions [17] to ten contractions every
hour [18]. Lagro-Janssen [19] found a direct correla-
tion between decreased incontinent episodes and
women who performed more than 50 contractions a
day. Therefore the most important factor for suc-
cessful treatment is the motivation of the woman
and her continued participation in the exercise
program [11].

Although therapy may be successful, the urody-
namic changes before and after treatment have been
conflicting. Increases in maximal urethral closure
pressure have been reported [16,18], while others
have failed to demonstrate this [14,20]. Functional
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Table 25.1 Subjective results following 3 months of treatment for genuine stress incontinence

Author Simple instruction Physiotherapy Biofeedback Vaginal cones FESa

Cure Improvb Cure Improv Cure Improv Cure Improv Cure Improv

Kujansu [20] 3/24 13/24
Burgio [13] 1/11 6/11 2/13 12/13
Plevnik [31] 25/80 38/80
Klarskov [45] 3/24 17/24
Wilson [46] – 4/15 – 11/15
Henalla [47] – 39/58
Olah [25] 4/24 19/24
Bent (4) 1/14 10/14
Tapp [52] 4/21 13/21
Moore [29] 6/10 7/10
Don Wilson [50] – 16/34
Castleden [48] – 14/19
Peattie [24] – 21/29
Lagro-Janssen [19] 7/33 28/33
Cammu [49] 12/52 38/52
Kato [28] – 21/30
Elia [16] 13/36 20/36
Hahn [11] 39/170 120/170
Burns [14] 1/39 7/39 7/43 26/43 9/40 27/40
Wrigley [26] 4/14 8/14
Sand [36] 0/35 13/35
Glavind [12] 3/20 – 11/20 –
Luber [32] 2/20 5/20
Wilson [51] – 11/30
Yamanishi [37] 8/25 19/25
Berghmans [15] 3/20 17/20 5/20 19/20

Total 4/63 24/78 92/430 324/468 27/93 83/107 14/48 92/151 36/174 96/204
Percentage 6% 31% 21% 69% 29% 78% 29% 61% 21% 47%
Range (%) (3–13) (18–54) (9–36) (55–85) (15–55) (68–95) (17–60) (47–79) (6–17) (18–29)

a Functional electrical stimulation.
b >50% improvement in leaking or not requiring further treatment (includes cure).

Figure 25.2 Biofeedback: Visual representation of pelvic floor recruit-
ment. (Courtesy of Medtronic of Canada, Missisauga, Ontario, Canada.)



urethral length also shows inconsistent change
[14,16,20].

There are no factors that can predict who will
respond to pelvic floor exercises [19–21]. Age, parity,
degree or duration of incontinence, prolapse and
psychological features are not predictive [21]. Elia
and Bergman [16] showed that a pressure transmis-
sion ratio of greater than 80% had a 90% positive
predictive value for success. No other urodynamic
parameters have been predictive.

Despite differences in therapy prescription it is
reasonable to accept that both physiotherapy and
biofeedback provide a low-risk alternative for the
treatment of GSI. By increasing pelvic floor aware-
ness and/or motivation, biofeedback appears to be
somewhat superior to physiotherapy alone in
increasing success in the short and long term.

Vaginal Cones
The ancient Chinese used “stone eggs” to strengthen
the pelvic floor and improve sexual satisfaction [22].
Plevnik in 1985 [23] introduced vaginal cones to
strengthen the pelvic floor and treat GSI. The cones
are similarly shaped but have varying weights
(Figure 25.3). The cones are placed in the vagina
above the levator plate. Theoretically, the pelvic floor
contracts to prevent the cones from slipping out.
This immediate sensory biofeedback improves both
awareness and strength of the pelvic floor. The
program begins with the maximum passive weight,
i.e.: the heaviest weight that can be held for one

minute without pelvic floor contraction. The 
most commonly prescribed regimen consists of
15-minute sessions, twice a day [24–26]. Once a
weight can be held on two separate occasions then
the woman progresses to a heavier weight [24–26].
The weights vary from 20 g to 100 g.

After a 3-month session the average cure rate is
29% (17–60%) and the significant improvement rate
is 61% (47–79%) (Table 25.1). Olah et al. [25] found
that the cure rate from 3 to 6 months increased from
17% (4/24) to 42% (10/24) while the improvement
rate remained unchanged at 79% (19/24) versus 71%
(17/24). No long-term results have been published.

Vaginal cones have been criticized for not follow-
ing basic muscle training philosophies [27]. It is felt
that prolonged isometric exercises can cause muscle
ischemia and therefore muscle damage [27].
Depending on the vaginal shape and degree of pro-
lapse, the cones may not be held appropriately [25].
The cones cannot be used by 13% (9/69) of women
because of discomfort or a narrow vagina [25]. The
drop-out rate due to discomfort and irritation
ranges from 10% [28] to 27% [25]. Despite these
criticisms the short-term results compare favorably
with the other treatment modalities (Table 25.1).
In addition, cone therapy is easily taught and 
can be practiced in privacy without the need of a
physiotherapist. As with other pelvic floor training
modalities, motivation is critical to insure ongoing 
success [29].

Functional Electrical Stimulation
Stimulation of the pudendal nerve by electrical
impulses causes contraction of the levator ani and
activation of the inhibitory bladder reflex.
Activation of the sacral autonomic reflex (S2–S4)
causes bladder relaxation. This has been exploited to
treat urge incontinence. Activation of the somatic
part of the pudendal nerve causes somatic muscle
contraction (external urethral sphincter and levator
ani) and can be used to treat GSI. Functional electri-
cal stimulation is accomplished through interferen-
tial therapy or faradism (direct nerve stimulation).
Interferential therapy works by placing two elec-
trodes on the abdomen and two on the inner thighs.
Alternating currents interact to produce a low-fre-
quency current at the point where they meet [25].
This method bypasses skin resistance. Owing to the
cumbersome nature of the application, this method
is not used as often as faradism. Electrical stimula-
tion to the pudendal nerve is best obtained when
the electrodes are placed in close proximity to the
nerve trunk. As the nerve courses around the ischial
spine it is easily accessible by vaginal or anal probe
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Figure 25.3 Example of a set of vaginal cones. (Courtesy of
Femtone, ConvaTec North Pacific, a Bristol-Myers-Squibb Company,
Princeton, NJ.)



(Figure 25.4). The placement of the probe is essen-
tial in providing optimal stimulation: the closer to
the nerve trunk the more specific the action. A par-
tially innervated pelvic floor is required but the
central nervous system does not need to be intact.
Therefore functional electrical stimulation provides
a passive muscle contraction not requiring active
conscious control.

The optimal parameters for stimulation have not
yet been clearly defined. Frequencies of 50–100 Hz
are required to achieve maximal urethral closure by
contracting the external sphincter and the levators
[30]. Meanwhile, frequencies of 5–10 Hz have pro-
vided reflex bladder inhibition [30]. Functional elec-
trical stimulation can thus be used to treat GSI (high
frequencies, high amperage) and urge incontinence
(low frequencies, moderate amperage) depending
on the parameters used. With mixed symptoms two
strategies have been employed: (1) a compromised
frequency of 20 Hz or (2) alternating low and high
frequencies [30]. Both intermittent and continual
stimulation have been advocated. With intermittent
stimulation the probes are used for 15–20 minutes
once or twice a day [30–32]. A carry-over effect
allows for less therapy time. Seigel et al. [33] were
unable to show a difference between daily and
every-other-day treatment for urge and mixed
incontinence. Continual stimulation requires the
probes to be held for as long as possible (6–8 hours
a day) [34]. This stimulation occurs below sensory
threshold. Short-term electrical stimulation is more
popular and increases compliance [35].

When used for less than 3 months for the treat-
ment of GSI the overall cure rate is 21% (0–32%)
and the significant improvement rate is 47%
(25–76%) (Table 25.1). This compares to an 11%
(6/54) cure rate and 24%(13/54) improvement rate
with a sham device [32,36,37]. The sham device may

improve incontinence by working as a “vaginal
cone” [32]. Two studies have followed patients up to
one year with a cure rate of 11% and improvement
rate of 68% [38,39]. Eriksen and Eik-Nes [34]
reported a 36% cure rate and 56% improvement rate
after more than 2 years of treatment.

When combined with physiotherapy, the 3-month
cure rate is 6% (1/18) and the improvement rate is
89% (16/18) [40]. Although the study had few
patients, this treatment regime may be superior to
functional electrical stimulation alone. The belief is
that the pelvic floor muscles are “jump started” in
women unable to perform the exercises [32]. Since
voluntary pelvic floor muscle contraction increases
urethral closure pressure by approximately 
10 cmH2O more than by vaginal electrical stimula-
tion only [41], additional benefit should be seen
with active pelvic floor exercises.

Functional electrical stimulation is the only pelvic
floor treatment modality which has been evaluated
for the treatment of urge incontinence. The 3-month
cure rate is 27% (10–30%) and the improvement rate
is 57% (49–70%) [4,31,33,42]. The success remains
high at 30% (22–33%) and the improvement is 73%
(72–73%) up to one year after initiation of treat-
ment. When Smith [39] compared functional elec-
trical stimulation to propantheline bromide, it was
found to be superior, with a cure rate of 22% (4/18)
versus 15% (3/20) and improvement rate of 72%
(13/18) versus 50% (10/20).

The results for women with mixed incontinence
are very similar: success 23% (0–28%) and improve-
ment 49% (47–64%) [4,31,33]. Sand [43] studied a
cohort of women with mixed incontinence and a
low pressure urethra. In this difficult-to-treat group
of women, the cure rate was 8% (2/26) and improve-
ment rate was 27% (7/26).

Functional electrical stimulation is a passive
treatment and therefore does not require the same
motivation as physiotherapy or biofeedback. The
treatments can be unsupervised and done in private
once instructions are given and understood. The
initial drop-out rate is approximately 20% [32,38].
Home devices have been marketed to make this
treatment modality widely accessible. Despite differ-
ent treatment protocols, functional electrical stimu-
lation has been successfully used to treat GSI urge
incontinence and mixed incontinence. For the treat-
ment of GSI, the results are more conflicting with
wider variations amongst the studies than with
other treatment modalities (Table 25.1). When com-
bined with active muscle contraction the improve-
ment is increased. This results from passive
contractions being less powerful then active con-
tractions. The reflex sacral arc is stimulated at lower
frequency and does not require somatic muscle con-
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Figure 25.4 Example of a portable functional electrical stimulation
device. (Courtesy of Innovative Outcome Solutions, Laguna Hills, CA.)



traction. For urge incontinence the success is similar
or superior to behavioral and medical therapy with
the advantage of having minimal to no side effects.
This has made functional electrical stimulation very
attractive for the treatment of urge incontinence.

Conclusion
Pelvic floor rehabilitation is important in managing
genuine stress incontinence. In the short term, no
therapy appears to be greatly superior to the others
(Table 25.1). This is seen despite the heterogeneity
amongst the different studies. Long-term studies are
few but provide encouraging results. “Demand for
use is the most important factor in restoring func-
tional capacity of any skeletal muscle.”[7]. Therefore
any successful rehabilitation program requires
ongoing participation. The motivation of the
woman is the most important factor to ensure
success [11,12,29]. This is partially dependent on the
physiotherapist or caregiver involved in her care.
Continued exercise is crucial for success: the specific
therapy prescribed is important in maximizing the
pelvic floor performance, but will only work if the
program is followed. A decrease in motivation to
exercise the pelvic floor may explain why different
exercise modalities have similar outcomes.

A successful program will result in a woman
regaining autonomy of her pelvic floor [44]. This
requires (1) evaluation and assessment of the pelvic
floor, (2) training awareness of the pelvic floor so
that it can be under voluntary control, (3) improving
strength and endurance of the pelvic floor muscles
and (4) teaching muscle recruitment at times of
need (stress and urge) [44]. For these reasons simple
verbal or written information is insufficient. If a
woman is able to contract her pelvic floor, she may
benefit from physiotherapy alone. However, if she is
unable to isolate the pelvic floor muscles, awareness
can be achieved through the use of biofeedback,
vaginal cones or functional electrical stimulation. If
the muscles are very weak then functional electrical
stimulation may help initiate recruitment and “jump
start” the muscles [32]. Any program should there-
fore provide supervised pelvic floor exercises and
have the ability to individualize the program to suit
the needs of a woman.

Functional electrical stimulation has proved to be
superior to propantheline bromide in treating urge
incontinence [39]. It appears similar or superior to
medical and behavioral therapy. There are minimal
side effects and it is acceptable to most patients [38].
Because of the “carry-over effect” stimulation may
not be required as often as previously prescribed

[33]. This would provide increased compliance and
ongoing participation. Other pelvic floor rehabilita-
tion programs have not been evaluated although
Moore and Metcalf [29] showed two of four patients
cured with the use of vaginal cones.

Although exercising the pelvic floor has been advo-
cated since Kegel first described it in 1948 [7], it has
not yet been critically evaluated. Long-term, random-
ized trials are required to further evaluate and opti-
mize the role of different pelvic floor rehabilitation
programs in the treatment of GSI and urge inconti-
nence. However, the success of this low risk, non-inva-
sive conservative approach cannot be overlooked.
Despite a lower success rate than surgery for GSI,
2 years after a physiotherapy program 42% of women
had declined surgical intervention [45]. The success
cannot be predicted by age, parity, severity or dura-
tion of incontinence [19–21]. Therefore pelvic floor
exercises should be prescribed for every woman pre-
senting with stress and/or urge incontinence.
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Pessaries
Pessaries were developed many centuries ago to
manage troublesome genital prolapse in an era
when surgical management was not an option. In
1867, according to the American Medical
Association, there were 123 types of pessaries avail-
able [1]. During the last century, the improved safety
of surgical intervention for the treatment of pro-
lapse resulted in the decline of pessary use.
Pessaries were even viewed as dangerous as they
were known to cause the occasional fistula when left
unattended. Pessaries are currently experiencing a
rebirth in both design and in indications for use.
Pessaries and related supportive devices are now
viewed as an excellent conservative management
alternative for the treatment of urinary inconti-
nence and pelvic floor prolapse, as well as a useful
diagnostic tool to determine the appropriate surgi-
cal procedure for pelvic floor reconstruction.

Historical Perspective

Pessaries are some of the oldest known medical
devices. Conservative means previously used to
correct uterine prolapse included repositioning,
douches, salves and concoctions, herbal therapy,
leeching, sitz baths, abdominal supports with or
without vaginal attachments, and pessaries of multi-
ple shapes and materials. The first mention in litera-
ture of the oval and ring pessaries was in the late
sixteenth century. Pessaries fashioned from wood,
leather, glass, ivory, sea sponges, fabric, whalebone,
metal, rubber, plastics, and purified dried latex
(from trees) have been discovered [2]. A cone-
shaped bronze vaginal pessary was found among
the ruins of Pompeii. Brass, gold and silver inven-
tions were held in place by a waist belt [3]. Pessaries

achieved a peak of popularity in the 1800s when
uterine retroversion was believed to be the cause of
multiple gynecological “evils” including menorrha-
gia and infertility. The ring, Smith, and Hodge 
pessaries were developed to correct this 
condition [4,5].

Most pessaries currently available are of medical
grade silicone construction. The advantages of sili-
cone include a long shelf life, the lack of odor
absorption, the ability to be autoclaved or boiled,
and the non-allergic nature. A wide range of sizes
and shapes are available (Figure 26.1).

Indications for Pessary Use

Genital Prolapse
All types and stages of genital prolapse can poten-
tially be managed with pessaries. There is a prevail-
ing myth that pessaries are not useful if the
prolapse is large, or if the uterus is absent [6]. In
reality, vaginal vault prolapse can be very success-
fully managed with a pessary, and degree of pro-
lapse is irrelevant. In these patients a Gellhorn or
Shaatz pessary may be more successful than a ring.
Pessaries are the only treatment options for the
patient who desires a non-surgical option for pro-
lapse. They are an alternative for the patient who is
a high surgical risk, desires more children, has to
put off surgery for personal reasons or is on a
waiting list for surgery.

Urinary Incontinence
Pessaries are a relatively new conservative option
for the treatment of urinary incontinence [7]. There
are several pessary styles available specifically
designed for this purpose (Figure 26.2). These are
useful not only for the woman with a presenting
complaint of incontinence, but also for the woman
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who develops stress incontinence once her prolapse
is reduced by more traditional pessaries. The incon-
tinence dish and the incontinence ring are useful
devices for these purposes. One of the more recent
and surprising discoveries is that urgency inconti-
nence can often be successfully managed with a
pessary. In a review of patients who experienced
both incontinence and prolapse 12 out of the 18
(67%) experiencing urgency incontinence had suc-
cessful relief with a pessary. Pessaries corrected 17
of 28 (61.5%) with stress incontinence. This was
prior to the introduction of the devices specifically
designed for incontinence [6]. The addition of these
designs to a pessary armamentarium will likely
improve these statistics. Pessaries may alleviate
stress and urge incontinence by elevating the
bladder neck. A urodynamic evaluation of women
with stress incontinence relieved after placement of
a pessary resulted in an increase in urethral closure
pressure and functional urethral length, and dimin-
ished the mobility of the urethra and urethrovesical
junction without causing obstruction [8].

Preoperative Diagnosis
A number of researchers have proposed the use of
the pessary as a preoperative assessment tool. Stress

incontinence develops in up to 22% of patients after
vaginal surgery for genital prolapse [9,10]. Pessaries
are useful in reduction of prolapse to assess for the
development of underlying stress incontinence,
undetected prior to reduction by the obstructive
effect of the prolapse. In a group of 70 continent
women with prolapse, 27% developed stress inconti-
nence after insertion of a pessary. The detection of
“latent incontinence” often changes the surgical pro-
cedure offered with the addition of an anti-inconti-
nence operation to the procedure of choice for
prolapse management [11].

Pessaries can help predict whether urgency
incontinence will be relieved after surgery. In the
woman with mixed stress incontinence, the relief
of overactive bladder symptoms with pessary
support may indicate that bladder neck stability
with surgery may give a positive result. Pessaries
are also useful in predicting whether surgery will
correct problems such as pelvic and back pain,
which may be due to prolapse. Urodynamic evalu-
ation done with and without a pessary in place can
also help to determine which surgical approach is
optimal. However, patients must be counseled that
surgery may not achieve the same effect as the
pessary.
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Figure 26.1 Pessary devices available from Milex Products Inc.
(Courtesy of Milex Products Inc., Chicago, Illinois.)

Figure 26.2 Incontinence devices available from Milex Products Inc.
(Courtesy of Milex Products Inc., Chicago, Illinois.)



Pregnancy
The woman who develops prolapse or disabling
incontinence during pregnancy can safely wear a
pessary for symptom control. Uterine prolapse in
pregnancy can be associated with the complications
of cervical ulceration, infection, and uterine rupture
[3]. It is essential to check the post-void residual
after the fitting of a pregnant woman. The patient
may require several different sizes as her pregnancy
progresses.

Uterine incarceration is a rare complication in
pregnancy. The retroverted uterus becomes trapped
in the sacral hollow as the uterus enlarges. Insertion
of the Hodge pessary prior to 15 weeks may prevent
a recurrence in subsequent pregnancies [12]. The
prevention of habitual abortion due to the incompe-
tent cervix is another potential use for the pessary.
Insertion is at 14 weeks with removal at 38 weeks.
Pessaries have not been compared to cervical cer-
clage in a clinical trial, but may be an alternative for
the patient who cannot be treated with cerclage [5].
Reported success rates for both the Hodge and
Smith pessaries in the alleviation of cervical incom-
petence range up to 86%. These lever pessaries
direct the cervix posterior and reduce pressure on
the cervix [3] (Figure 26.3).

Other Uses
Uterine retroversion was one of the most popular
indications for pessary use in the 1950s. It was felt
that 50% of women with retroversion had symptoms
due to this condition. A pessary to correct retrover-
sion relieved abdominal and back pain in 75%, dys-

menorrhea in 60%, menstrual disorders, abortion
and infertility in 10%, and endometriosis in 75%
[13]. The modern use of the pessary for these condi-
tions has not been explored, as retroversion is not
currently recognized as a condition requiring 
treatment.

Pessary Fitting

One of the reasons physicians avoid the pessary is a
lack of familiarity with their fitting and manage-
ment. From a survey done in 1993, only half of the
senior residents in Obstetrics and Gynecology pro-
grams across Canada had ever seen or fitted a
pessary [14]. The manufacturers’ guidelines for
pessary fitting, care and follow-up are quite time-
consuming and, if followed to the letter, costly to the
health care system. In clinical practice, practitioners
use more relaxed guidelines, which have been evalu-
ated and published [15]. Limiting factors are time
and cost. Most private practitioners cannot afford
the time it takes to fit and evaluate properly nor
afford to have an unlimited number of pessaries in
their office for a patient to try before purchasing.
Most provinces do not currently have a separate fee
for pessary fitting.

To size a pessary properly, the index and middle
fingers are inserted into the vagina. The fingers are
spread into the fornices and the diameter and depth
estimated. The covered ring pessary with corre-
sponding diameter is a good initial choice for pro-
lapse. It is successful in correcting most types of
prolapse and is simple for the patient and caregiver
to remove and insert. If the rings are unsuccessful
for prolapse then the Shaatz or Gellhorn pessaries
can be tried. These pessaries are particularly helpful
in the patient presenting with post-hysterectomy
vault prolapse. With the Gellhorn, removal usually
needs to be done by a caregiver or health care pro-
fessional. If there is stress or urge incontinence asso-
ciated with the prolapse, or if the pessary is being
used primarily for urinary incontinence, an inconti-
nence ring or dish is the pessary of choice.

The following is an explanation of the fitting of
the covered ring (this can be modified slightly to fit
most other types of pessaries). With the patient
supine, in lithotomy position, the examiner’s non-
dominant hand separates the labia. Lubricant is
placed at the insertion point of the pessary. The
pessary is inserted folded, and kept folded, until the
pessary is well into the vagina. It is then tilted so
that the anterior portion is behind the symphysis
pubis (Figures 26.4 and 26.5). If the patient has a
uterus, the ring should be below the cervix in the
posterior fornix. A quarter turn once the pessary is
in place helps to prevent the pessary from dislodg-
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Figure 26.3 Lever pessary in place during pregnancy to direct the
cervix posteriorly as in a normal pregnancy. (Courtesy of Milex
Products Inc., Chicago, Illinois.)



ing. For the appropriate fit, there should be approxi-
mately a finger’s-breadth of room between the
vaginal walls and the device. The patient is then
asked to perform a Valsalva maneuver. If the pessary
stays in place, the patient is asked to walk around to
determine comfort. Assessing the correct size is
fairly simple: if the pessary hurts or is noticeable by
the patient, it is the wrong shape or too big; if it falls

out, it is the wrong shape or too small. The patient
should then void and have a post-void residual
checked to ensure that this is less than 100 cc or
one-third of voided volume. The patient is
reassessed within a short time. There are no ideal
guidelines for reassessment, but between 24 hours
and 2 weeks is reasonable. This allows the patient to
try out the pessary with her usual activity pattern to
see if it is comfortable and corrects the problem.
Sometimes several reassessments and fittings are
necessary until the ideal device is found. Once the
patient is fitted with the appropriate device, she can
often be taught to insert and remove it.

Pessary Clinics

One of the difficulties with offering the pessary as a
treatment option is having the availability of an
appropriate range of pessary sizes and shapes to
accommodate a wide range of pelvic shapes and
associated pelvic dysfunction. A centralized, nurse-
run clinic is an ideal solution. In Edmonton, we 
currently have such a system in operation.
Gynecologists and family doctors screen the
patients for suitability for pessary use and then refer
the patient on to the clinic. The nurse assesses the
patient and may recommend to the referring physi-
cian that local estrogen support (or alternative
lubrication) be initiated prior to fitting. The nurse
takes a focused history and examines the patient for
sizing. Various pessaries are fitted until the pessary
stays in place without discomfort. After voiding and
having her post-void residual checked, the patient is
sent home with instructions to phone if problems
such as pain, bleeding, or difficulty voiding are
encountered. The patient is re-examined within a
week or two. If the pessary is effective, comfortable
and no erosions are seen, the patient is instructed
on removal, insertion, and care for the pessary or
alternative arrangements are made for a caregiver to
do it. For difficult cases, the on-site urogynecologist
can review the patient for additional suggestions.
When the patient is satisfied with the pessary for
both comfort and treatment of the presenting com-
plaint she purchases the pessary. Pessaries that are
tried and found to be unsuitable are sterilized and
used again.

A review was conducted of 1216 patients
referred to the nurse-run pessary clinic at the
Royal Alexandra Hospital in Edmonton, Alberta.
The median age of the patients was 63 years (range
22–95). Gynecologists referred 41%, urogynecolo-
gists 35%, family physicians 21%, and nurse conti-
nence advisors 3%. The presenting diagnoses were
54% with prolapse, 30% with stress incontinence,
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Figure 26.4 Insertion of the Ring with Support pessary. (Courtesy of
Milex Products Inc., Chicago, Illinois.)

Figure 26.5 Ring with Support pessary in place. (Courtesy of Milex
Products Inc., Chicago, Illinois.)



9% with mixed incontinence, and 6% with urgency
incontinence. A median number of two pessary-
fitting sessions were required (range 1–7).
Successful pessary fitting was accomplished in
75% of patients with prolapse, 67% of patients
with mixed incontinence, 64% of patients with
stress incontinence and 58% of patients with urge
incontinence. Of a subgroup of patients on both
systemic and local hormone replacement thera-
pies, 78% were successfully fitted. Also the addi-
tion of local estrogen appeared to be important to
successful fitting, independent of the use of sys-
temic estrogen. The incontinence dish, Shaatz and
ring with support were the most frequently used
pessaries found comfortable by the patients 
(L. Hanson, C. Flood, J. Schulz and B. Cooley,
unpublished work).

Pessary Care and Follow-up

Prior to leaving the office, it is important to ensure
the patient can properly empty her bladder. By
history, she should not have to strain excessively to
void. Objectively, she should have a low post-void
residual, determined either by bladder scanner or in
and out catheterization. Pessaries can lead to
urinary retention and subsequent recurrent urinary
tract infections. This has not been found to be a
problem as long as the post-void residual is less than
100 cc. A patient may develop urinary retention after
she leaves the office as the pessary may shift posi-
tion during activity. The patient is informed prior to
leaving the office of the possibility of this happen-
ing, with the subsequent need for urgent removal.
Two important messages to emphasize to patients
once successfully fitted are (1) the importance of
regular removal and cleaning of the pessary with
soap and water and (2) the necessity for regularly
scheduled visits to the health care professional for
vaginal examination. The frequency of pessary
removal and cleaning varies depending on the
patient’s views on personal hygiene, the amount of
vaginal discharge the patient experiences, the age of
the patient, the need for removal for sexual inter-
course, and the ease of removal. Some younger
patients choose to remove the pessary nightly to
allow the vagina to “rest”. In this situation, once the
patient is fitted properly and comfortable with the
device, it is reasonable to have a visual inspection of
the vagina annually during pelvic examination. The
time frame between the removal and cleaning of a
pessary in someone who cannot remove their own
pessary is no more than 3 months. Women who
develop erosions from the pessary require more fre-
quent follow-up.

In an ideal situation, the patients, once success-
fully fitted, can be returned to their family physician
with appropriate follow-up instructions. An excel-
lent published regime recommends the following:
initial follow-up in 2 weeks, subsequent follow-up
after successful fitting every 3 months for the first
year, and subsequent follow-up visits after the first
year of successful visits, yearly [6]. At each visit the
pessary is removed, washed with soap and water,
and the vagina inspected for erosions. The patient is
examined for proper fit as pessary shape and size
requirements may change over time. Sterilization is
not necessary if the pessary is being returned to the
same patient. The pessary is then reinserted. Annual
Pap smears should be done.

The perimenopausal and postmenopausal
woman should be on some form of estrogen
replacement if they are to wear a pessary. The
added vaginal lubrication eases fitting and removal
of the device. Estrogen also thickens the vaginal
wall, increases elasticity and prevents erosions.
Pessaries left in without estrogen support of the
vagina can become embedded, making removal
difficult if not impossible. In the patient who is
reluctant to begin systemic hormone replacement,
vaginal estrogen alone works well. Vaginal estrogen
cream, 0.5–1 g into the vagina three times per
week, is often enough to prevent erosions. In the
woman who still has her uterus, higher doses of
estrogen cream will likely require the addition of
systemic progesterone every few months. The
patient should be instructed to observe and report
any vaginal bleeding, and the usual vaginal bleed-
ing work-up initiated.

The estrogen ring, “Estring” (Pharmacia &
Upjohn), which has minimal systemic absorption, is
an alternative for the patient in whom systemic
estrogen therapy is contraindicated. The estrogen
ring is inserted first, with the pessary beneath it. The
estrogen ring is changed every 3 months. In most
patients, the Estring does not interfere with the
fitting of the pessary. Currently, there is only one
size available, which somewhat limits their use.
Long-lasting lubricants such as Replens (Roberts
Pharmaceutical), Gyne-Moistrin (Schering-Plough)
or K-Y Long Lasting (Johnson & Johnson) can be
substituted for local estrogen support if necessary.

Silicone pessaries can last for years before
needing replacement. Discoloration is not an indica-
tion for replacement. As long as the device continues
to provide symptomatic relief, it need not be
exchanged. Patients have used the same device for
10 years or more. The postmenopausal woman,
despite the use of estrogen, may experience vaginal
and pelvic structure shrinkage and require a smaller
size over time.
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Basic Pessary Shapes

Ring Pessaries
Ring pessaries are available in open and covered
forms. The covered forms have perforations for
drainage. Rings work by replacing the pelvic
diaphragm. A spring mechanism elevates the vagina
above the pelvic outlet. The covered model helps
protect against prolapse through the center of the
ring. The Shaatz pessary is stiffer, adding more
support, and a good alternative to try if the ring
models fall out. The incontinence dish and inconti-
nence ring pessaries have an elevated knob to
support the bladder neck. They fit in a similar
manner to the ring with the bladder neck support
anterior in the midline. The incontinence ring is
more flexible and easier to remove than the dish.
The dish provides better overall support because of
its shape and stiffness. Both pessaries work well for
stress incontinence with or without intrinsic sphinc-
ter deficiency. If a patient develops stress inconti-
nence after the insertion of a pessary that does not
have bladder neck support, a switch to one of the
incontinence pessaries may solve the problem.

Doughnut Pessaries
The silicone doughnut pessary works by taking up
slack in the vagina and supporting the cervix. The
design is meant for advanced uterine prolapse with
accompanying cystocele and rectocele. It is inserted
edgewise and then turned perpendicularly to the
axis of the vagina. A variation on the doughnut is
the Inflatoball pessary, suitable for a capacious
vagina with a narrower pelvic outlet. The patient
must deflate it daily for removal, which limits its
practical use.

Stem Pessaries
The Gellhorn, or stem, pessary is often successful in
correcting severe prolapse, particularly vaginal vault
prolapse. This pessary cannot be used in the sexu-
ally active patient. The Gellhorn pessary works like
the rings, but also creates suction between the
pessary and the vaginal walls. The stem helps to
keep the pessary from shifting position. To insert,
the base is inserted parallel to the introitus, then
rotated over the perineal body. To remove these pes-
saries, the suction must be released by inserting a
finger between the base and the vaginal wall.
Occasionally, a Kelly forceps is required to grasp the
stem in order to assist removal. These pessaries can
be difficult to remove and are often the “last resort”.
It is usually impossible for patients to remove these
by themselves. The flexible silicone models have less

chance of becoming impacted than the stiff lucite
version.

Cube Pessaries
The cube pessary also works by suction. Each of the
six sides is concave and functions as a suction cup
on the vaginal wall. It is effective when other pes-
saries have failed because of inadequate pelvic tone.
Original models that do not have drainage holes
require daily removal for cleaning. A newer version
has holes, which may decrease the suction ability
but eliminates the need for daily removal. Removal
requires breaking the suction by inserting a finger
between the cube and the vaginal wall. There is a
string attached to the cube to aid in removal.
However, pulling on the string only increases the
suction. If left in place too long, the odor can be
foul. These pessaries may also work well for vault
prolapse.

Lever Pessaries
The lever pessaries – Smith–Hodge, Hodge, Risser,
and Gehrung – are all variations of Hodge’s design
from the 1860s [3]. The broad anterior part of the
Hodge prevents urethral compression and pessary
turning. The Smith has a narrower anterior end for
the patient with a narrow suprapubic angle. The
Risser is designed for a flatter pubic arch. To insert,
the retroverted uterus is elevated and the pessary
inserted folded until the posterior bar rests behind
the cervix and the anterior bar behind the pubic
arch. The anterior portion rests below the ure-
throvesical junction. Versions of the lever pessaries
are now available to treat stress incontinence. An
elevated bar or knob on the anterior part is
designed for support of the bladder neck.

The Gerhung pessary is rarely used. Although also
a lever pessary, it is designed for a cystocele and rec-
tocele. It is inserted on its side and then rotated so
the curved bar follows the vaginal curve. It resem-
bles a covered bridge, and rests in the vagina with
the cervix supported between two curved arches.
When properly inserted, the back arch is in the ante-
rior fornix and the front arches behind the symph-
ysis, creating a “bladder bridge”. It may be difficult
to keep this pessary in position.

Pessary Trouble-shooting

Erosions
Erosions of the vaginal wall are a common problem.
Erosions usually start as redness where the pessary
is resting. If left untreated they may progress to
actual ulceration. Diligent observation for erosions
with early intervention is vital to pessary care. To
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prevent erosions, it is best if perimenopausal and
menopausal women are offered local estrogen
therapy, even if on systemic estrogen. This is partic-
ularly important if there is evidence of estrogen
deficiency on vaginal examination or if the patient
complains of vaginal dryness with intercourse.
Ideally local estrogen therapy should be started
several weeks before fitting, as this will prevent
tearing and discomfort with multiple insertions and
removals. A fit that is too big may also contribute to
erosion development. The patient who develops ero-
sions and/or vaginal bleeding from pessary use
should be given a reprieve from pessary use for
several weeks and then re-examined. An increase in
vaginal estrogen cream as well as the addition of
clindamycin or metronidazole cream during this
period can be helpful to speed up the healing. The
addition of Trimo-San (Milex Products Inc.,
Chicago, Illinois) lubricating gel inserted alternately
from the local hormone cream at bedtime may also
speed up healing and when used long term may
decrease the likelihood of developing further ero-
sions. The erosions should be healed prior to rein-
sertion of the pessary. Alternative sources of vaginal
bleeding, such as endometrial cancer or cervical
pathology, should be ruled out. A pessary that is too
large and has caused an erosion needs to be down-
sized. If possible, a switch to the nightly removal and
cleaning of the pessary can allow the vagina to “rest”
and prevent the recurrence of erosions.

Patients who do develop erosions require more
vigilant follow-up with regular vaginal inspection to
observe for further development of erosions. In rare
instances, the erosions recur no matter what is
attempted and pessary use must be abandoned. Of
the patients seen in our pessary clinic in a 6-month
period 6% developed erosions (Figure 26.6).

Difficulty with Fit
The ability to successfully fit a pessary decreases if
there has been previous pelvic surgery – from 79%
to 67% [6]. A woman who has had previous vaginal
surgery or who has had pelvic radiation may have a
vaginal vault that is too narrow and shortened to
even attempt a pessary. On examination, the exam-
iner’s index and middle fingers cannot be spread
wider than the introitus. The vagina’s shape is a
narrow tube instead of a cone. To keep a pessary in
position, the examiner’s fingers should be able to
spread to a wider diameter in the upper vagina than
the widest diameter of the introitus.

The other patient who can be difficult to fit is the
patient with the wide pubic arch in conjunction
with prolapse beyond the hymenal ring. Several
attempts will likely reveal that a pessary will not stay
in. The patient with a wide pelvis but a narrow

vaginal opening and the patient with previous
vaginal surgery may benefit from several months of
local estrogen therapy prior to attempting a fit.

Device Irritation 
When a patient experiences irritation from a
pessary, it is often the accompanying local estrogen
preparation or lubricant that is the culprit. A switch
in estrogen preparation or lubricant can correct the
problem. Patients have been known to develop a
contact dermatitis from pessaries.

Interference with Bowel and Bladder Function
At follow-up visits, the patient should be questioned
about change in bowel or bladder function. An
improvement in function is usually the rule. If this is
not the case, the health care professional should
make an effort to ensure the device is not causing
the problem. In the patient who develops difficulty
evacuating her bowels, a rectal examination should
be done. If the pessary is found to be obstructing the
rectum, the pessary will have to be removed and
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Figure 26.6 Vaginal vault erosion from short-term pessary use
without local estrogen support.



either re-fitted or discontinued. Despite an often-
voiced concern about pessary use resulting in
bladder infections, this has not been reported as a
reason to discontinue pessary use [6].

The Sexually Active Woman
Sexually active women can leave the pessary in place
during intercourse if it does not bother either
partner. Alternative forms of treatment should be
considered in the woman who would like to have
vaginal intercourse, with which the device interferes
or is contraindicated (Gellhorn pessary).

Vaginal Discharge
An increase in vaginal discharge is to be expected
with the insertion of a foreign body into the vagina,
especially if estrogen replacement is initiated. The
patient should be counseled to expect this. If accom-
panied by pruritus or an odor, cultures should be
taken and antibiotic/antifungal treatment initiated
if appropriate. A common concern of patients and
their physicians prior to beginning pessary use is
the worry of recurrent vaginal infections. The need
to discontinue pessary use for this reason is
unusual. If the pessary is difficult for the patient to
remove and the patient has had a hysterectomy, the
patient may douche with warm water between visits.
Trimo-San gel (Milex Products Inc., Chicago,
Illinois) inserted twice weekly into the vagina at
night can help to keep odor to a minimum. Urinary
tract infections are an unusual complication of pes-
saries. In the patient with a cystocele contributing to
high post-void residuals and subsequent urinary
tract infections, pessaries can actually cure the
problem by repositioning the bladder and allowing
the bladder to empty.

The Impacted Pessary
Occasionally, a pessary is placed into a woman and
forgotten, only to be discovered impacted years
later. This usually happens in the patient who devel-
ops dementia, or other medical problems that result
in an inability to do self-care. Impacted pessaries
may lead to severe infections including cellulitis,
peritonitis, or the formation of a fistula or sinus
tract. The worst complications reported are urethral
erosion, or the formation of a vesicovaginal or recto-
vaginal fistula [16]. Although previously thought to
be a problem primarily with rigid pessaries, a vesi-
covaginal fistula has also been reported with a sili-
cone Gellhorn pessary in a 98-year-old woman who
was not taking estrogen and had neglected the
pessary for several years [17]. The discovery of a for-
gotten pessary usually occurs when nursing home
personnel, health care workers, or family members
notice a foul vaginal discharge, with or without

bleeding. Pelvic examination will reveal the device
lodged in the vagina. The physician should use great
caution in removing the device in the office.
Extreme pelvic discomfort and occasional brisk
vaginal bleeding can accompany an attempt at office
removal. This bleeding can require surgical control.
If the device is difficult to remove, starting the
patient on a nightly dose of 1 g of vaginal estrogen
cream for a month may facilitate removal. If this
does not ease removal, then removal in an operating
room with general anesthetic or intravenous seda-
tion is the next step, allowing for repair of any
vaginal lacerations. In the woman who is not a good
surgical candidate the device may be left alone,
especially if the patient is not expected to live long.
Discharge and odor in this situation may be
managed with daily estrogen cream application and
weekly Betadine douches.

An impacted Gellhorn can be removed with the
assistance of an endometrial biopsy cannula
attached to a syringe filled with saline. The Gellhorn
stem is grasped with a ring forceps and a cannula
inserted into the stem and irrigated until the saline
breaks the vacuum. The Gellhorn is then removed
by grasping the stem using a ring forceps or single
tooth tenaculum.

Pessaries are not for everyone. Life-table analysis
reveals that the highest rate of pessary discontinua-
tion occurs in the first 12 months [6]. The most
common reasons for discontinuation of pessary use
were failure to successfully support the prolapse,
urinary incontinence, vaginal discharge, pelvic pain,
and vaginal erosions [6]. Reviews of patients
wearing pessaries have not reported major compli-
cations [6,18].

New Horizons for Supportive
Devices
Research is in its infancy regarding new frontiers of
pessary use. A number of physicians have indepen-
dently observed that after a few years of pessary use,
prolapse may resolve and a pessary is no longer
required. There are intriguing questions to be
answered. Is the pessary holding the vagina and
uterus in place, thereby decreasing the stretching
and allowing connective tissue remolding to occur?
If so, then can pessaries be used as an attempt at
cure, rather than as a temporizing situation? Should
we encourage the younger woman with prolapse,
especially the women who desire more children, to
wear the pessary as a prophylactic measure even if
her symptoms are not troublesome? Future research
may address this issue.
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The pessary is a safe and effective method of cor-
recting genital prolapse, and managing stress,
mixed, and urge incontinence. Contraindications to
the modern pessary are rare. Ideally a post-
menopausal woman should have local estrogen
support added to help prevent vaginal erosions.
Difficulty with fitting a pessary can preclude 
their use.

Alternate Devices
Numerous devices are being developed for the treat-
ment of incontinence and prolapse. Because of the
female anatomy collective devices are not easily
fitted. However, a short urethra and a vagina allow-
ing a place for exertion of pressure on the bladder
neck is an advantage over the male for the treatment
of urinary incontinence. Some devices already avail-
able for other uses are also employed to treat incon-
tinence. The contraceptive diaphragm has been used
to treat incontinence. It appears to work by causing
mild urethral obstruction in that the urethral pres-
sure doubles, and the flow rate decreases with the
device in place [19]. Most models lack the support
that the pessaries have. A tampon can be inserted
for short periods of time during exercise. In women
with mild forms of incontinence, this is sometimes
useful. It cannot be left in place for an extended
period of time because of odor and the risk of toxic
shock syndrome. Tampons may be difficult to retain
with an associated cystocele. They can also be irri-
tating and dry, causing discomfort with insertion
and removal in the non-menstruating woman.
Moistening the tip of the tampon with water or
lubricant prior to insertion may facilitate insertion
and removal [20].

The urethral plug is another device (not currently
available in Canada). This disposable device inserts
into the urethra and is removed for voiding. It
comes in five sizes from 3 to 5 cm in length and is
sized to fit the patient. An inflated balloon anchors
the device. A small string permits deflation of the
balloon for removal. The Reliance Urinary control
Insert (Uromed Inc., Needham MC) was tested over
a 4-month period. Of the 215 women entered into
the study, only 63% completed the study. Eighty-
nine percent were subjectively dry or improved.
Twenty percent developed urinary tract infections
and 21% had gross hematuria. In 5 women the
device migrated into the bladder [21]. A similar
device is FemSoft (Rochester Medical Corp.,
Stewartville, MN), a soft jelly-like insert.

Another device available through a toll-free
number in Canada is the Fem-Assist (Insight
Medical, Boulton, Covington, GA). This device is an

external seal device that fits over the urethral
meatus between the labia. A small amount of
suction secures it in place with a paste to provide a
watertight seal. It has not yet gained mass popular-
ity. The device is reused for a week and does not
require sterilization. Three sizes are available.
Fourteen women were assessed using this device.
The device decreased pad weights by 47%. There
was subjective and objective improvement [22].

The Continence Guard is a polyurethane foam
product with American FDA approval for use. It
comes in three sizes and is placed in the vagina by
means of an applicator. It can be worn all day, or for
lesser periods of time, depending on patient need.
In a study of 22 women employing the device for a
one-year period, 68% were subjectively dry, and 26%
improved. There were no signs of vaginal irritation,
and minimal subjective complaints [23,24].
Objective improvement in women with detrusor
instability was 56.7%. The theory supplied is that the
device may prevent the entrance of urine into the
urethra; which might be the triggering factor of
uninhibited contractions and urgency incontinence
[25].

The Conti-Ring is a soft doughnut-shaped hollow
polyurethane ring with protrusions that lie on either
side of the urethra and support the urethra similar
to a bladder suspension. Air can be added or
removed to help with fitting. Various sizes are avail-
able (Calmia Medical Inc., Toronto).

There is currently a great deal of interest in
devices and further designs are likely to be seen in
great numbers in the future.

Conclusion
Vaginal pessaries are an important device to be
familiar with when caring for the patient with pelvic
floor dysfunction. They have been available longer
than any other treatment for prolapse and still have
an important role to play. They are useful in short-
and long-term treatment of genital prolapse and
incontinence, and have a role to play in deciding
surgical approach to repair. They are easy to become
familiar with, and should be an essential part of a
gynecologist’s armamentarium.

References
1. Zeitlin MP, Lebherz TB. Pessaries in the geriatric patient.

J Am Geriatr Soc 1992;40:635–9.
2. Wood NJ. The use of vaginal pessaries for uterine prolapse.

Nurse Pract 1992;17(7):31–8.

Supportive Devices 297



3. Miller DS. Contemporary use of the pessary. In: Sciarra JJ,
editor. Gynecology and Obstetrics: Clinical Gynecology,
Vol. 1, Rev edn. Philadelphia: Lippincott, 1999; 1–13.

4. Speert H. A pictorial history of gynecology and obstetrics.
Iconographia Gyniatrica. Philadelphia: Davis, 1973; 463–9.

5. Deger RB, Menzin AW, Mikuta JJ. The vaginal pessary: past
and present. Postgrad Obstet Gynecol 1993;13(18):1–8.

6. Wu V, Farrell SA, Baskett TF, Flowerdew G. A simplified 
protocol for pessary management. Obstet Gynecol
1997;90(6):990–4.

7. Moore KN, Flood CG, Griffiths DJ. Pessary use for stress
urinary incontinence. J Soc Obstet Gynaecol Can
1994;16:2231–7.

8. Bhatia NN, Bergman A, Gunning JE. Urodynamic effects of a
vaginal pessary in women with stress urinary incontinence.
Am J Obstet Gynecol 1983;147:876–84.

9. Bergman A, Koonings PP, Ballard CA. Predicting post opera-
tive urinary incontinence development in women undergo-
ing operation for genitourinary prolapse. Am J Obstet
Gynecol 1988;158:1171–5.

10. Fianu S. Preoperative screening for latent stress inconti-
nence in women with cystocele. Neurourol Urodyn
1985;4:3–7.

11. Hextall A, Boos K, Cardoza L, Tooz-Hobson P, Anders K,
Khullar V. Videocystourethrography with a ring pessary in
situ. A clinically useful pre-operative investigation for conti-
nent women with urogenital prolapse? Int Urogynecol J
1998;9:205–9.

12. Gibbons JM, Paley WB. The incarcerated pessary. Obstet
Gynecol 1969;33:842.

13. Colmer WM, Hattiesburg MD. Use of the pessary. Am J
Obstet Gynecol 1953;65(1):170–4.

14. Flood CG, Drutz HP, DelaCruz A, Brown D. Urogynecology
training in obstetrics and gynaecology programs across
Canada. J Soc Obstet Gynaecol Can 1997;19:51–7.

15. Farrell S. Practical advice for ring pessary fitting and man-
agement. J Soc Obstet Gynaecol Can 1997;19:625–32.

16. Buckley P, McInerey PD, Stephenson TP. Actinomycotic vesi-
cuterine fistula from a wishbone pessary contraceptive
device. Br J Urol 1991;68:206–7.

17. Grody MH, Nyirjesy P, Chatwani A. Intravesical foreign
body and vesicovaginal fistula: A rare complication of a
neglected pessary. Int Urogynecol J 1999;10:407–8.

18. Sulek P, Kuehl T, Shull B. Vaginal pessaries and their use in
pelvic relaxation. J Reprod Med 1993;38(12):919–23.

19. Suarez G, Baum NH, Jacobs J. Use of the standard contra-
ceptive diaphragm in management of stress incontinence.
Urology 1991;37:119–22.

20. Nygaard I. Prevention of exercise incontinence with
mechanical devices. J Reprod Med 1995;40(2):89–94.

21. Staskin D, Bavendam T, Miller J, Davila G, Diokno A, Knapp
P, Rappaport S, Sand P, Sant G, Tutrone R. Effectiveness of a
urinary control insert in the management of stress urinary
incontinence: Early results of a multi-center study. Urology
1996:47:629–36.

22. Versi E, Harvey MA. Efficacy of an external urethral device
in women with genuine stress urinary incontinence. Int
Urogynecol J 1998;9:271–4.

23. Thyssen HH, Lose G. Long-term efficacy and safety of a 
disposable vaginal device (Continence Guard) in the treat-
ment of female stress incontinence. Int Urogynecol J
1997;8:130–3.

24. Sander P, Thyssen H, Lose G, Andersen JT. Effect of a vaginal
device on quality of life with urinary stress incontinence.
Obstet Gynecol 1999;93(3):407–11.

25. Thyssen H, Sanders P, Lose G. A vaginal device (Continence
Guard) in the management of urge incontinence in women.
Int Urogynecol J 1999;10:219–22.

298 Female Pelvic Medicine and Reconstructive Pelvic Surgery



Outline of the Chapter
This chapter discusses the concept of neurostimu-
lation of the sacral nerve roots in treating voiding
dysfunction. Voiding dysfunction could be divided
into two categories according to the underlying
cause:

1. Neurogenic voiding dysfunction usually occurs
following damage to the central or peripheral
innervation of the bladder. A typical example of
neurogenic bladder occurs following a
suprasacral spinal cord injury. The primary
function of the sacral stimulation is to enhance
bladder evacuation.

2. Non-neurogenic voiding dysfunction affects a
larger group of patients who have no apparent
lesion in bladder innervation. These patients
present with voiding dysfunction very similar
to those with neurological lesions. A typical
example of non-neurogenic voiding dysfunc-
tion is encountered in urge-frequency syn-
dromes, chronic unobstructed urinary
retention and patients with refractory urge
incontinence. These patients respond to sacral
“neuromodulation” of the pelvic floor 
musculature.

The chapter will describe the two modalities of
sacral neurostimulation for different causes of
voiding dysfunction.

Sacral Root Neurostimulation for
Voiding in Patients with Spinal
Cord Injury

Historical Background

The interest in electric stimulation as a means of
controlling bladder function dates back to the
1950s. The first attempt to develop an electrical
stimulator to treat the paralyzed human bladder
was made in 1960 [1]. Since then several reports
have been published which describe different
systems of neurostimulation to induce voiding.
Direct detrusor stimulation received an initial inter-
est, which faded with time. The advantage of this
technique was the simplicity of the procedure of
electrode placement. The electrodes were implanted
directly on the bladder wall. Nevertheless, the effect
was not durable owing to electrode displacement,
production of fibrosis or even electrode erosion
through the bladder. The need for current densities
above the physiological levels was another major
drawback [2].

Direct sacral cord stimulation was another possi-
bility that was extensively addressed in the literature
during the 1970s. Jonas and co-workers tried to
stimulate the spinal cord at the level of the spinal
micturition center by surface electrodes. These early
trials proved to be a failure because of the proximity
of both the micturition and the pudendal nuclei
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making it practically impossible to stimulate the
parasympathetic nucleus without stimulating the
pudendal nucleus. Nevertheless, these experiments
conceived the concept of post-stimulus voiding
which was later used in sacral root electrostimula-
tion (see below) [3,4].

Pelvic nerve stimulation was then tried, but like-
wise proved to be a failure. Many factors were
involved since the pelvic nerves were shown not to
tolerate the stimulation for long periods of time.
Vesico-sphincteric dyssynergia was a problem
because of the simultaneous activation of the exter-
nal urinary sphincter resulting in an increase in the
outflow resistance. In humans, the early division of
the pelvic nerve to form a broad pelvic plexus made
it practically unsuitable for electrode placement [2].

The use of sacral roots electrical stimulation to
induce voiding attracted attention in the 1960s.
Habib reported his experience with sacral root elec-
trical stimulation in 1967 [5]. Since then several
reports has been published on this subject.

Sacral Root Electrical Stimulation

Since the early reports of the use of sacral root elec-
trical stimulation, it was apparent that although this
technique is by far superior to the other techniques
such as direct bladder and spinal cord stimulation, it
was still associated with potential drawbacks. The
major drawback was the dyssynergic voiding due to
simultaneous contraction of the sphincter during
bladder evacuation. Nevertheless, the sacral nerve
roots were found to be suitable for implanting with
cuff electrodes around the nerve roots. Other practi-
cal solutions for handling the dyssynergic pattern of
voiding made this sacral root electrical stimulation
the procedure of choice to induce voiding in para-
plegic subjects [2]. Researches on experimental
animals conducted in the universities of California
and McGill and Toronto Research Laboratories shed
light on almost all the practical aspects of sacral
root electrical stimulation.

Dyssynergia Induced by Sacral Root
Stimulation

The S2 root was shown to be the major root supply-
ing the urinary bladder while S1 is the one supply-
ing the external sphincter in canine models.
Unfortunately, the S2 root does not contain auto-
nomic bladder supply exclusively. Stimulation of the
S2 root will result in simultaneous contraction of
the bladder and sphincter leading to dyssynergic
voiding [6]. Two major contributing factors were
shown to induce dyssynergic voiding with sacral

root electrical stimulation: reflex and direct recruit-
ment of the external urethral sphincter musculature.
Stimulation of the dorsal root of the S2 sacral nerve,
which contains primarily afferent fibers from the
pelvic organs, induced a similar response to stimula-
tion of the whole S2 nerve. This response was only
eliminated by dorsal rhizotomies proximal to the
stimulation electrode, indicating that the mecha-
nism here is through reflex recruitment of the
bladder and the external sphincter. On the other
hand, stimulation of the ventral root of the S2 nerve
induced bladder and sphincteric contraction even
after cutting the root proximally, indicating that the
mechanism here is through direct recruitment.
Cutting the pudendal nerve peripherally while stim-
ulating the ventral root produced bladder contrac-
tion without dyssynergic sphincteric contraction.
Stimulation of the ventral root proximal cut end did
not induce any response [7].

Several studies have been conducted to address
the detrusor sphincter dyssynergia induced by
sacral root electrical stimulation. Post-stimulus
voiding [8], dorsal rhizotomy [9], selective stimu-
lation of the sacral rootlets [10], selective section-
ing of the pudendal branches of the S2 root [11],
pudendal neurotomy and sphincterotomy [9] were
proposed over the years with variable success,
morbidity and disadvantages. High frequency
stimulation of the pudendal nerve to induce
fatigue of the external sphincter prior to the stim-
ulation of the sacral root with low frequency
current was tested in our institute with good
results. The experimental animals were able to
void with a minimal post-void residual of urine
[12]. Anodal blockade to the somatic contribution
in the sacral root with a simultaneous application
of a stimulating current allowed selective stimula-
tion of the autonomic efferent branches supplying
the detrusor [13].

In a limited clinical trial, Tanagho and co-workers
implanted five patients with sacral root pulse gener-
ator. They used different combinations of electrode
placement. In none of these cases was voiding possi-
ble using sacral root electrical stimulation owing to
the severe dyssynergia. In another group of seven
patients limited dorsal rhizotomy was performed to
one or two roots. Only two patients were able to void
effectively with the stimulation, one of them after
bilateral pudendal neurotomy and levatorotomy.
When dorsal rhizotomy was done extensively and
combined with pudendal neurotomy all patients
were able to void (5/5) compared to 4 patients who
underwent extensive rhizotomies without pudendal
neurotomies and were not able to void with stimula-
tion [9]. From this study it became clear that it is
practically impossible to induce voiding by sacral
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root electrical stimulation without dorsal rhizo-
tomies and pudendal neurotomy with or without
levatorotomy.

Extensive dorsal rhizotomy is an essential part of
the procedure for patients implanted with a
Fintech–Brindley stimulator. This was not sufficient
alone to induce voiding since it has to be combined
with a specific stimulation protocol to induce a post-
stimulus voiding [8,14].

Post-stimulus voiding is possible by applying the
principle that the striated muscles of the sphincter
relax more rapidly than the detrusor after turning
off the stimulation current. Hence, intermittent
bursts of stimulation can be timed to produce more
or less stable intravesical pressure with intermittent
sphincteric relaxation leading to voiding in the form
of bursts of interrupted urinary flow [8].

In a recent study, 47 patients underwent extensive
dorsal rhizotomy (S2–S4/5). Forty-two of them were
evacuating the bladder effectively using the stimu-
lator without considerable residual urine. This
occurred with minimal residual urine and with no
effect on the upper tract. Posterior rhizotomies
resulted in increased bladder capacity, stabilization
of the renal function and resolution of the vesi-
coureteral reflux in two cases. On the other hand,
complications included nerve damage in two
patients, one of whom recovered after 6 months
while the other did not, implant infection in one
case, and clear CSF leakage which was treated con-
servatively. The authors did not discuss the effect of
the rhizotomies on erectile function in patients who
otherwise were potent [14].

Although the previous study was very successful,
some authors contest the results of dorsal rhizo-
tomies and the post-stimulus voiding. Many reports
demonstrated the recurrence of the bladder spastic-
ity and hyperreflexia after dorsal rhizotomies,
making this extremely risky and invasive procedure
of limited value [15]. Creasey has also pointed out
some drawbacks to sacral rhizotomy: the loss of
reflexogenic potency, reflex micturition and bladder
neck function with increased possibility of stress
incontinence. Although micturition by stimulation
is more effective than that induced reflexly, the loss
of reflex micturition after rhizotomy would be a
major drawback if the patient is not able to use his
stimulator [8]. Furthermore, some authors raised
concern about the non-physiological nature of
voiding using the post-stimulus voiding. In this type
of voiding too an excessively high intravesical pres-
sure is generated that may result in damage to the
upper urinary tract.

Hohenfellner and associates have reported their
results of selective stimulation of the ventral rootlets
supplying the sphincter. By intradural dissection

and stimulation of different rootlets composing the
S2 nerves in a canine animal model, they were able
to identify different components of the S2 root.
Selective stimulation of these rootlets resulted in a
bladder contraction with relatively less sphincteric
activity. The method did not eliminate sphincteric
activity totally and was done on an acute basis only
[10].

Synchronized electrical stimulation of the sympa-
thetic trunk and S2 root in dogs has been tried. The
investigators reported that voiding was possible in
83.3% of stimulations when the sympathetic trunk
was stimulated 5–10 seconds prior to the stimula-
tion of the S2 root compared to 7.4% without sym-
pathetic system stimulation [16].

Li and associates applied the principle of sphinc-
teric fatigue during sacral root stimulation in order
to decrease the urethral resistance. This was accom-
plished by stimulating the pudendal nerve with high
frequency current ranging from 100 to 300 Hz for 20
seconds prior to stimulation of the S2 nerve. Using
this stimulation protocol, bladder evacuation was
possible in 5–7 cycles with each cycle inducing
voiding of 40–100 ml urine [12]. Long-term studies
have shown structural changes in the external
sphincter that rendered it more resistant to the
fatigue [17].

Haleem and colleagues used a different approach.
They selectively sectioned the somatic contribution
of the S2 root to the pudendal nerve preserving only
the autonomic branches to the detrusor. This was
done before stimulation of the main trunk of S2
root. They compared this technique to another
group in which they did not section the somatic
branches of S2. Their approach resulted in the
ability to stimulate the detrusor selectively with no
associated sphincteric activity [11].

Selective Sacral Root Stimulation

S2 comprises mixed nerves containing both auto-
nomic fibers supplying the bladder and somatic
fibers to the sphincter. Autonomic fibers are the Ad
type, thin lightly myelinated fibers. Somatic fibers
are the Aa type, thick and heavily myelinated fibers.
The difference between these two types of fibers is
not limited to the size of the fibers. The difference
extends to the conduction velocity and, more impor-
tantly, to the current threshold. The stimulation
threshold of the somatic fibers is lower than that of
autonomic fibers. Stimulation of these fibers with a
gradually increasing current intensity leads to acti-
vation of the somatic fibers before the autonomic
fibers. This phenomenon is termed “reversed
recruitment”. According to this phenomenon it is

Sacral Nerves Neurostimulation 301



practically impossible to stimulate the autonomic
fibers without activation of the somatic ones. Barata
and colleagues demonstrated that this phenomenon
could be reversed by blocking the large diameter
fibers, leaving the smaller fibers to be activated with
the stimulation current. This phenomenon was
termed “orderly recruitment” [18].

The following paragraphs describe two of the
methods used for orderly stimulation that have
shown potential clinical application.

Selective Sacral Root Stimulation Using 
Anodal Blockade
The idea was first suggested by Brindley and Craggs
[19] for selective sacral root neurostimulation and
popularized by Koldewijn and colleagues [20]. The
principle of the anodal blockade is that the axon
becomes hyperpolarized at the site of the anode. If
the hyperpolarization is sufficient, no action poten-
tial will pass this point. With the increase of the
anodal current, large fibers become blocked first,
followed by small diameter fibers, leading to selec-
tive blockade of the large diameter fibers. Rijkhoff
and co-workers used a tripolar cuff electrode for
anodal blockade and were able to deliver both the
stimulating and the blocking current through it. The
design of the electrode was done so as to have one
cathode in the middle and two asymmetrically
placed anodes on each side of the cathode. The elec-
trode was controlled by two electric circuits in such
a way as to control each anode independently. The
theory behind this is to accomplish (1) excitation at
the cathode for all fibers, (2) blocking of all fibers at
the proximal anode to prevent reflex recruitment
and finally (3) blocking of large diameter fibers only
distally leaving the small diameter autonomic fibers
able to conduct action potential. The authors used a
computer modeling technique to optimize the pro-
cedure. They concluded from this computer model-
ing that it is possible to generate unidirectional
action potential down the autonomic fibers with
simultaneous blocking of the somatic fibers [13].
During the application of this principle on an acute
animal model the authors were able to block the
sphincteric activity totally but unfortunately no
bladder activity was recorded. They explained this
by the effect of the anesthesia. Another major point
of concern is the very large pulse width ranging
between 600 and 800 ms that they used to block the
sphincteric activity, generating very high charge
injection rates. Whether this is applicable in a
chronic animal model is not known and the long
term effect on nerve integrity is yet to be 
determined.

Selective Neurostimulation Using High
Frequency Blockade
This was first described by Wedensky in the nine-
teenth century. He used a 20 kHz current to block
skeletal muscle contraction. Tanner demonstrated
that this high frequency current if increased gradu-
ally could block first the conduction in large diame-
ter fibers followed by a block of small diameter
fibers if the current is further increased [21].
Solomonow showed that the most efficient blocking
frequency is 600 Hz. He used 100 ms rectangular
pulses rather than sinusoidal ones. In this work, he
was able to show that the use of this high frequency
current for up to 9 hours did not alter the muscle
properties. He theorized with reasonable proof that
the mechanism of action of blockade is putting the
motor neurons and the endplates in a temporary
refractory period, thus preventing the muscle from
contracting [22]. Barata and colleagues used a tripo-
lar cuff electrode to stimulate the skeletal muscles
motor unit through stimulation of the sciatic nerve.
They used two anodes symmetrically placed around
a centrally placed cathode. They again used two
independent circuits but for a different reason than
anodal blockade. One circuit was used to deliver the
low frequency current while the other circuit was
used to deliver the high frequency current. Using
this technique they were able to specifically stimu-
late small diameter fibers without the recruitment of
the large diameter fiber [18].

Clinical Results of Sacral Root
Stimulation for Voiding in Paraplegic
Patients

Surgical Procedure
Two different techniques were developed for sacral
root electrical stimulation for the purpose of
bladder evacuation in paraplegic subjects. Brindley
used extensive laminectomy from L4 to S2. Posterior
sacral rhizotomy was performed intradurally for
roots of S2 to S5 followed by intradural electrode
placement on the sacral anterior roots supplying the
bladder. These roots can be identified by peropera-
tive stimulation and simultaneous recording of
intravesical pressure. Electrodes are then brought
out from a grommet in the dura, which is then
closed. The electrodes are tunneled subcutaneously
to be connected to a radio receiver placed subcuta-
neously on the front of the chest or abdomen [8].
The technique of Tanagho and colleagues uses a
slightly different approach. This involves intradural
rhizotomy with extradural placement of the elec-
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trodes. The rootlets are dissected and separated at
the very distal end of the dura [12].

Clinical Results
Out of 184 implanted patients, 85% are using the
stimulator alone to evacuate their bladders. The rest
are using it in conjunction with intermittent
catheterization. Residual urine was less than 60 ml
in 95% of patients using it. Urinary tract infection
dropped as well [8]. McDonagh and colleagues
reported that 13 patients out of 15 became continent
after receiving the Brindley stimulator. They empha-
sized the importance of having a closed bladder
neck preoperatively [23].

Urodynamically, there has been a tremendous
increase in the cystometric capacity of the bladder
of these patients. It has been shown to be the result
of the dorsal rhizotomy. MacDonagh and colleagues
reported the disappearance of the hyperreflexia in
14 of 15 undergoing dorsal rhizotomy. Voiding pres-
sure was extremely high, reaching up to 125 cmH2O
with a mean voiding pressure of 89 cmH2O.
Surprisingly, this did not affect the upper tract.

Neurapraxia or axonotmesis was the commonest
complication in this group of patients, but recovery
occurred in less than a month. Other reported com-
plications included pain, CSF leakage, implant infec-
tion, cable failure, loss of reflexogenic erection and
loss of reflex voiding [8].

Sacral Root Neuromodulation
Sacral root neuromodulation is on of the relatively
recent concepts for treatment of various voiding and
storage dysfunctions in patients with intact spinal
cord. The modality is gaining wide acceptance
among the urology community. Tanagho and
Schmidt laid the principles of this modality early in
1988 [2,24]. Since then hundreds of patients have
been implanted with neuroprostheses for treatment
of various dysfunctions. Several reports have been
published addressing different aspects. Indications
have expanded to included urge incontinence and
sensory urgency [25,26], idiopathic chronic urinary
retention [27,28], pelvic pain [25,28] and interstitial
cystitis [29].

Procedure

Patients in any of the previously mentioned cate-
gories have to go through a screening test called
“Percutaneous nerve evaluation (PNE)”. In this test
a temporary wire electrode is put in the S3 foramen.
The patient is sent home with a mobile pulse gener-

ator for the next few days. Responders are then
implanted with a permanent sacral foramen implant
and an implantable pulse generator (IPG).

Percutaneous Nerve Evaluation
This test was first described as a clinical test to 
evaluate detrusor innervation [30]. The technique
that was used was quite different in the early publi-
cations. The procedure was performed under spinal
anesthesia and the patient was positioned laterally.
The aim was to test the response of the urinary
bladder, manifested in pressure changes, to S3 elec-
trical stimulation in patients who might be candi-
dates for implantation of a neuroprosthesis for
bladder evacuation. The procedure that is currently
used for PNE is described by Thon and colleagues
[28]. The patient is positioned prone with slight
flexion of the hips. Bolsters under the chest and
abdomen are used to maintain this position. After
preparing the skin in a sterile fashion, the patient is
draped in a way allowing access to the sacrum, per-
ineum and feet. The S3 foramen is located one finger
breadth off the midline at the level of the greater
sciatic notch (Figure 27.1). Local anesthetic is used
to infiltrate all planes down to the sacral bone. In
their description, Thon et al. used an angiocatheter
with a finder needle to probe the foramen. Currently
this has been replaced with a relatively atraumatic
needle supplied with the PNE kit from Medtronic®
(Minneapolis MN). The angle recommended by the
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authors was 60∞ to the skin (Figure 27.2). The more
tangential the angle is the narrower the contact with
the nerve. Stimulation of the nerve was done with
an insulated spinal needle. Current used was 3–5
mA, 15 Hz and 200 ms pulse duration. Each foramen
is separated with one finger within the vertical plane
from adjacent foramina. Once the desirable somatic
response is found, a 3-0 electrode wire supplied in
the kit (Medtronic“) is passed through the insulated
needle and secured in place on the skin by means of
adhesive tapes.

Hassouna and Elhilali reported a slightly different
technique. The main difference was in the angle of
the probing needle. They used a 30–40∞ angle to the
skin [31].

Somatic Responses to Sacral Roots
Neurostimulation
Sacral roots S2–4 are responsible for nervous supply
of most of the pelvic organs. They give rise to both
the pelvic nerve and pudendal nerve. The pelvic
nerve is the one carrying the autonomic innervation
while the pudendal nerve carries the somatic inner-
vation. In addition, a few somatic fibers arise from
the S2 and S3 and run in close proximity to the
pelvic nerve to supply the levator muscle and the
striated rhabdosphincter around the membranous
urethra [2].

The sacral root of interest is the S3 root. The
typical response of stimulating this nerve is seen in
the perineum and the foot. Electrical stimulation of
this root will result in contraction of the detrusor,
levator ani and to a lesser extent the urethral sphinc-

ter in addition to the big toe muscles. During percu-
taneous nerve evaluation this response is visualized
as a bellow movement of the perineum, that is,
inwards movement of the anus and deepening of the
gluteal cleft. Subjectively the patient feels a pulling
sensation in the rectum with variable sensation in
the scrotum and tip of the penis in men and labia
and vagina in females. Stimulation of S2 produces
contraction of more superficial perineal muscles
causing a clamping-like effect. It may cause some
sphincteric contraction but no detrusor response.
Furthermore, it causes planter flexion of the foot
and lateral rotation of the leg. Stimulation of S4
causes below-like action without any foot move-
ment. Occasionally there is an overlap between these
dermatomes [28,31].

Complications of PNE
Very minor complications have been reported in the
large experience at the North American and
European centers of more than 2000 cases who
underwent PNE. These complications included some
local discomfort and skin irritation at the puncture
site during the trial period and wire displacement.
There were no reports of infection or nerve damage
in any cases following PNE [28,31].

Subchronic PNE Test
After obtaining the desired response and securing
the wire in place the patient is sent home with the
wire coupled to a portable pulse generator
(Medtronic Screener“) for a 5–7-day period of out-
patient stimulation. Responders are those patients
that show considerable improvement of their symp-
toms during the subchronic testing period. The
choice of implant side depends on which side that
gave the best response [28,31].

Results of the PNE
Out of fifty patients tested by PNE for various
voiding and storage problems, Elabbady et al.
reported a satisfactory response to the subchronic
testing in 17 patients. It has to be mentioned that the
response criteria in this study were rather strict as
only patients who showed more than 70% improve-
ment in their main baseline symptoms were consid-
ered to be qualifiers. The rest of the patients either
did not show any response or the response was sub-
obtimal [25]. Siegel has reported a 51% response
rate in 49 patients who underwent PNE. In his
series, four patients had a sustained improvement of
their baseline symptomatology long after the PNE
[32]. When 50% improvement was used as a cutoff
value in patients undergoing PNE results improved
to 61% [26].
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Figure 27.2 Test stimulation procedure. Insert the insulated
foramen needle at an angle perpendicular to the bony surface
(approximately 60° angle relative to the skin for the S3 site) using the
needle tip to palpate the rime of the foramen and identify
superior/inferior and medial/lateral margins.



Hasan and colleagues compared the results of
transcutaneous electrical stimulation (TENS) of the
sacral roots and PNE of S3 roots in patients with
idiopathic detrusor instability. They reported that
the symptomatic relief of patients undergoing PNE
was more pronounced than that of patients having
TENS. Both tests showed favorable responses on the
ambulatory urodynamics. It has to be mentioned
that the duration of the TENS was 2–4 weeks com-
pared with 4–8 days for PNE, reflecting the superior
direct specific stimulation of the S3 root in the 
PNE [33].

Implantation of the Permanent
Neuroprosthesis

Patients who show a satisfactory response to the
PNE will receive a permanent implant of the neuro-
prosthesis. In the prone position, under intubated
general anesthesia, an incision is made in the skin
over the lower two-thirds of the sacrum and is
carried down to the thoracolumbar fascia (Figure
27.3). The fascia is incised and the gluteal and the
paraspinous muscles are retracted over the side that
demonstrated a satisfactory response during the
PNE testing. The foramen is identified and a
quadripolar electrode (lead electrode model 3080
Medtronic®) is then inserted in the foramen and

secured in place by non-absorbable material sutured
to the periosteum (Figure 27.4). The direction of the
electrode insertion is inferolaterally towards the
greater trochanter to follow the course of the sacral
root. The four contact points of the electrode are
checked at this point. An ideal response is the one
obtained with a current of 0.5–2 mA. Lower current
denotes a very close position and higher current
indicates that the electrode is too far away. If a less
than ideal response is demonstrated, the electrode is
removed and then replaced. The lead is then tun-
neled subcutaneously to be brought out just above
the iliac crest, or more recently in the gluteal area.
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Figure 27.4 Device implantation procedure. a Implant lead and test
for response. Place foramen needle and apply stimulation. If neces-
sary, turn stimulation off and then reinsert foramen needle and retest
until response is confirmed. Remove foramen needle. Gently insert
the distal end of the lead into the foramen. Depth is usually 1.0–1.5
inches (2.5–4.0 cm). The lead should maneuver easily until the lead
anchor (3080) contacts the periosteum. Test stimulate on various
electrodes of the quadripolar connector and reposition as necessary
until the desired response is observed. Positive motor responses
should be observed at two or more electrodes of the 3886 lead. b
Anchor lead and partially close the sacral incision site. Anchor the
lead in place by suturing to the sacral bone or periosteum, then close
the fascia or sacral incision and, if desired, suture a second anchor to
tissue using non-absorbable sutures.

Figure 27.3 Device implantation procedure: performing the dissec-
tion. Make a midline incision appropriate to the size of the patient
from approximately half a finger width below S4 up to S1; clean off
the fascia lateral to the midline and divide in the direction of the inci-
sion; split paraspinal muscle fibers sharply and retract; expose the
sacral foramen, preserving the periosteum; locate the desired
foramen by observing anatomical landmarks and palpating for
marble-board-like depression.



The patients are then positioned on their flank. The
implantable pulse generator (IPG model 3023
Interstim, Medtronic“) is implanted in a pouch fash-
ioned for this purpose medial to and above the ante-
rior-superior iliac spine or in the gluteal region
(Figure 27.5). The implantable pulse generator is
then connected to the electrode by an extension
cable (Model 7495 extension Medtronic“) tunneled
subcutaneously. Patients are placed under antibiotic
coverage. The pulse generator is activated on the
second postoperative day and patient discharged on
the third postoperative day [31].

Results of Sacral Neuromodulation
Several studies have been conducted on the subject
of sacral neuromodulation. The two main indica-
tions for sacral root neuromodulation will be dis-
cussed separately and other minor indications will
be discussed collectively.

Urge Incontinence and Bladder Instability
Urge incontinence and bladder instability are one of
the primary indications for this form of therapy. The
principle of this indication stems from observation
of the possibility of restoring the reservoir function
of the bladder in patients with suprasacral spinal
cord injury with sacral root neurostimulation [9]. In
that study, the primary aim of sacral root stimula-
tion was to induce voiding. It has to be mentioned
that most the patients in this study have undergone
extensive dorsal rhizotomy, which may be the main
reason for restoration of continence in them.

Bosch and Groen reported their results in 18
implanted patients with urge incontinence sec-
ondary to detrusor instability. The voiding diaries of
these patients showed a highly significant drop in
the leakage episodes and frequency with a
significant increase in the average voided volume.
The number of protective pads/day dropped
significantly as well. The effect was durable as 
13 patients who have been followed up for more
than 2 years maintained their initial improvement.
Urodynamically, the bladder instability disappeared
in 8 of the 18 patients while the other 10 showed an
increased infused volume to first uninhibited con-
traction and to the maximum uninhibited contrac-
tion. This was associated with increased bladder
volume at capacity and at first sensation. There was
no complete correlation between the urodynamic
findings and the patient symptomatology. Three of
the nine patients who were completely dry showed
persistence of the uninhibited contractions while
two of the nine who were not completely dry
showed a stable bladder [26].

Thon and colleagues provided similar results. Out
of 20 patients with urge urinary incontinence, 17
showed an improvement of more than 50% com-
pared with the baseline, which persisted for more
than a year of follow-up [28]. Elabbady and col-
leagues presented their results in patients with
urgency frequency and/or urge incontinence.
Frequency improved by 73%, urgency by 42% and
incontinence by 50%. Urodynamically, bladder
instability disappeared in one patient and bladder
volume at first sensation increased by 50% [25]. In a
more recent study Shaker and Hassouna showed the
long-term efficacy of sacral neuromodulation in 18
patients with urge incontinence. They followed the
patients for 4 years. The results were consistent as
shown in the significant decrease in the number and
degree of urge incontinence with the help of treat-
ment modality [34].

Idiopathic Non-obstructive Chronic Urinary
Retention
This is another major indication for sacral root neu-
romodulation. Very few reports have peen published
on this issue. Thon and colleagues reported their
results in seven patients within this category. Thirty-
three patients with chronic urinary retention were
implanted with permanent neuroprosthetic
implants. Twenty-three of them showed a long-
lasting significant improvement [28]. Vapnek and
Schmidt reported their experience in seven patients
with chronic retention. Five of the seven patients are
voiding normally, one is voiding with hesitancy and
straining, and the last was doing well but lost the
implant because of infection [27]. Elabbady and col-
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leagues presented their data in eight implanted
patients. All patients were able to void postopera-
tively. Average voided volume improved significantly
and was associated with marked reduction in the
residual urine. This was associated with significant
improvement in the uroflowmetry data [25]. In
another more recent study, Shaker and Hassouna
presented their results on 20 patients with chronic
retention. They showed that all patients were able to
void with minimal residual urine with the help of
the neurostimulator [35].

Miscellaneous Indications
Pelvic pain or discomfort is a very common
symptom associated with other storage or voiding
dysfunctions. In many of the publications for sacral
root neuromodulation, associated pelvic pain has
improved remarkably. This improvement ranged
from 85% to 90% when post-implant status was
compared with the baseline [26,28].

Tanagho presented his data concerning the use of
sacral root neuromodulation in various voiding dys-
functions and storage problems in children.
Nineteen patients with meningomyelocele have
been tested with PNE. Eleven have shown good
response. Seven of them have been implanted. Six of
these seven demonstrated a very good response
while one failed. Children with voiding dysfunction
with no apparent cause all responded to PNE (6/6).
And they all showed fair to good response postoper-
atively. Two patients with neonatal hypoxia have
been treated with neuroprosthetic implants. One
failed owing to behavioral problems [36].

Complications

Complications in general were minimal and within
expectations. These included electrode migration,
electrode failure and pain at the IPG site [25,26].
Cessation of the response with time is another
problem that some investigators encountered. Thon
et al. theorized that this is due to an electrode–nerve
interface problem resulting from high charge injec-
tion. The reason for this is electrode placement far
from the nerve. The close proximity of the electrode
to the nerve prevents the use of high current ampli-
tude, thus preventing nerve damage [28]. Pain
whether referred or at the IPG site constituted a
problem in 8 out of 17 implanted patients. This was
dealt with by adjustment of parameters in seven
patients. Since the relocation of the IPG in 
the gluteal area, the incidence of pain has been 
eliminated. No cases of nerve damage have been
reported [25].

Theories of Mechanisms of Action

The mechanism of action of this modality is not
well understood. There is not any solid evidence of
the mechanism of action and not much basic
research has been done to address this issue. The
theories explaining the results of the sacral root
neuromodulation are all derived from the clinical
observations. It has been shown that activation of
the afferent input of the S3 root inhibits the spinal
micturition reflex. This could explain the suppres-
sion of the sense of urgency and urge incontinence
[37–39].

An additional observation with sacral neuromod-
ulation is the substantial improvement of the pelvic
pain associated with urgency and urge inconti-
nence. This could be explained by the gate theory
proposed by Melzack and Wall [40]. According to
their theory, pain perceived from visceral origin
such as pelvic organs can be blocked by converging
impulses arising from a somatic origin such as the
S3 nerve root and supplied by the same dermatome
(S3). Another finding following sacral neuromodula-
tion was the change in the expression of the c-fos
protein in the spinal cord. The increase in the c-fos
protein was found to be very specific in the spinal
segment supplied by the pelvic or the pudendal
nerves when the latter have been stimulated electri-
cally [41]. This finding proves that neuromodulation
of the sacral nerve roots causes physiologic changes
in the spinal cord that are responsible for the 
micturition reflexes.

Summary
The application of sacral nerve root neuromodula-
tion and stimulation has gained wide acceptance as
a tool to enhance the control of voiding. The sim-
plicity of the technique has made this therapy
appealing for refractory cases of voiding dysfunc-
tion. The percutaneous screening test is mandatory
for the success of the therapy. Long-term follow-ups
have shown its efficacy and safety in patients with
voiding dysfunction.

Voiding dysfunction affects more than 20 million
Americans. The major problem facing these patients
is urinary incontinence. Eighty percent of the incon-
tinent population are female. It is estimated that half
of nursing home patients are suffering from urinary
incontinence. Bladder dysfunction has significant
economic and social impacts, such as the estimated
US$1 billion annual turnover in the pad and appli-
ances industry [42], and the social reclusion affect-
ing incontinent patients.
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The function of the bladder is twofold: a reservoir
to hold urine at low pressure and voiding to evacu-
ate the urine. Disturbances in one or both of these
functions will result in urinary voiding dysfunction.

The urinary bladder and outlet are under neural
control from the sacral nerves. The latter are under
influence from higher centers, particularly the
pontine micturition center (PMC). The PMC
receives neural input from the frontal lobe cortex,
the cerebellum and the basal nuclei, to mention a
few. Any neurological disturbances inflicted on one
or more of these nerve structures result in voiding
dysfunction secondary to neurogenic bladder.

Voiding dysfunction can occur also in the absence
of an overt neurologic lesion. It is estimated that
urinary incontinence represents 80% of non-neuro-
logic bladder dysfunction. These patients suffer
from different forms of incontinence, namely urge
in conjunction with stress incontinence. Patients are
also known to have pelvic floor dysfunction that
results in lower urinary tract malfunction. The asso-
ciation between urinary bladder and the muscula-
ture of the pelvic floor has been proven in repeated
studies [43,44].

Treatment of patients with conventional pharma-
cological therapy usually does not achieve satisfac-
tory results. Repeated surgical intervention aimed at
denervating or augmenting the bladder is usually
insufficient to control urge incontinence. Other tech-
niques used to treat urinary voiding dysfunction
that involve the use of stimulation include: pelvic
floor stimulation (either with or without biofeed-
back), sacral root stimulation, direct bladder stimu-
lation, and sacral neuromodulation.

Pelvic Floor Stimulation and
Biofeedback

Pelvic floor stimulation with or without biofeedback
(BFB) has been used with 20–60% success in treat-
ing patients with urinary urgency and frequency.
The principle of treatment relies on educating
patients to contract the pelvic muscles in order to
achieve a better control of bladder contractility. By
recruiting the pelvic musculature into contraction,
the patient may be able to inhibit unwanted bladder
contractions and suppress the sense of urgency and
hence the incontinence.

The treatment involves the use of recording
probes that are inserted inside the vagina or the anal
canal. These probes convert the pelvic floor contrac-
tility into signals perceived by the patients either by
visual or auditory means. The patient is requested to
contract and relax the pelvic muscle according to
those signals.

Pelvic floor stimulation either with or without
biofeedback involves repeated office visits to train
the patients. Once the patient becomes familiar with
the devices, he/she is requested to perform those
exercises at home repeatedly. The latter involves
long-term commitment and dedication on the part
of the patient towards the therapy. The results avail-
able in the literature vary in the degree of cure from
17 to 60% [45,46].
Disadvantages of pelvic floor stimulation and
biofeedback include:

1. An early, good result fades with time.
2. Commitment and motivation of the patient are

crucial to the success of the therapy.
3. Patients need continuous reminder of the

therapy in order to maintain success.

Sacral Root Stimulation

This modality has been advocated for patients with
spinal cord injury in order to drive the bladder to
evacuate. The treatment involves exposure of the
sacral nerve roots in the sacral neural canal. This
involves a laminectomy that extends to the upper
two-thirds of the sacrum. The sacral nerve roots are
separated into dorsal and ventral. The dorsal roots
of the 2nd, 3rd and 4th sacral nerves are cut in order
to facilitate the bladder evacuation with the least
sphincter contraction during stimulation.
Electrodes connected to an implantable receiver
device are wrapped around the ventral nerve roots.
The latter is activated by radiofrequency signals to
stimulate the bladder to evacuate. This treatment is
limited to patients with complete suprasacral spinal
cord lesions (i.e. paraplegic and quadriplegic). It is
not recommended for:

1. Patients with incomplete spinal cord injury,
since they show poor tolerance to the stimula-
tion.

2. Male patients who desire to keep their erectile
function intact. The dorsal rhizotomy of S2, 3
and 4 risks denervating the penis and hence
causes erectile dysfunction.

Direct Bladder Stimulation

Direct stimulation of the bladder or electrical
vesical stimulation to facilitate urinary evacuation
in patients with lower motor neuron lesions (spinal
cord injury) was performed during the 1970s by sur-
gical implantation of electrodes on the detrusor
muscle of the bladder. The electrodes were attached
to an implanted receiver, and an external stimulat-
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ing device used radio-frequency signals to transmit
electrical signals to the electrodes. Stimulation
resulted in contraction of the detrusor muscle with
subsequent emptying of the bladder.

Use of bladder stimulation for the treatment of
incontinence has not been adopted by the medical
community because of the low documented efficacy
rate of 20–50%, risk of adverse events including pain
and high pressure urine storage, and technical prob-
lems with the implanted devices such as lead wire
breakage [47–50].

Sacral Nerve Stimulation
(Neuromodulation)

Treatments for urge incontinence as described
above either act on the bladder directly or act on the
neural reflexes that influence detrusor (muscle of
the bladder) behavior. Pharmacological treatments
for urge incontinence are intended to act directly on
the bladder to calm or relax detrusor activity.
Treatments that act on the neural reflexes
influencing lower urinary tract behavior consist of
behavioral techniques, such as bladder training,
urge suppression, pelvic muscle exercises, biofeed-
back, and electrical stimulation (vaginal or anal).
These treatments are intended to condition the
pelvic floor and to suppress detrusor contraction by
modulating neural reflexes that have an inhibitory
effect on the bladder. Sacral nerve stimulation also
acts on neural reflexes but does so internally at the
level of the sacral nerve.

Sacral nerve stimulation therapy consists of elec-
trical stimulation of the sacral nerves via a lead
implanted adjacent to a targeted sacral nerve, an
implantable pulse generator (IPG) implanted in the
lower abdomen, and an extension that connects the
lead to the IPG. Electrical pulses from the IPG are
transmitted through the extension and lead, and to
the targeted sacral nerve via electrodes located at
the distal end of the lead. It is thought that sacral
nerve stimulation induces reflex-mediated
inhibitory effects on the detrusor through either
afferent and/or efferent stimulation of the sacral
nerves [25,27,28,51–55].

Sacral nerve stimulation therapy is delivered in
two stages: test stimulation and surgical implanta-
tion. Test stimulation is an office-based procedure
that allows the patient to experience the effects of
sacral nerve stimulation on voiding behavior over a
trial period of several days. Patients who demon-
strate improvement during the test stimulation
phase may be considered candidates for surgical
implantation of the sacral nerve stimulation system
(Medtronic, Inc., Minneapolis MN).

In a prospective, randomized trial, urge incontinent
patients implanted with the sacral nerve stimulation
system significantly reduced incontinent
episodes/day, severity of incontinence, and absorbent
pads/diapers replaced/day due to incontinence (all p
< 0.0001) at 6 months, compared with control group
patients who did not receive stimulation therapy.
Forty-seven percent (16 of 34) demonstrated a greater
than 50% reduction in incontinent episodes at 6
months post-implantation. Sustained clinical benefit
was documented through 18 months post-implant.

The most commonly reported adverse events
associated with use of the device or therapy
included pain at the implantable pulse generator site
(15.9% of patients); pain at the implant site (19.1%
of patients); and lead migration (7.0% of patients).
There were no reports of nerve damage or perma-
nent injury associated with use of the sacral nerve
stimulation system [56].

Conclusion
Various stimulation treatments are available for
patients suffering from lower urinary tract dysfunc-
tion and incontinence. Based upon review of the
scientific literature, each stimulation therapy should
be viewed as unique in its application, mode of
action, and risk/benefit profile (Table 27.1).

In comparing sacral neuromodulation with other
treatment modalities, it is imperative to delineate
the following:

1. Sacral neural modulation is a less invasive
therapy than stimulation of the sacral nerve
roots and direct bladder stimulation. It offers
treatment to patients who are neurologically
intact yet are suffering from refractory urinary
voiding dysfunction. The latter are more numer-
ous than patients with spinal cord injury.

2. Sacral neuromodulation offers continuous low-
grade stimulation to the sacral nerve which
influences voiding function.

3. Patients are not required to continuously wear
or interact with intravaginal or anal devices to
achieve efficacy in the therapy.

4. Sacral neuromodulation improves significantly
(greater than 75% of patients) bladder control in
patients with urge incontinence.
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Table 27.1 Comparison of different therapies for bladder dysfunction

Sacral neuromodulation Pelvic floor stimulationa Sacral root stimulation Direct bladder stimulation

Indications Urge incontinence Urge and stress Neurogenic bladder Neurogenic bladder
incontinence

Nerve integrity Present Present Absent Absent
Localization of 
stimulation Precise Diffuse Precise Precise
Efficacy >75% 17–60% 70% 20–50%
Safety

Safe Safe Risk of denervation Risk of pain, technical 
problems

Stimulation Low frequency and Low frequency and High amplitude High amplitude
amplitude amplitude

a With or without biofeedback.
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Introduction
Fecal incontinence and constipation are common
disorders: Fecal incontinence is reported to occur
“often” in 2.2% [1] to 6.9% [2] of adults in the
United States, with frequent, large volume fecal
incontinence occurring in an estimated 0.7% of the
population [2]. Constipation occurs in an estimated
4% of US adults [3], with pelvic floor dyssynergia
type constipation making up an estimated 25–50%
of this group [4,5]. Neither disorder is life-threaten-
ing, although both have an adverse effect on quality
of life and are associated with significant morbidity
and costs (e.g. cost of care and work absenteeism).
Functional rectal pain is reported by an estimated
11.3% of adults, including 7.9% who have proctalgia
fugax (fleeting sharp pain) and 6.6% who have
levator ani syndrome (chronic or recurring episodes
of dull, aching pain) [2].

Biofeedback is frequently employed to treat both
chronic fecal incontinence and pelvic floor dyssyn-
ergia type constipation when these symptoms do
not respond to conservative interventions such as
dietary recommendations, bowel scheduling, and
medications. Because uncontrolled trials suggest
that biofeedback is associated with outcomes as
good as medical management or surgery for fecal
incontinence and constipation, and because it has a
low incidence of adverse effects, biofeedback is
often recommended as the first-line treatment for
these conditions [6]. Less is known about the effec-
tiveness of biofeedback for the treatment of rectal
pain; biofeedback is one of many treatments that
have been recommended but there exists no con-
sensus on what is the best treatment for this 
condition [7].

Although biofeedback is frequently recom-
mended for the treatment of these disorders,

several factors have limited the widespread use of
biofeedback: (1) There are no adequate controlled
trials (comparison to placebo or comparison to
standard treatment) to demonstrate biofeedback’s
effectiveness in any of these disorders. (2) There
have been no uniform protocols for conducting
biofeedback training; different clinics vary widely
in how this training is done. (3) There is no con-
sensus on what criteria should be used to select
patients for treatment. For example, should fecally
incontinent patients with an anatomical defect be
tried on biofeedback or should they be referred to
surgery? Are patients with rectal prolapse likely to
benefit? 

The goals of this chapter are (1) to explain the
rationale for biofeedback for fecal incontinence,
constipation, and pelvic pain; (2) to describe the
treatment protocols used in each of these areas; and
(3) to evaluate the effectiveness of treatment based
on a systematic review of the literature.

Fecal Incontinence

Epidemiology

Prevalence
Estimates of the prevalence of fecal incontinence
range from 2% ([1] to 7% [2]. Severe or large
volume fecal incontinence occurs in 0.8% to 1.5% of
US adults [1,2]. The incidence is high in children up
to about age 9 years [8,9] but then decreases to a low
level in adolescents and young to middle-aged
adults, and increases again after about age 60,
achieving a prevalence of about 7–9.5% in adults
over the age of 65 [2,10].
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Impact on Quality of Life
Fecal incontinence, in combination with urinary
incontinence, is the second most common reason
for elderly institutionalization [11]. Fecal inconti-
nence is present in an estimated 47% of nursing
homes patients [12] and 56% of psychogeriatric
ward patients [13]. Among community-dwelling
adults, fecal incontinence has a marked inhibitory
effect on sexual behavior and may lead to social iso-
lation as a result of embarrassment [14]. In a
random sample of 704 Olmsted County, Minnesota,
residents who were 65 years or older, incontinent
subjects showed impairment on the role-function-
ing and current-health subscales of the SF-36 (short-
form health survey) even after statistical adjustment
for the presence of chronic illness, number of med-
ications taken, and impact on activities [15].
Similarly, incontinent patients seen in an outpatient
medical clinic had impairments on the SF-36 scales
for Bodily Pain, Role Physical, Mental Health, and
Social Functioning [16]. These are generic scales for
the assessment of quality of life. A new disease-
specific instrument for assessing quality of life in
patients with fecal incontinence has recently been
described [17].

Morbidity and Economic Burden
There is no increase in mortality specifically attrib-
utable to fecal incontinence, but there is a significant
morbidity attributable to skin breakdown and
urinary tract infections [11]. In addition to the cost
of institutionalization, more than US$400 million is
spent each year on fecal incontinence appliances in
the United States [18].

Pathothysiology

Figure 28.1 shows the anatomy of the pelvic floor
and illustrates the physiological mechanisms which
are critical to the preservation of continence. The
first of these factors is the motility (contractile
activity) of the distal colon: Constipation associated
with decreased peristaltic motility, and diarrhea
associated with patterns of motility that promote
the delivery of liquid stool to the rectum, are the
most common causes of fecal incontinence.
However, these forms of incontinence are rarely
treated with biofeedback.

The rectum has two characteristics that are
important to continence: compliance and sensation.

314 Female Pelvic Medicine and Reconstructive Pelvic Surgery

Sigmoid colon:
contractions retard
progress of stool

Puborectalis muscle:
phasic contractions and
ano-rectal angle

Ext. anal sphincter m.:
phasic contractions

Int. anal sphincter m.:
passive barrier
to leakage

Rectum:
Compliance
and sensation
of urgency

Posterior Anterior

Figure 28.1 Anatomy of the anal canal and rectum showing the physiologic mechanisms important to continence and defecation. See text for
details. (Reproduced with permission from Whitehead WE, Schuster MM. Gastrointestinal Disorders: Behavioral and Physiological Basis for
Treatment. Orlando, FL: Elsevier Science, 1985.)



The rectum normally relaxes to store stool just prior
to defecation, and decreased compliance (seen in
inflammation of the rectum or radiation injury)
contributes to incontinence by causing rapid transit
through the rectum with insufficient time to con-
tract the pelvic floor muscles to avoid incontinence.
At the other extreme, an overly compliant rectum
may promote the development of a fecal impaction,
which decreases perception of rectal filling with new
stool, dilates the internal anal sphincter, and allows
liquid stool to leak out [19]. Abnormal compliance is
not thought to be modifiable with biofeedback
training.

The second characteristic of the rectum impor-
tant to continence is sensation: People are normally
able to perceive very small distensions of the
rectum, and this is a critical cue to tell them when to
contract the pelvic floor muscles to avoid inconti-
nence [20]. Impaired ability to sense rectal disten-
sion, which is common in diabetics with peripheral
neuropathies [21] as well as in patients with brain
and spinal cord injuries [22], may cause patients to
fail to contract at appropriate times, resulting in
incontinence. Biofeedback training in the form of
sensory discrimination training may be useful for
this type of incontinence.

The anal canal is surrounded by the striated
muscles of the pelvic floor and by the external anal
sphincter. The puborectalis is a sling muscle which
loops around the posterior aspect of the rectum to
form the anorectal angle and anchors anteriorly to
the symphysis pubis. The puborectalis muscle nor-
mally stays partially contracted and is responsible
for maintaining the approximately 90-degree angle
between the rectum and the anal canal. It is inner-
vated by the pudendal nerve, originating from the
sacral spinal cord. This muscle can be voluntarily
contracted further to pinch off the rectum and
prevent any loss of solid stool. However, because it is
a sling muscle, the puborectalis is less effective for
preventing the loss of liquid and gas than it is for
solid stool.

The external anal sphincter is a purse-string
muscle which surrounds the anal canal (no bony
attachments) and which is able to close the anal
canal very effectively when it is voluntarily con-
tracted. This striated muscle, like the puborectalis,
is innervated by the pudendal nerve and is under
voluntary control. Obstetrical tears or other
traumas to this muscle [23], or injuries to the
pudendal nerve which innervates it, are common
causes of fecal incontinence. Weakness of the exter-
nal anal sphincter due to pudendal nerve injury is
thought to be more responsive to biofeedback
training than are other types of fecal incontinence
[24].

Types of Biofeedback Training

Theory of Biofeedback Learning
The type of learning on which biofeedback training
is based is motor skills learning: the patient
attempts to perform some action and uses feedback
from the success or failure of his/her attempt to
learn how to refine their performance [25]. A good
example is learning to throw a basketball: the indi-
vidual throws repeatedly and learns from the suc-
cessful shots how to throw the ball more accurately.
In the case of physiological responses such as
sphincter contractions, however, feedback on the
success or failure of attempts to control the pelvic
floor muscles may be difficult to perceive, especially
if the muscle is initially quite weak. Consequently,
biofeedback training involves detecting and trans-
forming small changes in the muscle response to
visual or auditory signals, which the patient can use
to refine his/her motor skills. Biofeedback training
sessions are usually supplemented by home practice
(Kegel exercises), the purpose of which is to increase
muscle strength by increasing the number of muscle
fibers innervated by existing nerves. Biofeedback 
is not thought to repair or generate new neural
pathways.

Biofeedback for fecal incontinence was first
described more then 25 years ago [26]. The goal of
biofeedback is to improve the ability of the patient
to voluntarily contract the external anal sphincter in
response to rectal filling either by improving the
strength of the sphincter or by increasing the
patient’s ability to perceive weak distensions of
the rectum, or by a combination of these two mech-
anisms. We have systematically reviewed the 36
studies in which biofeedback was used to treat fecal
incontinence, limiting our review to those studies in
which there were at least five patients treated and in
which the technique was described in sufficient
detail to confirm that biofeedback was the primary
treatment. We found that biofeedback protocols
could be divided into three basic types: pressure
biofeedback, electromyographic (EMG) bio-
feedback, and sensory discrimination training
(described below).

Pressure Biofeedback
Biofeedback training to improve the strength of the
external anal sphincter has most frequently been
done by recording anal canal pressures and provid-
ing a visual or auditory signal that is proportional
to anal canal pressure. The patient is asked to
squeeze as if preventing defecation and is given
visual feedback and verbal guidance on how to
accomplish this. He/she may also be taught to
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inhibit inappropriate responses such as contraction
of the rectus abdominis or gluteal muscles, which
may accompany the contraction of the external anal
sphincter. In many laboratories, patients have been
asked to squeeze in response to distension of the
rectum (accomplished by inflating a balloon in the
rectum) [27,28], but in other laboratories, the
patient is asked to squeeze without rectal distension
[29].

EMG Biofeedback
Biofeedback training to strengthen pelvic floor
muscles may also be done by showing the patient a
recording of the average EMG activity recorded
from the striated muscles surrounding the anal
canal [29]. In EMG biofeedback training, the
patient is usually asked to squeeze and relax repeat-
edly without the rectum being distended.
Information on inappropriate abdominal wall con-
traction is usually not provided with this type of
biofeedback training. Home exercises in which the
patient is asked to repeatedly squeeze the pelvic
floor muscles (Kegel exercises) to further
strengthen these muscles are usually requested
whether the biofeedback training employs anal
canal pressure or pelvic floor EMG.

Sensory Discrimination Training
Biofeedback training directed at increasing the
patient’s ability to perceive and respond to rectal
distension [21,30] is based on sensory discrimina-
tion training. A catheter with a balloon attached to
its tip is introduced into the rectum, and the balloon
is distended with different volumes of air. The
patient may be asked to report when he/she feels 
the distension, or may be asked to respond to the
balloon distension by contracting the pelvic floor
muscles. In either case, large distensions which the
patient can easily perceive are presented first, and
then the volume of rectal distension is gradually
reduced until the patient has difficulty detecting
when the balloon was distended. By repeatedly dis-
tending the balloon slightly above and then slightly
below the patient’s sensory threshold, and by pro-
viding feedback on accuracy of detection, the
patient is taught to recognize weaker and weaker
distensions. In many laboratories, this type of
sensory training is combined with sphincter
strengthening training by having the patient always
contract in response to rectal distension and
encouraging the patient to contract as strongly as
possible while providing feedback on the strength of
contraction as well as the accuracy of detection
[22,30].

Biofeedback Treatment of Fecal Incontinence
in Geriatric Patients
In the early 1980s, our laboratory undertook a study
of the biofeedback treatment of fecal incontinence
in patients over 65 years of age [30]. In this study,
we sought to control for the nonspecific effects of
behavioral and medical management by providing a
behavioral management program in which patients
attempted defecation at a routine time every day, for
4 weeks prior to the start of biofeedback. Only
patients who continued to be incontinent pro-
gressed to biofeedback training. In addition, we
sought to show that Kegel exercises, which are
usually prescribed in combination with biofeedback
training for fecal incontinence, are not sufficient to
establish continence without biofeedback (i.e., visual
or auditory feedback) training. Half of the patients
were randomly selected to perform Kegel exercises
during this 4-week run-in period but were not pro-
vided with any biofeedback information to help
them learn how to perform Kegel exercises appro-
priately; the other half of patients waited until the
end of the 4-week run-in before beginning Kegel
exercises, and did these exercises in conjunction
with biofeedback training. All patients were tested
for voluntary anal canal squeeze pressures at the
beginning of the run-in period, at the onset of
biofeedback training, and again at the end of
biofeedback training.

Principal findings were: (1) Behavioral training,
with or without Kegel exercises, was associated with
a non-significant trend towards reduced frequency
of incontinence, with two patients achieving conti-
nence with behavioral training alone. (2) Patients
who performed Kegel exercises during the 4-week
run-in showed greater increases in sphincter
squeeze pressures from before to after the run-in
period when compared to the patients who did not
perform Kegel exercises. However, the Kegel group
did not show significantly greater improvements in
bowel control as compared to the patients who did
not perform Kegel exercises during the run-in.
(3) Biofeedback was associated with a significant
increase in the strength of the external anal sphinc-
ter squeeze pressure from before to after biofeed-
back training, and this was associated with a
significant improvement in bowel control when
compared to the run-in period. Thus, it appeared
from this study that biofeedback was superior to
Kegel exercises alone, but the experiment did not
provide a definitive test of this hypothesis because
the sample size was small and because biofeedback
plus Kegel exercises was not compared to Kegel
exercises alone in a parallel group design.

One of the authors (SH) compared four types of
biofeedback training to determine whether one
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could be shown to be superior to the others [31].
The four training methods were (1) EMG biofeed-
back training, (2) EMG plus rectal balloon training,
(3) EMG biofeedback plus daily use of a home
biofeedback trainer, and (4) EMG, balloon training,
and use of a home biofeedback trainer. There were
8–10 subjects in each group, and all completed
weekly one-hour training sessions in the clinic. All
four groups showed significant reductions in the
frequency of fecal incontinence, but there were no
significant differences between groups.

Literature Review on Outcomes of
Biofeedback Training

As previously noted, we have systematically
reviewed published studies in which biofeedback
was used to treat fecal incontinence. To be included,
studies had to meet minimal criteria (i.e., minimum
of five patients studied, biofeedback technique
described, biofeedback effects not confounded with
surgery). The following is a summary of this litera-
ture review:

1. The median success rate for the 36 studies we
reviewed was 75% of patients who achieved at
least a 75% reduction in the frequency of fecal
incontinence. However, only approximately 50%
of patients achieved complete continence.

2. Only two studies employed prospective, ran-
domized, parallel group experimental designs
[22,32]: (a) The study by Whitehead and col-
leagues [22] compared biofeedback plus behav-
ioral management to behavioral management
alone in children with fecal incontinence sec-
ondary to myelomeningocele. They found a
significant improvement in both groups, sug-
gesting that biofeedback is not superior to
behavioral management for most children with
myelomeningocele. (b) Miner and colleagues
[32] employed a complex crossover design
which made interpretation of results difficult.
Their 25 adult patients were first randomized to
receive either three sessions of sensory discrimi-
nation training (feedback on accuracy of per-
ceiving threshold volumes of distension) or a
control treatment involving exposure to similar
distensions without instructions or feedback on
accuracy of perception. The sensory training
group showed significant reductions in fre-
quency of incontinence and the control group
did not, but between-group differences were not
statistically significant due to small samples.
Patients in the control group were subsequently
provided with sensory training and showed
improved continence. Then all 25 patients were

randomized again to receive either sphincter
strengthening exercises without rectal disten-
sions, or they were taught to squeeze in response
to rectal distension with feedback (which the
investigators termed coordination training). As
a group, patients showed further improvements
in continence with this second phase of training,
but there were no significant differences
between the groups, due perhaps to the con-
founding from multiple crossovers and small
sample sizes. This study suggested that sensory
training was important to the elimination of
incontinence, but the results were not definitive
owing to limited statistical power. (c) A third
study [33] employed a parallel group design
comparing 16 patients who received pressure
biofeedback to 8 patients who received medica-
tions, but in a major design flaw, patients were
not randomly assigned (they were allowed to
select the treatment they preferred). These inves-
tigators found significant improvements relative
to baseline in the biofeedback group but not in
the medication control group. However,
between-group comparisons were not reported
and are presumed not to have been statistically
significant.

3. Most published studies have used recordings of
pressure from the anal canal rather than pelvic
floor EMG as the basis for biofeedback. In the
majority of these studies, patients were taught to
squeeze in response to rectal distension with a
balloon. However, comparisons between studies
do not show any clear superiority for pressure
versus EMG feedback.

4. Several studies suggest that sensory discrimina-
tion training (i.e., training directed at reducing
the threshold for perception of rectal distension)
is important to the success of biofeedback train-
ing [21,28,32,34,35]. However, sensory training is
not essential for a successful outcome, as is
shown by the good outcomes in several studies
which employed EMG biofeedback and did not
include any sensory training.

5. Nonspecific components of treatment including
education, attention from health care providers,
and sometimes the use of laxatives or anti-diar-
rheal agents, clearly contribute to the successful
outcomes which have been reported [[30–32,34].

Others have reviewed this literature: Enck [36]
reviewed 13 biofeedback studies published between
1974 and 1990 and found an overall improvement
rate of 80% (range: 50–90% improved). A subse-
quent review of 14 biofeedback studies done
between 1988 and 1997 reported that 40–100% of
patients were improved [37]. However, these impres-
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sive outcomes should be considered cautiously
because: (1) there have been no uniform criteria for
defining improvement or assessing outcome; (2)
only three of the studies used parallel group
designs, and these studies lacked statistical power
due to small samples and did not control for placebo
effects; (3) inclusion criteria differed; and (4) treat-
ment protocols varied.

Constipation Caused by Pelvic
Floor Dyssynergia

Epidemiology

The prevalence of pelvic floor dyssynergia in the
population is unknown because the diagnosis
requires laboratory testing (anorectal manometry,
pelvic floor EMG, and/or radiological studies) [7].
However, the prevalence of the symptoms believed
to be associated with pelvic floor dyssynergia has
been studied: In a random sample of 10 018 US
adults, Stewart and colleagues [38] reported that
12% had difficulty letting go of a stool on at least
25% of bowel movements, 19% experienced a block-
age on more than 25% of bowel movements, and
12% reported pressing with fingers on the perineum
or in the vagina to facilitate defecation at least 25%
of the time. The proportion of patients with chronic
constipation who have been referred to an academic
medical center has been reported to be as low as 8%
[39] and as high as 74% [40], but more typically it is
25–50% [5,41].

Pathophysiology

Normally, during the act of defecation the puborec-
talis sling muscle and the external anal sphincter
(Figure 28.1) relax to permit defecation, as can be
demonstrated by recording EMG activity from the
pelvic floor muscles or anal canal pressures during
defecation (Figure 28.2). However, some chronically
constipated patients inappropriately contract [4] or
fail to relax the external anal sphincter or puborec-
talis muscle, or both muscles, which obstructs defe-
cation [42,43] (Figure 28.3). Pelvic floor dyssynergia
(also called anismus) is defined by paradoxical con-
traction or failure to relax the pelvic floor during
attempts to defecate.

Preston and Lennard-Jones [4] first described the
association of paradoxical contraction of the pelvic
floor with constipation, and subsequent investiga-
tors confirmed their observation [44]. This abnor-
mality is not attributable to a neurological lesion

since at least two-thirds of patients can learn to
relax the external anal sphincter and puborectalis
muscles appropriately when provided with biofeed-
back training [36].

Recent reports suggest that the finding of pelvic
floor dyssynergia is variable from one occasion of
testing to another [45] and is less likely to be seen
when the patient is at home when ambulatory moni-
tors are used to record the response to straining, as
compared to laboratory testing. Pelvic floor dyssyn-
ergia is also observed in some asymptomatic con-
trols and fecally incontinent patients [46], causing
some investigators to question whether this is a dis-
tinct abnormality causing constipation [47].
However, most believe that, while current diagnostic
criteria may lead to false positive diagnoses, there
exists a subgroup of patients whose symptoms of
chronic constipation and/or fecal impaction occur
as a result of inability to relax the pelvic floor when
straining to defecate [7].

Psychological Contributions to Etiology

Anxiety and/or psychological stress may also con-
tribute to the development of pelvic floor dyssyner-
gia by increasing the level of skeletal muscle tension.
Heymen and colleagues [48] found clinically
significant elevations on the Minnesota Multiphasic
Personality Inventory (MMPI) scales for hypochon-
driasis and depression, and an elevation which was
nearly two standard deviations above normal 
for scale 3 (hysteria) in these patients; and Burnett
et al. [16] (1998) reported that they had significantly
higher scores on the SCL-90R (symptom checklist
90, revised) scales for anxiety, depression, hostility,
interpersonal sensitivity, obsessive compulsive
traits, phobic anxiety, and somatization. Similar
studies showing elevated levels of psychological dis-
tress in patients with symptoms of difficult defeca-
tion were reviewed by Whitehead [49]. However,
other studies suggest that children with pelvic floor
dyssynergia do not have any more behavior prob-
lems than children without pelvic floor dyssynergia
[50,51].

Inappropriate learning may contribute to the
development of pelvic floor dyssynergia in children,
as suggested by the fact that the defect may be
rapidly reversed with biofeedback training (see
below). Some investigators have speculated that the
pain associated with attempting to defecate large,
hard stools may result in inadvertent learning by
children to contract the sphincters in order to avoid
or terminate pain during defecation [50,52,53]. This
could result in a spiral of harder stools and further
fear of defecation.
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Figure 28.2 The left panel shows normal anal canal pressure in response to straining to defecate in a patient with colonic inertia type consti-
pation.Top channel shows pressure in a 10 ml air-filled rectal balloon used to detect increases in intra-abdominal pressure during straining.The
next four channels show pressures in the anal canal. In the most distal channel, which is in the high pressure zone of the anal canal, straining is
associated with a decrease in anal canal pressure, which is the normal response.The right panel, taken from the same patient, shows the aver-
aged EMG recorded from a perineometer type electrode in the anal canal; this patient shows normal reflex inhibition of pelvic floor EMG during
straining. (Reproduced with permission from Whitehead et al. [7].)

Figure 28.3 Left panel shows paradoxical increases in anal canal pressure during straining to defecate in a patient with pelvic floor dyssyner-
gia. The top channel shows intra-abdominal pressure recorded from a 10 ml air-filled balloon and reflects normal increases in pressure associ-
ated with straining. However, the lower four channels all show paradoxical increases in anal canal pressure, which would obstruct defecation,
rather than decreases in anal canal pressure, which would permit defecation to occur.The right panel, taken from the same patient, shows that
these paradoxical increases in anal canal pressure are accompanied by increases in averaged pelvic floor EMG. (Reproduced with permission
from Whitehead et al. [7].)



Leroi and colleagues [54] found a greater inci-
dence of sexual abuse in women with pelvic floor
dyssynergia. These authors speculate that following
the trauma of sexual abuse, any sensation of rectal
fullness may trigger a memory of the original
trauma and may lead to an involuntary contraction
of the pelvic floor muscles.

Impact on Quality of Life

Patients with symptoms of difficult defecation show
significant impairments on the SF-36 scales for
bodily pain, role physical (limitations in ability to
work or perform usual physical activities), and
general health, even when the possible mediating
effects of neuroticism (a personality trait associated
with a generally pessimistic attitude) are statistically
controlled for [16].

Biofeedback Treatment

The earliest behavioral treatment for pelvic floor
dyssynergia was simulated defecation: The team of
Bleijenberg and Kuijpers [55] described an inpatient
program in which water-filled balloons were intro-
duced into the rectum and slowly pulled out while
the patient was encouraged to attend to the sensa-
tions produced by the balloon and to try to facilitate
balloon passage. At other times, these patients had
porridge introduced into the rectum to simulate
stool, and they practiced defecating this. This
approach is used infrequently because it is offensive
to some patients and some physicians. Moreover,
one study [56] found EMG biofeedback to be more
effective than simulated defecation.

The largest series of constipated patients treated
with biofeedback was reported by Gilliland and col-
leagues [57]. In this series of 194 patients, 63% of
patients who completed the treatment protocol
reported complete success (≥3 unassisted bowel
movements per week). If patients were included who
discontinued treatment prematurely, 35% had com-
plete success (defined as at least 3 unassisted bowel
movements per week and discontinuation of cathar-
tics), and 13% reported partial success (defined as
at least one unassisted bowel movement per week
with decreased cathartics).

Heymen and colleagues [58] subsequently com-
pared four approaches to the biofeedback treatment
of pelvic floor dyssynergia: (1) EMG biofeedback
training alone, (2) EMG plus rectal balloon biofeed-
back training, (3) EMG plus daily use of a home
biofeedback trainer, and (4) EMG, balloon biofeed-
back, and home trainer combined. There were 8–10
subjects in each group. There was a significant

increase in the frequency of unassisted bowel move-
ments in groups 1, 2, and 4; and there was a
significant decrease in the use of cathartics by
groups 1, 2, and 3. There were no significant differ-
ences between groups, although the small sample
sizes limited the statistical power of between-group
comparisons.

Literature Review on the Outcomes of
Biofeedback Treatment

We have systematically reviewed all published
studies of biofeedback for pelvic floor dyssynergia,
which included a total of 40 studies. This literature
may be summarized as follows:

1. Sensory training, in which subjects are taught to
recognize the sensations associated with normal
defecation, has been a part of many treatment
protocols. It is accomplished by inflating a
balloon in the rectum and slowly pulling it out
[55,59], by having the patient attempt to defecate
a balloon [60,61], or by having the patient prac-
tice defecating oatmeal or psyllium introduced
into the rectum as an enema [55]. In the only
study which systematically compared biofeed-
back with and without such sensory training
[56], EMG biofeedback alone appeared to be
superior. However, further studies are needed.

2. Most studies in the last 10 years have employed
pelvic floor EMG instead of anal canal pressure
as the basis for biofeedback. Only two studies
directly compared the two types of biofeedback
[58,62]. Neither found significant differences.

3. Six parallel group studies have compared
biofeedback to conventional therapy, and results
were mixed. Five of these studies involved chil-
dren, and it has been suggested that the etiology
of pelvic floor dyssynergia may differ for chil-
dren compared with adults.
a) Wald and colleagues [50] compared pres-

sure biofeedback to mineral oil in 50 fecally
incontinent children, of whom only 18 had
pelvic floor dyssynergia. There were no
significant differences between treatments,
but there was a trend for patients with
pelvic floor dyssynergia to do better with
biofeedback and for patients without pelvic
floor dyssynergia to do better with mineral
oil.

b) Loening-Baucke [63] compared biofeedback
(pressure and EMG) to laxatives in 41 chil-
dren all of whom had pelvic floor dyssyner-
gia. The biofeedback group did significantly
better.
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c) Van der Plas and colleagues [64] compared
biofeedback (pressure and EMG) to laxa-
tives plus scheduled evacuation in 192 con-
stipated children, 40% of whom had pelvic
floor dyssynergia. There were no between-
group differences.

d) In a second study from the same group, van
der Plas and colleagues [51] compared
biofeedback plus laxatives to laxatives alone.
At the end of training a higher proportion
of children treated with biofeedback plus
laxatives were categorized as successful
(39% versus 19%), but by 12 months, there
were no differences between groups.

e) Nolan and co-workers [65] compared EMG
biofeedback plus laxatives to laxatives alone
in 29 children, all of whom had pelvic floor
dyssynergia. There were no between-group
differences.

f) Koutsomanis and colleagues [66] compared
EMG biofeedback training to defecate a
balloon (n = 29) to guided practice of
balloon defecation without visual feedback
(n = 30). Both groups reported subjective
improvement (69% versus 64%) associated
with increased frequency of bowel move-
ments and decreased straining. Limitations
of this trial were (1) etiology of constipation
was mixed, although approximately 75%
had pelvic floor dyssynergia; and (2) rela-
tively few training sessions were provided
(average of three).

Biofeedback studies for pelvic floor dyssynergia
have been reviewed by others [36,37]. These reviews
suggest that approximately two-thirds of adult
patients with pelvic floor dyssynergia benefit from
biofeedback training. However, there are no controlled
trials comparing biofeedback to either sham biofeed-
back or conventional treatment in adults, and there
are no data on long-term efficacy, nor on which com-
ponent of treatment is most effective. Despite these
limitations, biofeedback therapy is often regarded as
the treatment of choice for this problem [67].

Functional Anorectal Pain

Recently, the Rome criteria for Functional Anorectal
Pain have been revised (Rome II) and two distinct
anorectal pain disorders have been identified,
levator ani syndrome and proctalgia fugax [7].
While the two disorders may coexist, they differ
based upon the duration, frequency, and character-
istic of the anorectal pain. Other causes of anorectal
pain such as ischemia, fissures, inflammatory bowel

disease, solitary rectal ulcer, and intramuscular
abscess must be excluded.

Levator Ani Syndrome

Levator ani syndrome has been previously referred
to as levator spasm, pyriformis syndrome, puborec-
talis syndrome, chronic proctalgia, and pelvic
tension myalgia. The diagnosis of levator ani syn-
drome requires at least 12 weeks (which need not be
consecutive) during the preceding 12 months of
chronic or recurrent rectal pain or aching, with
episodes lasting 20 minutes or longer, and exclusion
of any organic basis for the pain [7,67]. The preva-
lence of levator ani syndrome is estimated at 6.6% of
the general population [2]. More than half of the
affected patients are aged 30–60 years, but the
prevalence declines after age 45. It appears to be
more common in women. Only 29% of affected indi-
viduals consult a physician, although there is
significant associated disability [2].

The pathophysiological basis for levator ani syn-
drome has not been established, but two studies
[68,69] show that the majority of patients have
chronic elevated levels of tension in the striated
pelvic floor muscles and that biofeedback training
to teach patients to relax these pelvic floor muscles
often provides relief of pain. Moreover, a review of
the treatment literature suggests that most of the
treatments which have been recommended for this
disorder are directed at relaxation of tense pelvic
floor muscles (see Whitehead et al. 2000 [7] for a
review of these uncontrolled treatment studies).

Heymen and colleagues [48] reported that the
MMPI profiles of patients with intractable rectal
pain show a preoccupation with bodily symptoms
and a fear of disease (shown by elevations on scales
1, 2 and 3 of the MMPI). Salzano and colleagues [69]
also reported that these patients have psychological
test scores showing elevated levels of anxiety.

Proctalgia Fugax

In contrast to levator ani syndrome, proctalgia fugax
is defined as sudden, severe pain localized to the
anus or lower rectum that lasts from seconds to
several minutes with an absence of anorectal pain
between episodes [7]. Attacks are typically infre-
quent, occurring five times a year in 51% of patients.
Community prevalence estimates have ranged from
8 to 18% with only 17–20% of these patients report-
ing symptoms to their physicians. A small subset of
individuals experience proctalgia fugax on a fre-
quent basis. Two studies [70,71] suggest that smooth
muscle spasm may be the cause of proctalgia fugax.
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When comparing proctalgia fugax patients to
healthy controls, patients appear to be more perfec-
tionist, anxious and/or hypochondriacal [72].

Biofeedback Treatment for Chronic
Anorectal Pain

Research on rectal pain has been hampered by the
lack of a consensus on appropriate diagnostic crite-
ria. It appears that most patients enrolled in biofeed-
back treatment studies have had levator ani
syndrome, but patients with proctalgia fugax may
have been included in some studies. No controlled,
parallel-group studies of treatment outcome are
available, but the following uncontrolled studies
suggest that biofeedback training to teach relaxation
of the pelvic floor may be effective.

Grimaud and colleagues [68] reported a prospec-
tive evaluation of 12 patients with chronic rectal
pain (patients with proctalgia fugax and coccygody-
nia were excluded). Patients received both pre- and
post-treatment manometric assessments and
defecography, and these data were compared with
those of 12 healthy control subjects. Prior to treat-
ment, resting anal pressures averaged 67 mmHg for
patients compared with 44 mmHg for controls, and
75% of the patients demonstrated pelvic floor
dyssynergia when straining to defecate. Biofeedback
training consisted of 30-minute sessions in which
anal canal pressure was displayed and subjects were
instructed to relax. They also practiced relaxation at
home, and used the relaxation technique at times
when rectal pain occurred. Patients were treated on
a weekly basis until they reported being pain free.
Thereafter, patients were seen for three follow-up
sessions scheduled on a monthly basis followed by
sessions scheduled for every 3 months. All subjects
were initially able to achieve a pain-free status in an
average of eight treatment sessions. Post-treatment
manometric assessment revealed a mean resting
anal canal pressure of 42 mmHg, which was similar
to that of the healthy controls. All but one of the
patients who had pelvic floor dyssynergia at pre-
treatment, showed anal pressure relaxation at post-
treatment. Only one patient reported a relapse of
pain. On reassessment, this patient again showed
elevated anal canal pressures. During the assessment
session, the patient was able to decrease anal canal
pressure to the normal range with cueing and he
reported that his pain resolved. Although this study
lacks a control for attention and other non-specific
aspects of treatment, these investigators demon-
strated that they could alleviate anorectal pain in an
average of 10 sessions with anal canal pressure
biofeedback, and the pain reduction appeared to be

associated with a decrease in anal canal resting
pressures and a decrease in inappropriate motor
responses (pelvic floor dyssynergia) during simu-
lated defecation.

Ger and colleagues [73] reported a retrospective
evaluation of 60 consecutive patients diagnosed
with chronic intractable rectal pain. Patients met
inclusion criteria if they had either frequent
episodic pain or pain of a more long-lasting nature.
Patients were presented with three treatment
options and chose which form of treatment they
desired. Thus, subjects entered treatment groups in
a non-randomized fashion to either electrogalvanic
stimulation (EGS), biofeedback, or steroid caudal
block (SCB). Biofeedback was conducted by a
certified therapist through six 50-minute sessions.
Using an intra-anal EMG sensor, patients were
trained to alternately contract and relax anorectal
muscles and were instructed to relax pelvic floor
muscles when attempting a bowel movement.
Patients were instructed to practice Kegel exercises
in a series of 20 sphincter contractions and relax-
ations without feedback five times a day at home.
They were evaluated a mean of 15 months after
completing treatment. Of the 14 patients initially
receiving biofeedback, 14.3% reported complete
relief of symptoms (compared with 6.9% for EGS
and 0% for SCB) and 28.6% reported acceptable
improvement in the frequency and intensity of pain
(compared with 31.0% for EGS and 18.2% for SCB).
While biofeedback produced the highest success
rate, none of the procedures benefited even half of
the patients.

This research team also examined retrospec-
tively the records of 86 patients who completed
more than one session of intra-anal EMG biofeed-
back to assess the efficacy of biofeedback and to
identify variables which might predict treatment
success [74]. All biofeedback was conducted by a
trained and experienced biofeedback therapist
using intra-anal EMG feedback. There were 34.7%
of patients who reported an improvement in symp-
toms. The major predictor variable for success was
whether the patients completed therapy versus ter-
minating biofeedback training prematurely. Age,
duration of symptoms, and the presence of para-
doxical puborectalis contraction were not predic-
tive of success.

Two studies have used biofeedback based on anal
canal pressures rather than EMG activity from the
pelvic floor. Heah and colleagues [75] studied 16
patients with levator ani who had an average dura-
tion of symptoms of 32 months. Pain ratings
decreased from a median of eight before treatment
to a median of two after treatment, and the patients
reported a significant reduction in the use of non-
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steroidal anti-inflammatory drugs (NSAIDs).
However, pain reduction was not associated with
significant reductions in anal canal pressures. In the
second study [69], 31 patients with chronic anal
pain were treated with pressure biofeedback, and all
reported improvements in anal pain. In contrast to
the previous study, these authors reported that
symptom improvement was associated with
significant reductions in anal canal pressures.

To date, no studies have included control groups
with random assignment to treatment condition in
order to control for placebo effects. Moreover, with
the exception of the Heah et al. [75] study, investiga-
tors have not distinguished patients with proctalgia
fugax from those with levator ani syndrome. Given
the different presentation of these disorders, it is
reasonable to hypothesize that there may be differ-
ent pathophysiological mechanisms underlying the
disorders (e.g. smooth muscle spasm versus spasm
of striated pelvic floor muscles). It is recommended
that future research utilize the Rome II consensus
criteria in selecting patient groups.

In contrast to fecal incontinence and constipa-
tion, less is known about the pathophysiology of
functional rectal pain disorders. Without knowing
the underlying pathophysiology of the disorder, it is
difficult to know what aspect of physiology biofeed-
back should address. For example, if proctalgia
fugax is indeed a disorder produced by spasm of
smooth muscles, then biofeedback using intra-anal
EMG electrodes, which primarily reflect striated
external anal sphincter activity, may not provide
useful information to the patient in being able to
regulate their pain. With greater understanding of
the underlying pathophysiology of the disorders,
new biofeedback procedures may be developed to
facilitate changes in physiological self-regulation
more specific to the disorders.

Presently, the findings of uncontrolled empirical
studies suggest that biofeedback may be useful to
some patients in managing chronic rectal pain.
Biofeedback is not associated with side effects or
adverse events that may occur as a result of medica-
tions or surgery nor has it been shown to worsen or
exacerbate symptoms. Comparisons with other
treatment alternatives (i.e., surgery, electrogalvanic
stimulation, sacral blockade, analgesic medications)
suggest (but do not prove) that biofeedback may be
more effective. Given the significant disability asso-
ciated with functional anorectal pain disorders,
further development of biofeedback therapies and
alternative treatment modalities is needed. However,
future studies should focus on more restrictive and
more carefully characterized patient groups (e.g.
patients with levator ani syndrome who have ele-
vated anal canal pressure or elevated pelvic floor

EMG), and they should take into account the psy-
chological symptoms that have been found to be
associated with chronic rectal pain.

Summary
Biofeedback training is a form of motor skills learn-
ing in which the patient practices an activity and
learns from their successes and failures how to
refine their performance. What is unique about
biofeedback training is that electronic devices are
used to enhance the amount of sensory information
available to patients on the success of their efforts.
This is especially useful in situation such as muscle
weakness due to partial denervation or chronic
muscle tension, where intrinsic sensory feedback is
limited.

Biofeedback is considered the treatment of choice
for fecal incontinence associated with weak pelvic
floor muscles and/or decreased ability to perceive
rectal distension. On average 75% of patients are
improved, although only about 50% are cured. The
appeal of biofeedback for incontinence is that it is
completely safe and it is relatively inexpensive com-
pared with surgery, which produces comparable
outcomes overall.

For constipation related to pelvic floor dyssyner-
gia, biofeedback is used to teach the patient to relax
pelvic floor muscles during defecation, and it has
been found to be effective in approximately 67% of
cases. However, some studies suggest that it may not
be superior to laxative regimens, especially in chil-
dren. It is therefore recommended only after a trial
of osmotic laxatives and patient education.

For chronic rectal pain associated with tense
pelvic floor muscles, biofeedback is also reported to
be one of the most effective treatments. However,
there are too few studies to establish firm indica-
tions for treatment or to estimate the proportion of
patients likely to benefit.

The success of biofeedback training depends on
the skill of the trainer/therapist and varies between
centers. Additional research is needed to standardize
treatment protocols, to identify predictors of
success, and to document efficacy in controlled
studies.
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6 Surgical Approaches to Urinary
and Fecal Incontinence





Introduction
Urinary incontinence and pelvic organ prolapse are
common. Estimates of prevalence for urinary incon-
tinence in adult females range between 10 and 30%
[1]. Though genital prolapse remains one of the
most common indications for gynecologic surgery,
its prevalence is unknown. Beck [2] has reported
prevalence estimates of as high as 50%. Olsen et al.
[3] have estimated a lifetime risk (by age 80) for
primary surgery for prolapse or urinary inconti-
nence of 11%, with an incidence of re-operation
estimated at 29%. Pelvic floor dysfunction, and its
surgical management, are thus important health
care considerations.

Over 200 different operations have been described
for the surgical management of urinary stress
incontinence [4]. The earliest surgeries involved
repair via the vaginal route, including the anterior
colporrhaphy. In the last century, there has been a
move away from vaginal procedures because of
higher failure rates. Nonetheless, there still remains
a place for anterior colporrhaphy, particularly for
the management of anterior vaginal wall prolapse
alone, without associated urinary incontinence.

Historical Review

In the late nineteenth century, J. Marion Sims [5],
considered by many to be the father of urogynecol-
ogy, described a vaginal procedure for cystocele
repair which involved simple excision of a portion
of the anterior vaginal wall in an oval or rectangular
shape and then closure of the vaginal incision.
Numerous modifications then ensued. Kelly [6] pub-
lished his classic description of anterior colporrha-
phy in 1914. The operative technique additionally
included dissection between the bladder and vagina

(Figure 29.1), with two or three mattress sutures
placed in the vesical wall beneath the bladder neck
to reapproximate, or plicate, the torn or relaxed
tissues at the urethrovesical junction (Figures 29.2a,
29.2b, and 29.3). Redundant vaginal mucosa, as with
the Sims technique, was excised, and the anterior
prolapse thus corrected. Kennedy [7] later recom-
mended, along with plication sutures at the bladder
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Figure 29.1 Kelly’s original drawing showing the location of the
vaginal incision, and the surgical dissection between the vagina and
bladder. (Reproduced with permission from Kelly and Dumm [6].)
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neck, a two-layered plication of the proximal third
of the urethra, in the area which he speculated also
contained urethral sphincter components.

The goal of surgery suggested by these early
authors was to reconstruct and tighten the sphinc-
teric tissue between the bladder and vagina, and
thus restore continence. More contemporary think-
ing, however, has rather focused on bladder neck
support and normal abdominal pressure transmis-
sion to the urethra, and not on urethral sphincters

in the vaginal wall per se, which probably do not
exist.

Modifications to the anterior colporrhaphy have
thus been proposed with the intent of correcting
bladder neck position and support with increased
intra-abdominal pressure. These modifications
include the placement of deep lateral sutures into
the so-called pubourethral ligaments on either side
of the bladder neck (Figure 29.4). Support has also
been bolstered in other ways. In 1952, Ingelman-
Sundberg [8] reported improved postoperative
success after anterior colporrhaphy using subu-
rethral placement of portions of the pubococcygeus
muscle. Other variations have added synthetic mesh
materials as an extra layer to support the bladder
neck and vagina [9,10]. Zacharin proposed using a
full-thickness vaginal epithelial graft under the
bladder neck to achieve this effect [11].

Surgical Anatomy
Cystocele and its companion urethrocele have been
described as herniations or defects in the bladder
and urethra. However, these terms do not correctly
depict the anatomical abnormalities of prolapse.
Cystocele is described more accurately as anterior
vaginal prolapse (loss of support of the anterior
vagina with resultant loss of support of the bladder).
Urethrocele is a condition of urethral hypermobility
(loss of support at the bladder neck and urethra).

Support for the anterior vaginal wall is accrued
from both midline and lateral connective tissue
support. In theory, anterior colporrhaphy would be
best suited for prolapse of the anterior vaginal wall
from a central defect in support, the so-called dis-
tension or pulsion cystourethrocele. For prolapse
occurring from a loss of lateral support, either the
Burch colposuspension or the paravaginal repair
would be best. However, as yet there are no con-
trolled outcome studies comparing these different
approaches.

A note should be made regarding terminology.
Current concepts regarding the etiology of prolapse
involve genetic, biochemical and mechanical alter-
ations in vaginal wall fascia which compromise its
integrity and strength. Furthermore, current
descriptions of anterior colporrhaphy rely on surgi-
cal dissection and plication of vaginal fascia.
However, fascia, per se, is characterized histologi-
cally by regular arrangements of mainly collagen. It
typically covers skeletal muscle, not smooth muscle,
and is attached to bone. The collagen in the vaginal
walls is mainly perivascular and does not have orga-
nized arrangement of fibers. Elastin fibers and
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Figure 29.2 a Kelly’s original drawing depicting placement of the
Kelly plication suture at the bladder neck. b Kelly plication suture tied.
(Reproduced with permission from Kelly and Dumm [6].)

Figure 29.3 Kelly’s diagrammatic representation of suture place-
ment. (Reproduced with permission from Kelly and Dumm [6].)



adipose tissue are intermingled. It is thus not, by
definition, fascia, and its plication cannot thus be
expected to invest the same strength as if it were
parietal fascia elsewhere in the body. Based on gross
and microscopic examination of full-thickness sec-
tions of the bladder and vagina from autopsy speci-
mens, Weber and Walters [12] have concluded, “The
vagina and bladder are not invested in their own
separate layer of adventitia or connective tissue
capsule. There is no vaginal fascia.”

Whether or not this layer of connective tissue that
is dissected and plicated during anterior colporrha-
phy is a true fascial layer thus remains debatable.
Nonetheless, there is a layer of connective tissue in
the vaginal wall, which can usually be readily
identified at surgery. Perhaps the inferior long-term
surgical results with anterior colporrhaphy reflect
the fact that true fascia is not used in the repair. On
the other hand, in cases of successful repair, the
authors speculate that it is the fibrous scar tissue
from surgical dissection that maintains long-term
support.

Patient Selection
Proper patient selection for anterior colporrhaphy is
crucial. Surgery requires healthy vaginal tissues, and
adequate vaginal capacity and depth. Preoperative
estrogen replacement may be useful in improving
the integrity of postmenopausal vaginal tissues.
“Adequate” vaginal capacity has not been well
quantified, though the authors suggest that a vagina
that easily admits two fingers on digital examination
be considered to have adequate capacity.

A patient with a completely asymptomatic cys-
tourethrocele and no incontinence does not require
surgery. Furthermore, there is no role for “prophy-
lactic” surgery while the prolapse is small; it may
not worsen with time, and may thus never become
symptomatic. Repair of an asymptomatic cys-
tourethrocele may result in postoperative debilitat-
ing stress incontinence, or, more rarely, detrusor
instability or voiding dysfunction.

Patients with a symptomatic cystourethrocele and
no urinary incontinence may develop urinary stress
incontinence after anterior colporrhaphy. It is not
entirely clear why this happens, though one possi-
bility is that a marked cystourethrocele results in
kinking or obstruction of an incompetent bladder
neck, creating an artificial continence mechanism
[13]. When this urethral kinking is corrected at
surgery, urethral sphincter incompetence (genuine
stress incontinence) is unmasked. This has been
referred to as latent or occult genuine stress inconti-
nence. Prevalence predictions of occult genuine

stress incontinence range between 15 and 80%
[14,15].

A vaginal pessary used during preoperative uro-
dynamic evaluation is helpful. Patients are fitted
with a pessary, and if they remain continent during
cystometry, they are assumed to have a competent
urethral sphincter. Surgery in this scenario is neces-
sary only to correct the vaginal wall relaxation. On
the other hand, patients who become incontinent
with a pessary in place during urodynamics are
assumed to have occult genuine stress incontinence,
with surgery then chosen to address the genuine
stress incontinence in addition to the prolapse.

In patients with a symptomatic cystourethrocele
and urinary incontinence, urodynamics are neces-
sary to make an accurate and objective preoperative
diagnosis. Patients with prolapse who have detrusor
instability do not require an operation for relief of
incontinence, and thus need surgery only for the
correction of the prolapse. If genuine stress inconti-
nence is confirmed, nonsurgical management
should initially be offered, particularly in the young
patient or in the patient with symptoms of mild
severity, prior to considering surgery. Non-surgical
management has been reported successful in
60–70% of patients [16]. A vaginal pessary or
bladder neck support prosthesis that provides
mechanical support to the bladder neck is often
helpful. When surgery is necessary, it must address
both the genuine stress incontinence and the 
prolapse.

There is little role for a second anterior colpor-
rhaphy if the first surgery failed to provide
significant improvement or cure, particularly for
urinary incontinence where failure rates for repeat
operation have been estimated to be as high as 70%
[17].

Technique
Anterior colporrhaphy with Kelly plication of the
bladder neck was originally described in 1911 by
Howard Kelly.

The patient is placed in the supine lithotomy
position. General or regional anesthesia is used,
though the procedure can be performed with local
anesthesia and sedation only [4]. The vagina and
perineum are prepared and draped in sterile
fashion, and a urethral Foley catheter with a 10 ml
balloon placed to delineate the position of the
bladder neck. The bladder is not drained, with the
catheter connected to a spigot; inadvertent cysto-
tomy during the procedure is thus more easily rec-
ognized. A preoperative dose of a broad-spectrum
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antibiotic (a third generation cephalosporin) is
given as prophylaxis against infection.

A weighted speculum is placed in the vagina.
Either saline or a dilute solution of bupivacaine
(with epinephrine) is injected submucosally, to
decrease bleeding and to facilitate surgical dissec-
tion. A small transverse mucosal incision is made
near the apex of the vagina (Figure 29.4), and
through this the vesicovaginal space entered with
the tips of a pair of Metzenbaum scissors.
Dissection is then performed bluntly by opening
and closing the scissors just beneath the vaginal
mucosa (Figure 29.5). The mucosa is incised as dis-
section continues, along the length of the vaginal
wall to within one centimeter of the urethral
meatus. The final success of the procedure is likely
related to the thoroughness of this dissection and
to the wide mobilization of the proximal urethra
and the surrounding periurethral tissue at the
bladder neck.

The vaginal epithelium along the line of incision
is then grasped using arterial clamps, and retracted
laterally. Sharp and blunt dissection are used to
mobilize connective tissue (“vesicovaginal fascia”),
bladder, and urethra away from the overlying
epithelium (Figures 29.6 and 29.7). Dissection
should be carried out just beneath the mucosa;
Thompson [4] speculated that the success of the
procedure depends upon the integrity of the fascial
layer left attached to the bladder. Dissection in the
proper avascular plane is also important, especially
in the spaces lateral to the urethrovesical junction
where large perivesical vessels are found. Lateral
dissection into the space beneath the inferior pubic
ramus is necessary bilaterally.

Repair should begin at the urethrovesical junc-
tion, which can be identified visually or by palpation
of the inflated Foley bulb. The Kelly plication sutures
are first placed, using permanent suture (Ethibond
2.0). A tissue bite is taken laterally, in the strong
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Figure 29.4 A transverse mucosal incision is made near the apex of
the vagina. (Reproduced with permission from Thompson JD,Wall LL,
Growdon WA, Ridley JH. Urinary stress incontinence. In:Thompson JD,
Rock JA, editors.Te Linde’s Operative Gynecology, 7th edn, Lippincott,
1992; 887–940.)

Figure 29.5 Dissection in the avascular plane between the vagina
and bladder is performed bluntly by opening and closing the scissors
tips.The mucosa is then incised in the midline to within one centime-
ter of the urethral meatus. (Reproduced with permission from
Thompson JD, Wall LL, Growdon WA, Ridley JH. Urinary stress inconti-
nence. In: Thompson JD, Rock JA, editors. Te Linde’s Operative
Gynecology, 7th edn, Lippincott, 1992; 887–940.)



periurethral tissue just under the symphysis pubis,
with the suture crossing under the bladder neck
before a similar bite is taken in periurethral tissue
on the other side (Figure 29.8). When this suture is
tied, the periurethral tissue is approximated toward
the midline, and the bladder neck moves to a high
retropubic position. One to three delayed absorbable
sutures are then placed distally, to reduce the poste-
rior component of the cystocele. Occasionally, when
the cystocele is very large, a distal purse-string
suture is additionally required (Figure 29.9). Care
must be taken with these latter sutures to avoid deep
tissue bites, as such bites may result in ureteral
kinking. Cystoscopy can be performed if there is any
suspicion of penetration of permanent suture mate-
rial through the bladder mucosa.

After the entire cystourethrocele is repaired,
excess vaginal mucosa is trimmed bilaterally (Figure
29.10) and the anterior vaginal wall closed with
interrupted vertical mattress sutures that include
the underlying connective tissue (Figure 29.11).
Delayed absorbable suture material (Vicryl 2.0) is
used here.

Following completion of the procedure, the ure-
thral Foley catheter is connected to straight
drainage, and left in place for 48 hours prior to
removal and a trial of voiding. Alternatively, a supra-
pubic catheter can be placed intraoperatively, in
closed fashion, after retrograde filling of the bladder
to 500 ml. Suprapubic catheterization has the advan-
tage of allowing spontaneous voiding to occur
before final removal without the need for catheter
reinsertion (which is often difficult and painful) to
measure post-void residual volume. In patients with
preoperative urodynamic parameters which suggest
voiding difficulty, a suprapubic catheter following
anterior repair is advisable. A vaginal pack can be
placed for 24 hours, to minimize the chance of post-
operative hematoma formation.

Complications
In general, anterior colporrhaphy is well tolerated,
with a low incidence of both postoperative pain and
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Figure 29.6 Sharp dissection is used to free vaginal mucosa from
the underlying connective tissue and bladder. (Reproduced with per-
mission from Thompson JD, Wall LL, Growdon WA, Ridley JH. Urinary
stress incontinence. In: Thompson JD, Rock JA, editors. Te Linde’s
Operative Gynecology, 7th edn, Lippincott, 1992; 887–940.)

Figure 29.7 Blunt dissection with a gauze sponge is also used to
mobilize tissues. (Reproduced with permission from Thompson JD,
Wall LL, Growdon WA, Ridley JH. Urinary stress incontinence. In:
Thompson JD, Rock JA, editors. Te Linde’s Operative Gynecology, 7th
edn, Lippincott, 1992; 887–940.)



patient morbidity. The operating time required is
relatively short. The length of postoperative hospi-
talization is usually short (2–3 days), with discharge
on resumption of normal voiding.

Anterior colporrhaphy is generally a straightfor-
ward procedure, but it is not free from complication.
Excessive bleeding from periurethral venous
plexuses can occur intraoperatively, and can be
difficult to manage. Postoperative bleeding can
result in hematoma formation, with or without
infection, and cellulitis in the vaginal wall can occur.
The incidence of each of these complications is
unknown.

Accidental cystotomy can occur, particularly in
those patients who have had previous vaginal
surgery, especially previous anterior colporrhaphy.
The site of cystotomy is usually easily identified. If
proximity to either ureteric orifice is suspected, cys-
toscopy (through the cystotomy site if it is small)
with intravenous indigo carmine dye should be first
performed to identify ureteric efflux. The defect is
closed in two layers using delayed absorbable
suture. The efficacy of bladder closure can be

assessed intraoperatively using methylene blue dye
in saline, instilled retrograde, or intravenous indigo
carmine as mentioned above. After cystotomy
repair, the bladder is drained for 5–7 days to allow
for adequate healing. Ureteric injury can alterna-
tively occur from intravesical suture, particularly
during placement of the Kelly plication sutures. The
distance between anterior colporrhaphy sutures and
ureteric orifices can be as short as 0.9 mm, as
reported by Hofmeister [4].

While short-term voiding difficulty is common
after anterior colporrhaphy, long-term (greater than
3 months) problems are uncommon. The actual
incidence is unknown. Voiding difficulty will occur
more often in women with some degree of preoper-
ative voiding dysfunction, as suggested by preopera-
tive urodynamic parameters including elevated
post-void residual volume, decreased peak urinary
flow rate, and low voiding detrusor pressure (Table
29.1). Treatment of voiding dysfunction in the
immediate postoperative weeks is by adequate
bladder drainage with a Foley catheter or with inter-
mittent self-catheterization until spontaneous
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Figure 29.8 Tissues at the bladder neck are depressed with an
instrument as the Kelly plication suture (Ethibond 2.0) is tied.
(Reproduced with permission from Thompson JD, Wall LL, Growdon
WA, Ridley JH. Urinary stress incontinence. In: Thompson JD, Rock JA,
editors. Te Linde’s Operative Gynecology, 7th edn, Lippincott, 1992;
887–940.)

Figure 29.9 Occasionally, a distal purse string suture (Vicryl 2.0) is
required to reduce the large posterior component of the cys-
tourethrocele. (Reproduced with permission from Thompson JD, Wall
LL, Growdon WA, Ridley JH. Urinary stress incontinence. In:Thompson
JD, Rock JA, editors. Te Linde’s Operative Gynecology, 7th edn,
Lippincott, 1992; 887–940.)



voiding resumes, usually within 6 weeks. Treatment
of urinary tract infection is also important, particu-
larly if intermittent catheterization is being used.
Long-term voiding difficulty is best managed with
clean intermittent self-catheterization.

Tanagho [18] and others [12] have suggested that
the surgical dissection around the urethra and
bladder neck at anterior colporrhaphy damages the
delicate parasympathetic and sympathetic nerves,
partially denervating the urethra and detrusor
muscle and potentially causing detrusor instability.
Stanton and colleagues [19] have disputed this; in 73
patients followed for 2 years after anterior repair,
objective assessment with urodynamics (prior to
and following surgery) did not show significant
increases in the incidence of detrusor instability.

Genuine stress incontinence can occur de novo
following anterior repair, presumably from denerva-
tion injury to the urethral sphincter. An alternate
explanation is overcorrection of the cystocele com-
ponent of the prolapse, so that there is a loss in the
normal posterior urethrovesical angle between the
bladder base and bladder neck. This concept is,

however, an old one, now replaced by the concept
that de novo postoperative incontinence occurs
because latent genuine stress incontinence is
unmasked when urethral kinking is surgically cor-
rected.

Additional complications following anterior
repair result from decreased vaginal mobility and
capacity of the vagina from postoperative scarring.
This renders subsequent surgery to correct inconti-
nence more difficult to perform and more likely to
fail. Sexual function can also be compromised sec-
ondary to dyspareunia. Haase and Skibsted [20]
reported significant dyspareunia in 9% of 55
patients undergoing colporrhaphy.

Results
Despite the fact that over 200 operations have been
described for the management of genuine stress
incontinence, there still remains no clear consensus
as to which procedure is the most effective. No one
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Figure 29.10 Excess vaginal mucosa is trimmed bilaterally.
(Reproduced with permission from Thompson JD, Wall LL, Growdon
WA, Ridley JH. Urinary stress incontinence. In: Thompson JD, Rock JA,
editors. Te Linde’s Operative Gynecology, 7th edn, Lippincott, 1992;
887–940.)

Figure 29.11 The anterior vaginal wall is closed with interrupted
sutures (Vicryl 2.0). (Reproduced with permission from Thompson JD,
Wall LL, Growdon WA, Ridley JH. Urinary stress incontinence. In:
Thompson JD, Rock JA, editors. Te Linde’s Operative Gynecology, 7th
edn, Lippincott, 1992; 887–940.)



operation is capable of curing all patients, so that
the physician treating female urinary incontinence
needs to have more than one operation in his/her
surgical armamentarium.

Procedures for genuine stress incontinence can be
broadly categorized into one of three groups based
on the method of bladder neck suspension. The first
group includes the anterior colporrhaphy, along with
its many modifications. The second group comprises
the needle suspension procedures (e.g., Raz, Stamey,
Pereyra), and the third the retropubic urethropexies,
including the Burch and more recently popularized
paravaginal repair of Cullen Richardson [21].

Comparison of surgical results in the treatment of
genuine stress incontinence has been difficult for
many reasons. Most reports are descriptive, retro-
spective, and uncontrolled, with small numbers.
They are thus open to bias and confounding. In
general, these studies lack both subjective and
objective criteria for assessing surgical outcome.
Surgical success and cure are variably defined, and
sometimes not defined at all. Objective preoperative
urodynamic evaluation is often not performed, with
a resultant failure to identify coexistent detrusor
instability, or low urethral closure pressure, the
latter thought to be important in determining surgi-
cal success or failure [22,24]. Additional related
patient factors are often not reported, including
patient age, body weight, and the presence or
absence of associated pelvic floor neuropathy.
Finally, the duration and adequacy of patient follow-
up differs dramatically between studies.

Marked variability in success rates for anterior
colporrhaphy for the treatment of incontinence have
been thus been reported. Excellent objective results
2 years following surgical repair have been reported
by Beck and McCormick [23]; in their series of 33
patients, primary anterior colporrhaphy was cura-
tive in 91% of patients. The authors cited their use of
permanent suture material for Kelly plication as a
contributing factor to their good surgical outcome.
These results have not, however, been reproduced by
other investigators. Low [24] noted objective cure or
improvement in only 65% of patients after anterior
colporrhaphy, with surgical failure in 35%. Weil et al.
[25] reported subjective cure at 6 months in 77% of
30 patients on whom anterior repair was performed,

though with objective assessment via urodynamics
demonstrating cure in only 57% of the same popula-
tion. Though the aim of anterior colporrhaphy is to
improve pressure transmission to the urethra, a
decrease in mean urethral closure pressure was seen
following colporrhaphy, secondary to denervation
and devascularization of urethral sphincter compo-
nents during surgical dissection as suggested by the
authors. van Geelan et al. [26] documented objective
cure in 45% in 56 patients 1–2 years following
primary anterior repair. An even lower objective
cure rate of 36%, only 3–6 months after surgery, was
reported by Stanton and Cardozo [27].

Only a handful of studies addressing surgical
outcome for genuine stress incontinence have been
conducted in a prospective, randomized and con-
trolled fashion. Bergman and Elia [28] reported
comparative long-term results for three procedures,
the Kelly plication, modified Pereyra needle suspen-
sion, and Burch urethropexy. All surgeries were
primary, and all 127 subjects were randomly
assigned one of the three procedures. Follow-up was
conducted at 1 and 5 years using both subjective and
objective (urodynamic) criteria. For anterior colpor-
rhaphy with Kelly plication, objective cure at 1 year
was 63%, dropping to a dismal 37% at 5 years. Cure
with the needle suspension occurred in 65% (1 year)
and 43% (5 years), and for the Burch procedure in
89% (1 year) and 82% (5 years). More recent studies
have reported similarly poor comparative results for
the anterior repair. In a randomized study of 81
women with primary genuine stress incontinence,
Liapis and colleagues [29] noted objective cure in
57% of those who had undergone anterior repair, in
contrast to objective cure in 88% of those who had
undergone Burch urethropexy. Kammerer-Doak et
al. [30] randomly assigned 35 patients to undergo
anterior colporrhaphy or Burch colposuspension;
objective cure was demonstrated in 89 and 31%
respectively at 1 year. In this study, there was no
increase in perioperative morbidity and length of
hospital stay between groups, disputing the often
cited advantages of the vaginal approach.

Studies evaluating outcome for anterior colpor-
rhaphy for anterior wall prolapse alone (without
incontinence) are scarce, and flawed as are those
evaluating surgical outcome for incontinence.
Reasonable success with the procedure has been
reported in the limited studies available, with recur-
rent cystocele formation reported in 3–33% of
patients [31,32]. Prolapse itself, whether primary or
recurrent, has not yet, however, been described in
objective terms, making outcome measures difficult
to assess. The International Continence Society has
recently developed a standardized scoring system to
address this problem [33].
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Table 29.1 Urodynamic parameters of voiding function

Urodynamic parameter Normal value

Post-void residual volume Less than 100 ml
Peak voiding flow rate Greater than 15 ml/s
Voiding detrusor pressure Greater than 15 cmH2O



Conclusions
Anterior colporrhaphy with Kelly plication of the
bladder neck has been performed for more than 100
years. It is, in general, a straightforward procedure
which affords few serious risks and complications,
and offers low patient morbidity. It may well have a
role for the surgical correction of the cystourethro-
cele without associated urinary incontinence, but it
is not an operation for the management of genuine
stress incontinence. Objective cure rates for inconti-
nence have been repeatedly reported to be inferior
to other procedures, particularly the Burch retropu-
bic colposuspension. Long-term cure rates are espe-
cially disappointing. Anterior colporrhaphy for the
management of genuine stress incontinence should
be avoided, unless patient factors like advanced age
or surgical frailty seriously compromise the choice
of surgery. It remains then in current standard prac-
tice an operation only to correct prolapse.
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Introduction
There is incredible diversity in the number of pro-
cedures that have been developed for the treatment
of stress incontinence in women. This fact alone
tells us that there is no perfect operation which is
suitable for all patients and which has no risk of
recurrence of symptoms. Most of the procedures for
stress incontinence can be grouped under the head-
ings of anterior repairs, needle suspensions, retro-
pubic urethropexies and slings. Within each of these
groups there are variations in technique between
centers and individual surgeons. These standard
procedures are discussed in the appropriate chap-
ters of this text. This chapter will discuss examples
of other surgical procedures that cannot be
included in the previously mentioned groups and
fall under a classification which includes significant
modifications of the anterior repair and non-
anchored slings.

Anterior repair with plication of the fascia lying
between the vaginal mucosa, urethra and bladder
base with removal of excess vaginal mucosa has
been used for decades for the treatment of stress
incontinence and prolapse of the anterior vaginal
wall. It is a low morbidity procedure with a rela-
tively low risk of complications, short period of hos-
pitalization and quick recovery. Unfortunately the
long-term success for the treatment of stress incon-
tinence is low, with objective cure rates at 
1 year approximately 65–70% which drop to 37% at
5 years [1].

A few surgeons may have higher success rates
with anterior repair when care is taken to take deep
bites of tissue in the fascia incorporating the area
described as the pubourethral ligament located
superior and lateral to the urethra [2]. The mech-
anism of improved continence after anterior repair

is similar to that of retropubic urethropexies. The
transmission of abdominal pressure to the proximal
urethra is improved in successful cases although the
enhancement of transmission is less prominent and
less consistent in women undergoing anterior repair
for the treatment of stress incontinence than in
those undergoing retropubic urethropexy [3].
Several modifications of the anterior repair attempt
to provide an increase in suburethral resistance and
compression of the urethra only at the time of
straining to enhance pressure transmission.

Anterior repair remains the most commonly used
procedure for the treatment of prolapse of the ante-
rior vaginal wall. Unfortunately the recurrence rate
following anterior repair is high. Following vaginal
repair of stage III or IV prolapse, Bump [4] found
recurrent stage II anterior wall descent at 6-month
follow-up in 36% of patients. The use of needle sus-
pension in addition to anterior repair has been
shown to increase the risk of recurrence [4,5], possi-
bly by producing an iatrogenic paravaginal defect
by separating the periurethral attachments to the
pubic bone and lateral pelvic sidewall. The use of
mesh has been introduced to try to increase the
strength and longevity of the anterior repair.
Permanent synthetic mesh reinforces the fascial
repair and increases formation of scar tissue, which
may reduce the risk of recurrent cystocele. Several
techniques for the use of mesh have been described.

Modifications Not Using Mesh

Vaginal Paravaginal Repair for Prolapse

The paravaginal repair was designed as a treatment
for cystourethrocele caused by anterior vaginal wall
lateral defects in which the lateral sulcus of the
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vagina had separated from the arcus tendineus
fasciae pelvis (white line). Shull in 1994 published
his series of 62 vaginal paravaginal repairs in con-
junction with repair of other pelvic support defects
[6]. His dissection opened the retropubic space
bilaterally through the anterior vaginal incision.
Sutures were placed through the white line/obtura-
tor fascia, periurethral pubocervical fascia and
vaginal epithelium to recreate anterior support for
the lateral aspects of the vagina. All patients had
repair of support defect in other sites (including
central cystocele plication) and 69% had previous
pelvic surgery. At a median of 1.6 years of follow-up,
4 (7%) of the women had recurrent cystocele larger
than grade 1.

Randomized comparison of abdominal paravagi-
nal repair and retropubic urethropexy for stress
incontinence has shown paravaginal repair to be
inferior to retropubic urethropexy with objective
cure of only 61% [7]. The vaginal paravaginal repair
is technically challenging and may not be possible
in women with a narrow subpubic arch [6]. Vaginal
paravaginal repair would likely not have higher
success than the easier abdominal approach, and is
not recommended for the treatment of stress 
incontinence.

Tuck Procedure for Stress Incontinence

Petros and Ulmsten experimented with a minor
vaginal procedure to tighten the suburethral vaginal
wall in an attempt to treat stress incontinence with
minimal morbidity [8]. The rationalization for the
procedure was based on their integral theory of
female urinary incontinence which theorized that
urinary incontinence resulted from inadequate or
excessive tension in the vaginal wall affecting the
surrounding muscles and nerves [9]. Their tuck pro-
cedure involved removal of ellipses of vaginal
mucosa on either side of the urethra (but not
beyond the bladder neck) measuring approximately
1 cm in length and 0.3–0.5 cm in width. The success
rate at 1 year was only 47% and the technique was
not recommended as an isolated procedure.

Suburethral Duplication of the Vaginal
Wall for Stress Incontinence

The principle of Lazarevski’s modification of the
anterior repair involves the creation of a trapezoidal
duplication of the anterior vaginal wall under the
proximal urethra and bladder neck [10]. A standard
cystocele plication is performed followed by subu-
rethral plication of the vaginal mucosa (Figure 30.1).
This vaginal plication does not use the urethral,

vesical or periurethral tissue as in the Kelly or
Kennedy procedures but sutures the vaginal wall
together to act as a bar to support the bladder neck
(Figure 30.2). One-year follow-up of patients under-
going the Lazarevski procedure for the treatment of
stress incontinence had a cure rate of 93.3%. There
were no cases of de novo detrusor instability and a
very low incidence of voiding disorder. Following
removal of the catheter on postoperative day 3,
further catheterization was required in only 3.1% of
patients. This procedure does not produce compres-
sion of the urethra at rest or during micturition but
provides a small but sufficient compressive force of
the urethra during increases in intra-abdominal
pressure to improve continence.

Modifications Using Mesh
The variety of materials and the number of different
attachment points available for suburethral slings
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Figure 30.1 Three layers of suture grasp 10 mm, 12–13 mm and 15
mm of tissue on the left and right sides of the vaginal wall producing
a duplication of the vaginal wall which does not include peri-
urethrovesical tissues. (Reproduced with permission from Lazarevski
MB. Suburethral duplication of the vaginal wall – an original opera-
tion for urinary stress incontinence in women. Int Urogynecol J Pelvic
Floor Dysfunct 1995;6:73–7; Figure 3.)



have led to multiple procedure modifications to
support the bladder neck for the treatment of stress
incontinence. The approach for placement of the
sling may be abdominal, vaginal or both. This
chapter will be limited to suburethral slings that do
not have a solid upper attachment point but simply
act as a suburethral buttress.

The materials used for slings include autologous,
heterologous and artificial materials.

Significant concerns with the use of synthetic
mesh material include the risk of infection, erosion
and fistula formation. The American Urologic
Association clinical guidelines compare the use of
autologous and synthetic materials in the use of
slings and found these complications to be higher
when synthetic materials were used [11]. Erosion,
fistula and sinus formation occurred in 3.4% of
cases using synthetic materials and 0.9% of cases
using autologous material (rectus fascia and fascia
lata) [11].

There are several considerations that make syn-
thetic materials more acceptable and useful for but-
tress procedures. Buttress procedures are generally
under no or low tension, making erosion into the
urethra unusual. With buttress procedures there is
no abdominal incision to allow the harvesting of
rectus fascia. Synthetic materials allow the use of
larger pieces that can be cut to the exact size
required by the dissection and the woman’s anatomy
and distribute pressure to a larger surface area.
Synthetic materials are now available with an open
weave pattern which allows the ingrowth of native
tissue to increase the strength of the repair and
reduce abscess formation. Conservative surgical
management of vaginal sling erosion with excision

of exposed mesh and granulation tissue with two-
layer closure of the vaginal defect is generally suc-
cessful [12].

To reduce the risk of vaginal mesh erosion it is
recommended to avoid excessive excision of
vaginal mucosa and to use a tension-free vaginal
closure. The use of mesh material that has pores
large enough to allow the entry of immunologi-
cally active cells and ingrowth of tissue can possi-
bly reduce the risk of infection and sinus
formation. The use of permanent monofilament
suture material is recommended for anchoring of
the mesh to tissue, and permanent braided suture
should be avoided. Most authors also use perioper-
ative prophylactic antibiotics.

Dyspareunia is also a concern but sexual func-
tion is only now starting to be documented in pro-
lapse and incontinence literature and there is little
evidence to determine the effect of the use of
mesh.

Mesh Procedures Used Primarily to 
Treat Prolapse

Modified anterior repair with needle suspension of
the periurethral fascia and vaginal mucosa has been
described along with the use of dissolvable polygly-
colic acid mesh [13]. Plicating sutures were tied over
a crumpled ball of polyglycolic acid mesh that was
used simply to reduce the herniation of the cysto-
cele defect and was not sutured into place.

Several authors have described reinforcement of
the anterior wall repair with permanent mesh.
Typically a piece of mesh is laid over the plicating
stitches of an anterior repair and lies beneath the
vaginal mucosa.

Flood published a series of 142 patients in which
a piece of Marlex mesh approximately 4 cm by 1 cm
was placed at the bladder neck [14]. The mesh was
laid over the plicating stitches of the anterior repair
with the ends extending into periurethral “tunnels”
that had been dissected through the urogenital
diaphragm into the retropubic space (Figure 30.3).
Sutures were placed only to prevent the mesh from
shifting position from the bladder neck and the
mesh was essentially without tension (Figure 30.4).
The mesh was fixed beneath the bladder neck with
four “stay” sutures, two paraurethrally and two over
the base of the bladder. In this group with mean
follow-up of 3.2 years, there were no cases of ante-
rior wall descent to the level of the hymen, although
5.7% had symptomatic recurrent rectocele and/or
vault descent. Of the 30 patients with preoperative
demonstrable stress incontinence, 74% were cured.
Only one patient of the 142 studied developed de
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Figure 30.2 Schematic view of the urethrovesical pressure relation-
ships with the suburethral duplication procedure. The suburethral
trapezoidal wedge of the vaginal wall underlies the proximal urethra.
(Reproduced with permission from Lazarevski MB. Suburethral dupli-
cation of the vaginal wall-an original operation for urinary stress
incontinence in women. Int Urogynecol J Pelvic Floor Dysfunct
1995;6:73–7; Figure 5.)



novo stress incontinence and no patient developed
de novo detrusor instability. The rate of vaginal
mesh erosion was 2%, with no case of erosion into

the bladder or urethra. Erosions were treated suc-
cessfully with excision of the exposed mesh and
reapproximation of the vaginal edges. The main
author of this technique has now modified the shape
of the mesh to include a jacket-shaped portion in
the center that is wider to support the upper portion
of the cystocele, with similar results. Currently
Drutz is prospectively evaluating the effect of com-
bining the above procedure with the Lazarevski pro-
cedure to see if even better success rates can be
obtained in women with cystocele, overt and latent
stress incontinence [15].

Nicita has described a similar procedure using a
relatively large piece of polypropylene mesh laid over
the cystocele extending from the bladder neck to the
cervix/vault with lateral wings sutured to the arcus
tendineus fasciae pelvis [16]. Results were similar to
Flood’s report of the Drutz procedure. With median
13.9-month follow-up of 44 patients there was no
recurrence of cystocele and only 1 patient with
vaginal mesh erosion (in a case where tension on the
vaginal incision was known to be high). Migliari also
describes using a large piece of mixed
absorbable/non-absorbable fiber mesh over the
fascial plicating sutures of an anterior repair with the
most distal portion of the mesh fixed in a similar
fashion to a needle suspension procedure [17].

Tension-free Slings (TVT): Mesh
Procedure Used Primarily for Stress
Incontinence

The tension-free vaginal tape (TVT) is a suburethral
sling which shows promise as a low morbidity, day-
surgery treatment for stress incontinence [18]. The
TVT procedure has been designed to correct the
tension of the pubourethral ligament and is placed
at the mid-urethra, unlike most other stress inconti-
nence procedures that elevate the bladder neck. The
TVT is attached to disposable introducer needles
that are inserted on either side of the urethra
through a central vaginal incision with minimal
lateral dissection (Figure 30.5). The needle is
directed upward behind the posterior aspect of the
pubic bone to exit through the abdominal wall just
above and lateral to the pubic symphysis (Figure
30.6). A rigid catheter guide is used to move the
urethra laterally to allow safe passage of the needle.
Cystoscopy is performed with each needle in place
to ensure the bladder has not been perforated. The
sling material is Prolene tape covered in a removable
plastic sheath which allows smooth passage through
tissue and also reduces contamination of the tape
upon passage through the vagina.

342 Female Pelvic Medicine and Reconstructive Pelvic Surgery

Figure 30.3 Mesh position in relation to the pelvis and bladder
neck. (Reproduced with permission from Flood CG, Drutz HP, Waja L.
Anterior colporrhaphy reinforced with Marlex mesh for the treatment
of cystoceles. Int Urogynecol J Pelvic Floor Dysfunct 1998; 9:200–4;
Figure 4.)

Figure 30.4 Marlex mesh is placed under the bladder neck and into
the retropubic space and secured. (Reproduced with permission from
Flood CG, Drutz HP, Waja L. Anterior colporrhaphy reinforced with
Marlex mesh for the treatment of cystoceles. Int Urogynecol J Pelvic
Floor Dysfunct 1998; 9:200–4; Figure 5.)



The procedure is performed with local anaes-
thetic plus intravenous sedation or spinal anaes-
thetic. The patient is asked to cough with a full
bladder and the sling is tightened only to the point
of allowing drops of urine to escape. Following
removal of the plastic sleeves, tissue friction holds
the sling in place with no other attachment or sutur-
ing of the sling required. This has likely contributed
to the low rate of urinary retention with this proce-
dure. Ninety percent of women were able to urinate
spontaneously the day of surgery, 10% require
short-term intermittent catheterization [19]. Most

patients are discharged the same day or the next
day.

In the series published, the effectiveness of the
TVT as primary surgical treatment is similar to that
of retropubic urethropexies with 85% objective cure
and 11% improvement at 3-year follow-up [18–22].
Randomized clinical trials of TVT versus open
retropubic urethropexy are currently underway. As
the TVT is placed at the level of the mid-urethra,
there is no alteration of the anatomy of the proximal
vaginal wall; therefore this procedure is not useful
for the treatment of prolapse. In trials published to
date, prolapse has been an exclusion criterion. The
possibility of using this procedure in addition to
other vaginal procedures for prolapse has yet to be
explored in the literature.

Summary
There are numerous procedures designed for the
treatment of stress incontinence and prolapse.
Buttress procedures that are modifications of the
anterior repair may be appropriate in many cases to
improve the treatment of stress incontinence or
reduce the recurrence of anterior wall prolapse. The
novel use of mesh can assist in these goals and
several procedures have been developed for these
purposes.

The various buttress procedures we have
described in this chapter need to be compared in a
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Figure 30.5 Tension-free vaginal tape instruments. (Reproduced
with permission from Ulmsten U, Johnson P, Rezapour M. A three-year
follow up of tension free vaginal tape for surgical treatment of female
stress urinary incontinence. Br J Obstet Gynaecol 1999; 106:345–50;
Figure 1.)

Figure 30.6 Schematic illustration of insertion of the TVT needle. Directly after the needle tip has perforated the urogenital diaphragm and
entered the retropubic space, it is brought up to the abdominal incision in close contact with back of the pubic bone. (Reproduced with permis-
sion from Ulmsten U, Johnson P, Rezapour M. A three-year follow up of tension free vaginal tape for surgical treatment of female stress urinary
incontinence. Br J Obstet Gynaecol 1999; 106:345–50; Figure 2.)



well-designed randomized control trial before evi-
dence-based conclusions are drawn.
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Introduction
The first reports of surgical management of stress
incontinence from the early part of the twentieth
century recommended a vaginal approach with pli-
cation of the periurethral tissue to narrow the ure-
thral lumen and elevate the bladder neck [1]. By the
1940s, concepts regarding etiology changed and
procedures to address lateral support defects were
published. Retropubic suspensions [2] or slings [3]
followed in an attempt to improve efficacy and
durability. To achieve elevation as in the retropubic
suspension with reduced morbidity Pereyra intro-
duced the vaginal needle suspension in 1959 [4].
There have been many subsequent modifications
with regard to the extent of dissection, location of
sutures, method of fixation, and types of ligature
carrier. The most widely adopted procedures, the
modified Pereyra [5], Stamey [6], Raz [7], and Gittes
[8] procedures, will be discussed below.

While initial reports with relatively short-term
follow-up showed success rates equivalent to retrop-
ubic suspensions, with less postoperative morbidity,
longer-term outcomes have been worse [9–11]. A
review of published studies by the American
Urological Association Female Stress Urinary
Incontinence Clinical Guidelines Panel [12] showed
a significantly lower cure (dry) rate beyond 4 years
with transvaginal suspensions (67%) compared to
retropubic suspensions (84%) or slings (83%). The
review panel still considered transvaginal suspen-
sions to be a good option for the appropriate
women with stress incontinence, those with smaller
volume incontinence, less intrinsic urethral sphinc-
ter deficiency, and those who are willing to accept
worse long-term benefit in favor of lower immediate
morbidity.

Recently, however, with the introduction of newer
procedures that have addressed the inherent
deficiencies of the endoscopic suspensions, the
outcome appears to have improved. The newer
modifications will also be discussed in this chapter.

Pre- and Intraoperative
Management
Vaginal suspensions are routinely performed under
general or regional anesthesia. Local anesthesia
with sedation has recently been advocated for newer
minimally invasive techniques [13]. Antibiotic pro-
phylaxis is commonly employed, although there are
no specific data supporting its use. Patients are posi-
tioned in dorsal lithotomy with Trendelenburg to
optimize visibility and lower the chance of bowel
injury with needle or suprapubic catheter passage. A
weighted vaginal speculum, or Simms retractor, and
pinning of the labia with sutures or a Scott retractor
to spread the vaginal introitus, improve access. A
Foley catheter is inserted to allow identification of
the bladder neck by palpation and to decompress
the bladder to allow safe passage of the ligature
carrier. With the vaginal incision, injection of sterile
saline into the mucosa facilitates the development of
the submucosal plane. Hematuria from the Foley
catheter should alert one to suture penetration of
the bladder (usually laterally, near the bladder
neck). Stamey [6] first introduced the idea of intra-
operative cystoscopy to check suture placement and
elevation and ruling out bladder or urethral injury.
This gave origin to the term endoscopic suspension.
A vaginal packing may be left at the end of the pro-
cedure depending on the amount of bleeding

31 Endoscopic Suspensions
Sender Herschorn and Lesley K. Carr

345



encountered. Postoperative bladder drainage is with
either a urethral Foley or suprapubic catheter. A ure-
thral catheter avoids potential complications of
blind insertion of a suprapubic catheter. However,
with prolonged retention, the women must master
intermittent catheterization in the face of adjacent
surgical swelling and pain. Care must be taken with
percutaneous insertion of a suprapubic catheter, espe-
cially if there is a history of previous lower abdominal
surgery or radiation. The bladder must be very dis-
tended with the patient in exaggerated Trendelenburg
to minimize the risk of bowel penetration.

Surgical Techniques

Modified Pereyra

Pereyra’s original description involved a T-shaped
vaginal incision with minimal periurethral dissec-
tion and no penetration into the retropubic space
[4]. A single needle stylet and absorbable suture
were used to suspend the periurethral tissue over
the rectus fascia. The needle stylet was delivered
into the vagina through a single midline lower
abdominal incision.

Subsequently, Pereyra modified the procedure by
incorporating bladder neck plication but still using
absorbable suture. He reported a 94% cure rate with
one-year follow-up in 210 patients [5].

Stamey Needle Bladder Neck Suspension

Stamey’s modifications to the transvaginal suspen-
sion incorporated three different aspects [6].
Endoscopy was an adjunct to ensure sutures were
placed at the bladder neck. Non-absorbable sutures
were used with Dacron tube vaginal pledgets to but-
tress both sides of the urethra and prevent suspen-
sory suture pull-through on the vaginal side. He also
designed a single-pronged blunt-tipped needle
(Stamey needle) that is still commonly used in many
versions of transvaginal suspensions. The procedure
involved two lateral suprapubic incisions and a
suprapubic catheter was inserted for bladder
drainage. The procedure is shown in Figure 31.1.

Many large published series have documented
success in 72–91% of cases [10,14]. Success tends to
lessen with longer follow-up [10] and in younger
patients [15]. Erosion of the Dacron pledgets has also
been reported at up to 3 years after surgery [16].

Gittes Bladder Neck Suspension

Gittes and Loughlin [8] described a no-incision
pubovaginal suspension. Two lateral suprapubic stab

incisions are made and the Stamey needle is passed
twice on each side from over the rectus fascia
through the vaginal wall at the bladder neck (guided
by the Foley balloon) to retrieve the ends of a no. 2
polypropylene stitch. A Mayo needle is used to take
helical bites of vaginal mucosa prior to delivering
the second end of the stitch to the abdominal wall.
The sutures are tied over the rectus fascia without
tension. Gittes postulated that the vaginal suspen-
sion sutures under slight traction will cut through
the vaginal wall and become buried in scar, creating
an “autologous pledget”. A suprapubic catheter was
also used.

Although favorable short-term results were pub-
lished [8,17,18], the no-incision technique has the
poorest reported long-term outcome of endoscopic
suspensions. Kondo and co-workers compared their
experience with 382 patients undergoing a Stamey
or Gittes suspension with a mean follow-up of more
than 5 years in both groups [10]. The Kaplan–Meier
cumulative continence rates were 71.5% for the
Stamey at 14 years and 37.0% for the Gittes at 
6 years postoperatively (p < 0.0001). Elkabir and
Mee [9] found a similarly low cure rate of 38.5% 
at 2 years with the Gittes technique.
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Figure 31.1 Stamey endoscopic suspension.The Stamey needle has
been passed the first time to withdraw one end of the suture through
the abdominal incision. It is passed for the second time on the ipsilat-
eral side. The other end of the suture has been passed through a
small piece of Dacron and then through the eye of the needle, which
is withdrawn for the second time. The procedure is repeated on the
other side, resulting in two suspension sutures with Dacron bolsters
at the level of the bladder. Cystoscopy is done to verify suture position
and urethral and bladder integrity. (From Raz S, Stothers L, Chopra A.
Vaginal reconstructive surgery for incontinence and prolapse. In:
Walsh PC, Retik AB, Vaughan Jr ED, Wein AJ, editors. Campbell’s
Urology, 7th edn. Philadelphia, WB Saunders Company, 1998;
1059–94, with permission.)



Raz Procedures for Stress Incontinence

In 1981, Raz [7] reported a modification of the
Pereyra procedure (Figure 31.2). The technique
employed an inverted U-shaped vaginal incision to
improve access. It also was the first to enter the
retropubic space sharply via the vaginal route by
detaching the periurethral connective tissue and
endopelvic fascia from the arcus tendineus and
pelvic sidewall. Opening the retropubic space facili-
tates blind passage of the ligature carrier from the
abdomen to the vaginal incision by allowing finger
guidance, permitting urethrolysis if required, and
allowing placement of helical sutures into the

abdominal and vaginal sides of the periurethral
connective tissue, which results in a more secure
purchase of tissue. Another subsequent modification
was the double-pronged ligature carrier that is
passed twice via a midline suprapubic incision to
retrieve the no. 1 non-absorbable suture. A suprapu-
bic catheter was also utilized.

Early results with 15-month follow-up reported
by Raz [19] showed a 92% success rate. Severity of
incontinence was found to be a negative predictor
for outcome. Other groups have confirmed good
early results and low morbidity with Raz’s modified
Pereyra procedure [20]. However, there are more
reports of poor long-term results from this version
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Figure 31.2 Raz bladder neck suspension. a Inverted U-shaped incision is made in the anterior vaginal wall with the base of the U at a point
midway between the bladder neck and the urethral meatus.The vaginal wall is dissected off the surface of the periurethral fascia.The retropu-
bic space is entered by detaching the endopelvic fascia from the arcus tendineus. b A no. 1 polypropylene suture is placed to include the
endopelvic fascia and pubocervical fascia which underlies the vaginal wall. A similar suture is placed on the opposite side. c A midline transverse
incision is made just above the pubis and carried down to the rectus fascia.The double-prong suture carrier is placed through the rectus fascia
and muscle and the tips are palpated with the index finger in the retropubic space. The suture carrier is guided down and out through the
vaginal incision. The sutures are placed into the needle holes and guided back up through the rectus fascia. Cystoscopy is carried out. The
vaginal incision is closed and the sutures are tied suprapubically. The vagina is packed and the suprapubic incision is closed. (From Raz S.
Female Genitourinary Dysfunction and Reconstruction. Philadelphia:WB Saunders Company, 1996, with permission.)



of the Raz procedure [11,21–23]. Masson and Govier
[11] showed that of 135 patients with a mean follow-
up of more than 4 years, only 14% were dry and 53%
continued to wear pads.

Raz Vaginal Wall Sling

In 1989, Raz et al. reported a new vaginal technique
to treat stress incontinence due to intrinsic sphinc-
ter dysfunction [24]. A rectangular flap of vagina
was buried at the bladder neck and suspended by
non-absorbable sutures at each corner by passage of
a ligature carrier. In 1992, they reported on 54
patients with this procedure, showing a success rate
of 94% after a mean follow-up of 24 months [25].
Other investigators confirmed similar short-term
success and low morbidity [26].

Subsequently, Raz and co-workers modified the
procedure in that the vaginal flap was no longer
buried. The current technique is based on the
importance of the mid-urethral mechanism to
prevent incontinence. The surgical goals of the ante-
rior vaginal wall “sling” were (1) to provide elastic
support to the mid-urethra and bladder neck and
(2) to create a strong hammock of vaginal wall and
underlying tissues, which provides a backboard
against which the urethra can be compressed with
increases in intra-abdominal pressure [27]. It is
applicable to patients with any type of stress 
incontinence.

Two oblique incisions are made in the anterior
vaginal wall extending from the level of the mid-
urethra to 3 cm beyond the level of the bladder
neck. The incisions are 1 cm medial to the folded
lateral margin of the anterior vaginal wall. The same
dissection to enter the retropubic space is then
carried out as above. The proximal (bladder neck)
sutures are placed in the same fashion as the
modified Pereyra stitches using no. 1 non-
absorbable suture with the addition of several
helical passes under the vaginal epithelium captur-
ing further periurethral and perivesical tissue. The
distal (mid-urethral) sutures are then placed again
using no. 1 non-absorbable suture. To facilitate mul-
tiple helical passes with a good purchase of
periurethral tissue in this location, Russian forceps
are opened widely in the retropubic space with
gentle downward traction maintaining the forceps
parallel to the ground. After this deep tissue 
is taken, several helical bites of anterior peri-
urethral fascia underlying the vaginal epithelium
are taken at the mid-urethra level. Care must be
taken to avoid urethral perforation by maintaining
the needle parallel to the vagina. The identical
sutures are then placed on the contralateral side.

These four sutures suspend a rectangle of support
(“sling”) for the bladder neck and mid-urethra
(Figure 31.3). The double-pronged ligature carrier 
is then passed in the same fashion as the Raz 
procedure through a midline suprapubic incision. It
must be passed four times to transfer the sutures,
which are then tied over the immobile portion of
the rectus fascia. The vaginal incisions are closed
using running, locking 2-0 delayed absorbable
suture. Cystoscopy is used to rule out bladder or
urethral penetration.

Early results in 160 women with incontinence due
to either sphincteric deficiency or hypermobility
who underwent the Raz vaginal wall sling, with a
median follow-up of 17 months, showed 152 to be
cured of stress incontinence [27]. Longer-term
results and comparative trials are awaited.

Tension-free Vaginal Tape Procedure

Another technique focusing on the mid-urethral
continence mechanism, is the tension- free vaginal
tape procedure (TVT). Early attempts to place a fine
mesh “sling” around the urethra showed 90%
success at a mean follow-up of 16 months. However,
a rejection rate approaching 10% was found using
Gore-tex and Mersilene tapes [28]. Revisions in this
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Figure 31.3 Illustration of the two pairs of no. 1 polypropylene
sutures which create a hammock of support after being transferred to
the retropubic space by the suture carrier. (From Raz S, Stothers L,
Chopra A. Vaginal reconstructive surgery for incontinence and pro-
lapse. In: Walsh PC, Retik AB, Vaughan Jr ED, Wein AJ, editors.
Campbell’s Urology, 7th edn. Philadelphia: WB Saunders Company,
1998; 1059–94, with permission.)



early methodology, including the use of loose weave
polypropylene mesh, have led to the current 
technique (Figure 31.4). The TVT does not seem 
to abolish urethral hypermobility as assessed by 
pre- and postoperative Q-tip tests [29]. Additionally,
Lo and co-workers [30] in a study using ultrasound

and urodynamics postulated that urinary 
continence after surgery is most probably achieved
by creating a dynamic mid-urethral knee angulation
by which the urethra is closed, i.e. kinked at stress.

Procedure
A neuroleptic or regional anesthetic with pre-proce-
dure antibiotic coverage is recommended. The
patient is placed in dorsal lithotomy and a urethral
Foley catheter (18F) is inserted to drain the bladder.
Then 60–80 ml of dilute local anesthetic with 
epinephrine is injected into the abdominal skin
above the pubis and downwards along the back of
the pubic bone to the space of Retzius. Two abdomi-
nal skin incisions of 1 cm are made, one on each
side of the midline, just above the symphysis,
approximately 5 cm apart. Further local anesthetic
is then injected transvaginally into the periurethral
area extending up to the retropubic space. A midline 
1.5 cm long incision is made starting 1 cm from the
external urethral meatus. Two small lateral 
periurethral spaces are created, not entering the
retropubic space. The TVT rigid catheter guide is
inserted into the Foley catheter. The purpose of the
guide is to move the bladder and urethra away from
where the tip of the needle passes into the retropu-
bic space. Using the handle with the pre-loaded
needles, the surgeon inserts the tip of the needle
into the paraurethral space on the right side of the
urethra (catheter guide pushed to the right to 
displace the bladder to the left). The endopelvic
fascia is perforated and the tip of the needle is
brought up to and through the abdominal incision
by hugging the back of the pubic bone. Cystoscopy
is preformed to rule out bladder perforation. The
procedure is then repeated on the left side. When the
sling is placed in a U shape around the mid-urethra,
the patient is asked to cough with a full bladder and
the tension of the tape is adjusted just to the point of
abolishing leakage. Tension on the tape is avoided.
The plastic sheaths are then removed. The abdominal
ends are cut flush with the skin and are not sutured
in place. Friction from the coarse weave of the mesh
holds the tape in place. The skin and vaginal inci-
sions are then closed. The bladder is drained or a
Foley is inserted for postoperative drainage.

Results
Until recently, most published series of TVT were
for primary repairs. In a multicenter trial Ulmsten
and colleagues [13] showed a 91% cure rate in 
131 patients with a minimum one-year follow-up.
Mean operative time was 28 minutes and all 
procedures were performed under local anesthetic
with 90% as outpatients. Three-year follow-up in 
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Figure 31.4 a Tension-free vaginal tape placement. Passage of the
curved trocar through the endopelvic fascia, retropubic space, and
abdominal wall. b Tension adjustment using Mayo scissors as a
spacer. (From Carlin BI, Klutke JJ, Klutke CG. The tension-free vaginal
tape procedure for the treatment of stress incontinence in the female
patient. Urology 2000; 56(Supplement 6A):28–31, with permission.)



50 consecutive women showed an 86% cure rate
with no mesh rejection or permanent retention
[31]. Wang and Lo [32] found a subjective cure rate
of 87% in 70 women using the same technique.
Epidural anesthesia was used and mean hospital
stay was 3 days. Three bladder perforations
occurred but healed with conservative 
management.

Recent reports include patients with previously
failed surgery. Haab and co-workers from France
described 16 patients with previous retropubic or
vaginal suspension undergoing successful TVT [33].
In their series of 62 women followed over a median
of 16.2 months, 87% were cured and 9.6% improved.
No erosion or infection occurred. In a recent study
of 67 women with previous failed surgery, Azam 
and colleagues from Britain [34] reported that at 
12 months 54 women (81%) were cured, 4 (6%) 
were significantly improved and 9 (13%) were no
better. No serious morbidity was noted after 
the procedure. A similarly good outcome, after a
mean of 4 years, was reported by Rezapour and
Ulmsten in 34 women with previously failed surgical
procedures [35].

Longer-term data were published by Nilsson and
co-workers [36]. The median follow-up time was 
56 months with a range of 48 to 70 months. In their
study of 90 patients 5 could not be evaluated 
physically. Seventy-two (84.7%) of the 85 patients
who were fully evaluated were both objectively and
subjectively completely cured. Another 9 patients
(10.6%) were significantly improved and 4 (4.7%)
were regarded as failures. No long-term morbidity
was seen. Finally, Ward and colleagues have 
undertaken a multicenter randomized clinical trial of
TVT versus colposuspension in Britain [37]. At 
6 months 103 (66%) out of 170 TVT patients and 
90 (71%) out of colposuspension patients reported 
a subjective cure of stress incontinence. The CMG
(cystometrogram) cure rates were both higher at
89% and 85% respectively. The incontinence 
outcomes were similar but mean blood loss,
analgesia requirement, and hospital stays were
significantly less in the TVT group. Bladder perfora-
tion occurred in 15 (9%) of the TVT group and 
3 (2%) of the colposuspension group. The patients
are to be followed for at least 2 years.

Complications include bladder perforation
(0–10%). It is treated by repositioning the needle 
and continuing Foley catheter drainage for 1–2 days
postoperatively. Voiding difficulty may occur in fewer
than 5% [38]. If persistent, tape adjustment may be
necessary. Potential and rare severe complications
may require surgical exploration and include retropu-
bic hematoma and bleeding (<1%) [38–40] and bowel
perforation [41]. Obturator nerve injury may occur as

well [31,38,42]. Other problems, which are rarely men-
tioned, may include prosthesis erosion and infection.

In an effort to reduce the rate of bladder perfora-
tion and potential bleeding, thought to be associated
with introducing the tape through the vaginal route,
a device that pulls the tape in via an abdominally
introduced system has been released. No data are yet
published.

Bone Anchoring Techniques

Most transvaginal suspensions for stress inconti-
nence fix the suspensory sutures over the anterior
rectus fascia. Some investigators have postulated
that since the rectus fascia is mobile this motion
leads to shearing forces that may lead to pull-
through of the suspensory suture at the vaginal end
(Figure 31.5). Others feel that stitches placed later-
ally in this region lead to nerve entrapment and 
prolonged postoperative pain. In an effort to combat
these theoretical problems, various bone anchor-
ing systems have been developed and marketed,
including the In-Tac‚ and Vesica‚ systems.

The In-Tac‚ bone anchor system was first
described by Nativ in 1997 [43]. Nickel/titanium
alloy bone anchors threaded with no 1 non-
absorbable sutures are inserted transvaginally via a
spring-loader multi-use inserter. Initial experience
of 50 women with type I or II stress incontinence
showed a one-year cure rate of 82%. Transient dys-
pareunia occurred in 6% [43]. El-Toukhy et al. used
a similar surgical technique in 30 women, reporting
a one-year subjective cure rate of 80%. Dyspareunia
due to the vaginal polypropylene stitches occurred
in 23%, requiring successful revision in all [44].
Braided non-absorbable suture is now used to avoid
this complication. There are no reports of anchor
infection after transvaginal insertion to date [45].

The Vesica‚ system uses a drill to place screws into
the pubic symphysis via a suprapubic incision
[46,47]. Non-absorbable no. 1 polybutester suture is
preloaded into the screws and is then passed via a
suture passer into the vagina to suspend the bladder
neck. Appell and co-workers in a report on 
percutaneous bladder neck stabilization using the
Vesica‚ system showed a 94% cure rate at 1 year in
71 women [48]. The results of Schultheiss and 
co-workers were not as good. Of 37 patients with
maximum follow-up of 18 months, 43% were dry
and 24% were significantly improved. Furthermore,
25% of patients reported prolonged pelvic pain.
Surgical removal of the anchors was necessary in
two patients for bacterial infection and painful
granuloma [49]. Tebyani and co-workers also
reported disappointing results, with cure in 5% and
improvement in 12% of 42 patients with mean
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follow-up of 29 months. Recurrent hyper-mobility,
shown by urodynamics, was the most common
cause for recurrent stress incontinence with 
2 women showing bone anchor migration. Surgical
debridement of osteomyelitis was required in
another woman [50]. Bernier and Zimmern [51]
reported difficulties in removing painful bone
anchors which required wedge excision of the pubis.

The issue of bone anchor infections was
addressed in a review by Rackley and co-workers
[45]. They reported that prevalence of suprapubic
bone anchors was 6 cases in 698 procedures (0.86%).
For transvaginal bone anchor procedures no infec-
tious cases were reported in the combined series of
314 procedures. The overall prevalence is 0.6% and
since it so low there was no significant difference
between the techniques.

While bone anchoring offers an alternative for
suture stabilization, there is insufficient evidence at
present to suggest that they are superior to tradi-
tional needle suspensions in the short or long term.
With their increased cost compared to traditional
methods of rectus fascia anchoring, cost-
effectiveness will also have to be addressed.

Complications of Endoscopic
Suspensions

Intraoperative Complications

The most commonly encountered intraoperative
complications are bleeding, suture passage through
the bladder, or laceration of the bladder or urethra
during dissection. Bleeding from vaginal veins may
be brisk, but can usually be controlled by electro-
cautery or absorbable stitches. Bleeding from
retropubic dissection may be more problematic and
is often a result of dissection too far laterally into
the obturator fossa. Temporary vaginal packing
along with digital compression can slow bleeding.
Suture ligatures may be required. Vaginal closure
with packing may tamponade bleeding that is not
too brisk or flowing freely into the retropubic space.
Rarely, an abdominal exploration may be required
to control bleeding. Transfusion requirement for
endoscopic suspensions is estimated at 1% [12].

When hematuria is identified after passage of a
ligature carrier, bladder puncture is likely.
Cystoscopy should be done and the suture removed.
It is usually on the lateral side, near the bladder neck.
Removal and replacement of the stitch along with
catheter bladder decompression for 48 hours are
generally sufficient. Finally, if dissection leads to ure-
thral or bladder laceration, this should be repaired
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Figure 31.5 a Placement of transvaginal bone anchor insertion tool.
Vaginal incision was inverted U-shape. b Transvaginal bone anchor
placement. Note suture fixation to anchors on undersurface of pubis.
(From Winters JC, Scarpero HM, Appell RA: Use of bone anchors in
female urology. Urology 2000; 56 (Supplement 6A):15–22, with per-
mission.)
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using multilayer absorbable suture closure and 
consideration given to longer-term bladder drainage.

Postoperative Complications

Postoperative complications from stress inconti-
nence surgery are not unique to transvaginal sus-
pension techniques. Many result from an increased
urethral resistance or relative obstruction and as
such are felt to be more common following sling
type procedures [12]. The most commonly encoun-
tered postoperative complication is urinary reten-
tion. This persists beyond 2 weeks in 5–8%
[9,10,12,52]. Permanent retention is a rare compli-
cation and may not be predicted by preoperative
urodynamics. De novo instability symptoms or
worsening of pre-existing instability symptoms
such as frequency, urgency, and urge incontinence
are estimated to occur in 4–16% [10,12,19,22]. For
some patients this is quite problematic and may
not respond to anticholinergics. Both retention and
de novo instability symptoms, if from obstruction,
may respond to urethrolysis [53,54]. Cutting the
suspensory sutures beyond the initial postopera-
tive period is not generally effective. Other compli-
cations that are less frequent but well recognized
include: persistent pelvic pain or dyspareunia in
5% [9,19], pelvic prolapse including enterocele,
rectocele, or cystocele in 6% [19], and death 
0.05% [12].

Conclusions
In general, the long-term success of transvaginal
endoscopic suspensions is not as good as open
retropubic repairs or sling procedures. Of the 
transvaginal suspensions, the Gittes no-incision 
procedure appears to be the least durable. However,
the morbidity associated with transvaginal suspen-
sions for stress incontinence is lower than that with
open retropubic or sling surgery.

With the introduction of a synthetic mesh 
prosthesis to support the mid-urethra the results of
endoscopic suspension improved. Long-term and
comparative trials are in progress. There is still
some concern over short- and long-term morbidity,
although increasing experience and modifications in
the design over time will settle these issues. Bone
anchor techniques have also been shown to be safe
but still require long-term reporting of outcomes to
justify their cost.
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Genuine stress incontinence is a common condi-
tion, particularly in multiparous patients, and fre-
quently results in a request for surgical correction.
Vaginal and abdominal procedures have been
described in the literature over the last 100 years but
it is only within the last 20 to 25 that choice of
surgery has been influenced by evidence-based
medicine. Initially, anterior colporrhaphy was the
gynecological procedure of choice, following which
an abdominal procedure could correct the short-
comings of the former. Marshall et al. [1] described
a simple retropubic suspension that could be per-
formed either as a primary or secondary operation
to support the bladder neck. This transformed the
prognosis for women with stress incontinence as
consistently high cure rates began to be appreciated.
Burch [2] later reported his colposuspension with
virtually the same success rate but with reduced
complications.

Despite the long history, these two procedures
remain the most commonly chosen in North
America for primary and recurrent stress inconti-
nence. This chapter will focus on anatomical and
physiological changes in the pelvis, on the indica-
tions for surgery, and will review the surgical tech-
niques to correct the bladder neck defect. The
chapter will review clinical results and complica-
tions of retropubic urethropexy.

Diagnosis
Genuine stress incontinence (GSI) is a diagnosis
that applies to loss of urine coincident with a rise of
intra-abdominal pressure in the absence of detrusor
activity [3]. The urethral sphincter is incompetent
at this time, owing to failure of pressure transmis-
sion, to intrinsic sphincter deficiency or to a combi-
nation of both. These concepts have replaced the

earlier impression that the posterior urethrovesical
angle was critical to maintaining continence.
Instead, it is the failure of support to the proximal
urethra at the time of increased abdominal pressure
that occurs in the majority of patients with GSI.
When this is combined with a lack of intrinsic mus-
cular tone, GSI may be quite severe.

Etiology
Vaginal parity is most commonly implicated in the
pelvic floor changes that result in GSI. Dilation of the
pelvic floor and birth canal with vaginal delivery
may result in disruption of levator ani attachments
and trauma to the pudendal nerve. Denervation and
subsequent reinnervation of the pelvic floor leave
the urethra less able to match the contraction effort
of other abdominal muscle groups [4]. The pelvic
floor and urethrovesical junction then descend at
times of effort. For a fraction of a second, the pres-
sure in the proximal urethra is exceeded by the pres-
sure in the bladder and urine escapes. This is
compounded if the intrinsic muscles of the urethra
are compromised by such changes as denervation,
devascularization and scarring from previous lacer-
ations or surgery. Other factors play a role in the
occurrence and severity of GSI and these include
obesity, chronic obstructive lung disease, severity of
work or recreation related activities, aging changes
and estrogen deficiency [5].

Therapeutic Options
Therapy for GSI is directed to improving pelvic
floor pressure transmission to the proximal urethra
and/or to improving intrinsic sphincter tone.
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Conservative options include weight reduction, dis-
continuation of smoking, pelvic floor exercises to
improve levator tone, vaginal prostheses to support
the bladder neck (tampon, incontinence pessary),
drug manipulation (estrogen, alpha-agonists, dis-
continuation of alpha-blockers) and surgery. The
conservative treatment for pelvic floor disorders is
described in an earlier section of this book.
Similarly, vaginal repair and endoscopic needle sus-
pensions have been described but shortcomings or
complications of these techniques limit their use in
the modern treatment of GSI. Retropubic surgery
for GSI is now preferred for uncomplicated patients
who have demonstrated a significant failure of pres-
sure transmission to the proximal urethra.

In 1949, a retropubic urethrovesical suspension
for treatment of GSI was described by Marshall,
Marchetti and Krantz [1]. Although this seemed a
somewhat radical procedure for supporting the
proximal urethra, it became accepted as a surgical
choice because of the recognized failure of vaginal
repair. In 1961, Burch [2] described a different form
of retropubic support using Cooper’s ligament
instead of the symphysis pubis. Over time, the pro-
cedures became increasingly popular as improved
operative and anesthesia techniques reduced the
morbidity of retropubic surgery. Studies now have
confirmed a definite superiority of retropubic
support surgery over vaginal repair [6,7].

Indications for Surgery
Patients who are chosen for retropubic repair should
have attempted the conservative treatments described
above. In particular, they should have optimized their
surgical suitability (weight and smoking reduction)
so as to reduce postoperative risks of thromboem-
bolism, pneumonia and surgical infections. Weight
and chest symptoms also play a role in the long-term
outcome of surgery such that failure to control these
factors probably reduces the overall cure rate.

The diagnosis of GSI must be secure. This
involves the history of loss of urine promptly at the
time of sudden movement or coughing. Ideally,
other symptoms such as irritative bladder com-
plaints and voiding dysfunction are absent. With a
half speculum retracting the posterior vagina, the
patient strains and obvious descent of the bladder
neck is usually present. If a lubricated Q-tip swab is
placed in the urethra, a deflexion of more than 
30 degrees from resting position indicates urethral
hypermobility and is called a positive Q-tip test [8].
Coughing may reveal stress incontinence, though
this is frequently absent while supine. The patient is

then examined standing with urine in the bladder
and, if necessary, with the perineal and posterior
vaginal tissues retracted by the observer’s hand.
Coughing will usually demonstrate stress inconti-
nence in this situation. Further confirmation would
involve the patient performing a “pad test” in which
she attends with a comfortably full bladder and pro-
ceeds through a standardized set of activities while
wearing a pre-weighed perineal pad [9]. The pad is
inspected and weighed afterwards to confirm
urinary loss during these activities. Urodynamic
testing is recommended if the diagnosis has not yet
been otherwise confirmed or if there are conflicting
symptoms involving urgency and voiding dysfunc-
tion. This is particularly true if previous bladder
neck surgery has been performed [10].

When the patient proceeds to retropubic surgery,
the consent should include a full description of the
nature of the surgery, how it is performed, length of
stay in hospital, convalescent period at home and
activity restriction. Potential complications should
be reviewed including a discussion of the success
and failure rate of the technique. The rest of this
chapter will focus on these issues.

Surgical Technique
The Marshall–Marchetti–Krantz procedure (MMK)
involves retropubic dissection and exposure of the
catheterized proximal urethra. The surgeon’s vaginal
finger elevates the anterior vagina and the structure
is elevated into view. Either absorbable or non-
absorbable sutures are then placed into the upper
wall of the vagina adjacent to the urethra and
through the lateral wall of the urethra. These are
located up to the level of the urethrovesical junction.
Care is taken to avoid going into the lumen of the
urethra or bladder. The sutures are brought through
the symphysis pubis and tied. This has the effect of
placing the urethra immediately behind the symph-
ysis in the midline (Figure 32.1). Seen laterally, the
urethrovesical junction now makes an acute angle
behind the symphysis pubis. The catheter is left per
urethra or it may be inserted suprapubically.

The Burch colposuspension also involves retropu-
bic dissection down to the bladder and urethro-
vesical junction. The proximal urethra and vagina
are identified during the course of dissection.
With the bladder catheterized, the catheter bulb can
be palpated and this helps to identify the ure-
throvesical junction. The operator’s vaginal finger
elevates the vagina on either side of bladder neck.
Urethral and bladder tissue are gently retracted
medially to expose a safe area of paravaginal tissue 
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(Figures 32.2–32.5). Absorbable or non-absorbable
suture is then passed through this paravaginal tissue
and ideally does not penetrate the vagina. These
sutures are brought through ipsilateral Cooper’s liga-
ments and held. A check for urethral and bladder
integrity is appropriate and different techniques are
used. In the course of dissection, the operator
identifies the “roll-back” of the urethrovesical junction
just medial to the area of suture placement. By visua-
lizing a clear sulcus between vagina and adjacent ure-
throvesical junction, paravaginal tissue can be safely
sutured. Methylene blue can be instilled per catheter
to check that sutures have not actually penetrated the
bladder itself. Many practitioners cystoscope their
patients at this point. This has the advantage of
excluding bladder pathology and penetrating sutures.
Ureteric function is confirmed by visualizing efflux of
urine from each orifice. With a cystoscope at the
bladder neck, satisfactory support will be visualized at
the time of gentle traction on the sutures.

The patient is recatheterized. The sutures are then
gently tied in a manner that simply takes up the
“slack” of bladder neck hypermobility. In this
manner, the Burch colposuspension would be more
appropriately described as urethral stabilization.
The support given by the paravaginal tissue under
the proximal urethra acts as a stabilizing point and
permits more effective compression of the bladder
neck at the instant of increased abdominal pressure.

The bladder is left catheterized, either per urethra
or by the suprapubic route. The advantage of the
latter is that the patient may begin attempts at
voiding the day after surgery with the catheter
clamped. The catheter, however, provides a release
mechanism for the patient who has postoperative
voiding difficulty. Selected patients do quite well
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Figure 32.1 Marshall–Marchetti–Krantz Procedure (From Walters
MD, Karram MM (1993) In: Clinical Urogynecology. Mosby Year-Book
Inc., p 200, with permission.)

Figure 32.2 Burch procedure – retropubic dissection between sym-
physis and bladder (From Stanton SL, Tanagho EL (1986) In: Surgery
of Female Incontinence. Springer-Verlag, p 99, with permission.)

Figure 32.3 Burch procedure – digital elevation of paravaginal tissue
adjacent to bladder neck. (From Stanton SL, Tanagho EL (1986) In:
Surgery of Female Incontinence.Springer-Verlag, p 99, with permission.)



with a simple urethral catheter that is removed from
one to two days after surgery. It is quite uncommon
to have postoperative voiding delay if the supportive
sutures are under minimal tension.

Outcome of Surgery
When offering patients surgery for stress inconti-
nence it is essential that they know the likelihood of
success and failure of the procedure that is chosen
and also the potential for complications. It was 
recognized several generations ago that vaginal
repair for stress incontinence had a high failure rate
and the earlier attitude to incontinent women was
to “try first from below and then go from above”.
The development of retropubic surgery came as a
response to the obvious deficiency of vaginal
surgery for incontinence. Surgeons began to offer
retropubic support as primary surgery for GSI. Early
reports of success rates were optimistic but objectiv-
ity was limited by lack of standardized ways of
assessing outcome. These have gradually been
refined, particularly with the advent of urodynamic

testing,“pad testing” and more recently still, the use
of quality of life assessment tools [11]. Studies of the
MMK and Burch colposuspension have shown 
consistently high success rates when measured 
subjectively (patient denies incontinence) and
objectively (patient is observed to be dry with a full
bladder during stress provocation).

In Bergman and Elia’s classic randomized 
control study [6], patients who underwent anterior
colporrhaphy, modified Pereyra needle suspension
and Burch colposuspension were followed for 2 and
5 years. The anterior repair distinguished itself early
with a poor outcome. By 5 years there was no
significant difference between anterior repair and
needle suspension with cure rates between 37 and
43% respectively. The Burch colposuspension 
produced objective cure in 82%. Similar results were
reported by Kammerer-Doak et al. in 1999 [7].
Columbo et al. [12] reported a comparison in 1994
between Burch colposuspension and MMK.
Subjective and objective cure rates were not
significantly different, with 92 and 80% for the
Burch colposuspension and 85 and 65% for the
MMK. There was longer hospital stay and catheter
requirement in the MMK patients. Their conclusion
was that both provided a high cure rate but that the
Burch colposuspension was preferable. A 10- to 
20-year review of the Burch colposuspension was
reported by Alcalay et al. [13]. Patients who under-
went Burch colposuspension either as a primary or
secondary procedure were followed and a 69%
objective cure rate was found between the 10- and
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Figure 32.4 Burch procedure – bladder neck is mobilized medially
and shows “Roll-back” sulcus. (From Stanton SL, Tanagho EL (1986) In:
Surgery of Female Incontinence.Springer-Verlag, p 99, with permission.)

Figure 32.5 Burch procedure – sutures are placed through par-
avaginal tissue and then Cooper’s ligament. They are tied with
minimal tension, stabilizing the proximal urethra. (From Walters MD,
Karram MM (1993) In: Clinical Urogynecology, Mosby Year-Book Inc., p
199, with permission.)



20-year interval. Factors adversely affecting the cure
were previous bladder neck surgery, obesity, difficult
dissection and development of postoperative detru-
sor instability.

Complications
Perioperative complications are uncommon follow-
ing retropubic surgery. However, severe hemorrhage
has been reported to occur occasionally, typically in
patients undergoing repeat retropubic procedures
[14]. Serious infection at the operative site is also
very uncommon and it is rare to have to remove
sutures after the fact. Transvesical and transurethral
sutures have been identified occasionally; these 
typically present with symptoms of bladder irrita-
tion and persistence of stress incontinence. Damage
to viscera is uncommon and typically involves lacer-
ation of the bladder at the time of repeat retropubic
dissection. Nerve injuries, though rare, can be par-
ticularly worrisome when lateral cutaneous nerves
are compressed or cut, giving paresthesia to the
anterior thigh. Femoral nerve injury may result in
significant weakness in the anterior thigh. The 
proposed mechanism here is of compression by the
retractor or by abnormal leg positioning for the 
procedure with subinguinal compression. The long-
term issues include de novo detrusor instability,
development of a fistula, osteitis pubis, voiding dys-
function, pelvic pain and genital prolapse. Detrusor
instability can occur in 3–25% of women who
undergo Burch colposuspension [15]. Luckily most
of these patients have transient symptoms and only
a small portion require treatment. Patients with 
preoperative detrusor instability should be warned
that their urgency symptoms may persist despite
satisfactory bladder neck support. Voiding difficulty
with slow stream is common after retropubic
surgery for incontinence but retention is rare. A
patient known to void by Valsalva preoperatively
should be instructed to let detrusor effort alone
empty the bladder. Gentle traction on the support-
ing sutures reduces postoperative voiding delay.
Urogenital fistulas are also uncommon. However,
Mainprize and Drutz [16] reported 7 fistulas in 2712
MMK procedures. Osteitis pubis has been one of the
most worrisome complications of the MMK and
occurs approximately in 2.5% of patients. The etio-
logy is unknown and it is an intense inflammatory
response to sutures in the symphysis pubis asso-
ciated with the MMK. The disability experienced by
these patients has impressed incontinence surgeons
to the extent that the Burch procedure is increas-
ingly preferred to the MMK. Occasionally, post 

colposuspension pain has been reported and has
required release of one or more of the supporting
sutures if physiotherapy is not successful.

In the original description of the Burch colposus-
pension, postoperative enterocele formation was
found to occur in 7.6% of patients [1]. Other authors
have noted this to be less common but it is still a
concern when operating on a patient who has pelvic
floor relaxation and stress incontinence. The shift of
the mid-anterior vagina behind the symphysis may
allow for the descent of a mobile retroverted uterus
or early enterocele. Hysterectomy or Moscowitz
enterocele closure has been recommended if
patients are thought to be at risk. No randomized
control trial has been performed to evaluate the
benefit of concomitant enterocele closure at the time
of Burch colposuspension.

Summary
In the straightforward patient with a hypermobile
bladder neck and stress incontinence, the intrinsic
sphincter mechanism is usually relatively normal.
Because of this, retropubic urethropexy, particularly
the Burch colposuspension, has become the gold
standard for surgical treatment of GSI. It is against
this procedure that other operations must be 
compared and this follow-up should extend beyond
10 years [13]. The Burch colposuspension has been
clearly shown to be effective and to have a low com-
plication rate in properly selected patients. The open
procedure can be performed in a surgical day care
setting with appropriate multimodality analgesia
techniques (Wilkie D, Gofton E (1999), submitted for
publication). Postoperative narcotic pain require-
ments are minimal and patients can expect to return
to normal activities at approximately 2 weeks post-
operatively. The Burch colposuspension is an easily
taught technique and all graduates of gynecology
residencies should be familiar and comfortable with
this operation.
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Background
Throughout the past century, hundreds of different
surgical procedures have been described for the
management of stress urinary incontinence.
However, the sling procedure, despite its many 
variations, has maintained a constant presence in
both the urologic and urogynecologic communities.

Three European physicians pioneered sling pro-
cedures in the early 1900s. Goebell first suggested
transplantation of the pyramidalis muscle in 
1910 [1]. This was followed by Frangheim who, in
1914, recommended using the pyramidalis or 
strips of rectus muscle as a suburethral sling by
attaching the muscle to overlying fascia [2]. In 1917,
Stoeckel suggested combining the techniques of
Goebell and Frangheim and adding plication of the
vesical neck [3].

Throughout the twentieth century there have
been many variations of sling procedures described
in the literature. In 1907, Giordano suggested the
use of gracilis muscle by wrapping it around the
urethra [4]. Shortly thereafter, in 1911, Souier
described the use of levator ani muscles by placing
them between the vagina and urethra [5], and, in
1923, Thompson recommended the use of strips of
rectus muscle, surrounded by fascia, to be passed in
front of the pubic bones and around the urethra [6].
The Aldridge sling was introduced in 1942 [7], and
then in 1968 Chasser Moir introduced the gauze
hammock operation [8] as a modification of the
original Aldridge technique.

Over time, there has been recognition that retro-
pubic procedures provide better long-term success
rates than vaginal procedures. Until the 1990s,
sling procedures were usually used after other
incontinence procedures had failed. However, a sling 
procedure is now indicated if intrinsic sphincter

deficiency, with or without bladder neck hyper-
mobility, is diagnosed preoperatively, regardless of
whether the patient has had a previous incontinence
operation [9]. Since many women have some intrin-
sic sphincter deficiency, this has led to a trend to do
primary sling procedures in all patients [10]. There
is also literature and widespread opinion that 
incontinence secondary to hypermobility should be
treated with a sling if other comorbidities, such as
obesity, chronic chest conditions, or other repetitive
strenuous activity, predispose the patient to a
higher risk of postoperative failure [11,12].

Indications
The most common indication for a sling is type III
stress urinary incontinence or intrinsic sphincter
deficiency. Slings are used in those patients who
have low urethral closure pressures that require 
a more compressive or obstructive procedure 
than a standard suspension procedure, such as a
Burch or a Marshall–Marchetti–Krantz retropubic 
urethropexy. There is a spectrum of stress urinary
incontinence; some women have pure hypermo-
bility, some women have pure intrinsic sphincter
deficiency (often with the classic leadpipe or
pipestem urethra), but many women have some
component of both. Although slings have tradition-
ally been used after previous failed continence
surgery, there is a role for primary slings in certain
patients. The three main options available for the
management of intrinsic sphincter deficiency are
slings, injectable bulking agents, and the artificial
sphincter. Of these, the sling is the most desirable as
long as the patient can tolerate the procedure 
medically. We currently have no ideal urethral
bulking agent and the long-term success of this 
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procedure is quite poor (30–40% still dry at 5-year
follow-up [13]). Artificial sphincters carry a risk of
infection and malfunction and are a much more
morbid procedure than the sling.

Intrinsic sphincter deficiency has a multifactorial
etiology; these factors lead to decreased urethral
integrity, which affects the ability of the submucosal
and muscular layers to coapt and compress the 
urethral lumen. Etiologic factors are related to
devascularization, denervation, or trauma and may
include: neurologic injury from childbirth or 
other neurologic conditions (myelodysplasia, sacral 
agenesis, T12 spinal cord injury); previous radiation
exposure; previous surgery; connective tissue
abnormalities; catheter trauma; and menopausal
hormone loss. Certain women, who have severe
urinary leakage and positive cough test supine, are
more likely to have intrinsic sphincter deficiency
[14] and benefit from a primary sling procedure.
Other patients that will benefit more from a sling
than a retropubic urethropexy include those with a
funneled bladder neck on imaging, obesity, chronic
chest conditions, and those that perform extreme
physical activity [15]. Slings can be used in any age
group of patients as long as the patient or caregiver
has the ability to do clean intermittent catheteriza-
tion afterwards if needed.

Certain patients may request a sling with a 
goal to complete retention and long-term clean
intermittent catheterization. This is often a desirable 
procedure in patients with neurogenic disease, who
may develop urethral erosions related to Foley bulb
expulsion, rather than resorting to bladder neck
closure which has risk of fistulizing or causing
chronic problems with leakage.

The goal of the sling operation is to restore
sufficient outlet resistance to the damaged urethra
to prevent urine loss with stress maneuvers, while
preventing urethral obstruction. In addition to 
facilitating urethral coaptation and increasing
intrinsic urethral closure pressure, slings provide
some bladder neck suspension to increase the 
transmission of intra-abdominal pressure to the
urethra. Therefore, the sling procedure is not only
adequate for patients with pure intrinsic sphincter
deficiency, but will also correct hypermobility in
those that have a mix of type II and III incontinence.

As with all pelvic floor repairs, correction of any
prolapse or concomitant pelvic pathology should be
addressed in addition to the incontinence

Investigations Prior to a Sling
As with all patient assessment, a full history and
physical examination should be completed. Particular

attention should be paid to genitourinary symptoma-
tology, the severity of the incontinence, previous
surgery, previous radiation, and history of neurologic
injury. Physical examination should include a general
examination, a neurologic assessment, examination
of all pelvic floor compartments for prolapse, and
assessment of any other pelvic pathology.

Urinalysis, uroflowmetry, and post-void residual
are easily performed in a clinic setting and the latter
two are good screening tools for voiding dysfunction.
Patients with prolonged intermittent uroflow 
patterns and high residuals are potential risks for
voiding problems after any surgical procedure for
incontinence. If urodynamic assessment confirms
preoperative voiding dysfunction the patient must be
counseled that this could become much worse with a
sling; a patient of this type should also learn clean
intermittent catheterization preoperatively [16].

Prior to a sling patients should have video uro-
dynamics, or multichannel urodynamics and some
imaging of the bladder neck. An assessment of ure-
thral resistance should also be performed with
either a Valsalva leak point pressure (VLPP) or
maximal urethral closure pressure (MUCP).
Diagnosis of intrinsic sphincter deficiency involves
assessment of many factors on clinical history and
physical examination but also includes assessment
of bladder neck mobility and either a VLPP less
than 60 cmH2O, or an MUCP less than 20 cmH2O
[17]. There have been studies looking at the correla-
tion of low MUCP and low VLPP and the results are
somewhat discrepant. Nager et al. showed good 
correlation between low MUCP and low VLPP [18];
however, Peschers et al. showed poor correlation
[19]. Regardless of the controversies, a measure of
urethral resistance should be performed preopera-
tively; the urologic community tends to use VLPP
and the gynecologic community uses MUCP.
Concerns exist about reproducibility of Valsalva
effort, but this is a more dynamic representation of
the incontinence event. Many feel that a funneled
bladder neck on cystogram or on video urodynam-
ics is also an indication for a sling [20,21]; however,
some controversy exists in this area.

Urodynamics are also useful to check for 
detrusor instability, to assess voiding function and
bladder compliance. The Society of Obstetricians
and Gynecologists of Canada has developed guide-
lines for the assessment of patients prior to primary
and secondary continence surgery [22,23]. Both 
recommend the use of urodynamics studies; the use
of urethral pressure studies is recommended prior
to secondary surgery, but many authors feel it is
advisable prior to any sling procedure. Throughout
the years there has been controversy about the role
of urodynamic testing as a diagnostic tool, and
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regarding how relevant it is in the final decision-
making process [24]. However, a recent review by
Abrams et al. of over 5000 women still concludes
with the recommendation that urodynamics assess-
ment be performed prior to incontinence surgery
[25]. This was reinforced by the group at Duke
University who concluded that the predictive value
of stress symptoms alone was not high enough to
serve as the basis for surgical management [26].

When assessing patients with intrinsic sphincter
deficiency, the physician must be aware that any
complaint of urinary frequency may be related to
altered voiding habits to keep the bladder empty and
avoid leakage, and not due to detrusor instability.
When performing urodynamic studies on patients
with intrinsic sphincter deficiency, it may be difficult
to assess bladder capacity because of the ease of
urinary leakage. A Foley catheter in place with gentle
traction on the bulb to prevent bypassing may be
useful during assessment of capacity, and also to
allow sufficient bladder filling to demonstrate any
detrusor instability or abnormal bladder compliance.

Cystoscopic evaluation of the lower urinary tract
should definitely be performed in any patient who
has had prior continence surgery and in those with
irritative voiding symptoms. The role of cystoscopy
for the evaluation of patient with primary stress
urinary incontinence is controversial; however, it
can play a role in assessment of the bladder neck.

Types of Sling
There are many described techniques and materials
used for slings. In this chapter, we will overview the
most commonly used procedures and materials. The
tension-free vaginal tape is a new procedure that has
many properties of the traditional sling; this will be
discussed in a separate chapter.

Fascial Slings

The first fascial sling was described in 1933 by Price,
who used fascia lata in a woman with sacral agenesis
and urinary incontinence, and fixed the sling to the
rectus muscles [27]. In the 1940s both Millen and
Aldridge described the use of paired strips of rectus
fascia to form a sling. Millen looped the fascial
strips around the urethra and tied them above,
whereas Aldridge sutured the strips of fascia below
the urethra.

Modifications of this pubovaginal sling technique
continue to be commonly used in practice today. An
incision is made in the vaginal mucosa from the
mid-urethra to the bladder neck; the bladder is then
dissected off the anterior vaginal mucosa.

Alternatively, an inverted U-shape incision can be
made to expose the urethra and bladder neck. If
available, a Lone Star retractor may be useful to
retract the edges of the vaginal mucosa. The fascial
strip is placed under the bladder neck and passed
through the space of Retzius behind the pubic rami.
Depending on the operator’s preferred technique, the
sling can be sutured directly to Cooper’s ligament, or
can be brought through and tied over the top of the
rectus fascia. Preference is often given to securing
the sling to the rectus fascia to allow for a more
dynamic result; when the patient increases their
intra-abdominal pressure the sling responds by
tightening and providing posterior urethral support
and preventing urinary leakage. Some authors
describe attachment of the sling to the pubic tuber-
cle, but this carries a higher risk of osteitis pubis and
osteomyelitis [28,29]. The sling can be secured vagi-
nally to the fascial tissues with a 2-0 or 3-0 Vicryl or
Dexon suture to prevent movement or rolling of the
sling and to allow the sling tension to maintain an
even distribution. Once the sling has been placed,
cystourethroscopy should be performed to rule out
bladder injury; certain authors also describe the use
of indigo carmine dye to ensure ureteric patency.

A few options are available for the acquisition of
fascial material. The first decision is whether to use
autologous or cadaveric fascia. Autologous fascia
can be obtained from the anterior rectus sheath or
from the fascia lata of the leg. It is a good choice
with minimal associated morbidity and few 
concerns about tissue infection, rejection, or erosion
[30]. With the emergence of more tissue banks,
cadaveric fascia has become a more popular option
as it reduces the morbidity of autologous fascial
harvest. However, caution must be taken in the
choice of banked fascia; there have been reports of
rapid tissue breakdown and failure of incontinence
and prolapse repair with some cadaveric fascia
[31–33]. The suspicion is that the specimens that
failed may have been over-irradiated during pro-
cessing leading to tissue breakdown and failure.
Another concern with cadaveric fascia use is the
risk, although low, of infection transmission.

When harvesting a rectus fascial strip, either a 
15 cm by 2 cm strip can be completely detached and
used to pass from the vagina to the space of Retzius,
or the central portion of the strip can be left
attached and the two ends of the fascia tunneled
from the abdomen to the vagina and wrapped below
the bladder neck.

Fascia lata has the advantage of being uniformly
strong regardless of age or medical condition. One
study showed triple the tensile strength in fascia lata
compared to rectus sheath [34]. Fascia lata may also
be the autologous material of choice in patients that
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have had previous abdominal surgery and have
significant scarring in the suprapubic area. It has the
advantage of allowing a smaller abdominal incision
for securing the sling, and therefore, a lower risk of
creation of hernia or postoperative pain, which may
occur in the larger rectus fascial harvest incision. The
main disadvantages of using fascia lata are the need to
reposition the patient and the need for an additional
leg incision. When using fascia lata, a strip of 20–25
cm length and 2 cm width can be easily harvested
through two small incisions in the lateral thigh; some
physicians use a fascial stripper tool to aid in harvest,
but this is not necessary. Caution must be taken to
avoid injury to the common peroneal nerve near the
lateral femoral condyle. The fascial defect can be
repaired with figure-of-eight absorbable sutures, a
drain placed, and a pressure dressing applied.

Synthetic Slings

The morbidity associated with fascial harvest may
be avoided with the use of artificial materials. A con-
tinuous piece of material may be used for the body
and arms of the sling, or a patch of synthetic mater-
ial may be used with arms of non-absorbable suture.
The advantages of using synthetic material are that
it is cheap (especially when compared to cadaveric
fascia), readily available, and there is no dependence
on previous surgical scars, body habitus, or experi-
ence in harvesting the graft. Since the synthetic
strips can be prepared in advance, this theoretically
decreases operative time; also, patients should have
decreased postoperative pain and risk of hernia for-
mation. The disadvantages are that the use of any
foreign substance is accompanied by increased risks
of infection and erosion. However, overall risks of
erosion are now likely to be less with the trend
towards tension-free slings.

Polyethylene terephthalate (Mersilene, Ethicon)
mesh was one of the first used in 1966 by Ridley. He
described use of a Mersilene ribbon in 17 patients, but
noted serious complications in 18%, including mesh
erosion, graft infection, and urinary retention [35].

Sling Techniques

Abdominal Approach

This technique is not used very commonly; it should
be reserved for patients in whom the lithotomy
position is contraindicated (perhaps due to
significant limitation of hip mobility), in the rare
circumstance where a decision is made intraopera-
tively to do a sling, or where concomitant proce-

dures dictate the need to have the patient supine.
However, in our experience, with the use of new
hydraulic stirrups that allow easy repositioning,
there should be very few contraindications to the
lithotomy position.

With the abdominal approach the retropubic space
is opened, and a tunnel is created under the proximal
urethra at the bladder neck with sharp and blunt dis-
section without making a vaginal incision. The sling
is then passed under the bladder neck and brought
up to Cooper’s ligament or the rectus fascia. There
may be significant scarring due to previous surgery
in the area; it may be necessary to open the bladder
to aid in the dissection under the bladder neck. With
this technique, there is a risk of placing the sling too
distally, thereby increasing the risk of obstruction.

Abdomino-vaginal Approach

This method is quite common and allows for con-
comitant vaginal and abdominal repairs if required.
We use this method in our unit with rectus fascia
and have found it to be very successful with compa-
rable cure and improvement rates to other series of
slings. This method facilitates accurate perforation
of the arms of the sling and placement of the sling
under the bladder neck by using a combined tech-
nique of dissection into the retropubic space and
vaginal dissection. Advantages include improved
exposure both vaginally at the bladder neck, and in
the space of Retzius to decrease the amount of
retropubic dissection required (Figure 33.1).
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Figure 33.1 Combined abdomino-vaginal Marlex sling procedure.
This is a two-team operation in which the surgeon passes the Marlex
mesh through tunnels created in the urogenital diaphragm into the
space of Retzius, where it is sutured to Cooper’s ligament.
(Reproduced with permission from Drutz HP, Buckspan M Flax S,
Mackie L (1990) Clinical and urodynamic re-evaluation of combined
abdomino-vaginal Marlex sling operations for recurrent stress urinary
incontinence. International Urogynecology Journal and Pelvic Floor
Dysfunction 1:71; Figure 1.)



Vaginal Approach

A vaginal incision is used to place the sling under the
bladder neck. Using a finger or instrument,
dissection is carried up into the retropubic space; the
sling is passed up blindly using a needle passer or a
packing forcep. Only a small abdominal incision is
then required to secure the sling to the rectus fascia.
This method also has the advantage of decreasing
the dissection required in the retropubic space;
however, there is an increased risk of bladder or ure-
thral injury due to the blind passage of the sling.

Vaginal Wall Sling

The final technique that has been described in the
urologic literature is the vaginal wall sling. This
involves making two parallel incisions in the vaginal
mucosa just lateral to the urethra. Bites of fascia are
then taken, also incorporating a portion of the 
rectangular vaginal wall overlying the urethra 
centrally. The remainder of the technique is similar
to the vaginal approach, with the pairs of permanent
sutures on each side then being passed blindly up
ipsilaterally to the small suprapubic incision 
and secured to the rectus fascia. The features of
this technique are more comparable to needle 
suspension techniques and will not be discussed
further here.

Adjusting Sling Tension
There is no useful way to measure sling tension
intraoperatively that has prognostic value in terms
of either achieving continence or preventing 
long-term clean intermittent catheterization. Many
techniques have been tried and described to 
attempt to secure correct sling tension intraopera-
tively but none have proven consistent, or predictive
of postoperative outcome.

Techniques that have been described include the
use of urethral pressure profilometry in the operat-
ing room. However, since slings only seem to
increase functional urethral length and not maximal
urethral closure pressure, the measurement of
maximal urethral closure pressures intraoperatively
is not helpful and has been found to have no predic-
tive value [15,36]. Endoscopic assessment of the
bladder neck may also be performed to ensure easy
passage of the cystoscope (no obstruction), and to
ensure adequate urethral coaptation, but again this
has no predictive value. With the more recent use of
more regional (spinal) anesthesia, the patient can be
cough tested with 300–500 ml fluid in the bladder,

and sling tension adjusted such that there is no leak
or just a drop of leakage. However, there is some
muscle weakness associated with use of the spinal
anesthesia; also, it is difficult for many patients 
to cough adequately in the modified lithotomy 
position. In general, we are trying to create a 
backrest for the urethra, re-creating some of the lost
intrinsic sphincter pressure. Putting the sling under
no tension, and secured under the bladder neck for
an even distribution of support, are reasonable
general guidelines.

Postoperative Care
Postoperative care is similar for any continence 
procedure, but varies between centers. Some 
physicians routinely teach patients to perform 
intermittent self-catheterization preoperatively,
thereby preparing patients for this in the event of
postoperative voiding dysfunction. In this instance
the patient has a Foley catheter indwelling for 24 to
48 hours postoperatively, which is then removed for
a voiding trial. If patients have voiding difficulty
after a sling, they should be encouraged to try to
void every 4 hours and then catheterize for residuals
or if unable to void. Other institutions routinely use
suprapubic catheter drainage, which can then
remain in place for up to 6 weeks with postoperative
voiding dysfunction. During their trial voids, if
patients void more than 100 ml with residuals less
than 100 ml on two consecutive occasions post-void
residual assessments can be discontinued and the
suprapubic catheter removed.

Routine use of postoperative antibiotics should
only be considered if synthetic material has been
used for the sling. In the event of prolonged time 
in the modified lithotomy position, the use of
prophylactic subcutaneous heparin is advisable. If
used, vaginal packing may be removed on the first
postoperative day.

Success Rates of Slings
Success rates of all types of slings (Table 33.1) are
relatively similar with reported objective cure rates
of 61-100% and subjective cure rates of 73-93% [37].
Cure rates tend to be higher for primary slings than
for secondary procedures [38]. A review by the
American Urological Association reported an
overall subjective cure rate of 82% [39]; this was in
keeping with a previous meta-analysis that revealed
an objective cure rate of 85.3% and a subjective cure
rate of 82.4% [40].
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Complications of Slings

Failure

Slings performed for recurrent stress urinary 
incontinence certainly have a lower success rate
than those performed primarily. In general, any
repeat surgical procedure for stress urinary 
incontinence has a lower success rate than when
performed primarily [38]. One recent article showed
a higher rate of objective failure after a pubovaginal
sling in women who were preoperative Valsalva
voiders [50]. Any failure should be approached as a
new case of urinary incontinence. A thorough
history and physical examination should be 
completed with multichannel urodynamics. Since
prior surgery has occurred, a cystoscopy should 
also be performed. Recurrent stress urinary in-
continence will occur in 10-15% patients, but 
many cases of perceived sling failure are related to 
detrusor overactivity.

Voiding Dysfunction

Many studies have attempted to examine factors
predisposing to postoperative voiding dysfunction
following incontinence surgery. Slings are associated
with the highest rate of voiding dysfunction with
rates reported between 2 and 16%. Preoperative
Valsalva voiders with prolonged or intermittent
uroflow curves and reduced maximal flow rate are at
risk of prolonged postoperative voiding dysfunction
[47]. In women at risk of postoperative voiding
problems, the risk must be explained in detail,
including the risk of prolonged postoperative
catheterization and the potential need for long-term
clean intermittent catheterization in 1.5–7.8% [51].

Many physicians will insist on this “at risk” group 
of women learning intermittent catheterization 
preoperatively.

Bladder Perforation

This is a more common complication in women
having secondary surgery for recurrent stress
urinary incontinence. It will often occur close to the
bladder neck near the sites of previous suture 
placement. The risk of bladder perforation is
approximately 10%; it may be higher in patients that
have had multiple prior retropubic surgeries [52]. If
bladder perforation does occur, the laceration
should be repaired and continuous catheter
drainage implemented for 7 days. A cystogram can
then be completed and, if normal, the catheter
removed and trial void attempted.

Pain

Wound pain is most likely to occur in patients with
large abdominal incisions for fascial harvest. The
risk for development of incisional hernia is also
greatest in this group. Wound pain may be related to
nerve entrapment, hematoma, or a hernia. Patients
often complain of a mild tugging sensation at the
site of sling attachment abdominally; this usually
resolves with time. Any wound pain should be
assessed; in the event of suspected nerve entrap-
ment, these patients may respond to local steroid or
local anesthetic injection.

Detrusor Instability

Persistent urgency incontinence has been reported
in 3–31% patients after a sling. De novo detrusor
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Table 33.1 Sling success rates

Author Material used n Follow-up Objective cure (%)

Stanton et al. [41] Silastic 30 1–2 years 83
Horbach et al. [42] Gortex 17 3 months 85
Weinberger and Ostergard [43] Gortex 108 38 months 61
Young et al. [44] Mersilene 110 13 months 93
Morgan et al. [12] Marlex 208 5 years 77.4
Amaye-Obu and Drutz [38] Marlex 92 1–12 years 66-69
McGuire and Lytton [36] Autologous rectus fascia 52 2–3 years 80
Carr et al. [45] Autologous rectus fascia 96 22 months 90
Chaikin et al. [46] Autologous rectus fascia 251 Over 1 year 92a

McLennan et al. [47] Autologous fascia lata 62 No data 87
Handa et al. [48] Cadaveric fascia lata 16 6–12 months 79
Jarvis and Fowlie [49] Porcine dermis 50 21 months 78

a Subjective cure.



instability has been reported in 10–40% women
[36,53,54]. Certainly, higher rates of de novo 
detrusor instability are often reported with more
extensive dissection; therefore, with some of the
newer, less extensive procedures, a decrease in this
complication may become apparent. Some de novo
detrusor instability is likely related to bladder
outlet obstruction. Patients should be cautioned
that a response to anticholinergics preoperatively
might not persist after surgery. Symptoms of
persistent urgency and urge incontinence can be
quite debilitating and are the most common
reason for perceived sling failure; severe cases may
require takedown of the sling or augmentation
cystoplasty.

Sling Erosion/Migration

Sling erosions are usually due to uneven compres-
sion of the urethra, too much tension on the sling,
or technical error, such as unrecognized bladder 
perforation. Erosions are seen more commonly with
synthetic slings with an erosion rate of 1–4% [55];
this may involve erosion into the vagina, bladder or
urethra. With some of the bone anchor slings, there
have been reports of migration and pull out of the
metal anchors [56]. There has been one report of
fascia lata erosion into the urethra [57]. Erosion can
be prevented by avoiding any tension on the sling
and by using a wide strip of sling material secured
in place to allow even distribution of sling tension
over the bladder neck and proximal urethra.

Infection

Wound and urinary tract infections are the most
common infectious complications of slings. A 
preoperative antibiotic dose administered one hour
before surgery will reduce the risk of infection [58].
Infectious complications are more of a concern with
the use of synthetic mesh owing to the potential risk
of chronic infection and the need to remove the sling
if there is no response to antibiotics. If a sling does
have to be removed, there is approximately a 25%
risk of recurrent stress urinary incontinence [59].

Other Complications

Vaginal inclusion cysts are another potential 
complication that usually do not cause significant
morbidity [60]. If they are troublesome they may be
excised.

Conclusions
There are multiple descriptions of different sling
techniques. However, regardless of technique or
material used, the success rates are relatively similar.
With the emergence now of tension-free techniques
this should reduce the rate of some of the more
troublesome complications such as voiding dysfunc-
tion and de novo detrusor instability.
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Introduction
Surgical treatment of female urinary incontinence
has progressed considerably in the past 20 years and
most patients who qualify for treatment will not
require an artificial urinary sphincter (AUS). While
in males it is the procedure of choice for post-
radical prostatectomy stress incontinence [1], in
females controversy exists regarding the indications
as many patients, even those with severe inconti-
nence following multiple surgeries, can be managed
successfully with surgery that does not involve
implantation of a mechanical prosthesis. However,
it does have a place and this chapter will outline the
historical aspects, clinical evaluation and indica-
tions, the surgical procedure, results and complica-
tions of its use in females.

History of the Device and
Current Design
In the past thirty years, several prostheses to control
incontinence have been developed primarily for
male patients. In 1974, Scott and co-workers [2]
reported the first one designed for implantation
around the bladder neck in female patients. The
work was done in collaboration with American
Medical Systems. The first device, the 721, consisted
of an inflatable cuff, inflate and deflate pumps with
a reservoir between the two of them and was con-
trolled by unidirectional valves. The “V4” valve con-
trolled the pressure. The reservoir was placed just
outside the peritoneal cavity below the rectus
muscles. The intra-abdominal pressure was sup-
posed to be transmitted to the device during exer-
cise, coughing or Valsalva. Hydrodynamic pressure

forced the cuff to stay closed with the additional
pressure transmitted to it during exercise maneu-
vers. The main problem with this system was the
defect in the V4 valve. The excessive pressure trans-
mitted to the cuff also led to urethral or bladder
neck erosion.

Following the 721, the 761 was modified with an
extra balloon between the cuff and the deflate pump
to control the given amount of pressure in the system.
The principal problem with this AUS was the larger
number of components and malfunctioning of the
different components. The device was then simplified
and redesigned with fewer components [3].

In 1978, at the VIIth International Congress of
Nephrology the new simpler device, the 742, was
introduced. It had a pressure-regulating balloon,
with preset elasticity that controlled cuff pressure
and closure and one deflate pump. There was also a
choice of balloon pressures. After the patient
deflated the cuff it automatically closed or reinflated
as the balloon pressure forced fluid back into the
cuff through a resistor. This is the mechanism of the
current AUS. Additional modifications were made
for facilitating implantation and included miniatur-
ization of the resistor and valves and production
changes to the silicone components (balloon, cuff,
and pump) by dip-coating technology [3].

In 1982, with the AMS 800, two new elements
were incorporated into the device to diminish com-
plications. First, the control, or resistor, and the
deflate pump were joined into one piece. Second, the
deactivation button, permitting delayed activation
without additional surgery, and control by either the
urologist or the patient, was incorporated into the
pump. The cuff was also modified into a belt design
and the overall material was also strengthened [3].

In 1987, the introduction of a narrow-backed cuff
design improved the transmission of the pressure to
the urethra to decrease possible erosion [4,5].
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The AMS 800 is the sphincter device that has 
generally withstood the test of time. The only new
modifications in the 10 past years were coordinated
tubing colors in the components to assist in implan-
tation and reinforcement of the tubing insertion into
the pump. A photograph of the current device is
shown in Figure 34.1. The device works by maintain-
ing a predetermined pressure to close the urethra.
The pressures are determined by the specific
implanted balloon and are 51–60, 61–70, and 71–80
cmH2O and are selected by the surgeon at implanta-
tion. When the patient wants to void she compresses
the pump to transfer fluid from the cuff into the
balloon (Figure 34.2). The balloon then causes the
fluid to return to the cuff, thereby recompressing 
the urethra. Reinflation of a collapsed cuff takes
about 3 minutes. This gives the patient a long enough
time for voiding or intermittent catheterization.

Indications and
Contraindications
The AUS is an alternative treatment for intrinsic
sphincter deficiency or even sphincteric absence

[6]. There are many reports of its use in patients
after previous unsuccessful surgery and the results
will be presented below [3,7–17]. These reports
also had patients who had not had previous
surgery. In general, females with hypermobility-
related incontinence are treated satisfactorily with
suspension procedures [6]. The AUS can be used
for patients with sphincter deficiency, without
adverse risk factors enumerated below, and who
are felt not to be candidates for sling procedures.
Additionally patients who are at high risk for
retention after a sling and who are prepared to
have a prosthetic device to facilitate voiding may
also be candidates.

The AUS has been used in conjunction with 
augmentation enterocystoplasty when sphincteric
resistance is too low [18,19], as well as in continent
urinary diversion [20]. It has been used extensively
in the pediatric age group with congenital anomalies
such as myelomeningocele, sacral dysgenesis [21,22]
and exstrophy/epispadias complex [23].

The AUS can also be used in patients with neuro-
pathic sphincteric dysfunction, a stable bladder, and
a low-pressure storage system. Intermittent
catheterization may safely be used for bladder 
emptying if necessary [24]. A major concern is the
pediatric neurologic patient with myelodysplasia
who develops poor bladder compliance after 
AUS insertion. If uncontrolled this may lead 
to hydronephrosis and renal deterioration [22],
underscoring the need for close follow-up and
treatment. Upper tract deterioration has not been
reported in the non-neurologic patient with over-
active bladder dysfunction but adjunctive phar-
macologic control of the dysfunction with
anticholinergics may be necessary. Patients with
low-volume hyperreflexia or instability are not
good candidates for implantation unless the
bladder dysfunction can be controlled pharma-
cologically or surgically with augmentation since
the bladder pressure may override the sphincter
pressure.

Prior radiotherapy is also a risk factor since cuff
erosion may occur in the devascularized tissues [25].
Active urinary infection, stone disease, recurrent
bladder tumors requiring frequent instrumentation,
vesicoureteral reflux may be relative contraindica-
tions. Urethral diverticula and urethrovesicovaginal
fistulas must be treated prior to insertion.

Since the AUS requires patient compliance and
manual dexterity to operate it, various types of
cognitive and physical impairments may preclude
insertion.

Since 1972, more than 52 000 patients have AUS
implants worldwide and of these 19% have been
female [26].
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Patient Evaluation and Selection

The primary goal of the urologic work-up is to elim-
inate patients who, if they undergo implantation of
an artificial urinary sphincter, are at high risk of
device complication, failure, or deterioration of the
upper urinary tract.

The recommended evaluation includes basic
assessment with history, physical examination, and
urine culture as in other patients with urinary incon-
tinence [27]. Manual dexterity and cognitive function
should also be assessed. Since these patients almost
always have complex problems, additional testing
with cystoscopy and urodynamic studies is war-
ranted. Visual inspection of the urethral mucosa by
cystoscopy is important to assess integrity and vascu-
larity, especially with a history of previous surgery or
radiation [6]. Videourodynamic studies are particu-
larly helpful. Pressure/flow studies may be of some
predictive value for postoperative voiding function.
Imaging of the upper urinary tract may also be neces-

sary, especially if there are congenital anomalies, vesi-
coureteral reflux, fistulas, or neurologic disease.

Patients with clinically significant detrusor 
instability or hyperreflexia demonstrated on uro-
dynamics should be treated prior to implantation of
the AUS with pharmacologic agents. Other options
may include nerve blocks or even sacral neurom
odulation. If it is impossible to abolish the detrusor
uninhibited contractions, augmentation entero-
cystoplasty may be an option, especially in the 
presence of neurologic disease. The augmentation
may be done prior to or at the same time as AUS
insertion [18,19].

Patients with inability to void are also candidates
but must be taught intermittent catheterization
before the procedure.

A most important aspect during the evaluation is
to assess the patient’s motivation. She must be aware
of the different therapies, the risks, complications
and the possible consequences of the AUS. Unique
to the AUS is the possibility of device malfunction,
infection and erosion that may necessitate removal
or revision at any time during the patient’s life. The
patient must be willing to accept this.

Preoperative Management
The major goal is to reduce the risk of infection 
as it may lead to removal of the device. The urine
has to be free of bacteria with appropriate anti-
biotic treatment before the surgery. Skin infections
and open sores are also a risk factor and should be
treated prior to AUS insertion. Staphylococcus 
epidermidis is responsible for 35–80% of all 
genitourinary prosthesis infection [28,29], and
Gram-negative organisms are responsible for the
rest. The reason that prosthesis infection has to be
resisted is that the surface bacteria produce and live
in a biofilm that is resistant to antibiotic treatment
[30]. This almost always necessitates surgical
removal of the prosthesis. Infection prevention
strategy is therefore a key point.

Patients are admitted on the day of surgery. Some
centers recommend an antiseptic shower on the night
before surgery [6]. One hour before induction of the
anesthesia, broad-spectrum intravenous antibiotics
such as gentamicin and cephalosporin are given to
achieve high concentration at the time of surgery.
Shaving of the pubic and genital areas is done in the
operating room after induction to reduce possible col-
onization of small nicks and scratches. The patient is
positioned in low lithotomy to ensure simultaneous
vaginal and abdominal access. Skin and mucosal
preparation of the vagina should be done with an
organic iodide soap and solution for 10–15 minutes
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Figure 34.2 Functioning of the AMS 800 artificial sphincter. Pressure
on the pump transfers fluid out of the cuff to the pressure balloon to
allow voiding. The cuff then fills passively by pressure from the
balloon. (From Barrett DM, Licht MR. Implantation of the artificial
genitourinary sphincter in men and women. In: Walsh PC, Retik AB,
Vaughan Jr ED, Wein AJ, editors. Campbell’s Urology, 7th edn.
Philadelphia:WB Saunders Company, 1998; 1121–34.)



[3]. The bladder is catheterized after the patient is
draped in order for the surgeon to access the catheter
during the procedure if necessary.

Surgical Technique
The AUS can be implanted through an abdominal or
vaginal approach.

With the abdominal approach, the retropubic
space is usually entered through a lower midline or
Pfannenstiel incision. The rectus muscles are sepa-
rated and dissection is done towards the pubis to
separate the bladder from the symphysis and to
identify the anterior vaginal wall on both sides of
the bladder neck and urethra. With previous retrop-
ubic surgery the area may be densely scarred.
Dissection is done sharply with Metzenbaum scis-
sors, using the symphysis as the landmark. The
fluid volume in the bladder can be varied to facili-

tate dissection. The peritoneal cavity should be
avoided but if violated can easily be repaired. After
the bladder, urethra, and anterior vaginal wall are
separated from the pubis, a ring retractor is
deployed to optimize exposure.

The next part involves cuff insertion. The bladder
neck region can be palpated just below the Foley
balloon. Bilateral incisions are made in the
endopelvic fascia (Figure 34.3). A plane is created
between the urethra and anterior vaginal wall with a
right-angled clamp. Vaginal veins may bleed at the
site of entry into the endopelvic fascia and may
require suture ligatures. One must be careful not to
penetrate the bladder, urethra, or vaginal wall.
Inadvertent penetration of the urinary tract can be
demonstrated with irrigation of the Foley catheter.
Methylene blue may be helpful but it tends to stain
the tissues. Penetration of the vaginal mucosa can
usually be palpated, or irrigation fluid can be seen
emanating from the vagina. The holes should be
repaired with absorbable suture. Once the space is
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Figure 34.3 Abdominal approach for artificial sphincter implantation.The plane between the urethra and vagina is carefully dissected with a
right-angled clamp while the surgeon keeps his/her fingers in the vagina. (From Scott FB.The use of the artificial sphincter in the treatment of
urinary incontinence in the female patient. Urol Clin North Am 1985;12:305–15.)



created the cuff size should be selected by insertion
of the cuff sizer. The cuff is placed around the
bladder neck and fastened together. If difficulty is
encountered at any time, the bladder may be opened
to ensure proper position of the cuff.

The space for the pump in the labium majorum is
then created. A subcutaneous tunnel is then made
from the abdominal incision down to the lowermost
aspect of the labium and enlarged with either a
Hegar dilator or urethral sound. The pump is then
inserted. Right-handed patients usually need the
pump placed on the right side.

The balloon is then inserted into the retropubic
space and the cuff and balloon tubes are brought
through the rectus muscle into the subcutaneous
area on the same side as the pump. The balloon is
then filled with 22 ml of saline or an appropriate
concentration of radiographic contrast and the 
connections are made between the cuff and balloon
tubes and pump. The device can then be deactivated
by emptying the pump, waiting until it partially
refills, and then pressing the deactivation button. A
Jackson–Pratt drain is optional and the incision is
closed. Care must be taken not to damage the tubes
during the closure.

With the vaginal approach [10,11], an inverted 
U-shaped incision is made in the anterior vaginal
wall, with the apex halfway between the bladder neck
and meatus. The retropubic space is entered bilater-
ally at the level of the bladder neck and blind dissec-
tion is carried around the bladder neck ante-riorly.
Cystoscopy can be done to check the site. The cuff is
inserted and snapped in place after sizing. The reser-
voir placed into the retropubic space through a sepa-
rate small transverse incision through which the cuff
tubing, placed in from below, is accessed. The labial
pouch for the pump is created and the pump is
inserted; 22 ml of saline or contrast are placed into the
balloon and the connections are made. The device is
also deactivated as above and the incisions are closed.

During the procedure the components are placed
into a basin with antibiotic solution and the wounds
are irrigated with a similar solution. Although there
are no data showing efficacy, the antibiotic irrigation
may minimize operating room acquired bacterial
contamination of the device. The device must also be
handled carefully with avoidance of any sharp
objects coming into contact with it.

The patient is catheterized with a Foley for a few
days postoperatively.

Postoperative Care and Follow-up
The patient is usually hospitalized for 2–3 days.
Intravenous antibiotics may be administered and

then changed to oral. The Foley catheter can be
removed after the first day and the bladder checked
for emptying with a bladder scan. The patient is
instructed on how to gently pull the pump down in
the labium to keep it in position. The Jackson–Pratt
drain, if placed, can be removed on the first postop-
erative day.

The patient is discharged from hospital with oral
cephalosporin, for 1–2 weeks. Restriction of activity
is similar to other abdominal or vaginal procedures.
Incontinence is expected until the device is acti-
vated. The patient is instructed to watch for any
symptoms and signs of wound or urinary infection.
She is also given instructions about obtaining a
Medic-Alert bracelet.

Early follow-up visits may be necessary. After 6–8
weeks, if there is no more swelling or tenderness in
the labia, the surgeon activates the device by squeez-
ing the pump firmly until the fluid is forced out of it.
The patient is then instructed how to cycle the
device and should demonstrate her ability to do it
(Figure 34.4). She is given additional printed
instructions. Patients on intermittent catheterization
are taught to open the device prior to catheteriza-
tion. Patients who are at high risk for erosion are
taught how to deactivate the device at night time.
Subsequent visits are arranged.
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Figure 34.4 Patient instructions on cycling the device. (Courtesy of
American Medical Systems, Inc., Minnetonka, Minnesota;
www.visitAMS.com.)



Complications
Complications may occur as a result of the surgery
or anesthesia in general but those specific to the
AUS will be discussed.

Perforation

When intraoperative bladder, urethral or vaginal
perforations occur, they should be closed immedi-
ately with absorbable suture. Usually the AUS can
proceed but if a satisfactory closure is not assured
the procedure may have to be abandoned.

Hematoma

Bleeding and hematoma formation can occur in the
anterior vaginal wall, the labia majora, or subcuta-
neous tissue after blunt dissection. Usually it
resolves without any further complication and no
drainage is necessary.

Urinary Retention

Occasionally patients will have difficulty voiding
after the Foley is removed. This may be from peri-
urethral swelling and usually subsides. However,
deactivation and emptying of the cuff should be
verified by repeating the deactivation procedure.
Retention after activation may be from inadvertent
deactivation by the patient. If the device has not
been deactivated, cystoscopy should be done to
make sure that cuff erosion has not occurred. If
there is no erosion then bladder function may have
changed and should be checked with urodynamic
studies.

Infection

As mentioned above, device infection may have to
be treated with removal of the whole device because
of inability of antibiotics to eradicate the bacteria.
The overall infection rate for genitourinary implants
is 1–3% [28,29,31]. Early infection may be from
intraoperative bacterial contamination and later
acquired infection may be from the urinary tract
but can also be from an indolent organism acquired
early on. The clinical presentation may range from
swelling over the pump to purulent infections with
fever, chills, abscess formation and drainage from
the prosthesis to the skin. The infection may also
result from unrecognized urethral cuff erosion.
Treatment usually involves removal of the whole
device, as the infection tends to travel along its
entire surface. The device may be reimplanted after

3–6 months if the AUS is still considered to be
appropriate treatment for the patient’s incontinence.

Cuff Erosion

Cuff erosion can occur at any time, but is most
common 3–4 months after implantation [6].
Symptoms and signs may range from minor with
minimal urethral bleeding to major with infection,
abscess formation, and retention. Early erosion,
before activation, may be from unrecognized intra-
operative urethral injury. Later erosion, after 3–4
months, may be from infection or loss of urethral
integrity with a relatively too high a balloon pres-
sure. Cystoscopy should be done to confirm the
erosion and then surgical treatment is mandated. If
there is no infection, the cuff alone can be removed
and the tubing capped for subsequent connection to
another implanted cuff. A Foley catheter can be left
indwelling for 3–6 weeks and urethral healing
confirmed cystoscopically. If there is associated
infection, the whole device should be removed.
Reimplantation can take place after 3–6 months.

Recurrent or Persistent Incontinence

Incontinence following implantation of an AUS can
result principally from (a) alteration in bladder
function, (b) urethral atrophy, (c) mechanical failure
of the device [1]. Rarely, a fistula may have resulted
from an unrecognized intraoperative injury [6].

Alteration in Bladder Function
This has been reported in patients with neurogenic
bladder dysfunction, especially in children [22].
These changes include, de novo uninhibited detru-
sor contractions, decrease in bladder compliance,
and the development of a high-pressure system,
causing incontinence, hydronephrosis and ulti-
mately renal failure. There has never been a pub-
lished report of hydronephrosis following
implantation of an artificial sphincter for inconti-
nence after prostatectomy or non-neurologic
disease [32]. However, the bladder dysfunction will
have to be treated appropriately as required.

Urethral Atrophy
This may occur at the cuff site and is reported in the
literature in 3–9.3% of patients [4,33–35]. Treatment
involves changing the cuff to a smaller size or
replacing the balloon with a higher pressure model.

Mechanical Failure
This includes perforation of one of the components
of the AUS with loss of fluid volume with or without
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leaking of tissue fluid and organic debris into the
system. This causes the cuff not to close. Other
mechanical problems are tubing kinks and discon-
nections. The incidence of these complications
varies widely and ranges from 0% [4] to 52.5% [35]
in the series with the longest follow-up. In this latter
study, the cuff seemed to be the most vulnerable
part of the system (22 cuff failures in 18 patients,
most of them occurring during the first 2 or 3 years
following implantation), followed by pump failure
(six times in 4 patients). The revision rate for
reported female series is outlined in the results
below.

Diagnosis and Management of
Sphincter Failure
The diagnostic evaluation of incontinence after the
placement of the AUS is important for management
of these patients. Several diagnostic and manage-
ment algorithms have been proposed, some rela-
tively simple, others more complex [1,36]. A
simplified scheme is shown in Figure 34.5.

Physical examination should exclude infection at
the site of the cuff or the labial pump. Difficulty
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Figure 34.5 Algorithm for the investigation and treatment if incontinence following AUS insertion. (Adapted from [1] Herschorn et al. Surgical
treatment of urinary incontinence in men. In: Abrams P, Khoury S,Wein A, editors. Incontinence. Plymouth: Health Publications Ltd, 1999; 691–729.)
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compressing the pump suggests tube kinking, fluid
loss or an obstructed system. If the pump cycles
normally, urodynamic studies may demonstrate
changes in bladder behavior as described above. If
the system was filled with radiographic contrast,
plain X-ray of the abdomen or pelvis may show fluid
loss. Cystoscopy will show a cuff erosion and cys-
tourethrography could demonstrate a urethral
diverticulum at the site of a previous cuff erosion
[1]. Management is outlined in the algorithm.

Results
As with many other surgical procedures there is no
standardization of assessing and reporting of treat-
ment outcomes. Cure usually refers to “dry” or nearly
“dry” and improvement indicates “social continence
with pads”. Table 34.1 shows the reported success
rates along with complications in a total of 636

patients from a number of series of incontinent
female patients.

Success rates range from 52 to 100% with most in
the 80–90% range. The erosion rate ranges from 7%
to 29% and the revision rate for mechanical mal-
functions range from 8% to 50%. The longer series
have higher revision rates.

Since the AUS is a mechanical device and subject
to deterioration over time, a higher revision rate
with longer follow-up is expected. One can then
look at the durability over time. Klijn and co-
workers [37] found it useful to consider patients
with “primary adequate function” (PAF) when no
revision is necessary to achieve continence sepa-
rately from those with “additional procedure-
assisted adequate function” (APA-AF), where one or
more revisions are necessary to obtain favorable
outcome. Applying Kaplan–Meier curves to this
concept showed that in their series the median time
to failure for the PAF group was 48 months, the
mean time to the first failure following the initial
implant was 14 months (range: 0–48 months). In the
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Table 34.1 Results of artificial sphincter insertion in women

Author No. of patients Complications Revisions and reasons Outcome

Scott [3] 139 4 infections (3%) 11 removed (8%) 84% success
5 erosions (4%) (dry and improved)

Light and Scott [7] 39 1 infection (3%)
3 erosions (7%) 21 revisions in 14 patients (36%) 87% dry

(11 cuff malfunctions) 5% improved

Donovan et al. [8] 31 9 erosions (29%) 68% continent
1 infection (3%)

Diokno et al. [9] 32 1 dehiscence (3%) 7 revisions (22%) 91% dry
1 pelvic abscess (3%) (4 cuff malfunctions) 3% improved

Abbassian [10] 4 0 100% dry

Appell [11] 34 0 3 revisions (0.9%) 100% dry

Parulkar and Barrett [12] 24 4 erosions and infections 12 revisions (50%) 17 good (71%)
(17%) 3 fair (12.5%)

Duncan et al. [13] 29 8 erosions (28%) 1 revision (3.4%) 52% continent
1 infection (3.5%)

Webster et al. [14] 25 1 postoperative death 4 revisions (16%) 92% dry
(4%) 8% improved

Hadley et al. [15] 18 2 erosions (11%) 89% dry

Stone et al. [16] 54 4 lost to follow-up 11 revisions (20%) 84% dry
3 erosions (6%) 12% improved
2 unable to use (4%)

Costa et al. [17] 207 51 operative injuries (25%) 6 revisions (3%) 81% dry
12 erosions (6%) 7% improved
2 hernias (1%)



APA-AF group at 72 months, the median time to
definite failure could not yet be established while the
mean time to a second failure after a revision was 15
months (range: 0–61 months).

Conclusion
The AUS has proved to be a safe and reliable treat-
ment for sphincteric incompetence. The device has
undergone considerable modification and design
improvements since it was introduced in the early
1970s, but very little has changed in the past 10 years.
Although most female patients with stress inconti-
nence can be treated satisfactorily with suspension or
sling procedures there are still some patients who will
benefit from the AUS. Success rates compare favor-
ably with other procedures but there have not been
any comparison trials. In assessing results, in contrast
to other procedures, there is a predictable revision
rate that has to be mentioned in the discussion with
the patient, and factored into the overall cost.
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Introduction
Genuine stress incontinence (GSI) is a common con-
dition in women. Prevalence studies underestimate
the magnitude of the problem, but typically the rates
are said to be between 10% and 20% of women,
regardless of age [1]. The treatment options for GSI
are discussed in detail elsewhere in this volume, but
can basically be divided into conservative therapies
(Kegel exercises, hormone replacement, biofeedback
and �-agonists), periurethral injections and surgical
treatments. Surgical procedures, reported since 1906,
were either vaginal repairs as advocated by Kelly and
Kennedy or urethral sling procedures, as pioneered
by Goebel [2]. In the 1940s, Marshall and Marchetti
[3] developed a retropubic approach that was later
modified by Burch in 1961 [4]. More recently, an
alternative theory on pelvic relaxation [5] has led to
the surgical repair of defects in the pubo-cervical
fascia (paravaginal repair) in the treatment of
vaginal prolapse and GSI.

The evolution of the surgical approach for the 
correction of GSI has focused on devising a mini-
mally invasive technique to place the proximal
urethra in a high retropubic position, which avoids a
large abdominal incision with its incumbent mor-
bidity. Advances in imaging and instrument design
over the last 15 years have enabled surgeons to
perform procedures under endoscopic vision rather
than through conventional open wounds, and
retropubic colposuspension, urethral sling proce-
dures and paravaginal repairs can now be included
in the list of procedures that can be performed
laparoscopically. It should be remembered that
laparoscopic procedures are not new operations, but
merely a different way of accessing the surgical field.

The aim of this chapter is to outline some of the
described laparoscopic approaches for the treat-

ment of GSI and to review the evidence in the litera-
ture for the efficacy of these approaches.

Laparoscopic Retropubic
Colposuspension
Despite more than 100 different surgical techniques
for the treatment of GSI in the literature, the Burch
colposuspension has endured as one of the most
successful [6]. The only two randomized trials com-
paring “open” Burch colposuspension with two
other procedures for the treatment of GSI (modified
Pereyra and anterior repair) report the Burch to
have the highest long-term cure rates (87%) [7,8]. It
is not, therefore, surprising that laparoscopic
approaches to this operation have been devised. The
technique of performing an “open” Burch colpo-
suspension is far from standardized. The number,
placement and type of suture, as well as the 
tension placed on the sutures, varies from surgeon
to surgeon. The same is true for the Burch 
procedure performed laparoscopically. Vancaille
and Schuessler first described a laparoscopic
approach to bladder neck suspension in 1991 [9].
Since then, other investigators have described
transperitoneal and extraperitoneal approaches to
the space of Retzius as well as a laparoscopic
approach to the Stamey procedure. Also, different
types of suture material, including mesh and staples
[10,11], have been described.

Transperitoneal Technique

The majority of the laparoscopic Burch procedures
performed at Women’s College Hospital, Toronto,
is by a transperitoneal method described by 
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Kung et al. [12]. The patient is placed in the Lloyd-
Davies position and is cleaned, draped and catheter-
ized using a Foley catheter with a 30 ml balloon. A
Veress needle is inserted through an umbilical 
incision. After adequate insufflation with a high flow
carbon dioxide (CO2) insufflator, a 10 mm reusable
cannula is inserted infra-umbilically and an operat-
ing laparoscope introduced. Accessory cannulae are
inserted in the right and left lower quadrants, lateral
to the inferior epigastric vessels, and an additional 
5 mm cannula is placed in the right upper quadrant,
lateral to the rectus muscle, at approximately the
level of the umbilicus. A transverse incision is made
in the abdominal peritoneum, approximately 
5–6 cm above the symphysis pubis, between the
obliterated umbilical vessels, using either a coherent
CO2 laser or unipolar scissors. The anterior 
peritoneum is dissected from the anterior abdomi-
nal wall and the space of Retzius is exposed with a
combination of sharp and blunt dissection. Cooper’s
ligaments are identified and the fatty tissue along
the ligaments and the paravaginal fascia is removed.
A blunt grasper and suction-irrigator are used to
dissect the bladder medially from the paravaginal
fascia, with the aid of an assistant’s finger inserted
into the vagina at the level of the urethrovesical
junction, as delineated by the catheter balloon.
Permanent sutures of 0 polypropylene are placed in
a figure-of-eight fashion through the paravaginal
fascia, lateral to the urethrovesical junction.
Two sutures are placed on each side and secured 
to Cooper’s ligament. The knots are tied extra-
corporeally and slid into position using a knot
pusher. Cystoscopy is then performed to ensure that
no suture material has been inadvertently placed
through the bladder wall, and that both ureters are
patent. A suprapubic catheter is inserted under
direct laparoscopic and cystoscopic vision. The 
peritoneum is then closed using a 2-0 polydiox-
anone suture. Fascial incisions are then closed with
polyglactin and skin incisions with 3-0 Monocril
sutures.

Extraperitoneal Technique

This approach is of use principally on patients
without previous abdominal surgery. The patient is
placed supine in the Lloyd-Davies position and the
abdomen, upper thighs and perineal area, including
the vaginal vault, are prepared and draped. A small,
open laparoscopic, para-umbilical incision is made,
and blunt dissection is performed down to the ante-
rior rectus sheath. The rectus fascia is incised just
lateral to the midline. The rectus muscle is identified
and deflected laterally and a finger inserted to begin
blunt dissection anterior to the posterior rectus

fascia. A balloon dissector can then be placed
against the posterior rectus sheath and tunneled
inferiorly down to the symphysis pubis. It can then
be inflated to a volume of approximately one liter to
bluntly develop the space of Retzius. The laparo-
scope provides visualization during dissection from
within the balloon. Once the pubic tubercle and
Cooper’s ligaments have been identified and 
adequate space has been created for insertion of
bilateral lower ports, the balloon is deflated,
removed, and replaced with a Hasson-type, blunt-tip
laparoscopic port. Carbon dioxide insufflation of the
retropubic space is then performed to a pressure of
10–15 mmHg. Lower ports can then be inserted
bilaterally under direct vision and the operation
completed in the same manner as described previ-
ously when using a transperitoneal approach.

Variations on this technique have been described,
including insertion of the balloon dissector through
a suprapubic incision [13] or an incision in the
midline, midway between the symphysis pubis and
the umbilicus [14]. Also, home-made balloon 
dissectors have been described, using a rubber glove
[15] or a finger cut from a glove [14] tied over a
Foley catheter. Polascik et al. [13] also describe the
creation of a tense pneumo-retroperitoneum using a
Veress needle inserted suprapubically before inser-
tion of the balloon dissector. Other authors have
described the use of hernia mesh and staples to
elevate the urethra [11], while Das and Palmer [15]
secured the sutures elevating the urethra to bone
anchors sited in holes drilled into the pubic ramus 
4 cm from the midline. It should be remembered,
however, that regardless of these variations in 
surgical approach, the objective of the operation
remains the same as that of an “open” Burch proce-
dure: the surgical placement of the proximal urethra
in a retropubic position.

Success of Laparoscopic
Colposuspension

Two of the problems in assessing the efficacy of
incontinence procedures, both open and laparo-
scopic, are the lack of prospective, randomized,
controlled trials and a lack of standardization of the
procedures. This makes it difficult to compare case
series. A MEDLINE search back to 1990 revealed only
one prospective, randomized study [16]. This showed
that the “open” colposuspension was significantly
more effective than the laparoscopic approach 
(p = 0.03), with a cure rate of only 60% at 36 months
in the laparoscopic group. The main criticisms of
this study are that the author, at the time the series
was performed, was a novice laparoscopist and that
an absorbable suture was used. It should be remem-
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bered that there are individual studies looking at
open colposuspension which report disappointing
intermediate-term results [17,18], and yet meta-
analysis of all the studies on open colposuspension
gives an acceptable success rate [6].

Five non-randomized, comparative studies found
no difference in cure rate between the open and
laparoscopic approach (Table 35.1). Sixteen observa-
tional case series were found (Table 35.2). A total of
922 patients were included in all these papers with

an overall “cure” rate of 91% (Table 35.3). It has been
shown that previous incontinence surgery militates
against the success of a colposuspension [19]. In
most of the papers reviewed, it was not apparent
whether the patients had undergone previous incon-
tinence surgery. Therefore, although it is not ideal, it
was necessary to combine the results from patients
undergoing their first surgical procedure for stress
incontinence with those undergoing recurrent
surgery.
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Table 35.1 Summary of prospective randomized (PR) and retrospective comparative (RC) studies

Study Year Study type Procedure n Follow-up Outcome Cure rate (%) p 95% CI
(months) measurement

Burton GA [16] 1994 PR OL 30 12 O 97 <0.005
30 12 O 73 83–100

Polascik TJ et al. [13] 1995 RC O 10 35.6 S 70 NS 35–93
L 12 20.8 S 83 52–98

Ross JW [45] 1995 RC O 30 12 O 93 NS 78–99
L 32 12 O 94 79–99

Das S, Palmer JK [15] 1995 RC O 10 10 S 100 69–100
L 10 10 S 90 56–100
Raz 10 10 S 100 69–100

McDougall EM et al. [14] 1995 RC L 19 3 O 82 57–96
Raz 23 3 O 95 75–100

Kung RC et al. [12] 1996 RC L 31 14.4 O 97 94–100
O 31 32.4 O 90 87–100

L, laparoscopic; O,“Open”; S, subjective; O, objective.

Table 35.2 Summary of observational clinical series 

Study Year Study type n Technique Follow-up Outcome Cure rate (%) 95% CI
(months) measurement

Saidi MH et al. [46] 1998 P 70 E/S 15.9 S 91 84–98
Ross JW [23] 1998 P 48 T/S 30–41 S+O 89 80–98
Pelosi MA et al. [47] 1998 ? 63 ? 24 ? 90 82–98
Foote AJ, Lam A [48] 1997 R 10 3 S 100
Papasakelariou C et al. [49] 1997 P 32 T/S (24) S 91 81–100
O’Shea RT et al. [50] 1996 R 58 28 E/S

30 T/S 6–33 ? 98 94–100
Flax S [24] 1996 R 47 E/S 2–15 S 73 57–85
Radomski SB and Herschorn S [51] 1996 R 46 T+E/S 12–26

Av 17.3 S 85 69–95
Lobel PW and Sand PK [52] 1996 R 35 ?/S Av 30 S 68.6 51–83
Cooper MJW et al. [22] 1996 R 113 T+E/S 1–28

Av 108 S 87 80–93
Langebrekke A et al. [53] 1995 R 8 E/S 3 S+O 88 47–100
Lam AM et al. [21] 1995 P 16 T/S 1.5–9 S 100 77–100
von Theobald P et al. [10] 1995 ? 37 E/M+St 18–42

Av 24.9 S 86 53–84
Liu CY [54] 1993 R 58 T/S 6–22 S+O 95 85–99
Liu CY and Peak W [55] 1993 R 107 T/S 3–27 S+O 97 89–99
Ou C-S et al. [11] 1993 R 40 T/M+St Av 6 S 100 91–100

P, prospective; E, extraperitoneal;T, transperitoneal; Su, sutures; St, staples; M, mesh.



It is important to define precisely what is meant
by “success” in an anti-incontinence operation. If
the patient is no longer incontinent, this may 
be considered a successful outcome. However,
numerous studies have already observed that results
assessed subjectively by the patient give a greater
cure rate for incontinence than do those studies that
use some form of objective measure [20]. While 
subjective assessment of cure may be satisfactory in
clinical practice, it is clearly unsatisfactory, for the
above reason, in the scientific assessment of a 
procedure. An objective method of assessment is
taken to be cure assessed by urodynamic testing, for
example a pad test, a cystometrogram, or clinically
by a cough stress test with a full bladder. Only 333 of
the 922 patients had been assessed objectively and
in this group the cure rate was 96% (Table 35.3).
This compares favorably with the outcomes of other
incontinence procedures (Table 35.4) as calculated
from the results reported in papers gleaned in a
comprehensive literature review by Jarvis in 1994 [6].

The length of follow-up for reported cases of
incontinence surgery is also important. It has been
shown that cure of incontinence following colposus-
pension is time dependent [19]. Unfortunately there
is no standardization in the literature of the way in
which length of follow-up is reported, and the

follow-up periods reported for the cases of
laparoscopic retropubic colposuspension reviewed
varied from three months to 50 months. Most cases 
have quite a short follow-up period, as the authors
were reporting their initial experiences with the 
procedure. Studies showing the long-term results of
laparoscopic colposuspension are lacking, but the
technique was initially described only a few years
ago, and we are only just reaching the time when
case series with 5-year follow-up can be anticipated.

Intraoperative and Postoperative
Complications of Laparoscopic
Colposuspension

When considering the results of surgery for benign
disease, it is important to consider the complications
or consequences of the procedure. The incidence of
adverse events during or following the reported
cases of laparoscopic colposuspension is low. The
most frequently reported was bladder injury.
Some of the complications reported are peculiar to
laparoscopic surgery, such as injury to the inferior
epigastric artery [21,22] and Richter’s hernia [23].
Others, for example bladder injury, sutures in the
bladder [24], ureteric injury [25] and vesico-
cutaneous fistula [22], could also be sustained
during an open colposuspension. Postoperative
voiding disorders and de novo detrusor instability,
which occur respectively in a mean of 12.5% and
9.6% of patients undergoing open colposuspension
[6], have also been reported following laparoscopic
colposuspension, but it is not possible to calculate
an incidence. To date there have been no reports on
injury to intra-abdominal organs, peritonitis or
intraoperative or postoperative deaths.

Duration of Surgery, Hospital Stay and
Cost of Laparoscopic Colposuspension

As the cost of health care has come under increa-
singly rigorous scrutiny, the duration of surgical
procedures, particularly laparoscopic procedures
which are being touted as an alternative to conven-
tional surgery, has become an issue of concern.
Figure 35.1 shows the mean duration of laparo-
scopic colposuspension reported by different
groups. The time varies from 35 to 196 minutes. The
duration of an operation depends not only on the
nature of the operation, but on the surgeon and
whether or not the surgeon is training a junior. It 
is accepted that there is a learning curve for any 
procedure, particularly for laparoscopic surgery, and
most of the cases presented in the literature to date

Table 35.3 Showing the cure rate of laparoscopic Burch procedure as
taken from the literature review summarized in Tables 35.1 and 35.2

n Cured 95% CI
n (%)

Subjective assessment 589 519 (88) 85–91
Objective assessment 333 318 (96) 94–98
Total 922 837 (91) 89–93

Table 35.4 Comparison of the success rate of laparoscopic Burch
procedure as determined from the literature review summarized in
Tables 35.1 and 35.2, with the success rates of other incontinence pro-
cedures as reported in a literature review by Jarvis [6]

Procedure Subjective cure Objective cure 
n (%) n (%)

Laparoscopic 589 (88) 333 (96)
colposuspension

“Open” colposuspension 1726 (90) 2300 (84)
MMK 6827 (93) 443 (89)
Sling procedure 1712 (82) 720 (85)
Bladder buttress 1481 (81) 490 (72)
Injectables 319 (56) 133 (60)

MMK, Marshall–Marchetti–Krantz.
Adapted from Jarvis [6].
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are the initial experiences of different units with the
technique. The operation times presented may not,
therefore, be a true representation of the duration of
surgery in experienced hands. It is estimated that
about 35 procedures should be performed before the
operation time stabilizes at around 60 minutes [26].
It is generally accepted, however, that laparoscopic
procedures take longer than open procedures. This
is certainly borne out by the three studies that made
a direct comparison (Figure 35.2). This increased
duration of surgery is an issue to be considered if it
results in prolonged waiting lists.

It is often said that a decreased hospital stay fol-
lowing laparoscopic surgery offsets the overall cost
of a longer duration of surgery. Indeed, numerous
studies have reported significantly shorter length of
hospitalization following laparoscopic colposuspen-
sion [12,13,15,23,24,27] compared with open colpo-
suspension. However, these results are not based on
appropriately designed, randomized studies.
MacKenzie [28] illustrated, in patients recovering
from hysterectomy, that preoperative information
given to the patients has a major influence on the
time for recovery. The apparent rapid recovery fol-
lowing laparoscopic surgery may, at least in part, be
produced by the patient’s and physician’s expecta-
tions. The Sheffield cholecystectomy study [29]
showed that when patients were blinded to the
method of gall bladder removal, their recovery rates
were the same for open and laparoscopic tech-
niques. Ideally a similar study is required to assess
whether there is any difference in immediate post-
operative recovery from colposuspension when the
patients and the attendant nursing staff do not know
by which technique the operation was performed.

Although laparoscopy has been reported to be
more cost-effective than laparotomy in the surgical
treatment of ectopic pregnancy [30], the cost-effec-
tiveness of laparoscopy in other areas of gynecol-
ogy, such as hysterectomy, has been controversial
[31,32]. Data from the general surgical literature
support laparoscopy as a cost-effective alternative to
the traditional abdominal approach for procedures
such as cholecystectomy and appendicectomy
[33–35]. It is difficult to compare evaluations of cost
from different hospitals, because the expenses
incurred are unique to a particular institution. Also
the costing structure of hospitals varies in different
countries. It is important, also, to take into account
the success rate of the operation. A particular opera-
tion may be cheap to perform, but if it has a low
success rate the economy is false. This brings into
account the definition of “success” of a procedure
and over what time period it should be evaluated; a
complex issue which is far from standardized.

Kohli et al. [27] performed a non-randomized,
retrospective cost analysis comparing open colpo-
suspension with laparoscopic colposuspension, and
found the operating room charges to be higher for
the laparoscopic approach, but the postoperative
hospitalization charges to be significantly lower.
Overall, however, the total cost of the laparoscopic
approach was significantly higher for the laparo-
scopic group. This study assumes comparable cure
rates and was based on hospital charges to the
patient and not on actual costs to the hospital. Kung
et al. [12] performed an extremely rigorous, retro-
spective, cost-effectiveness analysis of laparoscopic
versus abdominal colposuspension. They performed
the analysis from the point of view of the Ministry
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Figure 35.1 Average duration of laparoscopic Burch procedure
reported in different case series. 1, Cooper et al. [22]; 2, Lobel and
Sand [52]; 3, von Theobald et al. [10]; 4, Radomski and Herschorn [51];
5, Liu [54]; 6, Liu and Peak [55]; 7, Flax [24]; 8, Lam et al. [21].

Figure 35.2 Duration of open Burch compared to laparoscopic Burch
as reported in comparative studies (Polascik et al. [13], Das and Palmer
[15]).



of Health (Canada) and the cost of professional fees
(physicians, nurses, nursing assistants), investiga-
tions, drugs, capital equipment, disposable equip-
ment, length of hospital stay and indirect hospital
costs (overhead expenses, heating, pharmacy, house-
keeping etc.) were all taken into account. They found
that the laparoscopic approach was more cost-effec-
tive than the abdominal, principally due to
decreased postoperative hospitalization. A criticism
of this study is that it included patients in the open
group who underwent multiple concurrent proce-
dures, which may have accounted for a lengthier
postoperative stay.

Discussion

Laparoscopic colposuspension has gained wide-
spread use despite the fact that a thorough assess-
ment of the success rate and cost of the procedure
has not been performed so far. The available infor-
mation would suggest an acceptable short-term
success rate, but longer-term success of the 
procedure has yet to be evaluated. There does 
not seem to be a significant difference in the 
intermediate complication rate between open and
laparoscopic colposuspension. Laparoscopy 
provides better visualization of the space of Retzius,
less postoperative pain, less postoperative voiding
dysfunction, shorter hospital stay and earlier return
to work [13–15,23]. However, these observations are
not documented on the basis of appropriately
designed, randomized, controlled trials. It is also
postulated that early mobilization of the patient
may carry a risk of suspension rupture because of
weak scarification [36]. There is obviously a need 
for randomized, prospective study of laparoscopic
colposuspension in terms of efficacy and cost. The
procedure was originally described only in 1991 [9],
so hopefully over the next few years one can 
anticipate at least some case series reporting 
follow-up at five years or more.

Sling Procedure
Sling procedures have been used for many years in
the treatment of GSI, usually in patients with failed
primary procedures, low urethral closure pressures,
poorly mobile or drainpipe urethras (intrinsic
sphincter deficiency). Many different approaches to
the sling procedure have been described and are
outlined elsewhere in this textbook. As an “open”
procedure it is generally regarded as one of the
largest surgical interventions for incontinence, but 
it is one of the most successful. The success rate 

of the procedure, as reported in Jarvis’s meta-
analysis [6] is 93.9% when performed as a primary 
procedure and 86.1% when performed for recurrent 
incontinence. This makes it the most effective 
operation in the urogynecologist’s repertoire for
treating stress incontinence.

Nearly 30 years ago, Morgan [37] described a
combined abdominal and vaginal, two-team
approach using a polypropylene mesh. The vaginal
surgeon dissects out and completely mobilizes 
the bladder neck. A para-urethral tunnel can 
then be created on each side, to the level of the 
pubocervical fascia. The abdominal surgeon dissects
down into the space of Retzius to expose the 
pubocervical fascia on each side of the bladder neck,
similar to the approach used when performing a 
colposuspension. The vaginal surgeon can then pass
a pre-cut sling, in this case made of polypropylene,
up into the para-urethral tunnels and through the
pubocervical fascia (urogenital diaphragm) into the
space of Retzius. The abdominal surgeon then
secures the ends of the mesh to Cooper’s ligament on
each side. The advantage of this two-team, combined
approach is that the sling is passed through the 
urogenital diaphragm under the direct vision of
the abdominal surgeon, so minimizing the risk of
vascular or bladder trauma that may occur when the
sling is passed blindly into the space of Retzius.

Recently, Kung et al. [38] published the 
preliminary results of the first one hundred cases of
the same procedure performed using a laparoscopic
approach to the abdominal part of the operation.
Both extraperitoneal and transperitoneal approaches
were used. The mean follow-up was 1.5 years and the
overall success rate, assessed objectively, was 95%,
which compares favorably with the open procedure.
The mean duration of surgery was 70 minutes and
the average hospital stay was 1.5 days. Complications
included small bowel perforation (1%), inadvertent
cystotomy (3%), erosion of the mesh (3%) and post-
operative voiding dysfunction (3%). Postoperative
voiding dysfunction occurs in an average of 10.4%
(range 2–20%) of patients undergoing open sling
procedures [6], so in this respect, the laparoscopic
approach seems preferable. This may be because it is
more difficult to put too much tension on the sling
through the laparoscope. When a postoperative
wound infection rate of 12% (range 4.7–48%) [6] 
following open slings is considered, the laparoscopic
approach seems alluring. Interestingly, Kreder and
Winfield [39] described a similar laparoscopic sling
technique, but failed to show any benefits to the
patients in terms of decreased cost or convalescence
compared with the open vaginal sling.

Blander et al. [40] report on 24 cases using a
similar technique to Kung et al. [38], but using a 
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stapling device to fix the mesh rather than a suture.
The mean follow-up was 29 months and the cure
rate, assessed subjectively, was 80%. There was also 
a 25% de novo incidence of urgency and urge 
incontinence following the procedure. This is a rec-
ognized complication of incontinence surgery and
sling procedures in particular. Jarvis [6] reports 
an incidence of 16.6% (range 4–29%) following 
conventional open surgery. Blander and colleagues
[40] felt that the use of the stapling device would
reduce the operating time. However, the mean 
duration of surgery, 69 minutes, is similar to that
reported by Kung et al. [38], highlighting the fact
that duration of surgery depends not only on the
nature of the operation, but also the individual
surgeon and also other factors like the training of
juniors.

Pelosi and Pelosi [41] utilized the concept of
improved visualization to decrease inadvertent
injury associated with blind manipulations within
the space of Retzius and described a single,
suprapubic puncture technique, with transperi-
toneal laparoscopic dissection of the bladder neck
to define the areas of periurethral fascial perforation
and anterior abdominal wall fixation of the sling.

Paravaginal Repair
A new theory of vaginal support was proposed by
Richardson in 1976 [5]. He contends that the support
of the anterior vaginal wall, bladder and urethra is
dependent on the inherent strength of the pubocervi-
cal fascia and its peripheral attachment to the pelvic
sidewalls. The anterior vaginal fornix and its underly-
ing pubocervical fascia are attached to the sidewall at
the arcus tendineus fascia pelvis, or the white line,
overlying the obturator internus muscle. It is postu-
lated that a proximal break in this lateral attachment
may result in a cysto-urethrocele, whereas a distal
break, in the area of the bladder neck, may result in
bladder neck hypermobility with associated stress
urinary incontinence. Often, both entities coexist and
present as prolapse and incontinence.

The idea of repairing defects in the endopelvic
fascia to restore urinary continence is not new. In
1961, Burch [4] described the placement of three
sutures of number 2 chromic catgut “from the
perivaginal fascia to the iliopectineal line and fascia
over the levator muscle” in seven patients. However,
he believed that the ileopectineal line did not hold
the suture well and changed the placement of these
sutures to Cooper’s ligament. Richardson et al. [42],
in 1981, described a similar method of repairing the
defects in the paravaginal fascia as a treatment of

stress urinary incontinence. This extraperitoneal
technique involves mobilization of the bladder edge
medially to expose the endopelvic fascia and its
attachment to the lateral pelvic sidewalls. A suture is
then passed through the full thickness of the fascial
margin next to the bladder neck and carried later-
ally through the fascial covering of the levator
muscle at the level of the ileopectineal line. This first
suture is placed far enough posteriorly on the pelvic
sidewall to reposition the urethra back into the
pelvis so that the external meatus lies at the level of
the anterior surface of the pubic bone. Up to three
sutures are then placed anterior to this key stitch
and three posterior to it, to reattach the endopelvic
fascia to the pelvic sidewall. The procedure may be
repeated on the contralateral side if necessary. In his
initial series of 233 patients, a complete cure of
stress incontinence was reported in 80% of the
patients after a minimum of two years’ follow up
(range 2–8 years) and “satisfactory” bladder func-
tion in 95.3%. More recently, the same investigator
reported a laparoscopic approach to this procedure
[43] while Miklos and Kohli [44] describe a laparo-
scopic approach to a combined colposuspension
and paravaginal repair. The procedure is quite new
and, as yet, objective reports on its efficacy are
lacking.

Conclusions
Technological innovations in instrumentation, illu-
mination and imaging over the last few years have
opened up an exciting new approach to surgery.
The advantages of laparoscopic surgery have been
demonstrated in the field of general surgery
[33–35] and in certain aspects of gynecological
practice [29,30]. Surgical procedures for stress
incontinence would seem to lend themselves per-
fectly to a laparoscopic approach and, indeed, most
of the few case series that have been published
reviewing laparoscopic colposuspension report a
good short- and intermediate-term success rate.
The value of this information is diluted by the fact
that the surgical technique is far from standard-
ized, the laparoscopic experience of the different
investigators is variable and the follow-up assess-
ments are often inadequate. Ultimately, to evaluate
these procedures properly, a multicenter, random-
ized, controlled trial is required which standardizes
the indication for surgery, the approach employed,
the materials used and which measures postopera-
tive complications. Objective assessments of the
outcomes for at least a 5-year period will need to
be performed.
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Introduction
Murless, in 1938, first reported on injection of
sodium morrhuate around the urethra [1], and
since then various materials have been injected for
urinary incontinence as an alternative to surgery.
Quackels [2] reported paraffin wax in 1955 and
Sachse [3] used sclerosing agents in 1963. The initial
results were poor and significant complications
such as pulmonary emboli and urethral sloughing
were seen. Polytetrafluoroethylene (Teflon) paste
was first introduced by Berg [4] and then popular-
ized by Politano [5] in the 1970s. Shortliffe et al. [6]
published the first report on glutaraldehyde cross-
linked collagen and more recently autologous fat
injection [7] has been described. Newer agents, such
as silicone microparticles [8] and injectable
microballoons, have also been reported [9].

Despite a tremendous growth in interest recently
in injectable agents, there have been few published
prospective randomized trials comparing different
agents or injectables to other treatments for SUI.
Outcome measures have not been standardized.
This chapter will summarize the properties, pub-
lished results, and complications of the various
agents as well as examine some of the controversies.

Mechanism of Action of
Injectables
It is generally agreed that these agents improve
intrinsic sphincter function. Collagen injections
have been reported [10,11] to augment urethral
mucosa, improve coaptation and intrinsic sphincter
function as evidenced by an increase in post-treat-
ment abdominal leak pressure [12–14]. Initial inves-

tigators with collagen [15,16] postulated obstruc-
tion as a mechanism of action, but Monga et al. [11]
showed that successfully treated patients have an
increased area and pressure transmission ratio in
the first quarter of the urethra. They suggested that
placement of the injectable at the bladder neck or
proximal urethra prevents bladder neck opening
under stress. Proper placement of the injectable,
possibly just below the bladder neck, rather than
actual quantity [17] of the agent improves intrinsic
sphincter deficiency (ISD).

The ideal injectable agent [18] should be easily
injectable and conserve its volume over time. If
unsuccessful it should not interfere with subsequent
surgical intervention. It should also be biocompat-
ible, non-antigenic, non-carcinogenic and non-
migratory. To date, no substance has met all of these
requirements.

Patient Selection
Patients with ISD and normal detrusor function are
candidates for injectable agents [19]. McGuire et al.
[20] identified these patients with the use of abdom-
inal leak pressures to measure the strength of the
intrinsic sphincter. Low leak pressures (<65 cm
water) correlate well with type III videourodynamic
findings, i.e. a poorly functioning bladder neck and
proximal urethra (ISD), and higher leak pressures
correlated with types I or II hypermobility.

The presence of ISD is the primary indication for
the use of injectable agents in patients with stress
incontinence [10]. Since ISD can coexist with hyper-
mobility [21], injectables have been administered to
patients with hypermobility, to improve the ISD
component of their incontinence. Furthermore,
elderly women with hypermobility, who are poor
operative risks, have also been injected [22].
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Injection Techniques
The materials can be administered under local anes-
thesia with cystoscopic control as an outpatient proce-
dure. Both the periurethral and transurethral methods
are done to implant the agent within the urethral wall,
preferably into the submucosa or lamina propria. It is
thought that the implant should be positioned at the
bladder neck or proximal urethra. Different sites can
be chosen such as 3 and 9 o’clock or 4 and 8 o’clock
positions. The needle size depends on the viscosity of
the injectable. Pre- and postoperative antibiotics are
usually administered. The technique of injection is
seen in Figures 36.1 and 36.2.

With the periurethral approach, perimeatal blebs
are raised with 1% or 2% lidocaine at the 3 and 9 or
4 and 8 o’clock positions approximately 3 to 4 mm
lateral to the urethral meatus. A 20F urethroscope
with a 30˚ telescope is inserted into the urethra after
instillation of topical urethral lidocaine. The 
periurethral needle is introduced and advanced 
parallel to endoscope sheath until its position can be
seen cystoscopically just below the bladder neck
within the mucosa. Care must be taken to prevent the
needle from getting to close to or entering the ure-
thral lumen as rupture of the mucosa and extravasa-
tion will occur. Rocking the needle will confirm the
position of the tip. If penetration of the mucosa
occurs the needle should be removed and reposi-

tioned. The substance is injected either uni-laterally
or bilaterally to create the appearance of “prostatic”
lobes. The patient is asked to cough or strain in the
supine and then upright position. If leakage still
occurs more agent may be given. If no leakage is seen
the procedure may be terminated. The patient then
voids and can be discharged. Acute retention can be
treated by insertion of a fine 8F catheter.

The implant can also be injected transurethrally
through the cystoscope with specially designed
needles. Teflon, silicone microparticles, and fat, due
to their high viscosity, may require the use of injec-
tion guns.

Collagen
Glutaraldehyde cross-linked collagen or Gax-
collagen is a highly purified suspension of bovine
collagen in normal saline containing at least 95%
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Figure 36.1 Periurethral collagen injection.The 20F cystoscope with
a 30 degree lens is positioned in the urethra while the while the 
substance is injected into the bladder neck region.

Figure 36.2 a Cystoscopic view of the open bladder neck region
prior to injection. b Collagen has been injected via the periurethral
route on the patient’s left side. Note the intraluminal bulking effect of
the agent.

a

b



type I collagen and 1–5% type III collagen [23]. This
cross-linking makes the Gax-collagen resistant to the
fibroblast-secreted collagenase. As a result of this, the
Gax-collagen is only very slightly resorbed. The
implant causes no inflammatory reaction or granu-
loma formation and is colonized by host fibro-blasts
and blood vessels. It is not known to migrate.
However, it does degrade over time and is replaced
by host collagen, to explain its persistence [23].

Since 2–5% of patients [24] are sensitized to 
collagen through dietary exposure, all patients 
must undergo a skin test into the volar aspect of
the forearm 30 days prior to treatment. Positive
responders should be excluded.

Collagen Results

Numerous reports of its efficacy, safety, ease of
administration, and relative lack of morbidity have
appeared since the first description of collagen
injections for urinary incontinence. Our original
report, with short-term follow-up of 6 months [12],
showed a cured and improved rate of 90.3%. With
longer follow-up the success rate decreased, but
there were still long-term cures. Table 36.1 lists
various reported series.

Persistence of the implant itself has been 
demonstrated with magnetic resonance imaging of
the urethra at intervals of up to 22 months after
injection although the measured volume was less
than that injected [25]. Early results are generally
good with success rates of 72–100% (Table 36.1).
Maintenance of good results in the long term may
be from durability of the initial procedure itself or
from reinjections with additional collagen. It is
important for authors to differentiate the durability
of the original procedure(s) from reinjections or
top-ups by reporting the follow-up period starting
from after the last injection.

Longer-term results, of more than 1 to 2 years,
vary from 57%, cure and improved [17], to 94%
[33]. Most patients need 1–2 treatment sessions
with means of 5.6 to 15 cm3 of collagen. Since
patients are treated at different times and durations
of follow-up vary, the Kaplan–Meier curve can be
useful to display the persistence of a good result. In
our series [30], the probability of remaining 
dry was 72% at 1 year, 57% at 2 years, and 45% 
at 3 years (Figure 36.3). Winters and Appell [13]
also reported a similar 50% rate of complete 
continence in the multicenter trial after 2 years.
Additional administration of collagen usually
resulted in restoration of continence and this has to
be factored into the reporting.

Berman and Kreder [34] analyzed the cost-effec-
tiveness of collagen versus sling cystourethropexy

for type III incontinence. They concluded that
surgery was more cost-effective than collagen.

The use of collagen for patients with hypermobil-
ity has been reported. Moore et al. [29] included
patients with both type I and type III abnormalities.
Faerber [22] treated elderly patients with type I
abnormality. In the report by McGuire and Appell
[10], the results at more than one year in women
with ISD were similar to those in women with hyper-
mobility, although there were far more women with
ISD. However, Appell [19] subsequently reported that
these patients with hypermobility all required
bladder neck surgery within 2 years. Monga et al.
[11] included patients with hypermobility and found
that cure rates were not reduced for women with up
to 2.5 cm of movement. In our series of 181 patients
there was no significant difference in outcome in
patients with or without hypermobility [30].

Collagen Complications

Treatment-related morbidity has been minimal.
Urinary retention ranges from 1 to 21% [12,13,19]
and can be managed with intermittent catheteri-
zation or short-term Foley. Urinary tract infection
occurs in 1–25% [12,13,19]. Extravasation resolves
quickly with flushing away of the dilute collagen
suspension and sealing over of the small needle site.
Hematuria can occur in 2% of patients [19]. Other
rare complications include periurethral abscess 
formation [35].

Other complications include de novo instability,
seen in 11 of 28 elderly women (39%) treated 
by Khullar et al. [17]. Stothers et al. reported de 
novo urgency with urgency incontinence in 43 of
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Figure 36.3 Durability: Kaplan–Meier curve showing durability of
cure of incontinence after the last collagen injection in 78 patients
[30].
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337 patients (12.9%), 21% of whom did not respond
to anticholinergics [36].

Another rare complication is a reaction in the pre-
viously negative skin test site following a urethral col-
lagen injection [24]. This occurred in 3 patients
(1.9%) and was associated with arthralgias in 2. This
reaction has been reported before in the dermatologic
literature [37] and two negative pretreatment skin test
have been suggested to prevent it. The potential for
hypersensitivity reactions is present since antibody
production is stimulated by collagen injection [38].

Polytetrafluoroethylene Paste
(PTFE, Teflon, Urethrin)
Polytetrafluoroethylene paste (Teflon) is composed
of equal parts Teflon paste and glycerin with
polysorbate 20 [39]. Teflon is a resin polymer with a
very high molecular weight, high viscosity and com-
posed of small particles (40 mm in diameter). It is
inert, stable, and does not induce an allergic
response. However, it does cause a local inflamma-
tory response with histiocytes phagocytizing the
particles and coalescing to form foreign body giant
cells and a granuloma. There is also fibrous tissue
ingrowth that adds to the bulk formed by the Teflon.
Owing to the small particle size, Malizia et al. [40]
also showed distant migration of Teflon particles to
pelvic nodes, lung, brain, and kidneys of experimen-
tal animals.

Teflon paste has been used to treat urinary incon-
tinence since 1964, but it was not reported until 1975
by Berg [4]. Since that time, numerous reports relat-
ing to its use in treating incontinence have appeared
in the literature. Although not approved in the
United States, Teflon has been approved in Canada
and in other countries.

It may be injected via the periurethral route and
volumes of up to 10–20 ml are reported. The proce-
dure is done under local or spinal anesthesia and
repeats may be done after 6 months. We have
modified the procedure by injecting small amounts
(2.5 ml) via the periurethral approach under local
anesthetic [41]. Heating the Teflon reduces its vis-
cosity and allows injection without a gun.

Teflon Results

Table 36.2 lists various series. There are wide-
ranging outcomes with longer-term series showing
poorer results (33–76% cure and improved) than
those of short-term series (57–86%).

Teflon Complications

Since relatively large volumes of Teflon have been
injected with the patient under general anesthetic,
the incidence of urinary retention at 25% [42] is
higher than that of collagen. Irritative voiding
symptoms have also been seen transiently in 20%
[44]. Urinary infection is rare at 2% [43]. Perineal
discomfort may occur in 5% [42] and transient fever
in 10–15% of patients. Perforation and extravasation
can occur and, if recognized at the time of injection,
the Teflon should be removed,.

Although Teflon particles can migrate [40], only
one case of clinical significance has been reported
in the literature in humans. Claes et al. [51]
described a woman previously treated with large
volumes of periurethral Teflon for urinary inconti-
nence who later presented with lymphocytic alveoli-
tis and fever. Light microscopy showed Teflon
particles in the lungs. She was treated successfully
with steroids. Mittleman and Marraccini [52]
reported an incidental finding of postmortem inter-
stitial pulmonary granulomas in a previously
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Table 36.2 Teflon results for female stress incontinence

Study No. patients Follow-up (months) Patients dry (%) Patients improved (%) Patients failed (%)

Politano et al. [42] 51 6 26 (51) 10 (20) 15 (29)
Lim et al. [43] 28 – 6 (21) 9 (33) 13 (46)
Schulman et al. [44] 56 3 39 (70) 9 (16) 8 (14)
Deane et al. [45] 28 3–24 9 (32) 8 (28) 11 (40)
Beckingham et al. [46] 26 36 2 (7) 7 (27) 17 (66)
Harrison et al. [47] 36 61 4 (11) 8 (22) 24 (67)
Lotenfoe et al. [48] 21 11 8 (38) 4 (19) 9 (43)
Lopez et al. [49] 74 31 41 (56) 15 (20) 18 (24)
Vesey et al. [50] 36 9 (3–36) 20 (56) 4 (11) 12 (33)
Herschorn and Glazer [41] 46 12 14 (31) 19 (41) 13 (28)



asymptomatic man who had received Teflon.
Kiilhoma et al. [53] reported 3 complications out of
22 women, a sterile periurethral abscess, a urethral
diverticulum, and a urethral granuloma, which all
required surgical intervention. In another case, the
material migrated into the bulbar corpus spongio-
sum causing perineal pain for 3 months necessitat-
ing medication for pain relief [54].

Although neoplastic transformation was hypothe-
sized [40], there has never been a clinical occurrence
reported. Furthermore, in a long-term rat study,
Dewan et al. [55] demonstrated no increase in tumor
risk and no tumors found at the injection site.

Despite the potential for complications with
Teflon the actual rate of reported problems is low.

Autologous Fat
Autologous fat has been used for aesthetic and
defect reconstruction since the 1980s [56]. Although
fat is biocompatible and readily available, 50–90% of
the transferred adipose tissue graft may not survive
[57]. Graft survival depends on minimal handling,
low suction pressure during liposuction, and the use
of large bore needles. Smaller grafts survive better
than larger ones [58].

The procedure involves harvesting abdominal
wall fat by liposuction either under local [59] or
general anesthesia [60]. The injection is usually
carried out via the periurethral route with a 16- or
18-gauge needle. Post procedure care may involve
intermittent catheterization or even a suprapubic
tube [60].

Autologous Fat Results

A number of reports of urethral fat injections have
been published and appear in Table 36.3. Most of the
series report short-term results with success appar-

ently lower than that of other injectables, apart from
the study of Su et al. [60] with a follow-up of more
than 12 months. Palma et al. [63] showed that repeat
injections improved the cure rate from 31% to 64%.
Haab et al. [62] reported a comparative study with
collagen. After a mean of 7 months 13% of the
women with fat injection were cured versus 24% of
the women with collagen injections. The subjective
improvement rate was also higher with the collagen.

Autologous Fat Complications

Reported complications are similar to other inject-
ables with urinary infection, retention, hematuria,
and extravasation. Additional problems with donor
site, the abdominal wall, such as pain, hematomas,
and infection, may also be seen. Other noteworthy
complications are urethral pseudolipoma [64] and
fat embolism [35,65].

Silicone Microimplants
Silicone microimplants [8] are solid polydimethyl-
siloxane (silicone rubber) particles suspended 
in a non-silicone carrier gel that is absorbed by the
reticuloendothelial system and excreted
unchanged in the urine. Since 99% of the particles
are between 100 mm and 450 mm in diameter, the
likelihood of migration is low. Henly et al. [66]
demonstrated distant migration of small particles,
less than 
70 mm, but no migration of particles greater than
100 mm in diameter. Although there was a 
typical histiocytic and giant cell reaction within
the injection site, there was no granuloma forma-
tion in response to the larger particles. Since the
substance is quite viscous it must be injected with
an injection gun and a 16-gauge tip transurethral
needle.
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Table 36.3 Results of autologous fat injection

Study No. patients Follow-up (months) No. patients dry (%) No. patients improved (%) No. patients failed (%)

Cervigni and Panei [7] 14 9.7 8 (57) 4 (29) 2 (14)
Santarosa and Blaivas [61] 12 11 7 (58) 5 (42)
Trockman and Leach [59] 32 6 4 (12) 14 (44) 14 (44)
Haab et al. [62] 45 7 6 (13) 13 (29) 26 (58)
Su et al. [60] 26 Mean; 17.4 13 (50) 4 (15) 9 (35)

(range 12–30)
Palma et al. [63] 30 12 1 injection: 4/13 (34)

2 injections:
11/17 (67)



Silicone Microimplant Results

Hariss et al. [8] reported on 40 patients followed 
for a minimum of 3 years at which time 16 (40%)
were dry, 7 (18%) were improved, and 17 (42%)
failed. Twelve of the 16 required one injection and 
four needed two injections to become dry. Sheriff
et al. [67] reported an overall success of 48% in 
34 patients after unsuccessful stress incontinence
surgery and Koelbl et al. [68] reported a 60% 
success rate in 32 women after 12 months but noted
a time-dependent decrease in success. Radley et al.
reported a success rate of 61% (19.6% cured 
and 41.1% improved) in 60 women after a mean of
19 months [69].

Silicone Microimplant Complications

Self-limited side effects of hematuria, dysuria,
frequency, and retention have been reported in a
minority of patients. The lack of a granulomatous
reaction and migration of the large silicone particles
may provide some benefit over Teflon although
long-term data are not yet available. Despite the 
laboratory and clinical evidence of safety with the
large particles, concerns still exist about the small
silicone particle migration and long-term tissue
response to the injection [57].

Implantable Microballoons
In order to obviate the degradation and movement
of injectable materials Atala and co-workers [70]
developed a self-detachable implantable balloon
system. The balloon is a silicone elastomer with a
check valve that prevents escape of the solution that
is injected at the time of implant. The filling solution
is a biocompatible cross-linked hydrogel that 
maintains its volume within the silicone shell. The
balloons are inserted into the submucosal area,
usually periurethrally, with cystoscopic control.

Pycha et al. [9] reported that 8 (42%) of 19 women
were dry and 7 (36.8%) were improved after a mean
of 14.4 months. The patients with hypermobility had
a poor outcome. Rare complications included
bladder instability and balloon extrusion.

Conclusions
Considerable progress has been made since the
introduction of collagen injections. Injectable agents
are used for buttressing the ISD component of the

incontinence but patients with concomitant hyper-
mobility may benefit as well. They have also 
been administered to elderly patients who are not 
surgical candidates. However, there are still a
number of areas in which further study is needed.

Durability is a concern. Although long-term 
successes have been reported with collagen and
Teflon the results of both deteriorate over time.
Similarly autologous fat and silicone microimplants
yield poorer long-term than short-term results.
Comparisons of injectables and injectables to
surgery have been done to a limited degree and
prospective studies have yet to be reported. Despite
the ease of the technique and the attractiveness to
patients of an outpatient procedure that can be
repeated if necessary, the cost-effectiveness of
injectable agents relative to other treatments, such
as newer minimally invasive surgical procedures,
still has to be addressed.

Safety of the material is also a concern. All of the
injectables have excellent safety profiles, although
the risk of migration and granuloma formation with
Teflon has prevented its widespread use. Rare but
serious complications have also been reported with
collagen and autologous fat. The long-term risks of
silicone microparticles and balloons are unknown.
Newer agents, such as carbon beads and calcium
hydroxylapatite crystals [71], which are not yet
widely available, also appear to be safe. Longer-term
and comparative studies may settle these issues.
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Fecal incontinence can be a devastating problem
with major social implications. The prevalence of
fecal incontinence is 0.5–1.5% in the general 
population, and if soiling is included, the preva-
lence reaches approximately 5% [1,2]. Fecal incon-
tinence is much more common in women: the
incidence in 45-year-old women is eight times
higher than in men of a similar age, and 6–10% of
women experience urgency and incontinence after
vaginal delivery. Studies using endoanal ultra-
sound have shown that one-third of women have
occult injury of the anal sphincter after vaginal
delivery [3,4]. These occult obstetrical injuries
may cause immediate problems or may predispose
to incontinence later in life, as menopause and
aging add their effects.

Mechanisms of Continence
Fecal continence is maintained through multiple,
interrelated mechanisms and disturbances to any of
these may be associated with diminished continence
(Table 37.1) [5,6]. The involuntary, smooth muscle
internal anal sphincter has intrinsic tone and is
responsible for 50–85% of resting anal pressure. The
remainder of the resting anal tone is provided by
the external sphincter and the hemorrhoidal cush-
ions [7]. The external sphincter contributes to
resting tone as a result of a reflex arc between
stretch receptors in the sphincter and pelvic floor
muscles and the cauda equina [8]. The external anal
sphincter and levator ani muscles are comprised
predominantly of type I, fatigue-resistant, skeletal
muscle fibers, making them suitable for tonic activ-
ity [9]. The external sphincter and pelvic floor are
innervated by the pudendal nerves and the inferior
rectal nerves.

The internal anal sphincter transiently relaxes in
response to rectal distension, the so-called 
rectoanal inhibitory reflex. This reflex permits
rectal contents to be assessed or “sampled” by the
rich sensory nerve endings of the upper anal canal.
Anal sensation and sampling are important in fine
control and allow discrimination between solid,
liquid, and gas within the rectum [10]. Defective
anal sensation and sampling may contribute to
fecal incontinence.

Aging significantly affects continence and physio-
logic tests reveal decreasing resting tone and deteri-
orating pudendal nerve function with increasing
age [11].

Disruption of the internal anal sphincter prima-
rily results in passive fecal incontinence – loss of
stool without awareness or warning. External anal 
sphincter dysfunction results in urgency in-
continence because of the patient’s inability to
squeeze [12].

Table 37.1 Classification of the etiology of fecal incontinence

Altered stool consistency: diarrheal states
irritable bowel syndrome
inflammatory bowel disease
laxative abuse
infectious diarrhea

Inadequate reservoir capacity or compliance
proctitis
absent rectal reservoir (sphincter-saving resection)
overflow incontinence

Abnormal sphincter mechanism
anatomic sphincter defect (obstetic injury, anorectal surgery)
pelvic floor and sphincter denervation
congenital abnormalities
miscellaneous (aging, rectal prolapse)

37 Fecal Incontinence; Rectal Prolapse
Martin Friedlich and Marcus J. Burnstein
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Incontinence Following
Childbirth
Diminished continence after childbirth is a
significant problem: in one survey of women who
delivered vaginally without sustaining a clinically
obvious tear, 5% were found to have fecal inconti-
nence if loss of flatus was included [13]; in another
survey, 4% described the new development of
significant fecal incontinence after delivery [14].

The etiology of fecal incontinence after childbirth
is sphincter disruption, nerve injury, or both [15].
The vast majority of these women have structural
damage to one or both sphincters. In a prospective
study, Sultan et al. demonstrated sphincter defects
by endoanal ultrasound in 35% of primiparous
women, and this increased to 80% following a
forceps delivery [16,17]. Women with sphincter
defects had lower anal pressure than those without
and all the women with symptoms had sonographic
sphincter defects. There was no correlation between
pudendal nerve function, as measured by pudendal
nerve terminal motor latency, and the development
of fecal incontinence [16]. Pudendal nerve terminal
motor latency was prolonged in 16% of women after
vaginal delivery but only one-third of these
remained prolonged at 6 months [18]. Others have
found that the damage persists [19]. Changes in
pudendal nerve function were associated with a
heavier infant and a prolonged second stage. The
degree to which pudendal nerve injury contributes
to incontinence after childbirth is arguable. Recent
work with endoanal ultrasonography strongly sup-
ports the concept that disruption of the sphincter is
the dominant mechanism. Isolated pudendal neu-
ropathy appears to be rare [20].

Between 0.5 and 1% of women delivering vagi-
nally sustain a third-degree tear defined as a per-
ineal laceration involving the anal sphincter, with or
without involvement of the anal mucosa. Risk
factors for third-degree tears are forceps, primi-
parous delivery, large infant (greater than 4 kg),
occipitoposterior presentation and a prolonged
second stage of labour [19,20]. Despite primary
repair of the laceration in the delivery suite, there is
a high incidence of residual structural damage and
diminished continence. Incontinence after a third-
degree tear occurs in 7–20%, and if urgency is
included, 47% of patients with third-degree tears
have control problems [20].

The role of episiotomy is controversial.
Episiotomy certainly does not provide complete
protection against third-degree tears [21]. In a ran-
domized controlled trial, midline episiotomy was
associated with a higher risk of sphincter injury

than mediolateral episiotomy [22]. Instrumental
vaginal delivery has been found to be an indepen-
dent variable associated with the development of
fecal incontinence [16]. Forceps appear to be associ-
ated with more severe perineal and occult sphincter
trauma than the vacuum extractor [4,17,23].

Impaired anal sensation has been demonstrated
in women after vaginal delivery compared to con-
trols or women delivered by cesarean section, but
this effect appears to be transient, and at 6 months
there was no difference between groups [24].

Management
Management of the patient with fecal incontinence
is determined by the severity of the problem, and
whether the sphincter is anatomically disrupted or
intact (Figure 37.1) [6]. It is important to determine
the degree to which fecal incontinence is interfering
with the patient’s quality of life and restricting their
professional, social, and sexual activity. The need for
pads, changes of underwear, and the frequency of
incontinence episodes for solids and liquids are
good indicators of the severity of the problem.
Scoring systems allow a more objective assessment
of function and facilitate comparison before and
after treatment, as well as comparisons between dif-
ferent treatments [5] (Table 37.2).

The severity of fecal incontinence is the major
determinant of the therapeutic approach: the less
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Table 37.2 Continence grading system

Type of frequency
continence never rarely sometimes usually always

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

0 = perfect.
20 = complete incontinence.
Never = 0 (never).
Rarely = < 1/month
Sometimes = < 1/week,� 1/month.
Usually = < 1/day, � 1/week.
Always = � 1/day.
The continence score is determined by adding points from the
above table, which takes into account the type and frequency of
incontinence and the extent to which it alters the patient’s life.

From Jorg JMM,Wexner SD. Etiology and management of faecal inconti-
nence. Dis Colon Rectum 1993;36:77–97 (with permission).



severe the incontinence the less aggressive the thera-
peutic response. A good surgical rule is never try to
fix flatus incontinence. If the problem with dimin-
ished continence is not accompanied by lifestyle
alterations or restrictions in daily activities, a non-
operative approach is best. Minor degrees of inconti-
nence are common in elderly multiparous women,
and the great majority of these patients are success-
fully managed with a conservative approach.
Conservative treatment principles include increasing
stool consistency though diet and anti-diarrhoeal
medications, pelvic floor strengthening exercises,
and biofeedback. Loperamide has a constipating
effect, increases internal anal sphincter tone, and is
well tolerated [25].“Planned” bowel movements with
the use of enemas or irrigation techniques may also
prove helpful. In biofeedback, the voluntary activity
of the external anal sphincter is displayed to the
patient with either a manometric or electromyo-
graphic technique. The patient receives feedback on
sphincter response and encouragement is given to
improve the response. Biofeedback can improve both
external anal sphincter contraction and rectal sensa-
tion. Complete recovery or significant reduction in
incontinence episodes has been reported in two-
thirds of patients. The success of biofeedback has
been correlated more with improved sensation than
sphincter strengthening. Patient selection is based
on patient motivation and the preservation of some
rectal sensation and voluntary sphincter contraction
[5]. The impact of biofeedback may be transient

[26,27]. Perineal strengthening exercises have not
been well evaluated, but their impact appears to be
modest [5].

The presence of a major sphincter disruption can
generally be determined by careful history and
physical examination. A detailed obstetrical history
is essential. Physical examination, including sigmoi-
doscopy, provides information regarding resting
tone, squeeze pressure, the integrity of the sphinc-
ter, anorectal sensation, and rectal compliance.
Rectal prolapse should be ruled out, especially in
older patients, and this may necessitate examination
with the patient in a squatting position. This diag-
nosis must be considered even when the patient is
not complaining of protrusion. Structural assess-
ment by endoanal ultrasound and physiologic
assessment by anal manometry and pudendal nerve
terminal motor latency are useful adjuncts.
Endosonography is able to characterize internal and
external sphincter structural damage and help guide
treatment selection [28]. Prolonged pudendal nerve
terminal motor latency predicts a poor result from
operative repair of a disrupted sphincter. Normal
pudendal nerve terminal latency does not exclude
nerve damage [8].

Patients with severe incontinence and a single 
or dominant defect in the external anal sphincter
should undergo operative repair. Overlapping 
anterior sphincteroplasty achieves continence for
solids and liquids in 70–80% of patients [5,28,29]
(Figure 37.2). The scar tissue at the site of sphincter
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FECAL INCONTINENCE

MINOR MAJOR

Sphincter

dysfunction

Conservative treatment

Diet
Motility altering medication
Enema / irrigation
Strengthening exercises
Biofeedback Intact

sphincter
Disrupted
sphincter

Neosphincter Stoma Sphincter
repair

Other causes
(Table 37.1)

Neosphincter / Stoma

Failure(s)

Treat underlying
pathology

Figure 37.1 Treament of fecal incontinence



disruption is divided. The fibromuscular ends are
mobilized and overlapped to re-establish a ring of
sphincter muscle. The operation is done under
mechanical and antibiotic bowel preparation, and
stool softeners are given in the early postoperative
period. A temporary diverting stoma is not needed.
In women who are able to cope with their symp-
toms, it may be prudent to postpone operative
repair until childbearing is complete. If symptoms
are unmanageable, repair should be undertaken and
cesarean section should be recommended for future
deliveries. Anorectal function is not affected by elec-
tive cesarean section [4,19].

For patients who fail to improve after sphincter
reconstruction, for those with weak but intact
sphincters, or for those with complex sphincter
injuries, the treatment is much less clear [20]. The
options are continued conservative treatment, a
stoma, or a neosphincter procedure, either the
artificial anal sphincter device or a skeletal muscle
transposition. Parks postanal repair, which involves
posterior dissection in the intersphincteric plane
and plication of the puborectalis and external
sphincter muscles, has been used in the treatment of
fecal incontinence due to intact but weak sphincters.
The results have generally been poor and the proce-
dure has become increasingly uncommon [30–32].

Early results with the artificial anal sphincter
device are promising [33–35]. The artificial anal
sphincter is a modification of the artificial urinary

sphincter (Figure 37.3). It comprises three Silastic
components: an inflatable cuff, a pressure regulating
balloon, and a control pump. The cuff is implanted
around the anus, the control pump in the scrotum
or labia majora, and the balloon in the space of
Retzius. Silastic tubing connects the three compo-
nents, and the system is filled with fluid. The cuff
distends with fluid, occludes the anal canal and pro-
vides continence. When the patient has the urge to
defecate, the control pump is compressed several
times and fluid is displaced from the cuff to the

402 Female Pelvic Medicine and Reconstructive Pelvic Surgery

a

b

c

d

Figure 37.2 Sphincteroplasty. a,The divided sphincter is mobilized with preservation of scar tissue b, c, d,The fibro, muscular ends are overlapped
and mattress sutures placed.(SM Goldberg, PH Gordon, A Nivatvongs.Essentials of Anorectal Surgery, 1st edn.Philadelphia, JB Lippincott, 1980.)

Figure 37.3 Artificial bowel sphincter. (Courtesy of American Medical
Systems, Inc., Minnetonka, Minnesota, USA)



balloon. The cuff deflates and defecation can occur.
Fluid returns to the cuff over the next 7–10 minutes.
Continence to solids and liquids is reported in
70–90% of patients, continence for flatus in approx-
imately 50%. Infectious complications and mechan-
ical problems occur in 33% of patients and
explantation because of complications or poor func-
tion has been reported in a similar percentage. Data
on long-term function and morbidity are not avail-
able. A protecting stoma is not routinely used.

The greatest experience with muscle transposi-
tion involves wrapping the gracilis muscle around
the anus. Dynamic graciloplasty involves electrical
stimulation of the transposed muscle via a pace-
maker [36] (Figure 37.4). Low frequency electrical
stimulation generates tonic contraction and pro-
motes conversion of the skeletal muscle fibers from
fatigue prone, type II fibers to fatigue resistant, type
I fibers. Continence to solids and liquids has been
achieved in 60–78% following dynamic graciloplasty
[36–39]. Technical, infectious and functional com-
plications are common but can often be treated [38].

There is one report of the application of sacral
nerve stimulation in which improvement in sphinc-
ter pressures and continence is described in three
patients [40]. The place of the two neosphincter pro-
cedures and of sacral nerve stimulation in the man-
agement of fecal incontinence is in evolution.

Conclusion
Sphincter injury is common following vaginal deliv-
ery. When a single defect is associated with
significant fecal incontinence, an overlapping
sphincter repair achieves satisfactory results in the
majority of patients. When the sphincter muscles
are weak but intact, when only the internal sphincter
is disrupted, or when there are multiple defects in
both sphincters, the therapeutic approach is not
clear. Some patients may achieve a satisfactory level
of continence with bowel management and biofeed-
back. For the rest, the neosphincters represent an
exciting new alternative to colostomy.

Rectal Prolapse
Rectal prolapse is a circumferential full-thickness
intussusception of the rectum in which the lead
point of the intussusception descends through the
anal canal to appear on the outside. Rectal prolapse
primarily affects elderly women. It is a miserable
condition, usually associated with fecal inconti-
nence, and frequently associated with constipation
and disordered defecation. Patients can rarely cope
with the symptoms and operative repair of rectal
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Figure 37.4 Dynamic gracilplasty. From Baeten CG, Geerdes BP, Adang EM, Heineman E, Konsten J, Engel GL, Kester AS, Spaans F, SOeters PB. Anal
dynamic graciloplasty in the treatment of intractable faecal incontinence. N Engl J Med 1995;332(24):1600–1605, with permission. © 1995
Massachusetts Medical Society. All rights reserved.



prolapse is almost always indicated. Unfortunately,
repairing the prolapse often fails to alleviate the
associated symptoms. The best way to repair rectal
prolapse remains one of the most difficult and con-
tentious issues in colorectal surgery.

Etiology and Pathogenesis
It is well accepted that rectal prolapse is an intussus-
ception of the rectum, with the lead point 6–8 cm
above the pelvic floor [41] (Figure 37.5). The
primary cause of the intussusception remains
uncertain and the many anatomic defects seen in
association with rectal prolapse may all be sec-
ondary phenomena. The five most consistent
anatomic abnormalities are: (1) diastasis of the
levator muscles, (2) a deep cul-de-sac, (3) a redun-
dant rectosigmoid colon, (4) a patulous anus, and
(5) loss of the normal “horizontal” position of the

rectum within the sacral hollow [42]. Other frequent
features are pudendal neuropathy, uterine prolapse,
cystocele, rectocele, enterocele, and perineal descent.
Combined rectal and genitourinary prolapse is
common but sequential rather than synchronous
occurrence is the rule, with descent of the genitouri-
nary system usually preceding rectal prolapse [43].
The gastrointestinal and genitourinary findings in
patients with rectal prolapse indicate a diffuse loss
of support within the pelvis. Whether this is primar-
ily an abnormality of nerves, pelvic floor muscles, or
the endopelvic fascia is not clear. Neither parity nor
obstetrical injury appears to play a significant role
in the etiology of rectal prolapse [42].

Clinical Features
Women predominate in a ratio of 6 to 1. The inci-
dence of rectal prolapse in women begins to rise in
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Figure 37.5 Rectal prolapse progressing from internal intussusception (a–c) to complete procidentia (d). From Gordon PH, Nivatvongs A.
Principles and Practice of Surgery for the Colon, Rectum and Anus. Quality Medical Publishing, INc., St. Louis, Missouri, 1992, with permission.



the fifth decade, and peaks in the seventh decade.
The incidence in men has an even age distribution
[42]. Patients complain not only of tissue protrusion
but also of fecal incontinence, mucus discharge, con-
stipation, difficult or incomplete evacuation, bleed-
ing, and discomfort. The functional symptoms,
especially fecal incontinence and discharge, often
predominate, and the history of protrusion may
need to be specifically sought. The mass may pro-
trude only at defecation, or may protrude with slight
exertion, or even by assuming an upright posture.
Manual reduction of the prolapse is usually
required. Urinary incontinence and symptoms of
gynecologic prolapse may also be present.

Physical findings include a patulous lax anus
which may gape open with separation of the but-
tocks. Straining demonstrates perineal descent fol-
lowed by the appearance of concentric mucosal folds.
The mucosa may be erythematous or even ulcerated.
Bidigital palpation of the prolapse reveals the double
wall of an intussusception. An enterocele may be felt
anteriorly. Cystocele, uterine prolapse, and rectocele
may coexist. If rectal prolapse is suspected but not
confirmed on routine examination, it is essential to
accompany the patient to the toilet, where the patient
can strain in a squatting position and more readily
demonstrate the prolapse. Sigmoidoscopy may reveal
erythema and edema, especially on the anterior
rectal wall between 6–10 cm.

Prolapsing internal hemorrhoids may share some
symptoms with rectal prolapse, but these two clini-
cal conditions can be distinguished on physical
examination. Prolapsing internal hemorrhoids are
characterized by radial mucosal folds and a normal
or high tone sphincter on digital examination, in
contrast to the concentric mucosal folds and low
tone sphincter of rectal prolapse [42,44].

Investigation
Other pathology in the colon and rectum should be
excluded by colonoscopy or by a combination of sig-
moidoscopy and barium enema. Defecography may
be indicated when the diagnosis cannot be
confirmed by physical examination. The need for
additional work-up is controversial. It has been sug-
gested that the operative treatment of rectal 
prolapse can be tailored to the associated patho-
physiology and that each patient should therefore be
evaluated with respect to colonic transit (marker
study), anal sphincter function (anal manometry,
pudendal nerve terminal motor latency), and rectal
function (balloon expulsion testing, defecography,
and tests of rectal compliance and sensation) [45].
Although there are few data to support this, a selec-

tive approach to physiologic testing may be appro-
priate, as determined by the clinical setting and the
dominant symptoms.

Treatment
Many operations have been described, and there is
no consensus regarding which is best. It is becoming
increasingly accepted that no single operation is
best in all circumstances. In selecting the best proce-
dure for an individual patient, the surgeon must
consider the general health and age of the patient,
the morbidity, mortality and recurrence rates for the
operation, and the effect of the operation on con-
comitant symptoms like fecal incontinence, consti-
pation, and ineffective emptying. It is important to
recognize that, regardless of the operative approach
taken, correction of the prolapse is not equivalent to
symptom control: fecal incontinence, constipation,
mucus discharge, and tenesmus may persist despite
operative control of the prolapse [46]. The following
is a simplified and subjective overview of the treat-
ment of rectal prolapse.

The main operative approaches to rectal prolapse
are abdominal and perineal. In general, the abdomi-
nal operations have lower rates of recurrence than
the perineal operations, but are associated with
greater morbidity. The complications of abdominal
operations are related to laparotomy, rectal mobi-
lization, and colorectal resection, including bleeding
from presacral veins, infection, bowel obstruction,
and particularly in male patients, sexual dysfunc-
tion secondary to pelvic autonomic nerve injury.
The morbidity of abdominal operations may be
reduced by a laparoscopic approach. The common
abdominal operations have all been performed
laparoscopically with efficacy and safety [47–50].

The true incidence of constipation and fecal
incontinence in patients with rectal prolapse and the
real impact of the various operations on these
symptoms are extremely difficult to establish. This
is the result of inconsistent definitions for inconti-
nence and constipation and inconsistent preopera-
tive and postoperative documentation of these
symptoms. Interpreting the data is made more
difficult by the many minor modifications of the
same operation performed by different surgeons.

Constipation is seen in about one-third to one-
half of patients with rectal prolapse. After abdomi-
nal repairs, an increase in the incidence of
constipation and evacuation problems can be
expected, up to double the preoperative rate. An
exception to this may be abdominal repairs that
include colonic resection, where an improvement in
bowel function seems more likely, especially with
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more extensive resections. The impact of perineal
operations on constipation and ineffective rectal
emptying is unpredictable – symptoms are equally
likely to improve, deteriorate, or not change.

Fecal incontinence is reported in up to 100% of
patients with rectal prolapse. Incontinence may be
due to repeated stretching of the sphincter by the
prolapsing rectum, or to pudendal neuropathy sec-
ondary to chronic perineal descent. Alternatively,
incontinence and prolapse may both be manifesta-
tions of the same underlying neuromuscular
deficiency. Following abdominal operations, conti-
nence improves in about half the patients by 6–12
months. Better results are reported for perineal
operations that include plication of the levator
muscles. The mechanism for improved continence
following abdominal operations is not certain.
Improvement may be related to removal of the
source of persistent rectoanal inhibition or to the
prolapse no longer holding the anus open [51]. An
improvement in fecal continence cannot be reliably
predicted preoperatively. However, patients with
worse incontinence and worse function on physio-
logic tests appear less likely to benefit from repair.
Worsening of fecal incontinence may occur in up to
5% [42,44,52]. Residual fecal incontinence after
successful prolapse repair is extremely problematic.
Biofeedback and bowel management with constipat-
ing medications, dietary modification, and enemas,
may be beneficial. Parks postanal repair, a plication
of the puborectalis and external anal sphincter, has
been used in this setting with mixed results. A reli-
able salvage procedure for persistent fecal inconti-
nence has not yet been described [42,52].

Problems of genitourinary prolapse may predate
rectal prolapse and have usually already been dealt
with by the gynecologist. Rarely, synchronous oper-
ations involving the urogynecologist and colorectal
surgeon are performed to address coexistent rectal
procidentia and prolapse of the genitourinary
system [43].

Abdominal operations
The medically fit patient has conventionally been
treated by an abdominal approach. The popular
abdominal operations incorporate fixation of the
mobilized rectum to the presacral fascia, with or
without resection.

Rectopexy

The rectum is fully mobilized and as the rectum is
retracted in a cephalad direction, the lateral liga-

ments of the rectum (or lateral rectal tissues) are
fixed with sutures to the presacral fascia. The degree
to which the rectum should be mobilized anteriorly
and laterally is controversial, but there is complete
agreement that full posterior mobilization to the tip
of the coccyx is important in reducing recurrence.
This is a simple procedure with a recurrence rate in
the range of 5% in most series. The mobilized
rectum may be anchored to the presacral fascia with
the use of a prosthetic mesh which partially encir-
cles the rectum (Figure 37.6). Different absorbable
and non-absorbable materials and configurations
have been used. A partial wrap, leaving the anterior
quarter to half of the rectal circumference free, pre-
vents obstruction. Anchoring the mesh to the pre-
sacral fascia 1 cm off the midline decreases the risk
of injuring presacral veins. The peritoneum is closed
over the mesh to avoid adhesion of small bowel
loops. The recurrence rate with the mesh approach
is also very low, less than 5% in many large series
[42,44,52].

Rectopexy is associated with improved conti-
nence in approximately half. Constipation is incon-
sistently affected, but most authors have described
worsening constipation and often severely disturbed
rectal emptying following rectopexy. The tendency
for constipation to persist or worsen following rec-
topexy, especially with prosthetic mesh, has led
some to avoid this operation when constipation is
present [51].

Resection

The resectional procedures are combination rec-
topexy–resection, anterior resection, and low ante-
rior resection. When resection of the redundant
sigmoid colon is added to rectopexy, prosthetic mesh
is avoided because of the risk of infection. The
colonic resection is extended proximally to eliminate
the redundant colon. Recurrence is in the range of
5–10%. Resection-rectopexy may improve constipa-
tion and the likelihood of improvement is loosely
related to the extent of resection. At the University of
Minnesota, constipation was improved in 2/9
patients when sigmoidectomy was added to rec-
topexy and in 4/6 patients when subtotal colectomy
was added [52,53]. Incontinence was improved in
approximately one-third of the patients and was
worsened in a similar number. Resection should be
applied cautiously when incontinence is prominent
because of the risk of diarrhoea [11]. At the Mayo
Clinic, anterior resection with complete rectal mobi-
lization achieved rates of recurrence of 6% at 5 years
and 12% at 10 years [54]. Extending the resection
below the peritoneal reflection increased morbidity
without decreasing the recurrence rate.
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Perineal Approaches
The principal attraction of the perineal operations
is that they are well tolerated by the elderly, often
frail patients most commonly affected by this condi-
tion. Laparotomy is avoided and the perineal opera-
tions can be performed under regional or local
anesthesia. Perineal procedures are especially attrac-
tive where there has been previous pelvic surgery.
The convention of reserving the perineal approach
for high risk patients has been challenged in recent
years in the wake of improving results with these
operations. The main perineal operations are the
perineal proctosigmoidectomy and the Delorme
procedure. As with the abdominal operations, full
mechanical and antibiotic bowel preparation is

used. The patient may be placed in lithotomy or
prone jackknife position.

Delorme Procedure (Figure 37.7)

In this operation, the mucosa is circumferentially
stripped off the underlying muscle from 1.5 cm
proximal to the dentate line to the tip of the pro-
lapsed rectum; the mucosal tube is dissected until
resistance is encountered. A submucosal injection of
1:200,000 epinephrine solution facilitates the dissec-
tion. The denuded rectal wall is longitudinally pli-
cated with a series of absorbable sutures, the
mucosal tube is excised, and the mucosa is re-
approximated. Morbidity and mortality are consis-
tently very low. Recurrence rates range from 5 to
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Figure 37.6 Rectopexy with prosthetic mesh. a The rectum is mobilized posteriorly to the tip of the coccyx. b, c A strip of mesh is anchored to
the presacral fascia, partially wrapped around the rectum, and sutured to the rectal wall. d The pelvic peritoneum is closed over the mesh.
(From Madoff RD,Watss JD, Rothenberger DA, Goldberg SM. Rectal prolapse: treatment. In: Henry MM, Swash M, editors. Coloproctology and the
Pelvic Floor, 2nd edition. Butterworth-Heinemann Ltd,Toronto, 1992, pp 321–350, with permission.)



27%. Improved continence can be expected in
36–83% and worse continence in 0–3% [52,55–57].

Perineal Proctosigmoidectomy (Figures
37.8 and 37.9)

With the rectum prolapsed, a circumferential inci-
sion 2 cm proximal to the dentate line is deepened
through the full thickness of the bowel wall. The
peritoneum is opened and the rectosigmoid is
mobilized until the redundant bowel cannot be
pulled down any further. Anterior and posterior pli-
cation of the levator muscles may be added at this

point. About 2 cm distal to the anus the inner tube
of the rectosigmoid is transected along with its
mesentery. An anastomosis is performed 1–2 cm
proximal to the dentate line. Morbidity and mortal-
ity are low, but infectious complications and bleed-
ing rates appear to be higher than with the Delorme
procedure. Recurrence rates range from 0 to 60%
with most recent reviews reporting recurrence rates
of 5 to 10%. The concomitant levatorplasty has been
reported to have a significant impact on continence
with several authors indicating improved continence
in 90% and full continence in two-thirds of patients
[52,58–61].

408 Female Pelvic Medicine and Reconstructive Pelvic Surgery

a b c d

Figure 37.7 Delorme procedure. a, b Mucosectomy is begun 1.5 cm proximal to the dentate line and continued until there is resistance.
c, d The muscle coat is plicated and mucosa re-approximated. (From Gordon PH, Nivatvongs A. Principles and Practice of Surgery for the Colon,
Rectum and Anus. Quality Medical Publishing, Inc., St. Louis, Missouri, 1992, with permission.)

Figure 37.8 Perineal proctosigmoiddectomy. 1, Beginning of incision 2–3 cm proximal to the dentate line (when stapling devices are used, the
bowel should be transected 1 cm longer). 2, Unfolding of the prolapse. 3, Mesenteric division. 4, Division of the inner cylinder of the intrussus-
ception. (From Madoff RD,Watss JD, Rothenberger DA, Goldberg SM. Rectal prolapse: treatment. In: Henry MM, Swash M, editors. Coloproctology
and the Pelvic Floor, 2nd edition. Butterworth-Heinemann Ltd,Toronto, 1992, pp 321–350, with permission.)



Anal Encirclement

Encircling the anus with mesh, Silastic tubing, or
suture is not recommended because of the high
complication rate, in particular the high rate of fecal
impaction and related problems of bowel function.
Infectious complications and erosion of the foreign
body are also encountered. The advantage of techni-
cal simplicity has not been sufficient to sustain this
operation, which has been supplanted by the more
technically demanding Delorme procedure and per-
ineal proctosigmoidectomy, both of which can be
performed in even the most frail of patients.

Internal Intussusception
Defecography may demonstrate rectal intussuscep-
tion in which the lead point remains above the
pelvic floor, so-called internal intussusception or
“occult” rectal prolapse. Although this may represent
an early stage of rectal prolapse, it is not clear that
internal intussusception eventually progresses to
true procidentia [42,45]. In fact, a degree of rectal
intussusception may be seen on defecography in a
variety of pelvic floor disorders, as well as in normal
controls [62].

Patients found to have internal intussusception
have usually presented with symptoms of

obstructed defecation. Straining, self-digitation,
pain, mucus, bleeding, and incontinence are often
present. Sigmoidoscopy may reveal the changes of
solitary rectal ulcer syndrome, most commonly at
6–10 cm on the anterior wall. These changes include
mucosal edema, hyperemia, solitary or multiple
shallow ulcers, or heaped up polypoid mucosa
resembling a neoplasm. The histopathology is char-
acterized by a lamina propria expanded with colla-
gen, fibroblasts, and smooth muscle cells. The
smooth muscle cells pass upwards from the muscu-
laris mucosa at right angles to the longitudinal axis.
Colitis cystica profunda is a form of the condition
in which dilated glands are displaced in the submu-
cosa where they may be mistaken for carcinoma
[63]. The changes of solitary rectal ulcer syndrome
may also be encountered in association with true
rectal prolapse, but are more commonly seen in
association with internal intussusception [45,63].

The treatment of internal intussusception, with or
without associated solitary rectal ulcer syndrome, is
directed at the underlying defecation disorder
[63,64]. Dietary modification, avoidance of strain-
ing, and biofeedback “retraining” of the defecation
mechanism, benefit most patients. Operative correc-
tion of internal intussusception, by either rectopexy
or resection, is not recommended. When solitary
rectal ulcer syndrome is accompanied by true proci-
dentia, as it is in about one-third of patients, abdom-
inal repair of the prolapse is indicated. Ulcer healing
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Figure 37.9 Perineal proctosigmoidectomy–continued. 1, Placement of purse-string sutures. 2, Proximal purse-string secured around anvil.
3, Distal purse-string secured. 4, Closure of instrument. 5, Completed anastomosis. (From Madoff RD, Watss JD, Rothenberger DA, Goldberg 
SM. Rectal prolapse: treatment. In: Henry MM, Swash M, editors. Coloproctology and the Pelvic Floor, 2nd edition. Butterworth-Heinemann 
Ltd,Toronto, 1992, pp 321–350, with permission.)



can be expected, but as in all patients with rectal
prolapse, symptomatic improvement is much less
certain [52,63].

Conclusion
Our understanding of rectal prolapse is incomplete
and our treatment is imperfect. Abdominal opera-
tions have demonstrated the ability to reliably
correct prolapse, but troublesome constipation,
evacuation disturbance, and incontinence often
persist or worsen. Perineal repairs are well tolerated,
but the reported experience in terms of recurrence
and residual fecal incontinence is diverse. Recent
reports are encouraging and perineal operations are
becoming more widely applied. Our challenges are
to gain a better understanding of the pathophysiol-
ogy of rectal prolapse, to develop operations which
better address the concomitant functional distur-
bances, and to learn how better to select patients for
the various operations.
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Introduction

Writing in the Journal of the American Medical
Association in June 1909, George R. White said
“Ahlfelt states that the only problem in plastic
gynaecology left unsolved by the gynaecologist of
the past century is that of a permanent cure of a
cystocele” [1]. He went on to propose that “The
reason for failure seems to be that the normal
support of the bladder has not been sought for and
restored but instead an irrational removal of part of
the anterior vaginal wall has been resorted to, which
could result in disappointment and failure”. By
means of cadaver dissection, White investigated the
pelvic structures inherent to the support of the
anterior vaginal wall. As a consequence of his inves-
tigations, he devised a vaginal approach to correc-
tion of the cystocele which involved the attachment
of the vaginal sulci to a condensation of fascia over-
lying the pelvic muscles which he referred to as the
“white line of pelvic fascia”. Despite the fact that
White reported a very high cure rate for cystocele
using his new surgical procedure, it was not widely
adopted by gynecologic surgeons.

More than 50 years later, A. Cullen Richardson,
following the same process of cadaver dissection,
developed an abdominal procedure which he
termed the paravaginal defect repair [2].
Richardson described four distinct defects in the
anterior vaginal wall support and proposed that
surgical correction of the prolapse should be
directed to the specific defect or defects involved. He
went on to report the successful use of the abdomi-
nal paravaginal defect repair in 233 patients com-
plaining of combinations of pelvic prolapse and
stress urinary incontinence [3]. Benson [4], Baden
et al. [5] and Farrell and Ling [6] have described

modifications of White’s procedure for the vaginal
paravaginal defect repair.

Although it is now 90 years since George R. White
first called our attention to the problem of recurrent
cystocele, its solution remains elusive. Weber and
Walters, in a recent review article on cystocele
repair, pointed out the deficiencies in the literature
on the subject of anterior repair and emphasized
the need for prospective studies comparing tradi-
tional anterior colporrhaphy with paravaginal
repair [7]. The traditional gynecologic approach to
a combination of cystocele and urinary inconti-
nence was to do an anterior colporrhaphy. It has
now been accepted that the retropubic urethropexy
procedure is the best surgical treatment of a
primary case of genuine stress incontinence. While
it is highly effective at correcting genuine stress
incontinence, the retropubic procedure is associated
with a significant rate of postoperative pelvic pro-
lapse, particularly in patients who had significant
anterior vaginal wall prolapse prior to the proce-
dure [8]. It has been recommended that the retropu-
bic procedures be combined with an abdominal
paravaginal repair in these circumstances [9].

While the abdominal approach permits correc-
tion of both stress incontinence and the paravagi-
nal defect, it does not allow correction of a central
anterior vaginal wall defect. The vaginal approach
to paravaginal repair, on the other hand, allows cor-
rection of both the paravaginal and the central
defects of the anterior vaginal wall. Unfortunately, it
is a technically more challenging procedure and, in
patients with stress incontinence, must be combined
with a vaginal incontinence procedure such as a
needle suspension which is less effective than the
retropubic procedures [10]. Combination of the
vaginal paravaginal repair with either a suburethral
sling procedure [11] or tension-free vaginal tape
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(TVT) procedure [12], both procedures with high
incontinence cure rates, might achieve the best long-
term cure of combined anterior wall prolapse and
stress incontinence.

Anatomy of the Anterior Vaginal
Wall Support
A review of the anatomic basis of the paravaginal
defect is critical to an understanding of the rationale
for the paravaginal defect repair. DeLancey has
described three levels for vaginal support [13]. Level
1 consists of the endopelvic fascial attachments to
the upper vagina which arise from a broad area of
the upper pelvic bowl and converge as condensa-
tions of fibromuscular tissue which we commonly
recognize as the uterosacral and cardinal ligaments.
At level 2, the mid-portion of the vagina, the vaginal
sidewalls come into close approximation with the
pelvic sidewall where they derive their support from
a lateral attachment to the fascia overlying the
levator ani and obturator internus muscles. This
lateral attachment occurs along a condensation of
fascia referred to as the arcus tendineus fascia pelvis
(ATFP), which extends from the ischial spines along
the pelvic sidewalls to attach to the back side of the
symphysis pubis (Figure 38.1). At this level, the ante-
rior vaginal wall can be viewed as forming a trian-
gular sheet of tissue. The base of this triangle is
formed laterally by the cardinal ligaments attached
to the ischial spines and more medially by the
attachments of the anterior vaginal wall to the

cervix. Extending cranially from the cervix, the
uterosacral ligaments attach to the sacrum and
provide a continuation of support to the base of this
triangle. The sides of this triangle are attached to
the ATFP. Below, lies the anterior vaginal wall and
above, rests the bladder. It is at this level of attach-
ment that the paravaginal defect occurs. Level 3 cor-
responds to a short region of the vagina extending
from the introitus to 2–3 cm above the hymenal
ring, an area where the vagina is firmly attached to
surrounding structures.

Richardson, focusing on level 2, described four
types of defects (Figure 38.2). The lateral defect is a
consequence of the detachment, on one or both
sides, of the vaginal fornices from the ATFP. This
defect usually results in a mild to moderate cysto-
cele with associated loss of support of the ure-
throvesical junction and as a consequence, stress
urinary incontinence. The transverse defect results
from the detachment of the base of the triangular
anterior vaginal wall from the cervix in the midline.
This defect results in a large pulsion-type cystocele.
Because these patients have intact support of the
urethrovesical junction they do not experience
stress incontinence. The midline defect results from
stretching and tearing of the central anterior vaginal
wall [7]. As Weber and Walters have clearly demon-
strated by performing autopsy dissections of the
bladder and vagina, there is no actual fascia in the
anterior vaginal wall. The vaginal wall consists of
mucosa, muscularis, and adventitia. The central
defect, therefore, results from stretching and degen-
eration of these tissues. Finally, the distal defect
results from a detachment of the apex of the trian-
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Figure 38.1 Schematic diagram of the endopelvic fascia (repro-
duced with permission from A.C. Richardson).

Figure 38.2 Four locations of anterior vaginal wall support defects
(reproduced with permission from A.C. Richardson).



gular anterior vaginal wall from the back of the
symphysis pubis. This defect is usually a conse-
quence of damage to the pubourethral ligaments
and results in a telescoping of the urethra out under
the symphysis pubis.

Diagnosis of the Paravaginal
Defect
While more objective and precise means of measu-
ring the support defects in the pelvic compartments
have been proposed and accepted [14], a standardized
approach to diagnosing the paravaginal 
defect has not been developed. The cornerstone of
diagnosis is the pelvic examination. With the patient
in the dorsolithotomy position and the bottom half of
a Graves speculum retracting the posterior vaginal
wall, the patient is asked to perform Valsalva’s maneu-
ver.A tongue depressor or ring forceps is placed in the
vaginal fornices and the vagina is elevated to the
ischial spine, about the level of the inferior margin of
the symphysis pubis. If the cystocele is eliminated by
uni- or bilateral vaginal fornix support, the defect is
diagnosed as a paravaginal defect. This traction-type
cystocele is characterized by preservation of the
vaginal rugae. If the cystocele persists despite ade-
quate support of the vaginal fornices, it is caused by a
central defect. This is a pulsion cystocele, character-
ized by a vaginal wall which, having lost the healthy
rugae, presents as a smooth surface. In patients where 
elevation of the vaginal fornices reduces the size of the
cystocele but does not eliminate it, a combination of
paravaginal and central support defects is diagnosed.
A combination of two or more of the above defects
was rarely encountered in Richardson’s experience. In
his original report, 66% of patients had lateral attach-
ment defects alone. Of this group, 75% had a unilat-
eral defect (most commonly on the right side) and
25% had a bilateral defect.

The Surgical Procedure

The Abdominal Approach

The abdominal approach to the paravaginal repair
can be performed in isolation or in combination
with an abdominal hysterectomy and/or a Burch
procedure. In the patient who has an indication for
hysterectomy (dysfunctional uterine bleeding, or
grade 1 to grade 2 uterine prolapse), a cystocele due
to a paravaginal defect and genuine stress in-
continence, the above-mentioned combined 

procedure will correct the problems. The abdominal
approach does not permit correction of a central
defect.

The abdominal paravaginal repair is begun when
the abdomen is opened by means of Pfannenstiel’s
incision. The rectus muscles are carefully separated
in the midline down to the symphysis pubis and 
dissected off the underlying parietal peritoneum.
The palmar surface of the index finger is placed
against the posterior aspect of the symphysis pubis
on one side and gently swept along the inner 
surface of the superior pubic ramus to break the
attachments of the transversalis fascia to the 
superior pubic ramus. The obturator vessels and
nerves are identified as they pass into the button-
hole-shaped obturator foramen, which can be 
palpated below the superior pubic ramus. The 
dissection is continued more proximally and 
inferiorly to separate the bladder from the pelvic
sidewalls, down to the level of the ATFP. The arcus
should be visualized along its entire length from its
attachment to the posterior aspect of the symphysis
pubis, running inferiorly and laterally to its 
attachment at the ischial spine (Figure 38.3).

The non-dominant surgical hand is placed in the
vagina and locates the urethrovesical junction
(Figure 38.4). The first, or key, suture is placed
through the pubocervical fascia approximately 
1–2 cm lateral to the urethrovesical junction
beneath the prominent veins which course parallel
along the vaginal margins. The needle is passed
through the tissue from medial to lateral and,
before the needle is removed, posterior traction is
placed on these tissues pulling them toward the
ischial spine (Figure 38.5). The vaginal hand 
palpates to determine when the external urethral
meatus is drawn beneath the middle of the lower
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edge of the symphysis pubis. The needle is then
passed through the point on the ATFP adjacent to
where the traction has brought it. Additional
stitches are placed through the pubocervical 
fascia and the ATFP at 1 cm intervals both distal
and proximal to the key stitch, reattaching the
vagina to its original pelvic sidewall fascial support
(Figure 38.6). Once all the stitches are placed on one
side, they are tied.

It is recommended that the procedure be done on
the right side first (the most common location of the
paravaginal defect). Silicone-coated Dacron on a
gastrointestinal needle is used to do the suturing

(Davis and Geck 3.0 Tycron on a T-5 needle). The
procedure is then repeated on the left side. Drains
were rarely used by Richardson, and an indwelling
urethral catheter is not used during or after the pro-
cedure. Placement of a transurethral catheter may
be useful to help to identify the urethrovesical junc-
tion for less experienced surgeons. The course of the
ureter as it enters the base of the bladder, although
medial to the elevated vaginal fornix, is close to the
point of placement of the most cranial stitch. The
ureter can often be palpated between vaginal and
abdominal fingers and thereby intentionally
retracted medially away from the suture site.
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Figure 38.4 Elevation of the right vaginal fornix with the vaginal hand (reproduced with permission from A.C. Richardson).

Figure 38.5 Placement of the “key” suture (reproduced with permission from A.C. Richardson).



Shull employed a modification of this technique
in which the sutures were tied as they were placed in
order to achieve better hemostasis [15]. The first
stitch was placed immediately caudal to the ischial
spine. Starting with the most dependent point of the
ATFP ensures that any blood will track downward
and not obscure the location of subsequent suture
placement. He placed his key stitch through the
arcus tendineus fascia pelvis and after tying it,
further anchored it to Cooper’s ligament. Shull 
routinely inserted a suprapubic catheter and started
a postoperative clamping protocol on the first 
postoperative day. The following modification of the
surgical technique is used when combining the 
paravaginal repair with an abdominal hysterectomy
and Burch procedure. The abdominal hysterectomy
(often combined with McCall’s culdoplasty) is 
completed first. Only two to three stitches are placed
bilaterally on the cranial end of the ATFP. A Tanagho
modification of the Burch procedure provides
support of the caudal anterior vaginal wall.

The Vaginal Approach

With the patient draped in the dorsolithotomy 
position, a Foley catheter is inserted into the 
bladder to permit continuous bladder drainage and 
to facilitate identification of the urethrovesical 
junction. Two sets of marker sutures are placed
through the anterior vaginal epithelium using a
standard absorbable suture. The first set of sutures
marks the level of the urethrovesical junction and
the second set of sutures is placed bilaterally at the
highest points of the vaginal apices (Figure 38.7).

A standard anterior colporrhaphy is performed
using an inverted T-shaped incision of the vaginal
epithelium. The ATFP can be palpated as a scallop-
shaped ridge of fascia running from the ischial spine
up to the pubic symphysis. The paravaginal space
should be opened up completely so that a finger can
be swept from behind the symphysis pubis along the
pelvic sidewall down to the ischial spine. In opening
this space the operator is separating the bladder from
its attachment to the underlying vagina. This part of
the procedure does not, as has been 
suggested, create an artificial paravaginal defect. The
operating table is rotated so that its head swings away
from the side of the pelvis on which the repair will be
done. This maneuver puts the surgeon at an angle of
approximately 30 to 40 degrees to the pelvic sidewall,
permitting better visualization of the pelvic sidewall
structures. A Briesky–Navaratil retractor is used ante-
riorly to retract the bladder medially. A Heaney
retractor is placed laterally with its tip just above the
insertion of the ATFP into the ischial spine. A
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Figure 38.6 Paravaginal repair completed on the right side (repro-
duced with permission from A.C. Richardson).

Figure 38.7 Placement of the marker sutures for the vaginal par-
avaginal repair. Upper arrow: suture marking the urethrovesical junc-
tion. Lower arrow: suture marking the vaginal vault. Reprinted with
permission from the Society of Obstetricians and Gynaecologists of
Canada (S Farrell The Paravaginal Defect Repair, SGOC journal).



fibreroptic retractor is placed inferiorly to expand and
illuminate the operative space (Figure 38.8).

Figure 38.9 illustrates the vertical orientation of the
ATFP when a patient is in the lithotomy position.
Because of this orientation, each suture is both caudal
and superior to the previous suture. The first suture
of 2.0 silicon-coated Dacron (DuPont, Wilmington,
DE) on a T-5 gastrointestinal needle (Davis and Geck,
Danbury, CT) is passed using an extra long needle
driver from bottom to top through the ATFP approxi-
mately 1 cm from its insertion into the ischial spine.
The needle is retrieved and with the needle still
attached, both ends of the suture are grasped with a
hemostat marked with a single piece of autoclavable
tape to identify it as suture number one. The suture is
then placed in the most lateral teeth of a currycomb
held by the contralateral assistant (Figure 38.10). This
currycomb is made of solid cast aluminum and mea-
sures 10 cm in length by 5 cm in height (Cavalier
Equestrian, Stratford, Ontario, Canada). The teeth are
blunt and spaced about 2 mm apart. Subsequent

sutures are placed approximately 1 cm apart along the
ATFP until the last suture is placed approximately 2
cm from the attachment of the ATFP to the back of the
symphysis pubis. Up to five sutures are placed. The
sutures held by marked hemostats are placed in the
teeth of the currycomb so that hemostat number one
is most lateral and number five most medial.

The first currycomb is passed from the contralat-
eral assistant to the ipsilateral assistant. Suture
number one, now the most medial suture in the comb,
is used to pick up the vesicovaginal muscularis and
the underside of the vaginal epithelium correspond-
ing with the marker stitch which was placed at the
apex of the vaginal fornix. The needle is driven in a
cephalad-to-caudal direction through the vesicovagi-
nal muscularis and in a caudal-to-cephalad direction
through the underside of the vaginal epithelium. Care
is taken to avoid perforation of the surface of the
vaginal epithelium by the needle. The needle is cut off
and the two ends of the suture are grasped with the
number one hemostat and placed through the most
lateral teeth of a second currycomb held by the con-
tralateral assistant (Figure 38.11). In placing the
suture, care must be taken to avoid picking up the
vaginal epithelium too close to the midline. If this
happens, it will be difficult to achieve the midline
closure of the vaginal epithelium that completes the
procedure. The second suture is placed through the
vesicovaginal muscularis and the vaginal mucosa
approximately 1 cm above the first suture, the needle
is cut off and the ends are grasped with the number
two hemostat. This suture is placed more medially in
the second currycomb. The fourth suture is usually
placed at the level of the marker suture lateral to the
urethrovesical junction. When all the sutures have
been placed, they are tied in reverse order. Suture
number five is tied first, approximating the most
caudal portion of the vaginal fornix with the ATFP
immediately behind the symphysis pubis. As each
suture is tied and cut, the vaginal fornix is elevated
and reduced further until it lies along the entire
length of the ATFP. The procedure is repeated on the
opposite side.

Once the paravaginal defect has been repaired, the
degree of central defect will be apparent. The proce-
dure is completed in the standard fashion described
for an anterior colporrhaphy [16]. If a vaginal hys-
terectomy is required, it is completed to the point of
placing the Heaney sutures before beginning the par-
avaginal defect repair. When an incontinence-correct-
ing procedure is required, we use a suburethral sling
procedure. These procedures, completed before the
paravaginal repair, will correct the caudal anterior
vaginal wall defect. After these procedures, only two
or three sutures on each side are necessary to correct
the paravaginal defect.
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Figure 38.8 Placement of retractors for the vaginal paravaginal
repair. 1, Heaney retractor tip over the ischial spine. 2, Briesky–Navaratil
retractor retracts bladder medially. 3, Opus fiberoptic retractor 
illuminates pelvic sidewall. Reprinted with permission from the Society
of Obstetricians and Gynaecologists of Canada (S Farrell. The
Paravaginal Defect Repair, SGOC journal).



Indications for the Paravaginal
Repair
The paravaginal repair procedure is designed to
correct a defect of the lateral attachment of the ante-
rior vaginal wall to the pelvic sidewall. George R.
White first devised this procedure to treat cystocele.
Cullen Richardson devised an abdominal approach
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Figure 38.9 Placement of the first suture through the arcus tendineus fascia pelvis and retraction with the currycomb. 1, Arcus tendineus
fasciae pelvis. 2, Ischial spine. 3, Obturator canal. Reprinted with permission from the American College of Obstetricians and Gynecologists
(Farrell SA, Ling C. Currycombs for the vaginal paravaginal defect repair. Obstet Gynecol. 1997 Nov; 90(5): 845–7.)

Figure 38.10 Currycomb. Reprinted with permission from the
American College of Obstetricians and Gynecologists (Farrell SA, Ling
C. Currycombs for the vaginal paravaginal defect repair. Obstet
Gynecol. 1997 Nov; 90(5): 845–7.)

Figure 38.11 Both currycombs retracting the sutures. Inset shows
the placement of the sutures through the vesicovaginal tissue and
vaginal epithelium. Reprinted with permission from the American
College of Obstetricians and Gynecologists (Farrell SA, Ling C.
Currycombs for the vaginal paravaginal defect repair. Obstet Gynecol.
1997 Nov; 90(5): 845–7.)



to the paravaginal repair and used it to treat a com-
bination of cystocele and genuine stress inconti-
nence. Recent evidence suggests that the abdominal
approach is an inferior procedure for treating
genuine stress incontinence when compared to the
Burch retropubic urethropexy [9]. On the other
hand, the Burch retropubic urethropexy, although a
very effective treatment for genuine stress in-
continence, has been associated with a high 
incidence of postoperative pelvic prolapse problems,
particularly in patients who had a large cystocele at
the time of their original surgery. A combination of
the Burch procedure and the abdominal paravaginal
repair may be proven to be superior to either proce-
dure done alone by curing stress incontinence and
preventing subsequent prolapse problems.

The vaginal paravaginal repair permits correction
of both the paravaginal and central defects which
can contribute to a cystocele. In patients with stress
incontinence due to intrinsic urethral sphincter
deficiency the vaginal paravaginal repair could be
combined with a sling procedure. Patients with 
prolapse associated with stress incontinence due to
an extrinsic support defect of the urethra may be
treated with a combination of the vaginal para-
vaginal repair and TVT procedure.

Results of Surgery

The Abdominal Paravaginal Repair

In his first article Richardson reported the results of
60 patients who had stress incontinence and 
paravaginal defect who underwent abdominal 
paravaginal repair surgery [2]. At 3–48 months
follow-up, he reported satisfactory to excellent
results in 55 (92%) of patients, improvement in 
3 (5%) and failure in 2 (3%). In 1981 Richardson
reported on the results of 233 abdominal 
paravaginal repair procedures performed in two
centers [3]. All patients complained of genuine stress
incontinence and, by examination, were found to
have paravaginal defects resulting in cystocele.
Patients with detrusor instability were excluded from
the study group. The group was divided into two 
subgroups based upon the location in which their
surgery took place. Fifty-three percent of group 1
patients were found to have a unilateral paravaginal
defect and underwent a unilateral repair. Group 1
patients were managed without catheterization
unless necessitated by postoperative voiding
difficulties. Group 2 patients all underwent bilateral
paravaginal repairs and had indwelling transurethral

catheters during and after the surgery. Follow-up
ranged from 2 to 8 years. Eighty-eight percent of
the patients were cured (no stress incontinence) and
a further 7% experienced only slight urinary in-
continence and were satisfied with the results. The
author’s success rate was 95%. Minimal postoperative
voiding difficulties were encountered in group 1
where 18% of the patients required one or more
postoperative catheterizations. All patients were
voiding well when discharged from hospital. The
mean postoperative stay was 5 days and there were
no cases of postoperative unstable bladder. The
anatomic results paralleled the functional results. Of
the 10 failures, 4 were thought to be due to surgical
technique and 2 to misdiagnosis of the original
support defect. Two patients developed a central
defect one year postoperatively, one patient with 
unilateral repair developed a defect on the other
side, and one patient had a true recurrence of their
cystocele after one year.

Shull reported the results on 149 patients who
underwent his modification of the abdominal 
paravaginal repair [15]. All patients were found by
preoperative evaluation to have paravaginal defects
and 11% of the patients had concomitant midline
defects. All patients had genuine stress in-
continence. Sixteen percent of the patients had
mixed incontinence. Twelve percent of these patients
had undergone one or more failed surgical proce-
dures for urinary incontinence in the past. Shull
modified Richardson’s approach by taking the 
additional step of suspending the sutures supporting
the urethrovesical junction from Cooper’s ligament.
All patients were managed by the insertion of a
suprapubic catheter postoperatively.

The mean postoperative hospital stay was 6.2 days
and the mean duration of postoperative catheter
ization was 4 days. Postoperative success rates for
cystocele repair and cure of stress incontinence
were 95% and 97%, respectively. Duration of
follow-up was not clearly specified. Follow-up after
the first year was 98%, but by 4 years it was down to
49%. Twenty-one patients experienced postoperative
complications: urinary tract infection 16 patients;
wound infection 3 patients; and pulmonary
embolism 2 patients. Six percent of patients 
experienced a subsequent vaginal prolapse to a
point halfway between the ischial spines and the
hymenal ring and 9 patients experienced symptoms
of detrusor instability.

Baden and Walker reported a series of 369 patients
who underwent a variety of surgical procedures
which included both abdominal and vaginal 
paravaginal defect repair [5]. They reported their
results based upon the preoperative rate of in-
continence and severity of urethrocele. Patients with
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a preoperative grade 2 stress incontinence (loss of
urine requiring change of underwear) achieved a
cure rate of 87%. The cure rate decreased to 66% in
patients with preoperative grade 4 stress in-
continence (requiring the use of absorbent products
at all times). Excluding patients with grade 1 stress
incontinence, the abdominal paravaginal repair had
a higher success rate of 87% compared to the vaginal
paravaginal repair with which patients achieved a
77% cure rate. Since the majority of the vaginal pro-
cedures were performed early in their study period,
the authors attributed this difference in success rates
to the learning curve associated with the surgical 
procedure. There were a few postoperative complica-
tions, the most common being febrile morbidity. The
mean hospital stay was 6.3 days and the mean dura-
tion of postoperative catheterization was one day.

Colombo et al. published the only randomized
comparison of the abdominal paravaginal repair
with the Burch retropubic urethropexy for the treat-
ment of genuine stress incontinence [9]. Patients
with detrusor instability or who had undergone pre-
vious surgery were excluded. This study was termi-
nated after recruitment of only 36 patients because
of the obvious difference in the effectiveness of the
two surgical procedures. Both the subjective and
objective cure rates of incontinence with the Burch
procedure were significantly better than those with
the paravaginal repair (100% versus 72% and 100%
versus 61%, respectively). These authors concluded
that the poor results achieved with the paravaginal
repair were due to the fact that hypermobility of the
urethrovesical junction was not corrected by this
procedure. They concluded that the paravaginal
repair should not be recommended for the treat-
ment of stress incontinence and added that a combi-
nation of the abdominal paravaginal repair with a
Burch procedure might be the best treatment for the
combination of cystocele and stress incontinence.

Table 38.1 summarizes the results of abdominal par-
avaginal repair.

The Vaginal Paravaginal Repair

The evidence concerning the efficacy of the vaginal
approach to the paravaginal repair is scant. Several
small studies were published in the abstract form.
Caputo and Benson conducted a study comparing
the vaginal paravaginal repair with and without
placement of mesh beneath the anterior vaginal
mucosa [17]. The group that underwent a standard
vaginal paravaginal repair had a failure rate of 34%
at 9 months follow-up, compared to an 8.3% failure
rate for those treated with the addition of mesh. In a
previously mentioned report by Baden and Walker,
47 patients were treated using the vaginal paravagi-
nal repair. The cure rate for urinary incontinence
was 77% in this group. There was no mention of the
cure rate for cystocele.

In 1994, Shull et al. published the results of the
vaginal paravaginal repair on 62 patients [18]; 87%
of the patients had a grade 3 to 4 cystocele preoper-
atively. Sixty-nine percent of patients had previous
pelvic operations. At the time of reporting, 56
patients had been followed for a mean of 1.6 years
(range 0.1–5.6 years). The rate of successful cure of
cystocele was 73%. Amongst the recurrences, 73%
(11 patients) had grade 1 defects, 13% (2 patients)
had grade 2 defects and 13% (2 patients) had grade
3 defects. Seven patients experienced perioperative
morbidity, none of which was directly related to the
paravaginal repair. Shull concluded that the vaginal
approach to the paravaginal repair was safe and
effective and the preferable technique in patients
requiring repair of other pelvic floor defects.

In a preliminary report published by Farrell and
Ling, 27 patients underwent the vaginal paravaginal
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Table 38.1 Cure rates following abdominal paravaginal repair

Author No. of patients Cure rates

Cystocele SUI

No. % No. %

Richardson et al. [3] 233 203 95 203 95
Shull and Baden [15] 149 141 95 145 97
Baden and Walker [5] 93 NR NR 81 87
Pohl and Wall [22] 11 NR NR 5 45
Colombo et al. [9]:
Burch 18 NR NR 18 100
APR 18 NR NR 11 61

SUI, stress urinary incontinence; NR, not reported; APR, abdominal paravaginal repair.



repair for cystocele [6]. Preoperatively, 52% of
patients had a grade 2 cystocele and 26% had a grade
3 cystocele. The mean follow-up was 8 months. The
cystocele cure rate was 80%. Table 38.2 summarizes
the results of vaginal paravaginal repair. Table 38.3
summarizes postoperative complications.

Conclusions
George Ball in his remarks concerning the paravagi-
nal repair said that “The paravaginal repair is the best
addition to my surgical skills since I finished resi-
dency…” [15]. More research is necessary before the
appropriate place of the paravaginal repair in our
surgical armamentarium can be determined. The
paravaginal repair is an attractive surgical procedure
because it addresses the paravaginal support defect of
the anterior vaginal wall. Evidence would suggest that
this defect contributes to more than 50% of cystoce-
les. The vaginal approach to the paravaginal repair
permits simultaneous repair of both the paravaginal
and central defects of the cystocele. As such, it takes
us a step closer to achieving an effective cure of the
cystocele. As Weber and Walters point out in their
review of the anterior repair, until a prospective ran-
domized study comparing anterior colporrhaphy to
paravaginal repair is conducted, there is no conclu-
sive evidence to show that one procedure is superior
to the other [7]. This study remains to be done.

In the work done by Colombo et al., the abdomi-
nal paravaginal repair proved to be significantly
inferior to the Burch retropubic urethropexy for the

treatment of genuine stress incontinence [9]. The
high incidence of postoperative genital prolapse fol-
lowing the Burch procedure which was reported by
Wiskind et al. may provide us with an indication for
the abdominal paravaginal repair. In Wiskind’s
study, the only identifiable risk factor for subsequent
genital prolapse was the presence of a large cysto-
cele at the time of the original surgery [8].
Combining the abdominal paravaginal repair with
the Burch procedure may reduce the incidence of
subsequent pelvic organ prolapse. Additional pelvic
surgery in the form of an internal anterior repair
and McCall’s culdoplasty has been shown to be
beneficial [19]. The theoretical indications for the
abdominal paravaginal repair remain to be proven
by clinical studies.

At present, the diagnosis of paravaginal repair is
made on a clinical basis. Ostrzenski et al. recently
reported the use of ultrasound as a means of diag-
nosing unilateral and bilateral paravaginal defects.
This approach to diagnosis is certainly promising,
although further work is necessary to determine its
accuracy [20].

Future investigation should focus on the effective-
ness of the paravaginal defect repair at achieving
long-lasting correction of the cystocele. A recent
study by Flood et al. describing the use of mesh to
reinforce support of the bladder neck at the time of
anterior repair found a low incidence of recurrent
cystocele with a mean follow-up of 3 years [21].
Until a prospective, randomized study comparing
the various surgical options is conducted, there will
be no conclusive evidence to support the purported
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Table 38.2 Cure rates following vaginal paravaginal repair

Author No. of patients Cure rates
Cystocele SUI

No. % No. %

Caputo and Benson [17] 50 33 66 NR NR
Baden and Walker [5] 47 NR NR 36 77
Farrell and Ling [6] 27 22 80 NA NA

SUI, stress urinary incontinence; NR, not reported; NA, not applicable.

Table 38.3 Postoperative complication rates following paravaginal repair

Author No. of patients Mean hospital Duration postoperative UTI DI Pelvic prolapse
stay (days) catheterization (days)

Shull and Baden [15] 149 6.2 4 11% NR 10%
Richardson et al. [3] 233 5 5 NR EX 4%
Baden and Walker [5] 369 6.3 1 NR NR 1%
Farrell and Ling [6] 27 5 NR 15 0 20%

UTI, urinary tract infection; NR, not reported; DI, detrusor instability; EX, excluded from study group.



advantage of the paravaginal defect repair over the
traditional anterior colporrhaphy.
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7 Surgery for Disorders of Pelvic
Support





Owing to advances in medicine and health care,
women are enjoying longer life expectancy. The
average North American woman will probably live
one-third to one-half of her life after menopause.
Menopausal women are not only living longer but
also enjoying better quality of life; they are remain-
ing active physically, mentally, socially and sexually.
With advancing age, the prevalence of urinary
incontinence and genital prolapse increases. Because
women expect to be in the best shape possible, they
are demanding help with these problems. With the
advent of hormone replacement therapy, sexual
stimulants made from herbs and medications such
as sildenfil (Viagra), and cosmetic and reconstruc-
tive surgeries, many women are remaining sexually
active well beyond menopause. Advances in anesthe-
sia, pharmacology and support technology have
allowed many of the previously so-called surgically
unfit patients to undergo surgery successfully.

The support of the uterus is essentially that of its
cervix. The uterine cervix is intimately involved
with the vaginal fornices, sharing integrated
support structures. Thus prolapse of the uterus will
inevitably be associated with prolapse of the upper
vagina. Therefore, it should be called uterovaginal
prolapse rather than the commonly used term
uterine prolapse. Removing the prolapsed uterus
without addressing vault support will result in vault
prolapse. The surgeon should test for the presence
of occult prolapse. Occult prolapse becomes appar-
ent only when traction is applied on the cervix
using tenaculum or ring forceps. This should be
done routinely during vaginal hysterectomy, where
maximum prolapse can be ascertained by pulling
on the cervix until it stops descending. If the cervix
descends to or beyond the hymenal ring this is con-
sidered as significant prolapse, and vault suspension
should be considered. Cervical length should be
assessed because cervical elongation is frequently

associated with prolapse, while the uterine corpus
may still lie in its normal location.

When there is uterine descent, hysterectomy is
highly recommended; therefore, patients who are
still in their reproductive years and desire fertility
are advised to wait until they have completed their
family before they undergo reconstructive pelvic
surgery. In this case, the use of a pessary in the
interim should be considered to relieve genital pro-
lapse symptoms. Deciding on the route of hysterec-
tomy is mainly a factor of adequate accessibility and
experience. Where accessibility is not adequate
because of uterine size or presence of adhesion, or
in cases where accessibility includes accessibility
not only to uterus but also to other structures as in
cases of cancer staging or adnexal pathology, then
the abdominal approach will be a wiser approach
irrespective of the degree of genital prolapse. With
laparoscopic availability, there is rarely an absolute
contraindication to vaginal hysterectomy, because
the laparoscope could potentially enable us to
convert any abdominal surgery to a laparoscopic
procedure or laparoscopic assisted vaginal proce-
dure. This chapter discusses evaluation and man-
agement of vault prolapse with particular focus on
sacrospinous vault suspension and abdominal col-
posacropexy.

Post-hysterectomy vault 
prolapse (PHVP)
In patients in whom the uterus has already been
removed, descent of the vaginal apex below its
normal position in the pelvis is referred to as post-
hysterectomy vault prolapse (PHVP). When the
vagina turns entirely inside out, the term “vaginal
eversion” is used. It results from disruption to the
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endopelvic fascia and the pericervical ring of
support and detachment of the uterosacral-cardinal
ligament complex. The prolapsed vaginal apex that
descends to within the lower one-third of the vagina
with straining is considered a significant defect, and
surgical repair and resuspension is indicated.

Extirpation of the uterus for uterovaginal pro-
lapse without ensuring adequate vault support will
result in PHVP. These patients need pelvic recon-
structive procedures rather than an extirpative pro-
cedure. Similarly, an anterior and posterior
colporrhaphy that is not accompanied by suspen-
sion of the vaginal apex will not cure the apical pro-
lapse, and the problem remains uncorrected.

The prevalence of post-hysterectomy vault pro-
lapse is largely dependent on the preoperative indi-
cation for hysterectomy. In an 11-year follow-up
study of over 2000 patients. an overall incidence of
4.4% was noted [1].

There are three types of vault prolapse:

Type I Enterocele only
Low rectovaginal septum intact

Type II Enterocele and rectocele
Rectovaginal septum totally

deficient
Type III Total vaginal eversion

Massive cystocele
Rectovaginal septum totally 

deficient

Prolapse of the vaginal apex or uterus is invari-
ably associated with enterocele. An enterocele is a
hernia of the small intestine into the vagina. It
happens when there is a defect in the attachment
of the rectovaginal septum to the uterosacral–car-
dinal ligament complex. When the cul-de-sac loses
its support, it becomes distended with the intes-
tine, resulting in an outward bulge of the vaginal
wall. It may follow vaginal or abdominal hysterec-
tomy. It is classified as anterior or posterior
depending on the relationship to the apex of the
vagina, posterior enterocele being substantially
more common. Other classifications of enterocele
are traction, which is secondary to uterine pro-
lapse, pulsion, which is due to increase in intra-
abdominal pressure, and congenital, which is a rare
inherent defect in vaginal support, often associated
with other support defects such as rectal prolapse.

Enterocele extends from the apex of the vagina
downward, and is sometimes evident as a bulge that
overrides the more caudal rectocele. A careful
inspection of the posterior vaginal wall with a
speculum retracting the anterior wall can some-
times suggest that an enterocele is present. One way
to detect an enterocele is by palpating the small
bowel between the vagina and rectum during recto-

vaginal examination with the patient straining so
that the prolapse is protruding. To do this, the index
finger is placed in the rectum and the thumb placed
in the vagina. The examination can be repeated with
the patient in the standing position. Then while the
patient is straining, the rectovaginal space may be
palpated to detect the bulge of the enterocele and the
presence of small bowel, omentum or large bowel in
this region. Magnetic resonance imaging and other
imaging studies can be helpful in diagnosing entero-
cele [2], but it is considered investigational at this
time. When pelvic reconstructive surgery is being
contemplated it is important that the presence of
enterocele as well as other vaginal defects be care-
fully and accurately assessed preoperatively and
intraoperatively, so that appropriate correction can
be achieved. Intraoperative evaluation should be
done in all patients undergoing pelvic reconstructive
surgery. This can be done before incising the poste-
rior vaginal wall; by inserting the left index finger in
the rectum, and bringing it forwards, while the right
index finger is inserted vaginally, touching the rectal
index finger and carefully sliding cranially and cau-
dally to identify the enterocele sac. The sac can be
seen after incising the posterior vaginal wall. With
the left index finger in the rectum, a pickup or an
Allis clamp can be used to identify the enterocele sac
with its peritoneal fat. The latter is most helpful in
the diagnosis of enterocele.

The difficult challenges facing the genitourinary
and reconstructive pelvic surgeon is not only choos-
ing the type of surgery to correct pelvic organ pro-
lapse (POP) and/or incontinence but its route;
abdominal, vaginal, laparoscopic or any combina-
tion thereof. With the rapidly growing technology
and industry, and peer pressure, a number of new
procedures, instruments, equipment and material
are being used prior to undergoing full scientific
testing and scrutiny. We have a duty as physicians to
advocate for our patients and to evaluate what is in
their best interest, and not to be carried away by our
eagerness to try out new ideas or technology, and
also to insist on evaluating these ideas and their
results with properly designed double-blind ran-
domized controlled trials.

Management of pelvic organ prolapse can be
challenging. There is no single operative procedure,
nor should there be one, that will correct all types
of disorders associated with pelvic support systems.
Several support defects often coexist; a summary of
pelvic defects is presented in Table 39.1. Correction
of one defect without proper correction of the
other(s) may result in exaggeration of the other
defect(s). For example, Burch colposuspension can
worsen an enterocele, and sacrospinous vault sus-
pension can exaggerate a cystocele.
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The principles and goal of reconstructive pelvic
surgery are to restore and maintain urinary and/or
fecal continence, reposition pelvic structures to
normal anatomical relationships, maintain ability to
have normal coital function, correct any coexisting
abnormal pelvic pathology, alleviate abnormal
symptoms, and obtain a durable result. Table 39.2
summarizes the procedures involved in pelvic
reconstructive surgery [4]. Reconstructive pelvic
surgery deals with anatomy and function.
Correcting defects and restoring anatomy does not
guarantee restoration of function. This important

fact should be carefully explained to patients prior
to surgery.

Proper patient selection should be based on thor-
ough history and physical examination, including
meticulous neurological assessment. Urodynamic
evaluation is essential in many cases to evaluate
bladder function [5] and to rule out occult or poten-
tial incontinence, or voiding dysfunction, especially
in patients with advanced genital prolapse or in those
with mixed symptoms, and is mandatory after previ-
ous failed reconstructive surgery. In patients with
advanced genital prolapse, the presence of potential
or occult stress incontinence can be revealed by a
cough stress test while reducing the prolapse without
a speculum, both in lying and standing positions.
The pessary test is a test involving fitting a pessary
for a few days to reveal the existence of urinary
incontinence. Urodynamics should be done with the
prolapse reduced both with and without a pessary,
measuring leak point pressure and urethral pressure
profilometry. Ultrasound can be helpful in assessing
bladder neck position and support [6]. Patients with
significant anorectal symptoms and in particular
fecal incontinence and/or rectal prolapse need a
thorough investigation, which may include anorectal
motility studies, defecography, anal ultrasound,
pudendal terminal motor neuron latency studies
and/or even colonoscopy prior to the decision for
surgical correction.

Stress urinary incontinence can coexist with
pelvic organ prolapse or can happen de novo after
surgery. Additional surgery is occasionally needed
for urinary stress incontinence correction [7].
Intraoperative measures to avoid excessive stretch-
ing on the upper anterior vaginal wall during surgi-
cal correction, support of urethrovesical junction,
augmentation of urethral support with Kelly plica-
tion, buttressing sutures and/or urethral sling can
help decrease this complication. The use of regional
anesthesia can be helpful during surgery to allow
the patient to cough during the procedure in order
to check for the presence of stress urinary inconti-
nence signs before and after surgical repair or to
ensure accurate suture placement.

Conservative options should be offered to all
patients prior to surgery. Non-surgical management
involves addressing the underlying or risk factors
such as chronic cough or obesity. Pelvic floor exer-
cise, both active and passive, is very important not
only as an effective conservative therapy especially in
cases of stress urinary incontinence, fecal inconti-
nence and constipation [8–10], but also in conjunc-
tion with operative treatment, and is essential to
ensure long-term endurance of the repair. Pelvic
floor exercise is helpful to the lower pelvic defects,
but plays a limited role in improving apical vaginal

Table 39.2 Summary of pelvic reconstructive procedures

Reconstructive pelvic surgery includes:
Hysterectomy
Site-specific defect repair:

Anterior colporrhaphy
Paravaginal defect repair
Posterior colporrhaphy
Enterocele repair
Perineorrhaphy
Vault suspension 

Abdominal colposacropexy (ACSP)
Uterosacral ligament colpopexy 
Sacrospinous vault suspension (SSVS)
Other 

Incontinence surgery
Obliterative surgery

LeFort colpocleisis
Colpectomy

Neovagina, neourethra reconstruction
Fistula repair
Bladder augmentation
Sphincter repair or replacement
Repair of rectal, bowel prolapse

Table 39.1 Clinical classification of pelvic organ prolapse (POP)

Anterior vaginal prolapse
Urethrocele
Cystourethrocele
Cystocele
Paravaginal defects
Descent of urethrovesical junction
Anterior enterocele

Apical vaginal prolapse
Uterovaginal
Vaginal vault (post hysterectomy)
Enterocele

Posterior vaginal prolapse
Enterocelea

Rectocele
Perineal descent

a Enteroceles usually involve the posterior vaginal fornix and posterior
vaginal wall; they also may involve the apical, anterior and/or lateral
vaginal walls.
Modified from ACOG technical bulletin [3].
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prolapse. Estrogen should be offered to patients with
hypoestrogenic, atrophic tissues if there are no con-
traindications [11]. The pessary is an effective alter-
native for patients who are not surgically fit, pregnant
patients, and for patients who choose to defer or
prefer not to have surgery. Patients should be
involved in the decision-making process. The expec-
tation for short- and long-term recovery and compli-
cations should be clearly outlined; including the need
for suprapubic catheter, the risk of voiding dysfunc-
tion and retention, as well as the risk of failure.

The decision on who should be treated surgically
should be individualized, depending on the size of
the prolapse or the presence of symptoms. When the
prolapse lies above the level of the hymenal ring,
surgery should be performed only if definite symp-
toms are present and can be reliably attributed to
the prolapse, as in the case of women with mild
descent in the anterior vaginal wall with ure-
throvesical hypermobility who have stress inconti-
nence. Women who experience difficulty voiding,
and/or who need to reduce prolapse to help defecate
“splinting to defecate”, or who have symptomatic
prolapse causing dragging discomfort, or who have
backache caused by the genital prolapse should be
considered for site-specific defect repair. Surgically
fit patients in whom pessary use was not successful,
or whose urinary incontinence symptoms were
worsened by pessary use, should also be considered
for surgical correction.

Indications for repair despite lack of symptoms
includes recurrent urinary tract infection associ-
ated with an increased post-void residual urine
volume caused by a large cystocele, and ureteral
dilatation and hydronephrosis [12] caused by the
prolapse (especially large prolapse), which may lead
to an impairment of renal function. Evaluation
should include excretory urography or intravenous
pyelography (IVP) and renal function test. The
ureteral obstruction or compression can be best
illustrated when the IVP is done in the standing
position.

In addition to the variables surrounding surgery
such as the type, technique, sutures etc., several
factors can affect the outcome of pelvic reconstruc-
tive surgery. Among these factors are:

● The patient’s general condition and nutrition.
● Tissue characteristics, which are influenced by

several extrinsic factors such as hormone status,
presence of fibrosis and scarring from previous
infection, surgery, or from radiation exposure.

● Intrinsic tissue qualities, such as the quantitative
and qualitative types of collagen which may play
a factor in pelvic organ prolapse, especially in

patients with recurrence of pelvic organ prolapse
after previous repair [13].

● Recurrent pelvic stresses and increased intra-
abdominal pressure as seen in such conditions as
chronic cough, constipation, large intra-abdomi-
nal masses, repeated heavy weight lifting, and
obesity.

● Rapid increase in intra-abdominal pressure as in
pregnancy or ascites.

● The strength and integrity of pelvic musculature
and its innervation.

● Smoking, which acts as a direct and indirect risk
factor, causing a hypoestrogenic state in tissue
and relative tissue anoxia, thus interfering with
the tissue repair mechanism, as well as the
chronic cough that some long-term smokers may
suffer from.

Preoperative Preparation
For most patients, reconstructive pelvic surgery is
an elective surgery; therefore the patient’s condition
has to be optimized prior to surgery. After proper
selection of patients for surgery, patients with
significant medical problems should be properly
evaluated, treated and controlled prior to undergo-
ing the procedure.

Estrogen can be used liberally to improve vaginal
mucosa thickness, and its blood supply, if there are
no contraindications. Local vaginal estrogen cream
is often used in conjunction with systemic treatment
to augment vaginal estrogenation. We often pre-
scribe estrogen for postmenopausal women for a
minimal duration of 4 weeks preoperatively.

Patients must be educated and counseled about
the planned procedure, its expectation, the possibil-
ity of adding or modifying the procedure to address
other defects or pathology, and the need for bladder
rehabilitation, and catheterization. Patients must
also be taught to perform Kegel exercises, and clean
intermittent self-catheterization. Proper voiding
habits must be enforced, and the patients must also
be counseled on lifestyle changes such as smoking
cessation, and avoidance of weight lifting.
Nutritional advice and counseling should be given
concerning supplements such as vitamin C, increase
of dietary fiber if the patient is constipated and
weight loss advice for obese women.

Patients should preferably receive full 
bowel preparation with magnesium citrate or Fleet’s
phospho-soda mixed with 4 oz (120 ml) of any 
clear liquid, immediately followed by 8–16 oz
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(240–475 ml) of clear fluid at midday, the day before
surgery. Enema to clear (i.e. there are no particulate
matter in enema returns) is given that evening, and
repeated the morning of surgery. Protective cream
or ointments such as Anusol or dibucaine can be
applied locally to the anus if needed to decrease 
discomfort. Patients must be put on clear fluid diet
after breakfast, the day before surgery and then
fasted after midnight.

In addition to the standard preoperative labora-
tory and radiological evaluation, urine must be
obtained for culture, the week prior to surgery.
Prophylactic antibiotics to cover both aerobic and
anaerobic pathogens prior to surgery are highly 
recommended. Deep venous thrombosis prophylaxis
should be considered for most patients undergoing
major reconstructive surgery, particularly if they
have other risk factors. Depending on utilization, it
may be appropriate for the surgeon to consider pre-
operative autologous blood deposition in patients
undergoing a major reconstructive gynecological
repair procedure [14].

Vaginal Approach to Vault
Suspension
Numerous techniques have been described for 
supporting the vaginal vault prolapse, both with or
without enterocele repair, and with or without 
hysterectomy. Transvaginal culposuspension
includes suspending the vaginal cuff to the iliococ-
cygeus fascia [15,16]. The vault can also be sus-
pended to the origin of the uterosacral and cardinal
ligaments [17,18]. These procedures are typically
done in association with obliteration of cul-de-sac
[19], and restore the normal vaginal axis and depth,
which potentially allows the patient to maintain
normal sexual activity. Some surgeons found a
strong anchor for the vaginal apex in incorporating
the pubocervical fascia, uterosacral-cardinal 
ligament and the rectovaginal fascia done either
vaginally or abdominally or laparoscopically
[20,21]. The vaginal vault has also been suspended
to other structures, such as Cooper ligaments [22],
and innervated gracilis muscle graft [23].

Obliterative procedures such as partial (LeFort)
colpocleisis [24], or colpectomy [25], or colpocer-
vicectomy [26] are reserved for patients who are not
and do not wish to become sexually active in the
future, and patients who are not surgically fit to
undergo major surgery, or in recurrent cases. The
advantages of these procedures are; they carry a
shorter operative time than reconstructive options,

are generally less morbid, have high success rates,
which are comparable to or even exceed the recon-
struction options.

Isolated perineoplasty can be undertaken to help
the perineum retain a pessary in the vagina in surgi-
cally unfit patients with genital prolapse and poor
perineal body. Such procedure can be performed
under pudendal block, with local perineal 
anesthesia if needed.

Sacrospinous vault suspension (SSVS) is also
called Richter operation [27]. SSVS results in satis-
factory repair of the apical vaginal defect in 94% of
cases [28]. Prophylactic SSVS can be considered if
the vaginal vault still descends to the level of the
ischial spines after routine vaginal hysterectomy.
This can reduce the incidence of post-hysterectomy
vault prolapse from 10% to 4% [29]. This finding
was also supported by other investigators, where
long-term analysis of primary SSVS at the time of
hysterectomy reduced the rate of vault prolapse
recurrence from 15.8% to 6.7% [30].

The SSVS Procedure and Related
Anatomy

Sacrospinous ligament vault suspension (SSVS) is
typically done unilaterally on the right side, theoret-
ically to avoid the sigmoid. But in severe cases of
genital prolapse, bilateral sacrospinous vault 
suspension can be considered [31]. During the pro-
cedure the surgeon must ensure that there is ade-
quate vaginal mucosa, so that this bilateral
suspension does not cause stricture in the rectum
[32,33]. The repair should be done without tension.
Alternatively, making a bridge from the
sacrospinous ligament complex to the vaginal for-
nices bilaterally using a mesh or vaginal mucosa can
avoid the risk of rectal stenosis in narrow vaginas.

The technique for SSVS involves opening the 
right pararectal space, then identifying the ischial
spine, which is the lateral border of the
coccygeus–sacrospinous ligament complex. The
sacrospinous ligament is a strong ligament that
extends on the gluteal or the posterior surface of
this complex. Starting from the ischial spine, the
index and middle fingers gently swipe medially
across the muscle-ligament complex to its insertion
on the sacrum; this bluntly dissects off the areolar
tissue surrounding the rectum. The sacrospinous
ligament complex is better felt than seen. Retractors
such as Heaney or Briesky–Navratil retractors assist
in displacing the rectum medially. Repeated rectal
examinations are performed to ensure that the
rectum was not inadvertently entered, and that the
placed suture is well away from rectal mucosa.
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With the rectum retracted medially, the suture is
passed through the mid-portion of the muscle–
ligament complex (not around the ligament
complex), approximately one inch (2.5 cm) medial
to the ischial spine. To ensure adequate suture place-
ment, gentle traction on the suture will result in
rocking the patient. Several needles and devices
have been used to achieve this insertion. These
needles include the Miya hook ligature carrier [34],
Nichols–Veronikis ligature carrier [35], Long
Deschamps ligature carriers, Capio (Laurus) needle
driver, and EndoStitch [36–38]. Other devices such
as a stapler [31], and the Vesica bone anchor kit [39]
have also been used.

A thorough knowledge of anatomy is crucial prior
to attempting sacrospinous vault suspension, in
order to perform the procedure safely and correctly.
Care must be taken not to injure the rectum 
medially, or the vascular plexus, or the nerves
running superior, medial and lateral to the ligament
complex. The coccygeus–sacrospinous ligament
complex runs from the spine of the ischium to the
sacrum. The sacrum is formed of fused five verte-
brae, the ligament is attached to the posterolateral
borders of vertebrae 2 to 5, and occasionally to the
coccyx. The length of sacrospinous ligament
complex correlates directly with the length of
obstetric conjugate [40]. It converts the sciatic
notches in the hip bones into the greater and lesser
sciatic foramina. The sacrotuberous ligament is 
a stronger ligament and runs posterior and inferior
to the sacrospinous ligament. The sacrotuberous 
ligament arises from the posterior surface of the
sacrum and covers the posterior aspect of the hip
bone down to the ischial ramus. The sacrotuberous
ligament and the sacrospinous ligament join the
sacrum to the ischium, and stabilize the inferior end
of the sacrum, limiting its upward movement. Thus
these ligaments provide resilience to the sacroiliac
region during sudden weight increase. Because the
sacrotuberous ligament is more inferior, posterior
and lateral compared to the sacrospinous ligament,
its use for vault suspension is not favored.

The coccygeus muscle, also called ischiococ-
cygeus muscle, is on the internal or pelvic side of the
coccygeus–sacrospinous ligament complex; it forms
a small part of the pelvic diaphragm (pelvic floor)
along with the levator ani. This muscle is well devel-
oped in animals; it flexes the coccyx and is used to
wag their tails. It can be a very powerful muscle in
some animals, but is rudimentary in humans.

Many major arteries run through the greater
sciatic foramen, including the internal pudendal
artery, inferior gluteal artery, and middle hemor-
rhoidal (or rectal) artery; these are direct branches
of the anterior division of the internal iliac (or

hypogastric) artery, and the lateral sacral artery is a
branch of the posterior division of the internal iliac
artery (Figure 39.1). There is also a rich hypogastric
venous plexus. Avoiding looping around the
sacrospinous ligament complex would decrease the
risk of injury to these vessels or nerves.

[fig 39.1]
There is a large venous plexus both anterior and

posterior to the sacrospinous ligament complex. The
middle rectal veins run anterior to the sacrospinous
ligament complex. The blood pressure in these
venous plexus is around 4 to 15 mmHg. Care must
be taken while dissecting the areolar tissue anterior
to the sacrospinous ligament complex; but even then
some injury to these vessels can be inevitable. After
insuring good homeostasis and controlling bleeding
from injured arteries or large veins, bleeding from
small venules and capillaries can best be tampon-
aded by inserting vaginal packing, and leaving it in
for 12–36 hours postoperatively. Hemorrhage from
one of the large arteries can be controlled by clip-
ping, cauterizing, or suturing these bleeds if possi-
ble. If bleeding becomes excessive and cannot be
controlled by these measures, then large packing
should be left in the vagina for prolonged pressure
packing, for approximately 30 minutes, and imme-
diate laparotomy can be performed with ligation of
the internal iliac artery on that side. These measures
are particularly helpful if bleeding arises from the
internal pudendal artery. Arterial embolization is
another alternative but with limited availability and
experience.

During SSVS the structures vulnerable to injury
are those that pass below (inferior to) the lower
border of the periformis muscle which include the
sciatic nerve, the posterior cutaneous nerve of the
thigh, inferior gluteal nerve and the vessels, internal
pudendal artery and vein, pudendal nerve, the nerve
to obturator internus, and the nerve to quadratus
femoris. The coccygeal branch of the inferior gluteal
artery passes immediately behind the mid-portion
of the sacrospinous ligament and pierces the sacro-
tuberous ligament in multiple sites. Therefore, the
suture should not transgress the entire thickness of
the sacrospinous ligament complex, but rather be
inserted through the ligament complex. The artery
that is most prone to injury if the suture was looped
around the mid-portion of sacrospinous ligament
complex is the inferior gluteal artery or its coccygeal
branch. The pudendal complex and sciatic nerve
travel posterior to the lateral third of the
sacrospinous ligament [40]; therefore, insertion of
suture in the lateral third of the sacrospinous liga-
ment complex should be avoided.

Most of the reported injuries are those to the
pudendal complex, which consists of the pudendal
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nerve, internal pudendal artery, and veins. The
pudendal complex runs in Alcock’s canal. Alcock’s
canal is formed by duplication of the obturator
internus fascia; it passes from the greater sciatic
foramen crossing posterior to the ligament into the
lesser sciatic foramen. The nerve to the obturator
internus runs lateral to Alcock’s canal, therefore it is
at less risk of injury.

The pudendal nerve (PN) is composed of three
roots derived from the 2nd, 3rd, and 4th anterior
sacral rami (S 2,3,4). The roots may receive contri-
bution from S1 and/or S5 [41]. The PN carries both
motor and sensory fibers. The main branches of the
pudendal nerve and internal pudendal vessels are:
first, the inferior rectal or hemorrhoidal branch that
supplies the anal region and sphincter ani externus
with mainly motor and some sensory fibers; second,
the perineal branches, which supply both sensory
and motor fibers to the skin and muscles, both
superficial and deep perineal muscles; third, the
dorsal nerve of the clitoris (or penis), which carries
only sensory fibers.

Injury to the pudendal nerve would result in 
denervation of the external anal sphincter, and
damage to the perineal branches and the dorsal
nerve of the clitoris. Compression of the pudendal
Alcock’s canal would result in the pudendal canal
syndrome.

The nerve to obturator internus muscle runs
lateral to Alcock’s canal. Injury to this nerve causes
paralysis of the obturator internus muscle and the
gemellus muscle, affecting lateral rotation of the hip.

The obturator internus muscle also forms the lateral
wall of the pelvis, and the obturator fascia forms the
white line (arcus tendineus levator ani and arcus
tendineus fasciae pelvis) which gives origin to the
levator ani.

The sutures used in SSVS should be strong and
long lasting. Two sutures are used; either permanent
suture such as polypropylene (Prolene) or Gore-Tex,
or long-acting absorbable suture such as polypropy-
lene (PDS), polyglyconate (Maxon) monofilament
sutures. Each suture is attached to the angle of the
vaginal vault; either directly through the vaginal
mucosa, if long-acting absorbable sutures are used,
or buried submucosally with permanent suture [42].
when performing right SSVS, we typically pass two
sutures through the sacrospinous ligament,
0.5–1 cm apart. The lateral suture is attached to the
right lateral vaginal fornix and the medial suture is
attached to the posterior fornix just off the midline
to the right. By doing so, there would be no notice-
able deviation of the vaginal vault, and no interfer-
ence with coitus. The suture is attached firmly to the
vault in a pulley manner, in order to leave no space
between the suture and the ligament complex.

Advantages of the Vaginal Approach

The vaginal approach to the treatment of eversion
of vagina has many advantages. It is associated with
less morbidity and shorter hospitalization. It is
proven to be safe and well tolerated even by aged
women [43]. The vaginal procedures appear to be
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Figure 39.1 Female hemipelvis showing the anatomy of sacrospinous coccygeus muscle complex area.
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more appropriate when the abdominal approach is
not otherwise indicated. The vaginal approach has a
lower incidence of operative complications than the
abdominal approach; it has the advantage of avoid-
ing laparotomy. It facilitates other vaginal repairs
during the same operation if needed, allowing the
surgeon to correct coexistent cystocele and recto-
cele. SSVS is an effective procedure for repair of
vaginal vault prolapse. SSVS can help cure pulsion
enterocele and high rectocele [44]. It is effective in
the treatment of vault prolapse and compares favor-
ably with abdominal vault supporting procedures,
preserving vaginal function and shortening the time
necessary for anesthesia and surgery [42,45]. It
seems to ensure a lower risk of recurrent cystocele
than abdominal procedures even if simple and
asymptomatic [46]. The overall initial satisfaction
rate of SSVS is around 90% [47]. Improved bowel
function after SSVS was reported in approximately
60% [47]. Improved sexual function after SSVS was
reported in 50% [47,48]. SSVS can be used as an
alternative treatment to vaginal hysterectomy in
aged women with medical problems or for young
women suffering from genital descent who desire
fertility [45].

Complications of SSVS

SSVS has a reported failure rate of 2.4–12.5%
[28,42,49,50]. The risk of recurrence of vaginal vault
prolapse increases with time. In a review of 243
patients, Paraiso et al. observed that the rate of clini-
cally significant defects, most commonly in the ante-
rior segment, worsened with time, 11.7% at 1 year,
20.3% at 5 years, and 48.1% at 10 years, and 4.5%
underwent subsequent surgery [45]. Other surgeons
reported a 33% recurrence rate after SSVS [51]. In
our experience, vaginal vault prolapse recurrence
after SSVS was 2.4% [42].

Sciatic nerve damage has been reported; these
cases are typically for a short duration with sponta-
neous recovery coinciding with suture absorption
and nerve regeneration [52]. Sciatic neuralgia has
been reported in 1.2% [50]. Buttock pain, (typically
transient) has been reported [53]. Entrapment of the
pudendal nerve following SSVS causes pudendal
canal syndrome. Using non-absorbable suture can
result in chronic pudendal neuropathy with perineal
and/or buttock pain. It has been reported that
removing these sutures even 2 years after the initial
surgery would result in immediate relief of pain
[54]. Retroversion and posterior fixation of the
upper vagina predisposes the anterior fascial
segment to excess pressure, and increases the inci-
dence of cystocele above that which could be attrib-
uted to the effects of aging and menopause.

Ninety-two percent of 36 patients who had SSVS
developed cystocele on their follow-up evaluation
with a median follow-up of 42 months [55].

Hemorrhage, particularly from the internal
pudendal artery [56], and hematoma formation has
been reported [57]. Although some reports included
no need for blood transfusion in their series, blood
transfusion was required in 4.3% [50]. Therefore,
preoperative autologous blood deposition in
patients undergoing major reconstructive gyneco-
logical repair procedures should be considered [14].
Fever was reported in 8.1% [50]. Infection and
febrile morbidity are the most common complica-
tions [58], ranging from urinary tract infection seen
in approximately 10% [50] to cuff or pelvic cellulitis.
Infection can be reduced with prophylactic preoper-
ative antibiotics [59,60].

Ureteric complications, injury to bladder such as
incidental cystostomy [56,57], and inadvertent entry
to bowel or rectum [57] have been reported.
Rectovaginal fistula after SSVS was diagnosed in
1.2% [50]. More serious complications such as
massive evisceration after SSVS can probably be
avoided by careful attention to surgical technique,
good apposition of the vaginal vault to the
sacrospinous ligament complex and adequate repair
of enterocele [61].

SSVS is a successful procedure for repairing vault
prolapse but does not repair the associated cysto-
cele, enterocele, and rectocele or urinary inconti-
nence; it may even worsen cystocele [62]. Additional
procedures to address the additional defects were
needed in virtually 100% of patients [37]. Therefore,
these defects should be evaluated carefully pre and
intra-operatively and repaired as needed. SSVS does
not predispose to dyspareunia [55,63] unless the
vagina has been narrowed [7,58]

Abdominal Approach for Vault
Suspension
Various abdominal procedures have been described,
such as plication and suspension of the vault to the
uterosacral–cardinal ligament complex. This proce-
dure is typically accompanied by obliteration of the
cul-de-sac. Abdominal colposacropexy (ACSP) can
be performed as a primary procedure for vaginal
apex support, particularly in severe cases or cases
associated with significant predisposing factors.
ACSP is considered the procedure of choice for
recurrent cases. ACSP is also recommended when an
abdominal approach is needed for other indications.
The abdominal approach was found to be more
effective than the vaginal one for correction of
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significant pelvic prolapse [64]. ACSP was found to
be safe to perform along with radical pelvic surgery
for gynecologic cancer without an increase in intra
or postoperative morbidity or mortality even in
patients who require chemotherapy or radiation
therapy after surgery [65]. Emergency ACSP can
successfully and permanently repair post-hysterec-
tomy ileal evisceration and intestinal occlusion fol-
lowing a complete rupture of an inverted vaginal
vault prolapse, an extremely rare complication after
hysterectomy [66].

It is preferable to remove the prolapsed uterus
prior to suspending the vault. However, in young
women who wish to remain fertile and who cannot
wait until after child bearing, or women who choose
not to have hysterectomy, suspension of genital pro-
lapse with preservation of the uterus can be
achieved using the Gore-Tex soft tissue patch or
other material [67].

The ACSP Procedure and Related
Anatomy

Colposacropexis is achieved by attaching the vaginal
apex to the anterior longitudinal vertebral ligament
overlying the sacrum with a suspensory hammock.
This can be done by using synthetic or natural mate-
rials. The mesh can be laid posteriorly on the vault,
or preferably on both anterior and posterior sur-
faces of the vagina in an inverted Y-shaped fashion,
then gently laying the tail of the Y retroperitoneally
into the hollow of the sacrum to allow the vagina to
rest upon the upper anterior surface of the rectum
in its normal anatomical position.

Because enterocele frequently coexists with
vaginal vault prolapse, contemporary procedures
such as ACSP must be combined with enterocele
repair or culdoplasty such as Moschcowitz’s proce-
dure [68,69], or Halban culdoplasty [70]. To aid in
identifying the prolapsed vaginal vault, a rectal
dilator, or end-to-end anastomotic sizer or a similar
instrument can be used vaginally to elevate the
vaginal cuff during ACSP. A sponge on a stick can be
used, but care must be taken not to suture the
sponge to the vault; thus it should be checked after
every suture application, to reduce the risk of retain-
ing a foreign body; such a complication has been
reported [71].

With the sigmoid colon adequately retracted lat-
erally to the left, and the rectum and vaginal apex
retracted anteriorly and inferiorly, the peritoneum is
opened into the retroperitoneal presacral space at
the level of sacral promontory. The peritoneum is
tented and undermined. Meticulous blunt and sharp
dissection is carried out through the retroperitoneal

fat and areolar tissue exposing the anterior longitu-
dinal vertebral ligament. Care must be taken to
avoid injury to presacral venous plexus, especially as
the dissection is carried out caudally. The rectum
starts, at the 2nd sacral piece (or vertebra), and
above that is the terminal part of the sigmoid. The
dissection should start paramedian; medial to the
nerves of the anterior sacral foramina and pelvic
sympathetic trunk. The pelvic sympathetic trunks
run medial to the sacral foramina; one on each side.
The lateral sacral artery and vein, which are
branches of the posterior division of the internal
iliac artery, run lateral to these nerves. The ureters
run lateral to this area in the pelvic sidewall. The
incision is made lateral to the median sacral artery,
and gently swiped to the sides. The dissection is
carried out inferiorly to the level of S3–4.

The median sacral artery is an unpaired artery,
which typically arises from the posterior surface of
the abdominal aorta just superior to its bifurcation.
The median sacral artery represents the caudal end
of the embryonic dorsal aorta that reduced in size
as the tail of the embryo disappeared.

The tail of the Y-shaped mesh is best attached to
the anterior longitudinal ligament at the level of
S1–3, suspending the vagina with minimal tension,
particularly anteriorly. If there is concomitant rectal
prolapse, the Ripstein procedure can be performed
[72]. The mesh from the rectal prolapse repair is
attached to the sacrum at S2, S3 or S4 level below the
mesh for the abdominal colposacropexy.

The mesh is retroperitonealized or extraperi-
tonealized at the end of the procedure by suturing
the peritoneum back together. Occasionally the
serosa of the sigmoid colon is sewn to the peri-
toneum to avoid undue tension on the peritoneum,
and decrease the risk of kinking the ureters.
Attaching the mesh to the sacral promontory
changes the normal axis of the vagina and may
unmask latent stress urinary incontinence or predis-
poses the patient to stress urinary incontinence. To
decrease the risk of mesh erosion into the vagina we
attach the mesh to the vaginal mucosa over the peri-
toneum without dissecting it off the underlying
endopelvic fascia.

A variety of synthetic and natural materials have
been used to achieve this repair including: Marlex
(polypropylene glycol) mesh [73], Prolene
(polypropylene) mesh [74,75], Mersilene (polyester
fiber) mesh [68], Teflon (polytetrafluoroethylene)
mesh, Gore-Tex (expanded reinforced polytetra-
fluoroethylene) [46]; some authors prefer using
Dacron graft prosthesis [76,77]. Natural material
includes dura mater graft [78] and rectus fascia
[79,80]. There are few studies comparing the use of
different meshes; Occelli et al. in 1999 found that

Sacrospinous Vault Suspension and Abdominal Colposacropexy 435



Mersilene mesh was less likely to be rejected than
Gore-Tex [69]. Generally, the choice of mesh
depends mainly on personal preference and experi-
ence; other factors such as cost and availability may
also be a role.

The presence of pelvic floor dysfunction can be
managed at the time of surgery, after the patient has
undergone the appropriate evaluation. If there is
associated latent or overt stress urinary inconti-
nence, this can be corrected simultaneously with
either a Burch retropubic colpourethropexy or com-
bined abdominal vaginal sling procedure [81,82],
depending upon whether or not there has been pre-
vious incontinence surgery, and depending upon
urethral closure pressures or leak point pressure.

Other defects should also be evaluated and
addressed during the surgery. Perineal descent and
low posterior vaginal defects can be repaired vagi-
nally. If the apical vault of the vagina is very capa-
cious, partial vaginectomy and/or internal anterior
and/or posterior repair can be performed at the
time of abdominal colposacropexy [83].

Advantages of the ACSP Procedure

The advantage of ACSP is that it is a robust repair,
with the lowest failure and recurrence rate. The
success rate is reported as 94–97% [84,85]. It pre-
serves vaginal length [86], and sexual function [87].
It can also improve irritative bladder symptoms
[87]. Dyschezia is improved, but does not relieve
constipation [88].

Complications of ACSP

Intraoperative complications of ACSP are similar to
those of other laparotomy procedures. Some of the
complications that are specific to ACSP, although
uncommon, can be life-threatening. Hemorrhage
from presacral veins [89] can be a significant
problem because of the communications with the
adjacent pelvic veins, especially the left common
iliac vein. Bleeding from this complex interlacing
network of veins can be difficult to control because
these veins can retract underneath the sacral perios-
teum and recede into the underlying channels of
cancellous bone. The presence of the sacrum poste-
riorly makes it difficult to apply a homeostatic
suture or metallic clips, but it can be attempted if
the bleeding vessel is seen. Cautery has a limited role
in controlling venous bleeding. Packing the pre-
sacral space may control bleeding temporarily, but
care must be taken not to allow the pack to move or
sweep to decrease the risk of causing more venous
lacerations, and thus worsening bleeding. If bleed-

ing persists, this could be controlled with bone wax.
Topical bone hemostatic agents, such as gelatin
paste, microfibrillar collagen, fibrin glue and gelatin
sponge soaked in thrombin, were found to be effec-
tive in reducing bleeding from cancellous bone, but
there is limited experience in using them in gyneco-
logical surgeries [90–92]. If these measures are
unsuccessful, stainless steel thumbtacks can be
placed on the retracted bleeders. Preoperative autol-
ogous blood deposition may be appropriate in these
patients since there is a high rate of usage of autolo-
gous blood and low postoperative hemoglobin in a
significant proportion of patients [14].

Technical difficulty can be a factor preventing or
limiting the extent of repair and increasing the risk
of complications, such the presence of significant
pelvic adhesion, or morbidly obese patients with
deep pelves.

Febrile morbidity and wound infection was
reported in 10%. Urinary tract infection is the most
common complication, reported in 61.5% [84].
Administering preoperative prophylactic antibiotics
can decrease pelvic infection and cellulitis [59,60].
Less common complications of ACSP include: verte-
bral osteomyelitis. It is usually polymicrobial
osteomyelitis; the possible route of infection can be
the contiguous spread from an infected mesh [93].

The development of voiding dysfunction was also
found to be a common complication [94]. Stress
urinary incontinence, either exacerbated or develop-
ing de novo, has been reported [42]. This complica-
tion can be caused or worsened by exerting tension in
suspending the anterior vaginal wall to the sacrum.

Bowel complications, including enterotomy, proc-
totomy and sigmoid perforation, have also been
reported [85]. One report described small bowel
obstruction, caused by a trapped loop of ileum in a
hole in the posterior peritoneum [78]. Other
reported rare complications are nerve injury and
ureteral damage kinking.

Long-term complications are mainly those related
to the presence of the mesh, and to a lesser extent
the failure rate. Persistent vaginal permanent suture
or mesh erosion has been reported [77]. Persistent
discharging sinus, sometimes necessitating removal
of the mesh, was reported with both Mersilene mesh
[94] and Gore-Tex mesh [95]. Partial removal of an
exposed mesh eroding through the vaginal wall
without proper débridement and approximation of
healthy vaginal tissue can result in a persistent sinus
tract from the vagina to the sacrum. Such cases
require complete removal of all the mesh material
and resection of the sinus tract [95]. Failure of ACSP
and recurrence of vaginal vault prolapse has been
reported in 1.3%, compared to 2.4% recurrence for
SSVS [42].
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Laparoscopic Approach for Vault
Suspension
Laparoscopy has successfully replaced several of
the open surgical procedures. Laparoscopy has
been applied to many aspects of gynecologic
surgery, including repair of vaginal vault prolapse
and enterocele [96]. The vaginal vault has been sus-
pended successfully to the deep layer of the
uterosacral ligaments. This repair maintains the
gross functional anatomy, and places the vagina in
the midline with its proper parallel alignment to
the rectum and re-constitution of proper relation-
ship between the newly suspended vagina and
pelvic viscera [97].

Colposacropexy can be done laparoscopically
using staples, screw and endoscopic suturing
[20,21,98]. In skilled hands and with the proper
training, most laparoscopic procedures carry less
morbidity and shorter hospital stay. There is,
however, a learning curve, and therefore the level of
expertise and outcome varies. The long-term
efficacy and endurance are not yet evaluated.
Details of laparoscopic procedures are explained in
Chapter 35.

Conclusion
The successful treatment of vaginal vault prolapse
with eversion continues to be an enigma to pelvic
surgeons. The many surgical procedures that have
been proposed testify to the fact that no single reli-
able procedure has been developed. Pelvic surgeons,
however, should be well acquainted with the differ-
ent procedures. A good knowledge of pelvic
anatomy is crucial to achieve a safe and accurate
repair. In choosing the best approach for the repair,
it is essential to consider the patient’s wishes, her
general condition, pre-existent risk factors or pres-
ence of other pathology, the extent of the defects,
intrinsic and extrinsic tissue factors. The experience
of the surgeon, individualization of the repair to the
patient, observing the goal of pelvic reconstructive
surgery and addressing all the defects with a site-
specific repair are important issues in insuring suc-
cessful repair. Although vaginal repair carries less
morbidity, emerging reports indicate that the
abdominal approach results in a more durable
repair, and thus should be considered in patients at
high risk for recurrence, particularly if risk factors
are not modifiable. Abdominal procedures should be
considered for patients with specific indications for
an abdominal approach.
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Definition
Posterior vaginal wall prolapse is a hernia of intra-
abdominal contents through the “fascia” or fibro-
muscular posterior wall of the vagina or its
attachment to the perineal body. A rectocele
involves only herniation of the rectum (Figure 40.1);
a culdocele involves herniation of cul-de-sac con-
tents (Figure 40.2) and comprises enteroceles, peri-
toneoceles, and sigmoidoceles.

Anatomy and Its Relationship to
Surgery
Four anatomic abnormalities are described in asso-
ciation with posterior vaginal wall prolapse: disrup-
tion of the rectovaginal fascia, an abnormally deep
cul-de-sac, widening of the levator hiatus, and atten-
uation of the anterior wall of the rectum.
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Figure 40.1 Lower vaginal and perineal rectocele. The arrow points
to the beginning of the rectovaginal space. (From Nichols DH, Randall
CL.Vaginal Surgery,Third edition, Baltimore:Williams & Wilkins.)

Figure 40.2 Culdocele. (From Nichols DH, Randall CL. Vaginal
Surgery,Third edition, Baltimore:Williams & Wilkins.)



Fascia and Its Plication

The primary defects occur in the tough, shiny 
layer of tissue that is interposed between the rectum
and the vagina. Often called the endopelvic fascia,
vaginal fascia, rectovaginal septum or Denonvillier’s
fascia, this layer is believed by some authors to be
simply the fibromuscular wall of the vagina [1–5]. In
this chapter, we will refer to “fascia” for historical con-
sistency, while recognizing that this issue is still hotly
debated. Most descriptions of vaginal surgical repair
refer to plication or reconstitution of this layer.
However, it may be unwise to use a tissue with
demonstrated incompetence for long-lasting surgical
strength. Thus, some techniques reinforce this layer
with an artificial mesh [6,7] or cadaveric tissue [8].

The Deep Cul-de-Sac and Its
Obliteration

Nichols and Randall [9] recognize four types of ente-
rocele. They hypothesize that the type associated
with posterior vaginal wall prolapse is congenital, i.e.
that during late fetal development, the anterior and
posterior peritoneum of the cul-de-sac fail to fuse.
Thus, obliteration of the cul-de-sac has been a main-
stay of enterocele repair. However, a posterior ente-
rocele may also result secondarily from herniation of
the cul-de-sac through the rectovaginal fascia. In this
case, again, fascial integrity must be restored.

Widening of the Levator Hiatus and
Levator Plication

By levator myography, Berglas and Rubin [10]
demonstrated widening of the levator hiatus in both

the anterior-posterior (Figure 40.3) and transverse
diameter in patients with uterine prolapse. By vaginal
examination or by ultrasound (Figure 40.4a and
40.4b), the measurement of the genital hiatus may
increase in these same directions resulting in per-
ineal descent and a “gaping introitus”. The frequently
debated “levator plication” part of the posterior
colpoperineorrhaphy may have arisen in response to
these observations. Because perineorrhaphy is often
not distinguished from posterior colporrhaphy, it is
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Figure 40.3 The relationship of genital hiatus length and perineal
descent. (From Nichols DH, Randall CL. Vaginal Surgery, Third edition,
Baltimore:Williams & Wilkins.) 

Figure 40.4 Vaginal ultrasounds of women without (a) and with (b) widening of the levator hiatus. (Courtesy of the Urogynaecology Unit at
King’s College Hospital, London, UK.)

a b



not always clear whether the reconstitution of the
perineal body performed in this part of the operation
includes a few fibers from the puborectalis portion of
the levator ani. This much smaller plication would
very likely have different postoperative sequelae from
extensive plication.

Attenuation of the Anterior Rectal Wall
and Its Plication

Colorectal surgeons have observed that vaginal
repair may not correct a ballooning anterior rectal
wall and may plicate the excess from inside the
rectum – a transanal or endorectal repair [11].

Etiology
Posterior vaginal wall prolapse is thought to be
associated with similar neurogenic, mechanical and
connective tissue abnormalities as cause other
pelvic floor disorders. However, these abnormalities
are associations and a clear cause and effect rela-
tionship is suggested, although not proven. Straining
at stool with resultant perineal descent and puden-
dal neuropathy [12,13] is a common finding in these
patients. Previous colposuspension [14] and pro-
lapse surgery [15] predispose to rectocele forma-
tion, perhaps because of the change of the vectors of
force applied to the vaginal axis. Probably the most
important cause is childbirth, which is also associ-
ated with pubococcygeus denervation [16] and rein-
nervation [17] and can be directly traumatic to all
of the supports of the pelvic floor, the rectum and
the vagina. A congenitally deep cul-de-sac [18–20]
or inadequate attention paid to reattachment of the
uterosacral–cardinal ligament complex to the
vaginal cuff and obliteration of the cul-de-sac at the
time of hysterectomy are commonly implicated as
causes of enteroceles, although such preventative
measures have been shown to be effective only for
vault prolapse [21,22].

Symptoms
Vaginal symptoms include awareness of a bulging
mass in the vagina, perineal or lower abdominal
pressure, slackness at intercourse or dyspareunia,
and low back pain that worsens throughout the day
and is relieved by lying down. Rectal symptoms for
rectoceles include constipation, a feeling of incom-
plete emptying during defecation, the need to vagi-
nally, rectally, or perineally digitate to effect
evacuation, incontinence of feces, pain, and bleeding.

Although symptoms of impaired rectal emptying
may be present with culdoceles, their obstructive
nature is questionable. Extrinsic compression of the
rectum by the hernia sac may create the sensation of
a fecal bolus, even when the rectum is empty [23].
The cause and effect relationship of anorectal symp-
toms is not always clear because other colorectal dis-
orders can cause similar symptoms [24] and the
anatomic findings do not correlate with symptoms.

Signs and Classification
The diagnosis should be made in the unanesthetized
patient in the lithotomy, Sims, sitting and/or stand-
ing [19] position with the patient bearing down or
straining as if attempting to defecate. Because pro-
lapse is dynamic, ask the patient if the demonstrated
prolapse is at its worst.

Rectovaginal examination can help distinguish
between rectocele and culdocele by the palpation of
a sac dissecting between the rectum and vagina.
Other distinguishing techniques utilize a bivalve
speculum to visualize a secondary fold of vagina
[25], transillumination of the rectovaginal space or
observation of peristalsis in the posterior vaginal
wall [26]. If the rectal vault is full of stool, an enema
may allow a previously unidentified culdocele to
become apparent. The location of the defect in the
rectovaginal septum can be identified as high, mid,
low or perineal [27]. However, the physical examina-
tion diagnosis is known to be frequently inconsis-
tent with that identified at surgery.

Rectal examination also identifies other causes of
impaired defecation or incontinence such as poste-
rior rectocele, intussusception, poor anal sphincter
or levator tone, skin tags and mucosal prolapse. The
presence of stool in the rectum should be noted as
well as the amount of perineal descent below the
ischial spines during rest and while straining.

Numerous grading schemes have been proposed
to quantify the size of the vaginal prolapse. The cur-
rently accepted international standard, the POP-Q
(Pelvic Organ Prolapse Quantification) [28] incorpo-
rates direct measurements of the degree of vaginal
prolapse in relation to the hymen (Figure 40.5). An
adaptation of Baden and Walker’s Halfway System
[29], it provides more precise information than the
traditional first /second/ third degree or mild/mod-
erate/severe classifications. The stages in this system
are identified as:

Stage 0: No prolapse identified
Stage I: The most distal portion of the 

posterior wall prolapse is >1 cm 
proximal to the hymen
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Stage II: The most distal portion of the 
prolapse is ≤ 1 cm proximal to 
or distal to the hymen

Stage III: The most distal portion of the 
prolapse is >1 cm distal to the 
hymen, but extends no farther 
than the total length minus 2 cm 
of the vagina, when its prolapse is 
reduced. Genital hiatus (anterior-
posterior) and perineal body 
measurements are not staged in 
this system, but precisely measured.

Stage IV: Prolapse > stage III.

This system does not attempt to identify the struc-
tures behind the vaginal wall nor does it quantify
the size of the rectocele from the rectal side. An
objective clinical grading system for the rectal side
does not exist.

The only grading system that quantifies culdoce-
les is the Baden and Walker Halfway System [29] in 

which each grade defines the maximum extent of
the prolapse:

Grade 0: Normal position
Grade 1: Descent halfway to the hymen
Grade 2: Descent to the hymen
Grade 3: Descent halfway past the hymen
Grade 4: Maximum possible descent

Before Surgery
Because the symptoms of posterior vaginal wall 
prolapse are not unique, it is important to search for
other causes of the patient’s symptoms:
1. Constipation. A patient who has one hard bowel

movement per week may strain or digitate
regardless of the presence of a rectocele. Indeed,
if these are the only complaints, they may be
resolved entirely by dietary changes alone.
Before surgery, bowel habits must be normalized
as much as possible by the use of bulking agents
such as psyllium and osmotic expanders such as
sorbitol or lactulose syrup. Bowel transit studies
may be indicated in those in whom bowel fre-
quency and consistency cannot be corrected.
These patients are more apt to have postopera-
tive continuation of bowel symptoms [30]; in
addition, continued straining at stool may pre-
dispose to recurrent prolapse.

2. Incontinence. Fecal incontinence from rectoceles
results from reflex relaxation of the anal 
sphincter when the rectum is overdistended by
stool [31]. However, soiling may be caused by
mechanical and neurological anal sphincter
abnormalities, anal skin tags, rectal mucosal
prolapse, and hemorrhoids. Diarrhea can over-
whelm a borderline continence mechanism and
may require testing for infection or malabsorp-
tion. Further investigation in patients with fecal
incontinence should include anorectal physio-
logical and imaging studies.

3. Bleeding. Rectal bleeding should be evaluated by
colonoscopy or barium enema to diagnose
malignancy.

4. Sexual dysfunction. Sexual problems can be
caused by psychological factors, hypo-estro-
genism, and partner impotency. The patient and
her partner must understand that narrowing a
lax genital hiatus may not restore neurological
control of the pelvic floor and sexual sensation.
Vaginal symptoms attributed to prolapse some-
times resolve with treatment of vulvovaginitis or
atrophy.
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Figure 40.5 Grid and line diagram of predominant posterior
support defect. Leading point of prolapse is upper posterior vaginal
wall, point Bp (+5). Point Ap is 2 cm distal to hymen (+2) and vaginal
cuff scar is 6 cm above hymen (–6), Cuff has undergone only 2 cm of
descent because it would be at –8 (total vaginal length) if it were
perfectly supported. This represents stage III Bp prolapse. (From
Bump et al. The standardization of female pelvic organ and prolapse
and pelvic floor dysfunction. Am J Obstet Gynecol 1996;175:15.) 



The Operations

Posterior Colporrhaphy and
Perineorrhaphy

History
Vaginal and perineal plastic surgery began in 
the sixteenth century with the repair of complete 
perineal tears following childbirth [32]. Simon of
Heidelberg (1867) [32] is regarded by some as the
originator of the present day operation and the term
“posterior colporrhaphy”.

Preoperative Preparation
Vaginal estrogen is advised, preferably for at least
for 3 months. A phosphate enema is given the
morning of surgery if the rectal vault is filled with
stool. A second-generation cephalosporin is given
intravenously in the holding area.

Technique
The patient is positioned in dorsal lithotomy 
position as for other vaginal surgery. The labia
minora may be sutured laterally for better exposure.
Serial Allis clamps are placed in the midline from
the apex to 1–2 cm above the hymen. If a perineor-
rhaphy is to be performed, the future caliber of the
vaginal introitus is estimated by placing Allis clamps
bilaterally on the labia minora and approximating
them in the midline. The final hiatus should admit
three fingerbreadths easily to avoid postoperative
constriction. One additional Allis clamp is placed in
the midline between the hymen and the anus to
mark the inferior extent of the perineorrhaphy. The
diamond-shaped piece of vaginal mucosa and 
perineal skin marked by the four inferior Allises is
excised by sharp dissection (Figure 40.6). A midline
incision is made from the apex of the vagina to the
top of this diamond. The vaginal mucosa is then
freed laterally from the underlying fascia and rectal
wall by a combination of blunt and sharp dissection
with countertraction on the rectum until the 
puborectalis portions of the levator ani are reached.
At the perineal body, the bulbocavernosus and
transverse perineal muscles are also dissected free
of the overlying vagina and perineum. Any 
enterocele sac or culdocele is obliterated by high
concentric purse-string sutures. Using 00 or 0
delayed-absorbable sutures, the lateral rectovaginal
fascia is plicated in the midline from the apex to the
lower portion of the vagina. A finger may be placed
in the rectum and curved toward the operator to
help identify this tissue and to avoid placing sutures
through the rectum. As the perineal body is

approached, deep plication stitches may be placed 
in the puborectalis portions of the levator ani,
taking care to avoid constriction of the vagina.
Aggressiveness in this part of the operation is
thought to cause postoperative dyspareunia [33].
Excess vaginal mucosa is trimmed bilaterally and
the vaginal incision with a running locked stitch
using 00 suture. For the perineorrhaphy, the 
perineal muscles are approximated with 0 deep
sutures and the perineum is reconstituted beginning
with the “crown” stitch as in episiotomy repair
(Figure 40.7). The perineal skin is then closed with a
subcuticular stitch. No vaginal pack is necessary if
adequate hemostasis is obtained. Bladder drainage
is usually necessary overnight because the most
common immediate postoperative complication is
urinary retention [34].

Postoperative Management
Patients are discharged with psyllium and sorbitol
syrup to keep the stools as soft as toothpaste, forever,
if possible. Sexual activity is encouraged after the 6-
week check-up. Any vaginal stenosis is treated with
dilators and liberal use of vaginal estrogen cream.

Long-term Results
The operation has long been recognized as a cause of
postoperative vaginal scarring, stenosis, and 
dyspareunia [33,35] in approximately 20–27%
[34,36,37] of women, greater than that caused by
other vaginal operations alone. Most patients experi-
ence improvement in bowel symptoms [30], but many
(48–62%) are left with some residual symptoms of
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Figure 40.6 Diamond-shaped area of the vagina and perineum to
be excised during the perineorrhaphy. (From Nichols DH, Randall CL.
Vaginal Surgery,Third edition. Baltimore:Williams & Wilkins.) 



impaired bowel emptying [30,34,37]. Prophylactic
repair of an asymptomatic rectocele should be dis-
couraged at the time of Burch colposuspension
because the rectocele is more likely to recur [38].

Fascial Defect Repair

In 1993, Cullen Richardson described the directed
fascial defect repair [39]. The operation differs from
the one above in the fascial plication steps. Rather
than universal midline plication, distinct defects are
identified as breaks in the smooth, shiny layer of
fascia that is identified by its ability to withstand
traction by Allises. The most common defect is a low
transverse disruption between the fascia and the
perineal body. A high transverse defect is often asso-
ciated with a culdocele. The direction of the repara-
tive suture line conforms to the often irregular or
curved shape of the defect as seen in Figures
40.8a–8d. Any residual breaks to be repaired are pal-
pated with the rectal finger. Intuitively attractive,
this technique has been only minimally evaluated.
As with the traditional repair, most patients’ rectal
emptying improves, but 39–50% experience residual
bowel symptoms [40,41] and 19% are left with dys-
pareunia [40]. It is not known whether repairing
these discrete defects maintains adequate strength
over time or whether additional plication of fascia
or levators improves the longevity of the repair.

Reinforcement of the Rectovaginal
Septum via Graft

Techniques that reinforce the rectovaginal septum
developed in response to concerns about the intrin-
sic strength of this tissue.

In 1987, Øster and Astrup [42] described a tech-
nique of posterior colporrhaphy without levator pli-
cation for large rectoceles in which a dermis graft
removed from the thigh is sutured into the recto-
vaginal space. Fifteen women were followed up for a
mean of 2.6 years. Five patients suffered from con-
stipation postoperatively, although the authors state
that all 15 were cured of their defecatory and pro-
lapse symptoms. Three patients experienced dys-
pareunia. Watson et al. [7] described placement of a
Marlex mesh via a transperineal approach with
levator plication in nine women who digitated to
effect evacuation. Postoperatively, eight of the nine
were cured of impaired bowel emptying. The mean
symptom score for “vaginal lump” improved overall.
One patient developed de novo dyspareunia. Lyons
and Winer [6] followed 20 patients following laparo-
scopic placement of a polyglactin mesh in the recto-
vaginal space and reported an 80% success rate at
one year. Unfortunately, these authors do not define
success. An early report of cadaveric fascia used in
20 patients has shown promising results at 6
months. However, use of this material for subu-
rethral slings has not been proven to be satisfactory
as compared with autologous tissue [43].

Cul-de-Sac Obliteration

Repair of a culdocele normally involves its oblitera-
tion. Since the depth of the normal cul-de-sac is
controversial [44,45], it is difficult to determine
when prophylaxis becomes treatment.

Vaginal techniques of repair include the Torpin
[46] or Waters [47] wedge excision of the enlarged
cul-de-sac and vaginal wall. The McCall culdo-
plasty utilizes uterosacral ligament plication and 
suspension of the vaginal cuff to the lowest plica-
tion suture (Figure 40.9a). Given, in a 2- to 22-year
follow-up of both techniques, reported only two
failures and that in the McCall culdoplasty group
[48]. Farrell reported a 2.5% incidence of ureteral
obstruction and a 7.5% incidence of persistent
granulation tissue or vault sutures for McCall 
culdoplasties [49].

Abdominal techniques include the Moschowitz
[50] concentric purse-string closure (Figure 40.9b),
which was originally devised for prolapse of
the rectum, and the Halban technique [9,51] 
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Figure 40.7 Deep perineal sutures that capture bulbocavernosus
and transverse perineal muscles. (From Nichols DH, Randall CL.
Vaginal Surgery,Third edition. Baltimore:Williams & Wilkins.) 



(Figure 40.9c), which utilizes parallel longitudinal
sutures. Both techniques incorporate only the vis-
ceral peritoneum and may be accompanied by
uterosacral ligament plication to the vagina, essen-
tially an “abdominal McCall”, for further support 
(Figure 40.9d, 40.9e). Stanhope et al. [52] found 
culdoplasty sutures implicated in a small but
significant proportion of postoperative ureteral
obstructions. Bowel obstruction secondary to 
inadequate closure of the pouch of Douglas has also
been reported from this technique [53].

Because the prevalence of enteroceles is low 
(0.1 to 16% of women undergoing gynecological
surgical procedures [26]), the effectiveness of the
various prophylactic and curative operations is
difficult to determine. The are no randomized com-
parative studies.

Transanal Repair

History
In 1965, Redding [54] first noted that neglect of the
rectocele resulted in failure of other anorectal
surgery. Marks, in 1967, described anterior mucosal
resection after vaginal repair [11]. Pitchford in 1967
[55] noted that in patients with anal ulcers or hem-
orrhoids, symptoms recurred unless concomitant
posterior colporrhaphy was performed. Finally,
Sullivan et al. [56] described a totally transrectal
approach with transverse and longitudinal plication
of the rectal wall following stripping of the anterior
rectal mucosa, a modification of Delorme’s opera-
tion for complete rectal prolapse [57]. Variations
include plicating the rectal wall in two directions
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Figure 40.8 a Various locations where breaks may occur in the rectovaginal fascia, after dissecting off the vaginal mucosa. b Typical low
transverse defect. A, rectum, B, rectovaginal fascia. c Fascial edges are approximated and (d) sutured together to reconstruct the rectovaginal
septum. (From Richardson C. The rectovaginal septum revisited: Its relationship to rectocele and its importance in rectocele repair. Clin Obstet
Gynecol 1993;36(4):980–1.)



[31,56,58–60], transversely only [61–63], longitudi-
nally only [64], puborectalis plication through the
rectum [56,58,61], or by imbrication of the rectal
wall transversely without mucosal dissection
[65,66]. Most techniques expose the inner circular
muscle as seen in Figure 40.10a–10e.

Technique
The morning of surgery all women receive a phos-
phate enema. Prophylactic antibiotics of choice are
given preoperatively. The patient is place in the
prone jack-knife position with the buttocks sepa-

rated by adhesive tape. The anterior rectal mucosa
is incised transversely, proximal to the dentate line,
and dissected free of the underlying circular muscle
to a distance 8–10 cm from the anal verge and
extending laterally 180 degrees. The circular muscle
is then plicated longitudinally with three or four
parallel 0000 polypropylene sutures. The excess
mucosa is excised and the defect closed with a
running 000 polydioxanone suture. An iodine-
soaked gauze roll is placed in the anus and removed
the following morning. An intra-urethral catheter
avoids the need for subsequent straight catheteriza-
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Figure 40.9 a McCall culdoplasty technique. b Moschowitz proce-
dure. c Halban procedure. d, e Abdominal uterosacral ligament plica-
tion. (From Karram MM,Walters MD: Pelvic organ prolapse: enterocele
and vaginal vault prolapse. In: Walters MD, Karram MM, editors.
Clinical Urogynecology, St Louis: Mosby-Yearbook, 1993.)



tion. Discharge is usually after the first bowel 
movement.

Results
As is the case for posterior colporrhaphy, most
patients showed symptomatic improvement, but
were left with some degree of anorectal complaint.
The most recent study [62] relates historical data to
postoperative improvement: The need for preopera-
tive vaginal or perineal digitation was related to a
good result (p < 0.05), while previous hysterectomy
(p < 0.01) or the preoperative use of enemas, motor
stimulants or several types of laxatives (p < 0.05)
was related to a poor outcome. Rectal pain [34] and
dyspareunia [67] appear to be less than for the
vaginal repair.

Combined Vaginal/Transanal Repair

Sullivan et al. [56] originally abandoned the com-
bined approach because of the need for re-operation
in 21 of their 28 patients, which led to the develop-
ment of the totally transanal approach. Recently, Van
Dam et al. [68] prospectively studied 74 women who
underwent posterior colporrhaphy and transanal
repair together. All women had pre- and postopera-
tive defecography with complete resolution of their
rectoceles. Postoperatively 50% had marked defeca-
tory disturbances and 18% had mild disturbances.

Conclusions and Recommendations

The results of surgical repair of the rectocele are
variable. The small number of prospective studies,
varying selection criteria, and variations in tech-
nique make comparison difficult, although postop-
eratively a large proportion of patients are left with
some symptoms of impaired evacuation. Hence,
conservative treatment with bulking agents and lac-
tulose syrup are recommended as initial treatment
for those with impaired defecation. Those women
with fecal incontinence should be referred for
anorectal studies. Women with long-standing con-
stipation and less than two bowel movements per
week will more likely have slow transit constipation
and be less likely to benefit from surgery.
Dyspareunia remains a complication in 11–27%
[13,30,34,37] of patients.

Surgical repair of enterocele is difficult to evaluate
because the prevalence in those undergoing gyneco-
logic surgery ranges from 0.1 to 16% [26], so large
numbers are needed to identify a difference in
outcome. Postoperative prevention might be
achieved by obliteration of the cul-de-sac,
uterosacral plication, or careful fascial reapproxima-
tion at the time of hysterectomy.

Further investigations are needed to predict which
patients will most likely benefit from surgery and to
compare the risks and benefits of each technique.
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Figure 40.10 (a–e) Transanal repair
showing the initial incision through the
dentate line, exposure of the anterior
inner circular muscle, placement of pli-
cation sutures and cinching them down,
and closing the mucosal defect. (From
Sarles JC et al., Int J Colorect Dis
1989;4:168–9.)



References
1. Goff BH. Histological study of the perivaginal fascia in a nul-

lipara. Surg Gynecol Obstet 1931;52:32–42.
2. Milley PS, Nichols DH. A correlative investigation of the

human rectovaginal septum. Anat Rec 1968;163:443–4.
3. Ricci JV, Lisa, JR, Thom CH, Kron WL. The relationship of

the vagina to adjacent organs in reconstructive surgery: a
histologic study. Am J Surg 1947;74:387–410.

4. Ricci JV, Thom CH, Kron WL. Cleavage planes in reconstruc-
tive vaginal plastic surgery. Am J Surg 1948;76:354–63.

5. Weber AM, Walters MD. What is vaginal fascia? AUGS
Quarterly Report 1995;13(3).

6. Lyons TL, Winer Wl. Laparoscopic rectocele repair using
polyglactin mesh. J Am Gynecol Laparosc 1997;4:381.

7. Watson SJ, Loder PB, Halligan S, Bartram CI, Kamm MA,
Phillips RKS. l. Transperineal repair of symptomatic recto-
cele with Marlex mesh a clinical, physiological and radio-
logic assessment of treatment. J Am Coll Surg
1996;183:257–61.

8. Kohli N, Karram MM. Use of cadaveric fascia in the treat-
ment of posterior vaginal wall prolapse (abstract). In: 19th
Annual Scientific Meeting of American Urogynecologic
Society. Washington, DC, 1998.

9. Nichols DH, Randall CL. Enterocele. In: Vaginal Surgery.
Baltimore: Williams & Wilkins, 1989; 318.

10. Berglas B, Rubin IC. Study of the supportive structures of the
uterus by levator myography. Surg Gynecol Obstet
1953;97:677–92.

11. Marks MM. The rectal side of the rectocele. Dis Colon
Rectum 1967;10:387–8.

12. Kiff ES, Barnes PRH, Swash, M. Evidence of pudendal neu-
ropathy in patients with perineal descent and chronic strain-
ing at stool. Gut 1983;25:1279–82.

13. Siproudhis L, Dautreme S, Ropert A et al. Dyschezia and rec-
tocele – a marriage of convenience? Physiologic evaluation
of the rectocele in a group of 52 women complaining of
difficulty in evacuation. Dis Colon Rectum 1993;36:1030–6.

14. Wiskind AK, Creighton SM, Stanton SL. The incidence of
genital prolapse after the Burch colposuspension. Am J
Obstet Gynecol 1992;167:399–405.

15. Virtanen HS, Mäkinen JI. Retrospective analysis of 711
patients operated on for pelvic relaxation in 1983–1989. J
Gynecol Obstet 1993:41109–2115.

16. Gilpin SA, Gosling JA, Smith JA. The pathogenesis of geni-
tourinary prolapse and stress incontinence of urine. Br J
Obstet Gynaecol 1989;96:15–23.

17. Allen RE, Hosker GL, Smith ARB, Warrell DW. Pelvic floor
damage and childbirth: a neurophysiological study. Br J
Obstet Gynaecol 1990;97:770–9.

18. Harrison JE, McDonagh JE. Hernia of Douglas’ pouch and
high rectocele. Am J Obstet Gynecol 1950;60:83–92.

19. Meigs JV. Enterocele or posterior vaginal hernia. Surg Clin
North Am 1947;27:1226–30.

20. Phaneuf LE. Posterior vaginal enterocele. Hernia of the cul-
de-sac of Douglas. Am J Obstet Gynecol 1943;45:490–6.

21. Borenstein R, Elchalal U, Goldchmit R et al. The importance
of the endopelvic fascia repair during vaginal hysterectomy.
Surg Gynecol Obstet 1992;175:551–4.

22. Hawksworth W, Roux JP. Vaginal hysterectomy. J Obstet
Gynecol Br Emp 1958;65:214–28.

23. Halligan S, Bartram CI, Hall C, Wingate J. Enterocele
revealed by simultaneous evacuation proctography and peri-
toneography: does defecation block exist? Am J Roentgenol
1996;167:461–6.

24. Mellgren A, Johansson C, Dolk A et al. Enterocele demon-
strated by defaecography is associated with other pelvic
floor disorders. Int J Colorect Dis 1994;9:121–4.

25. Waters EG. A diagnostic technique for the detection of ente-
rocele. Am J Obstet Gynecol 1946;52:810–12.

26. Holley RL. Enterocele: a review. Obstet Gynecol Surv
1994;49:284–93.

27. Nichols DH, Randall CL. Posterior colporrhaphy and perine-
orrhaphy. In: Vaginal Surgery. Baltimore: Williams &
Wilkins, 1989; 269–93.

28. Bump RC, Mattiasson A, Bo K et al. The standardization of
terminology of female pelvic organ prolapse and pelvic floor
dysfunction. Am J Obstet Gynecol 1996;175:10–17.

29. Baden W, Walker T. Surgical Repair of Vaginal Defects.
Philadelphia: JB Lippincott, 1992.

30. Mellgren A, Anzen BV, Nilsson BY et al. Results of rectocele
repair. A prospective study. Dis Colon Rectum 1995;38:7–13.

31. Janssen LWM, van Dijke CF. Selection criteria for anterior
rectal wall prolapse. Dis Colon Rectum 1994;37:1100–7.

32. Jeffcoate TNA. Posterior colpoperineorrhaphy. Am J Obstet
Gynecol 1959;77:490–502.

33. Goff BH. A practical consideration of the damaged pelvic
floor with a technique for its secondary reconstruction. Surg
Gynecol Obstet 1928;46:855–66.

34. Arnold MW, Stewart WR, Aguilar PS. Rectocele repair. Four
years’ experience. Dis Colon Rectum 1990;33:684–7.

35. Francis WJA, Jeffcoate TNA. Dyspareunia following vaginal
operations. J Obstet Gynaecol Br Comm 1961;68:1–10.

36. Haase R, Skibsted L. Influence of operations for stress incon-
tinence and/or genital descensus on sexual life. Acta Obstet
Gynecol Scand 1988;67:659–61.

37. Kahn MA Stanton SL. Posterior colporrhaphy: its effects on
bowel and sexual function. Br J Obstet Gynaecol
1997;104:82–6.

38. Kahn MA, Stanton S L. Letter to the editor. Br J Obstet
Gynecol 1997;104:972–3.

39. Richardson CA. The rectovaginal septum revisited. Its rela-
tionship to rectocele and its importance in rectocele repair.
Clin Obstet Gynecol 1993;36:976–83.

40. Cundiff GW, Weidner AC, Visco AG, Addison WA, Bump RC.
An anatomic and functional assessment of the discrete
defect rectocele repair. Am J Obstet Gynecol
1998;179(6):1451–14571.

41. Pillai-Allen AV, Benson JT. Rectocele repair, defect
approach, an early review [abstract]. 1994: AUGS 15th
Annual Meeting.

42. Øster S, Astrup A. A new vaginal operation for recurrent and
large rectocele using dermis transplant. Acta Obstet Gynecol
Scand 1981;60:493–5.

43. Soergel T, Heit M. Suburethral slings utilizing rectus abdo-
minis versus donor fascia lata: a retrospective study compar-
ing objective cure rates. P27 at the AUGS 19th Annual
Scientific Meeting, November 1998. 1998.

44. Kuhn RJP, Hollyhock VE. Observations on the anatomy of
the rectovaginal pouch and septum. Obstet Gynecol
1982;59:445–7.

45. Zacharin RF. Pulsion enterocele: review of functional
anatomy of the pelvic floor. Obstet Gynecol 1980;55:135–40.

46. Torpin R. Excision of the cul-de-sac of Douglas, for the sur-
gical care of hernias through the female caudal wall, includ-
ing prolapse of the uterus. J Int Coll Surg 1955;24:322–30.

47. Waters EG. Vaginal prolapse: technique for correction and
prevention at hysterectomy. Obstet Gynecol 1957;10:595–602.

48. Given, FT. “Posterior culdoplasty”: revisited. Am J Obstet
Gynecol 1985;153:135–9.

49. Farrell S, Sampson, Sheppard K. Perioperative and short-
term complications of McCall’s culdoplasty. P28 from the
AUGS 19th Annual Scientific Meeting, November 1998.

50. Moschowitz AV. The pathogenesis, anatomy and cure of pro-
lapse of the rectum. Surg Gynecol Obstet 1912;15:7–21.

51. Halban, J. Gynäkologische Operationslehre. Vienna: Urban
and Scharzenberg, 1932, 171–3.

450 Female Pelvic Medicine and Reconstructive Pelvic Surgery



52. Stanhope CR, Wilson TO, Utz, WJ et al. Suture entrapment
and secondary ureteral obstruction. Am J Obstet Gynecol
1991;164:1513–19.

53. Dicke JM. Small bowel obstruction secondary to a prior
Moschowitz procedure. Am J Obstet Gynecol
1985;152:887–8.

54. Redding MD. The relaxed perineum and anorectal disease.
Dis Colon Rectum 1965;8:279–82.

55. Pitchford CS. Rectocele: a cause of anorectal pathologic
changes in women. Dis Colon Rectum 1967;10:464–6.

56. Sullivan ES, Leaverton GH, Hardwick CE. Transrectal per-
ineal repair: an adjunct to improved function after anorectal
surgery. Dis Colon Rectum 1968;11:106–14.

57. Delorme M. Sur le traitement des prolapsus du rectum
totaux, par l’excision de la muqueuse rectale ou recto-
colique. Cull Mem Soc Chir Paris 1900;24:499–518.

58. Sehapayak S. Transrectal repair of rectocele: an extended
armamentarium of colorectal surgeons. A report of 355
cases. Dis Colon Rectum 1985;28:422–33.

59. Khubchandani IT, Sheets JA, Stasik JJ et al. Endorectal repair
of rectocele. Dis Colon Rectum 1983;26:792–6.

60. Khubchandani IT, Clancy JP, Rosen L, Riether RD, Stasik JJ.
Endorectal repair of rectocele revisited. Br J Surg
1997;84:89–91.

61. Capps WR. Rectoplasty and perineoplasty for the sympto-
matic rectocele: a report of fifty cases. Dis Colon Rectum
1975;18:237–44.

62. Karlbom U, Graf WG, Hilsson P, A[o]hlman SL. Does surgical
repair of a rectocele improve rectal emptying? Dis Colon
Rectum 1996;39:1296–302.

63. Murthy VK, Orkin BA, Smith LE, Glassman LM. Excellent
outcome using selective criteria for rectocele repair. Dis
Colon Rectum 1996;39:374–8.

64. Sarles JC, Srnoud, M, Selezneff I, Olivier S. Endo-rectal repair
of rectocele. Int J Colorect Dis 1989;4:167–71.

65. Block IR. Transrectal repair of rectocele using obliterative
suture. Dis Colon Rectum 1986;29:707–11.

66. Infantino A, Masin A, Melega E, Dodi G, Lise M. Does surgery
resolve outlet obstruction from rectocele? Int J Colorect Dis
1995;10(97–199):97–100.

67. Kahn MA, Stanton SL, Kumar D. A randomized prospective
trial of posterior colporrhaphy vs transanal repair of recto-
cele: preliminary findings. Int Urogynecol J 1997;8(4):246
(abstract 20a).

68. Van Dam JH, Ginai AZ, Gosselink MJ, Huisman WM, Bonjer
JJ, Hop WCJ, Schouten WR. Role of defecography in predict-
ing clinical outcome of rectocele repair. Dis Colon Rectum
1997;40:201–7.

Repair of Posterior Vaginal Wall Prolapse 451





8 Fistulas, Operative Trauma,
Postoperative Problems





The female urethra is well protected and rarely
injured except during childbirth, operation, or an
automobile accident. As a result of the trauma, the
patient may experience an avulsion of the urethra,
generally in the area of the bladder neck. Less com-
monly, women may experience a penetrating wound
as a result of being impaled while fence climbing or
being struck by farming tools; such injuries fre-
quently result in hematoma of the vulva and lacera-
tion of the urethra. Occasionally, injuries to the
vagina, rectum, and urethra result from a dispropor-
tion between the size of the penis and that of the
vagina. These usually result in disruption of the pos-
terior vaginal wall and anal sphincter rather than
trauma to the urethra or the base of the bladder.

Regardless of the cause, injury to the urethra and
anterior vaginal wall usually consists of a linear lacer-
ation of the vaginal wall extending up the lateral
fornix, but rarely is the urethra itself disrupted. We
have seen four patients with disruption of the urethra
at the bladder neck, and two of these injuries

occurred with vacuum extraction at the time of a
primiparous delivery. Figure 41.1 shows a urethra
traumatically disrupted from the bladder neck during
operative vacuum extraction delivery. When catheter-
ization is attempted, the catheter passes through the
intact urethral meatus up the distal urethra, where it
escapes into the vagina. Once the disrupted site is
identified, the catheter can then be passed through
the bladder neck into the bladder. Once the patient is
stabilized, reconstruction is begun by developing 
a flap of vagina hinged posteriorly (Figure 41.2).
Reconstruction of the urethra begins by reanasto-
mosing the proximal end of the traumatized urethra
to the bladder neck with an initial suture placed in
the 3 o’clock position. Each delayed absorbable suture
(3-0) is placed in an extramucosal position reanasto-
mosing the urethra to the bladder neck (Figure 41.3).
Once the urethra is firmly attached with the sutures, a
vaginal flap is placed in such a way that it avoids
overlying suture lines (Figure 41.4). A small urethral
catheter (10 French) is left in place for 5–7 days, after
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Figure 41.1 Vaginal flap exposing traumatic disruption of urethra.
(By permission of Mayo Foundation.)
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Figure 41.2 Disrupted proximal urethra with exposed bladder neck.
(By permission of Mayo Foundation.)
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which it is removed and spontaneous voiding occurs.
If appropriate, at operation a suprapubic catheter can
be placed and a small urethral catheter left in place as
a stent for 48 hours. In the four cases of urethral dis-
ruption at the bladder neck, no urinary tract fistulas
have developed and excellent urinary continence has
been maintained.

Urethral Vaginal Fistula

Etiology

In less developed countries, prolonged labor contin-
ues to be a cause for destruction of the urethra and

the base of the bladder [1–3], whereas in the United
States, elective vaginal operation is a leading cause
of urethrovaginal fistula [4]. The excision of a
friable, infected urethral diverticulum can be
difficult and frequently leads to complications
because of the underlying infection. Despite one’s
best efforts to reconstruct the urethral floor accu-
rately, the combination of infection, edema, and
hematoma formation leads to imperfect healing and
fistula formation. Further, a high, tight plication of
the urethra or the inadvertent intraluminal place-
ment of a suture (vaginally or retropubically) may
produce a fistula of the urethra or, of greater conse-
quence, an actual slough of the floor of the urethra
and the bladder neck [5]. In a review of 53 ure-
throvaginal fistulas treated at the author’s institu-
tion, 16 followed anterior vaginal wall repair and 13
followed diverticulectomy [6]. Radiation therapy
was an infrequent cause (six cases), and trauma or
accident was responsible for even fewer (three).

Clinical Presentation

Patients who experience trauma to the urethra from
forceps delivery or automobile accident have leakage
immediately or within the first 24 hours after
damage. If a urethral catheter is in place, after either
delivery or trauma, removal of the catheter is gener-
ally followed promptly by leakage of urine. Patients
who have undergone an operation generally have a
catheter in place for 2–7 days. Some patients who
have had an operation may have an unrecognized
suture through the wall of the urethra; this generally
results in necrosis of the tissue, possibly associated
with hematoma formation and some degree of
infection, the combination of which results in
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Figure 41.4 Reconstructed urethra deep to vaginal wall flap. (By
permission of Mayo Foundation.)



leakage of urine through a necrotic area of the
urethra. The patient may initially be continent only
to experience leakage 1–2 weeks postoperatively.
Patients who have had irradiation generally note the
leakage some time after the therapy, generally
within 2–4 weeks after treatment.

Simple urethrovaginal fistula, depending on its
location relative to the bladder neck, may not
produce urinary incontinence and may not require
operative repair (especially if located in the distal
one-third of the urethra). A fistula located near the
bladder neck may be technically more difficult to
repair, and urinary continence cannot necessarily
be ensured. Even after what appears to be a suc-
cessful repair, the patient may experience urinary
stress incontinence due to fibrosis or loss of con-
tractility of the inherent urethral musculature.
Although the fistula has been technically repaired,
the patient’s functional result is less than antici-
pated. A much more complex problem is presented
by patients who have lost a major portion of the
floor of the urethra, resulting in a linear loss, which
may be especially difficult to repair if the bladder
neck is involved.

Operative Repair

The basic phases of operative reconstruction consist
of linear incision up the anterior vaginal wall, much
as is accomplished with a Kelly–Kennedy anterior
colporrhaphy (Figure 41.5). It is important that the
vaginal wall be mobilized sufficiently far laterally, off
the underlying cervicopubic fascia, to permit a

tension-free closure of the fistula. This procedure
must be accomplished in the proper bloodless tissue
plane, exposing the critical endopelvic fascial sup-
porting tissues. Once the vaginal walls are com-
pletely mobilized, the opening to the fistula is
freshened, after which the urethra is reconstructed
with fine 4-0 delayed absorbable sutures (Figure
41.6a). The first suture is placed distal to the fistula
opening, and each suture thereafter is placed in an
extramucosal position, approximating the edge of
the fistulous tract, free of tension with perfect
hemostasis. The presence of a small-caliber catheter
within the urethra may assist in accurate placement
of the sutures to close the fistulous tract. This initial
suture line is imbricated with a second set of
sutures, with the most distal suture being just distal
to the initial closed suture line (Figure 41.6b). Snug
application of the bladder neck by approximation,
under the urethra of the so-called cervicopubic
fascia, lateral to the urethra, promotes urinary
control. A tension-free closure of the vaginal wall as
the third layer (or when necessary for obliteration of
dead space, the actual placement of the anterior
vaginal wall with a pedicled-skin, fibrofatty labial
graft) may be indicated. In each, it should be under-
stood that a “second-stage” retropubic urethral
vesical neck suspension may be undertaken for
patients who have a good anatomical result with an
apparent intact urethra but who nevertheless con-
tinue to have stress incontinence through an other-
wise intact urethra. This may be required at a later
date, but it is not predictable at the time of repair of
the fistula.
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Linear Loss of the Floor of the Urethra

Patients who have a linear urethrovaginal fistula
(loss of a major portion of the urethra) present a
surgeon with one of the most challenging forms of
genitourinary fistula. Various operative techniques
can be undertaken to correct the anatomical defect
(urethrovaginal fistula), but urinary continence
rather than the anatomical result is the critical crite-
rion of a successful operation. Regardless of the
operative technique selected, the surgeon cannot
anticipate successful restoration of urinary conti-
nence in all patients who have loss of a major
portion of the urethra.

Operative Repair
A midline incision is made in the anterior vaginal
wall and extended up and around the margins of
the urethral defect (Figure 41.7a). The dissection is
carried laterally to the descending pubic ramus,
much as is done in a Kelly–Kennedy anterior col-
porrhaphy. With appropriate traction on the edges
of the urethral wall, the urethra is mobilized
sufficiently that a tension-free closure can be con-
structed. All adhesive bands of scar tissue that
distort the urethra and the bladder neck must be
dissected and released (Figure 41.7b). Usually a
number 8 or 10 urethral catheter is placed in the

bed of the roof of the urethra; this permits accurate
approximation of the freed edges of the floor of the
urethra and reconstruction of the tube. The sutures
are placed in an interrupted fashion with 4-0
delayed absorbable suture positioned extramucos-
ally (Figure 41.8a). This initial suture line recon-
struction of the urethra is inverted with a second
layer approximating the periurethral tissues to aid
in support of the initial suture line (Figure 41.8b).
The third layer of sutures is placed in the cervicopu-
bic fascia to plicate the urethra and bladder neck
area further (Figure 41.8c).

Occasionally patients who have had a significant
loss of the floor of the urethra also have lost a
portion of the anterior vaginal wall, and thus
approximation of the wall of the vagina cannot be
accomplished without undue tension (Figure 41.9).
In these cases, the size of the defect is accurately
evaluated and an appropriate tongue of tissue from
the labium majus is identified to be incised and
swung into the vagina to replace the anterior
vaginal wall (Figure 41.10). This fibrofatty 
bulbocavernosus flap is usually hinged anteriorly,
but depending on the nature of the defect, it may 
be hinged posteriorly. The flap is developed, and 
the small venous bleeders in the subcutaneous
tissues are suture ligated or cauterized as necessary.
The most distal portion of the flap, that deepest 
in the vagina, is secured initially with full-
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Figure 41.6 a Partial closure of urethrovaginal fistula showing extramucosal position of sutures. b Placement of second layer of sutures, invert-
ing initial suture line closing the urethrovaginal fistula.
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Figure 41.8 a Partial closure of urethrovaginal fistula with proposed placement of second layer inverting the initial suture line.
b Reconstructed urethra showing proposed second layer inverting initial suture line. c Additional supporting tissues with approximation of 
cervicopubic fascia in the area of the bladder neck.



thickness interrupted 3-0 delayed absorbable
sutures (Figure 41.11). Care is taken to suture the
vaginal flap to the edge of the vagina in an accurate
way to promote primary healing. At the point at
which the flap approximates the urethral meatus, it
has a tendency to “hide” the meatus and may need
to be tailored accordingly. The site of the graft is
closed with an initial layer of subcutaneous sutures,
which permits closure of the skin edges of the
labium with 4-0 delayed absorbable sutures in a
tension-free fashion. A small suction catheter may
be placed under the labial graft between the graft
and the reconstructed urethra. This is brought out
through a stab wound laterally and usually is
removed in 3 or 4 days.

Despite adequate vesical neck plication and satis-
factory elevation and support to the reconstructed
urethra, what appears to be an anatomically sound
urethra may not provide total urinary control.
Approximately 50% of patients undergoing repair of
an extensive loss of the floor of the urethra will have
urinary incontinence and require a second-stage
Marshall–Marchetti–Krantz type of bladder neck
elevation. Postoperatively, the patient receives
appropriate antibiotic coverage. If a suprapubic
catheter has been placed, it may be clamped on the
10th postoperative day, when voiding may be under-
taken. Almost always, the patient is voiding within
the first week that the catheter is clamped, and only
1 of our most recent 25 patients has required supra-
pubic drainage for more than 20 days. Obviously, the

goal of surgical correction is to construct a urethra
that provides sufficient resistance to ensure good
urinary continence; regrettably, a neourethra that
appears to be anatomically sound, perfectly sup-
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Figure 41.9 Reconstructed urethra with proposed site of pedicled
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Figure 41.10 Placement of fibrofatty flap as a substitute for anterior
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ported, and in excellent position does not guarantee
good urethral function and urinary control. A
scarred, fixed, non-contractile urethra does not
provide good urinary control regardless of the ure-
thral angles or the apparent support.

Urethral Diverticulum
Diverticulum in the female urethra is a masquerad-
ing condition that causes untold misery in the
patient [7]. Numerous investigative studies have
been undertaken to clarify the cause and to empha-
size its clinical presentation. Various innovative
techniques have been suggested to improve the
accuracy of diagnosis of this elusive condition.
Surgical correction can be technically difficult and
occasionally results in severe complications.

Etiology

Several theories have been advanced to explain the
pathogenesis of urethral diverticulum. Huffman’s
[8] outstanding work aptly likened the urethra to a
tree, from the base of which arise numerous stunted
branches – the periurethral ducts and glands. They
form a labyrinthine mass encircling the urethra on
all sides, with ducts opening into the lateral, dorsal,
and a few ventral urethral walls. Most agree that
infection and obstruction of the periurethral glands
result in the formation of retention cysts, which
when infected rupture into the lumen of the urethra
and give rise to a diverticulum. Other suggested
etiologic causes are congenital, urethral trauma,
catheterization, and childbirth.

Clinical Presentation

Although complaints vary, most patients experience
urgency, frequency, dysuria, and dyspareunia. A
history of recurrent urinary tract infections is
common; hematuria, dribbling after voiding, and
urinary stress incontinence are not infrequent. A
palpable, tender, suburethral mass is found in
approximately 60% of the patients that we have
seen; actual protrusion of a diverticulum from the
vaginal introitus is infrequent. The diagnosis is gen-
erally confirmed with cystourethroscopic examina-
tion or vaginal ultrasonography.

In our experience, 65% of diverticula are located
in the proximal two-thirds of the urethra and
bladder neck area, 20% have multiple sites of origin
(most of which are in the mid-urethra with a second
opening in the inner or outer segment), and only
15% are in the distal, external third of the urethra.

Operative Repair

A vertical incision is made in the anterior vaginal
wall, exposing the underlying cervicopubic fascia
(Figure 41.12). The vaginal walls are mobilized later-
ally to the descending pubic ramus. A similar inci-
sion is made in the fascia, which is mobilized
laterally to expose the underlying diverticulum. The
dissection must be sharp, accurate, and meticulously
accomplished. Preoperative placement (coiling) of a
ureteral catheter within the diverticulum to distend
its walls, if it can be accomplished, may enhance the
identification and dissection of the diverticulum. Not
infrequently, the diverticulum is in immediate appo-
sition to or even perforating the cervicopubic fascia
and can be easily identified (and perhaps even inad-
vertently entered) during the dissection. Depending
on the size of the diverticulum, it may have locula-
tions containing various amounts of urine, purulent
material, necrotic debris, and even small stones; such
loculations or septa should be incised.

If the diverticulum is entered, on occasion I have
found it advantageous to open the diverticulum and
insert my left index finger within the diverticulum
and place a broad Allis forceps on its rim, and gentle
traction will assist in the dissection with scissors to
ensure total excision (Figure 41.13). Occasionally,
the sac of the diverticulum extends laterally and up
and around the urethra. Rarely, it may extend into
the retropubic space where the urethral orifice
enters the roof of the urethra. In this instance, the
dissection is continued as far superiorly as possible,
at which time the neck of the diverticulum is simply
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transected and permitted to retract with no attempt
made to close the defect. In some patients, the 
diverticulum is saddle-shaped, extending around
the entire urethra or bladder neck; in these cases,
extensive dissection of the lower trigone or even
major part of the urethral floor is required.

The urethra is reconstructed in a linear direction
over a number 10 Foley Silastic catheter, using 
interrupted 4-0 delayed absorbable sutures placed in

an extramucosal position (Figure 41.14).
Occasionally, the opening of the urethra is more
appropriately closed (to prevent tension on the
suture line) in a transverse direction. The suture 
is inserted through the muscular coat of the 
urethra but does not penetrate or enter the urethral
lumen. After the urethral defect is repaired, the 
cervicopubic fascia is imbricated in a side-to-
side (vest-over-pants) fashion with interrupted 
3-0 delayed absorbable sutures (Figure 41.15).
By providing two additional supporting layers and
avoiding superimposed suture lines, this method
appears to diminish the possibility of fistula 
formation. In addition, it provides good support for
the proximal urethra and the bladder neck.
Complete hemostasis must be ensured as each layer
is closed. This can be accomplished with fine 
interrupted sutures and judicious use of electrical
cautery. The vaginal wall is closed with 3-0 delayed
absorbable suture material (Figure 41.16). A urethral
catheter is left in place for 4–7 days postoperatively.
In some cases, the complexity of the repair may
require that a catheter be retained longer or that a
suprapubic catheter be used by itself or in combina-
tion with a urethral catheter.

Another operative approach reported by Spence
and Duckett [9] is applicable to patients with the
ostium of the diverticulum in the far distal urethra.
The operative approach consists of a transvaginal
marsupialization of the diverticulum with one blade
of the scissors in the urethra and the other blade in
the vagina. My concern with this approach is that,
with menopause, atrophy of pelvic supports and
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Figure 41.14 a Closure of urethra with extramucosal placement of sutures. b Proposed extramucosal position of sutures closing the urethra.



resultant loss of tone of the remaining smooth
muscle may result in a significant incidence of
urinary incontinence some years after what appears
to be a successful marsupializing procedure.

Complications and Results

Prompt, complete, and long-lasting relief of symp-
toms usually is obtained after successful divertic-
ulectomy. Urethroscopic examination demonstrates
either a normal urethra or a shallow depression or a
dimple at the operative site. We have seen no evi-
dence of urethral stricture in patients who had
diverticulectomy. More than 80% of patients remain
asymptomatic and have not required postoperative
medical or surgical management. A small number of
patients may have persistent pain, dyspareunia, or
recurrent urinary tract infection. In this group,
cystourethroscopy and appropriate cultures of the
urine should be re-evaluated. Rarely, a diverticulum
of the urethra may recur in the same location or,
presumably, a second diverticulum develops at
another location. If it occurs in the same location,
the original diverticulum may have been incom-
pletely excised. A diverticulum that recurs elsewhere
in the urethra may be a diverticulum that was over-
looked at the original operative procedure or may
represent the development of a second diverticulum.

We continue to favor transvaginal excision of the
diverticulum, even though it is a more complex and
tedious operation. Resection of the diverticulum has
provided a relatively good long-term rate of cure

with an extremely low incidence of fistula and other
serious complications. The operative area on the
urethra is relatively small, the supporting tissues are
of variable quality, and the wall of the urethra is
thick. Given a sufficient blood supply, laceration,
fistula, loss of the floor of the urethra, or diverticu-
lum of the urethra can be reconstructed to form an
intact and continent urethral tube.
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Introduction
A ureterovaginal fistula (UVF) involves an 
abnormal communication between the ureter and
the vagina. VanRoonhuyse is credited with the 
first UVF repair in 1672, in which he performed 
debridement of the edge of the fistula and closure
using sharpened goose quills [1]. Joubert repaired a
UVF with a labial skin flap in 1834.

The incidence of UVF following gynecologic 
procedures is reported to be 0.5% [2], making gyne-
cologic surgery the most common cause of UVFs [3].
Amongst gynecologic procedures, total abdominal
hysterectomy is the predominant cause of UVFs [4],
although skeletonization of the ureter during radical
hysterectomy [5], vaginal delivery [6] and ceserean
section have also been reported as causes. The ureter
passes beneath the uterine artery and vein (Figure
42.1), and ureteral injury during ligation of the
uterine vessels is not uncommon. Urologic, colonic,
and vascular surgeries also place a patient at risk for
ureteral injury which can result in UVF. Preoperative
radiation therapy increases the risk of UVF forma-
tion. However, postoperative radiation does not
appear to be associated with an increased risk of UVF
[7]. Other more rare causes of UVF include
endometriosis and pelvic inflammatory disease [8].
Kumar reported on a case of UVF following extracor-
poreal shock wave lithotripsy [9].

Presentation and Evaluation
History

The presentation of a patient with a UVF usually
varies according to the time of patient presentation
in relation to surgery. In the immediate postopera-

tive period, a patient may describe abdominal or
flank pain, abdominal fullness, fever, or any combi-
nation of the above. Delayed presentation, days or
weeks postoperatively, usually involves complaints of
continuous urinary leakage, which the patient may
or may not be able to discern is from the vagina. The
volume of leakage may vary depending on the size
of the fistula, with continuous urinary incontinence
from large fistulas and a watery discharge from
small fistulas. However, even small communications
can result in extensive leakage. Patients typically
void normally. Mandal et al. reported on 31 patients
with UVF, most of whom were asymptomatic until 
1 to 4 weeks postoperatively when they experienced
a sudden onset of urinary incontinence [8]. This
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delay in presentation is perhaps due to the progres-
sion of the pathology. The ureteral wall is damaged,
suffers ischemia, and then breaks down, making it
possible for a fistula to develop.

Physical Examination
Physical examination may be completely normal.
Abdominal examination may reveal nonspecific
generalized tenderness, and costovertebral tender-
ness may be present. On vaginal examination, a
mass or erythema of the vaginal wall may be visible.

Cystourethroscopy

Cystoscopy is performed to detect any erythema or
evidence of a mass in the bladder. Insufflation of the
vagina during cystoscopy may produce bubbles in
the bladder [1]. Conversely, instillation of colored
sterile water into the bladder with simultaneous
speculum examination of the vagina may reveal a
point of communication in the vagina.

Radiographic Imaging

A voiding cystourethrogram (VCUG) not only facili-
tates the detection of a vesicovaginal fistula (VVF),
but can be helpful in the differentiation between a
UVF and a VVF. However, it is imperative to keep in
mind that a patient may have more than one type of
fistula. Up to 10% of patients with VVFs may have a
concomitant UVF. VCUG is also useful in assessment
for vesicoureteral reflux, pelvic prolapse, or stress
urinary incontinence, all of which could be 
corrected at the time of fistula repair.

Since most cases of UVF involve some degree 
of ureteral obstruction [4,10], an intravenous 
pyelogram (IVP) is an important study if UVF is sus-
pected. Extravasation of contrast at any point along
the course of the ureter suggests disruption of the
continuity of the ureter. There may be variable visual-
ization of the kidney secondary to ureteral obstruc-
tion. Additionally, an IVP will usually demonstrate a
duplication of the collecting system if it is present.

The authors routinely perform retrograde 
pyelograms (RPG) in all patients suspected of having a
UVF prior to surgical repair (Figure 42.2). An RPG is
also performed in patients who cannot receive intra-
venous contrast secondary to allergy or impaired renal
function or in cases in which the IVP is inconclusive.

Other Tests

Pad tests can help determine the location of the
communication. Many variations of the pad test

technique have been described. The algorithm used
by the authors is illustrated in Figure 42.3. The
pyridium test mentioned in the figure requires the
patient to wear tampons and pads for 2–3 days while
taking oral pyridium. The tampons and pads are
examined by the clinician for staining pattern.
Orange staining at the proximal aspect of the
tampon is indicative of a UVF, while staining distally
suggests a VVF. VVF is excluded by instilling blue
dye into the bladder and performing simultaneous
vaginal examination. Blue dye in the vagina
confirms a VVF.

Treatment

General

Regardless of the therapeutic preference, the goals
of treatment of UVFs are preservation of renal func-
tion, prevention of urosepsis [7], maintenance of
hygiene, and alleviation of symptoms [10]. The
timing of surgical intervention for UVFs is contro-
versial. Early open repair decreases the risk of irre-
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Figure 42.2 Retrograde pyelogram demonstrates extravasation of
contrast in the distal ureter.



versible renal damage and avoids technical difficulty
secondary to inflammation. Some authors suggest
that if 2 weeks have passed since the injury, one
should wait 3 months before attempting open repair
[11]. Conservative therapy to provide drainage and
facilitate ureteral healing with a retrograde ureteral
stent is also an option advocated by many authors
[12]. In those patients who are unable to undergo
general or regional anesthetic or in whom a retro-
grade stent cannot be passed, percutaneous
nephrostomy with or without antegrade ureteral
stent placement is another alternative.

Open Surgery

Simple ureteroneocystotomy is the gold standard for
treatment of UVFs. When ureteral length is short,
mobilization of the kidney and ureteral reimplanta-
tion with a psoas hitch and/or Boari flap is usually
possible. A psoas hitch is performed by tacking the
mobilized bladder to the psoas major tendon. The
psoas hitch is useful to decrease the tension on the
reimplanted ureter (Figure 42.4). In cases in which
the ureteral injury is so proximal that the tension is

not adequately relieved by a psoas hitch alone,
a Boari flap can be created. Anticipation of the 

possible necessity for creation of a Boari flap is
important when the cystotomy incision is made. In
order for proper creation of a Boari flap, the cys-
totomy must be made in an oblique fashion 
(Figure 42.5). The flap is then tubularized, and the
ureter is reimplanted into the distal portion of the
tube (Figure 42.6). A psoas hitch is performed in
conjunction with the Boari flap, again, to minimize
tension on the reimplanted ureter. Up to 100%
success rates are reported in some series (Table 42.1).
Rarely, renal autotransplantation or construction of
an ileal ureter is necessary. Historically, primary
nephrectomy was performed, but this is now rare
and is only considered in patients who have
significant renal damage.

Endoscopic Management

Indications for endoscopic management of UVFs
include presentation within 3 weeks of injury, <2 cm
length of injury, with remaining ureteral continuity.
Patel et al. suggest endoscopic techniques as a first-
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Figure 42.3 Algorithm for evaluation of suspected fistula. A sus-
pected urinary tract–vaginal fistula is evaluated in a logical, stepwise
fashion.The clinician must keep in mind that patients may have more
than one communication site between the urinary tract and the
vagina. VVF, Vesicovaginal fistula; (B)RPG, bilateral retrograde pyelo-
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Figure 42.4 A psoas hitch involves tacking of the bladder to the
psoas tendon to minimize tension on the reimplanted ureter.
Reprinted with permission from S Raz (Ed), Female Urology, 2nd edn.
Philadelphia: WB Saunders, 1996; 517.



line method of treatment for benign, iatrogenic
fistulas, but not in patients with malignancy or
history of radiation therapy. Additionally, Patel et al.
suggest that conservative management is unlikely to
be successful in cases of complete ureteral transec-
tion [10]. In patients in whom endoscopic interven-
tion is performed, renal ultrasound and urine
cultures should be performed as frequently as every
2 weeks, to ensure that the ureter remains unob-
structed [10]. This makes this approach a time-con-

suming and costly option; nonetheless, it can save
the patient the trauma of open surgery. Urinary
tract infection should be treated if present.

Conservative techniques include a retrograde
ureteral stent, percutaneous nephrostomy, and 
antegrade ureteral stent placement. Selzman et al.
treated 20 UVFs in 19 patients over 20 years with a
mean follow-up of 5.3 years [14]. All the UVFs
occurred secondary to gynecologic procedures.
Seven patients were treated with internal stents 

468 Female Pelvic Medicine and Reconstructive Pelvic Surgery

Figure 42.5 An oblique cystotomy should be made if the possibility
of a Boari flap is anticipated to ensure maximal length and proper ori-
entation of the flap. Reprinted with permission from F Hinman, et al
(Eds), Atlas of Urologic Surgery, 2nd edn. Philadelphia: WB Saunders,
1998; 823.

Figure 42.6 The ureter is reimplanted into the tubularized Boari
flap, and a psoas hitch is performed to decrease tension on 
the ureter. Reprinted with permission from F Hinman, et al (Eds),
Atlas of Urologic Surgery, 2nd edn. Philadelphia: WB Saunders,
1998; 824.

Table 42.1 Results of ureteroneocystotomy for treatment of UVF

Author Technique (n) Follow-up Mean (range) Complications (n)

Elabd et al. [13] Direct (11) Unknown Ureteral stricture (1)
Boari w/psoas (2)

Selzman et al. [14] Direct (9) 5.3 years (1–8 years) Mild hydronephrosis (2)
Ureteral stricture (1)

Demirel et al. [15] Direct (4) Unknown None reported
Boari (1)

Yokoyama et al. [16] Ureteroappendico-cystostomy (1) 4 months None reported
Psoas hitch (1)

Mandal et al. [8] Direct (19) Unknown None reported
Boari (10)

Murphy et al. [4] Direct (9) 3–20 years Distal ureteral slough (1)
Boari (2) Renal failure (1)a

a Underwent secondary nephrectomy.



(5 retrograde, 2 antegrade) for 4–8 weeks with 
resolution of the fistula in all 7 patients. One patient
had a complication of a ureteral stricture which was
successfully treated endoscopically with follow-up
IVP one year later showing no stricture.

For retrograde stent placement, cystoscopy is 
performed and a guide wire is placed. If a point of
obstruction is unable to be traversed, rigid
ureteroscopy may be helpful. Low flow irrigation
should be used, and the wire is passed under direct
vision. Inflamed, edematous ureters may tear, there-
fore, if the wire does not pass easily, the attempt
should be aborted. When the wire passes, but the
stent does not, the wire may be left in place and
secured to a Foley catheter. A second attempt can
then be made at a later date. Following successful
stent placement, continuous bladder drainage
should be maintained for a minimum of 5 days to
prevent extravasation secondary to vesicoureteral
reflux up the stent. Follow-up VCUG should be 
performed prior to discontinuation of the Foley
catheter to ensure that the fistula has closed. Follow-
up IVP should also be performed prior to disconti-
nuation of the ureteral stent and 3–6 months later to
document patency of the ureter.

In cases in which a stent cannot be placed 
retrograde or the patient is unable to undergo 
anesthesia, a percutaneous nephrostomy with or
without antegrade stent placement is an option.
Nephrostomy alone may allow spontaneous healing
of a small fistula. Antegrade stents can obviate the
need for external drainage, and the nephrostomy
can be discontinued. As with retrograde stents, if
a wire cannot be passed through a point of obstruc-
tion, the attempt should be discontinued, and the
nephrostomy is left in place. Persistent attempts can
result in tearing of the ureter and other problems,
such as submucosal dissection and edema. Patel
reported on antegrade wire placement with subse-
quent retrograde stent passage following unsuccess-
ful attempts at antegrade passage of a stent over the
wire [10]. Traction on the wire from above provided
adequate tension for successful retrograde stent
placement in 70% of patients [10].

Lingeman et al. successfully traversed a point of
ureteral obstruction with a combined antegrade and
retrograde “cut-to-light” technique in 13 patients [17].
Nine patients had associated fistulas, and 4 had no
fistula. At a mean follow-up of 22 months, all patients
had patent ureters without fistula recurrence.

Other

Occlusive techniques to provide total occlusion of
the ureter proximal to the fistula with proximal 
percutaneous drainage have been described, but are

not routinely recommended and are not advocated
by the authors. Finally, percutaneous creation of a
cutaneous ureterostomy [18] and renal embolization
[19] have also been described in the literature.

Conclusions
Ureterovaginal fistulas are a relatively uncommon
complication. However, a systematic evaluation is
imperative to correctly and completely identify the
problem. The clinician must be sure that all fistulas
and any degree of ureteral obstruction are clearly
identified.

Treatment options include minimally invasive
endoscopic techniques and open surgery. Minimally
invasive techniques may be costly and may require
more frequent follow-up than a definitive open 
procedure, but they can save patients the morbidity
of open surgery. Endoscopic or percutaneous
approaches are especially useful in patients who are
not surgical candidates or who have terminal 
illnesses and short life expectancies. Minimally 
invasive approaches are also beneficial patients who
require temporizing until they are stable for surgery.
Early open surgery is definitive and, in the right
patient, can provide a solution with one procedure.
Nonetheless, if minimally invasive techniques fail,
one can always proceed to open surgery. In most
cases, the decision regarding the optimal therapeu-
tic approach is one that should be made by the 
clinician together with the patient. Regardless of the
approach employed, the goal of treatment of a UVF
is preservation of renal function and relief of
symptoms. All logical treatment options should be
presented to each patient, and the decision regard-
ing therapy should be made by the clinician together
with the patient.
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Introduction
Genitourinary fistulas in women have existed
since time immemorial. Derry [1] of Cairo, in
1935, while examining the Henhenit mummy, who
was either a queen or dancer in the court of
Mentuhotep of the eleventh dynasty, Egypt (circa
2050 BC), found an extensive urinary fistula and
complete tear of the perineum – the result of
difficult labor. Avicenna [2], the Perso-Arab physi-
cian of over a millennium ago, in his Al-Kanoon,
warns the physician of the incurability and life-
long curse of fistulas. Reports of Van Roonhuyse
[3] in 1663 and Fatio [4] in 1752 described early
successes using quills. However, it was not until
the nineteenth century and the pioneering work of
James Marion Sims [5] in Montgomery, Alabama,
that the first successful repair of vesicovaginal
fistula (VVF) using “silver-wire sutures” was
carried out, in 1849. This success set the stage for
modern surgical techniques and earned Sims the
title of “father of modern gynecology”.

In 1890 Trendelenburg [6] described the suprapu-
bic transvesical route, and in 1893 Von Dittel was the
first to gain exposure transperitoneally [7]. In 1894,
Mackenrodt [8] described the vaginal flap-splitting
technique which we still advocate today.

Classification and Etiology of
Genitourinary Fistulas
Classification [9] of genitourinary fistulas can be
either: (1) anatomic (Table 43.1); (2) etiologic 
(Table 43.2); or (3) by surgical size as recommended
by Waaldijk [10] for obstetrical fistulas in order to
compare surgical techniques and results (Table 43.3).

As suggested by Waaldijk [10] the surgical 
technique becomes progressively more complicated
from type I through type II Bb. The results of
closure and continence worsen progressively from
type I through type II Bb. It was felt that this
classification would enable systematic comparison
of different surgical techniques and an objective
evaluation of results from different centers. We 
have recommended that etiologic classification 
(Table 43.2) is more useful and better explains the
changing incidence [9].

Congenital fistulas [11] are often seen in
hypospadias, in which the bladder opens directly
into the vagina, or bladder extrophy and may be
associated with defective ossification of the pubic
bones and a bifid clitoris. It is generally accepted
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Table 43.1 Anatomic classification of genitourinary tract fistulas in
women [1]

Fistulas involving primary ureter
Ureterovaginal

Ureterocervical
Ureterovesicocervicovaginal

Fistulas involving primary urinary bladder
Vesicovaginal
Vesicouterine
Vesicourethrovaginal
Vesicopelvovaginal
Vesicocervicovaginal
Vesicoureterovaginal

Fistulas involving primary urethra
Urethrovaginal
Loss of urethra sloughed urethra
Urethrocervicovaginal

Fistulas of fixed or miscellaneous genitourinary structures

Combined fistulas



that surgical fistulas occur after (1) unrecognized inci-
sion in a urinary structure; (2) pressure necrosis
(from a hemostat, suture or ligature); (3) devascular-
ization; or (4) combination of these mechanisms.
However, Meeks et al. [12] in a study using rabbits
showed that suture placed through the bladder during
closure of the vaginal cuff after transabdominal hys-
terectomy, as an isolated event, was not associated
with formation of postoperative vesicovaginal fistula
(VVF). The ureter’s common danger points occur at
the corners of the vaginal vault; at the points where
the cardinal ligaments are anchored to the vagina; and
at the base of the severed ovarian pedicle.

Obstetric fistulas occur because of (1) damage
during the course of prolonged labor; (2) instrumen-
tation during delivery (forceps or vacuum); or (3)

consequences of cesarean section. When obstructed
labor is unrelieved the presenting fetal part is
impacted against the soft tissues of the pelvis and a
widespread ischemic vascular injury develops that
results in tissue necrosis and subsequent fistula for-
mation. It has been suggested [13] that the obstetric
fistula is the result of a “field injury” to a broad area
and may result in multiple birth-related injuries to
the woman that may include total urethral loss, stress
incontinence, hydroureteronephrosis, renal failure,
rectovaginal fistula formation, rectal atresea, anal
sphincter incompetence, cervical destruction, amen-
orrhea, pelvic inflammatory disease, secondary infer-
tility, vaginal stenosis, osteitis pubis, and foot-drop.
In the developing world the “fistula victims” often
develop serious social problems, including divorce,
exclusion from religious activities, separation from
their families, worsening poverty, malnutrition, and
almost unendurable suffering. Isolated almost exlu-
sively to the developing world, particularly Africa,
this problem has not received the international
attention that it deserves, from either a medical or a
social standpoint.

In developed countries the increasing incidence
of cesarean section has led to an increase in
Youssef ’s syndrome [14] (cyclic menouria associ-
ated with a vesicouterine fistula) and a change in the
etiology of this condition [15].

Incidence–Etiology–Prevention
The true incidence of genitourinary fistulas is not
known. In the United States it has been estimated that
serious injury to the urinary tract occurs in more
than 8000 of the 700,000 patients who have hysterec-
tomies performed each year. Several prospective
studies of total abdominal hysterectomy (excluding
radical operations) suggest that ureteral injury occurs
in 0.5–2.5% of patients [16,17]. Some ureteral liga-
tions are asymptomatic and may go undetected.
Some small VVFs are difficult to recognize [18].

Urinary tract injuries can occur after pelvic
surgery performed by even the most experienced
surgeons. The key point, however, is that bladder
and/or ureteral injuries recognized during an opera-
tion and repaired immediately rarely lead to fistula
formation. Symmonds [19] reported that the inci-
dence of fistulas can be kept to a minimum, in a
study of 35,117 consecutive gynecologic operations
(including radical pelvic procedures) reporting only
20 fistulas (0.05%). Nine of these fistulas occurred
after post-irradiation radical hysterectomy. Of the
20 fistulas two healed spontaneously with catheter
drainage.

Table 43.3 Surgical classification for obstetric fistulas [10]

1. Type I
Fistulas not involving the urethral closing mechanism

2. Type II
Fistulas involving the urethral closing mechanism

(A) Without (sub)total urethral involvement
(B) With (sub)total urethra involvement

(a) Without a circumferential defect
(b) With a circumferential defect

3. Type III
Involving ureter and other exceptional fistulas
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Table 43.2 Etiologic classification of genitourinary fistulas [9]

Congenital

Surgical
Unrecognized incision in urinary structure
Pressure necrosis (from hemostat, suture, ligature)
Devascullarization

Obstetric
Damage during course of labor
Instrumentation during delivery
Cesarean section

Malignant
Primary from the lesion
Secondary to treatment

Irradiation
Primary due to “hot spots’’
Secondary

Infection
Primary, secondary

Traumatic
Intrinsic, extrinsic

Spontaneous or idiopathic



The best form of prevention is having a high
index of suspicion of potential injury to the geni-
tourinary tract during an operative procedure,
identification and immediate repair. The presence of
pelvic disease (fibroids, pelvic inflammatory disease,
endometriosis, gynecologic malignancy, ovarian
masses, adhesions from previous surgery, etc.) that
necessitates intricate dissection increases the risk of
injury to the urinary tract. Appropriate exposure
and adequate dissection (either vaginally, or abdom-
inally via open or laparoscopic approach) either
obviate the injury or promote its recognition,
enabling prompt repair.

In patients with a history of previous pelvic
surgery preoperative intravenous pyelography (IVP)
or ultrasound of the kidneys and pelvis will identify
abnormal positioning of the bladder or ureters and
previous trauma (such as the silent trying off of a
ureter) which may have gone unrecognized.

The use of methylene blue in the bladder during
surgery will help recognize injury to the bladder.
Intraoperative IVP or cystoscopy (either per urethra
or via an abdominal approach and operative cysto-
tomy) with the concomitant injection of intravenous
indigo carmine or methylene blue will help to recog-
nize injury to the ureter which can usually be
repaired immediately with few abnormal long-term
sequelae [20].

All pelvic surgeons will at one time or another
find themselves in trouble. It is not getting into
trouble but what you do when you are in trouble
that can ultimately help to prevent such complica-
tions as fistula formation.

Diagnosis and Preoperative Evaluation

The postoperative finding of an elevation in temper-
ature, an unusual degree of lower abdominal dis-
comfort, flank pain, and an increased vaginal
discharge can suggest the presence of a fistula. A
watery vaginal discharge may be the only manifesta-
tion of a fistula. This discharge may appear within a
few hours after the operation, suggesting that the
fistula is secondary to actual laceration of the
bladder or ureter, or it may not appear for 5–30
days, suggesting that it results from bladder injury,
devascularization, tissue necrosis, or infection [21].
Two-thirds of fistulas may appear in less than 10
days, and 90% of fistulas appear in less than 30 days.
Irradiation leads to devascularization (with or
without prior surgery) and fistulas may appear from
30 days to 30 years after the treatment.

Table 43.4 outlines the principles of diagnosis and
preoperative evaluation. Large genitourinary fistulas
are easy to diagnose but, as the author and colleague

[18] have reported, small fistulas may be unrecog-
nized. Multiple fistulas may occur in up to 15–25%
of cases and their location and condition are impor-
tant. Diagnostic tests (Table 43.5) include the meth-
ylene blue test, which consists of the instillation of a
solution of 1 ml of methylene blue per 100 ml of
saline into the bladder via a urethral catheter and
the insertion of a tampon or piece of gauze into the
vagina. If the tampon becomes stained with blue, a
vesicovaginal fistula is indicated. If the tampon is
not dye stained another tampon is inserted in the
vagina, followed by the intravenous administration
of indigo carmine (5 ml of a 0.8% solution). If this
tampon becomes stained with dye, a ureterovaginal
fistula may be present. If neither tampon is stained a
third tampon should be inserted into the vagina and
the patient asked to cough while the external ure-
thral meatus is being observed. Staining of the most
distal tampon may indicate either stress urinary
incontinence and/or a urethrovaginal fistula.

Infusion of CO2 into the vagina, which may induce
air bubbles when inspecting the bladder at cys-
toscopy, intravenous pyelography (IVP) and exami-
nation under anesthesia (EUA) are often required.

The position of the VVF with respect to proximity
of the ureteric orifices needs to be assessed in deter-
mining whether an abdominal or vaginal route will be
used in surgical correction. A biopsy of the edges of
the fistula is mandatory when there is a history of
pelvic neoplasm. A voiding cystourethrogram
(VCUG) may rule out reflux and show associated pro-
lapse or an open bladder neck. Underlying genuine
stress urinary incontinence, which may coexist with a
VVF should be documented both subjectively and
objectively with urodynamics, and may be corrected
at the time of fistula closure. The presence of more
than one fistula (VVF and/or ureterovaginal (UVF))
has been reported in up to 25% of cases [22]. UVF in
conjunction with VVF can be ruled out with bilateral
retrograde bulb ureteropyelograms, which have lower
false negative rates than IVP.

Table 43.5 Diagnostic tests

1. Methylene blue test with vaginally placed tampons
2. Intravenous indigo carmine
3. Infusion of C02 into the vagina
4. Cystoscopy and intravenous pyelography
5. Examination under anesthesia (EUA)

Table 43.4 Preoperative evaluation [9]

1. Diagnosis – number, location, condition
2. Freedom from local sepsis
3. Suitable timing of repair
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Freedom from local sepsis remains an ideal goal.
It is important to treat any known urinary 
tract infection, but in post-irradiation or long-
standing fistulas, this may not be feasible. Local skin
infection of the vulva or perineum should be treated
preoperatively.

Timing of Repair
Opinion regarding the timing of VVF repair remains
controversial. Collins and associates [23] advocated
the use of cortisone preoperatively, which allowed
repair of the fistula within 10 days to 2 weeks of
injury. However, accepting the dictum that the best
time to cure a fistula is at the first operation, the
results of early repair with preoperative steroids
have never been as good as with waiting generally 3
months from the time of injury or recurrence.
Recently Blaivas [24] reported a series of 24 consec-
utive patients 17 of whom were repaired at an
average interval of 10.8 weeks with similar results to
those repaired after a longer wait.

Generally for repeat operations or post-irradia-
tion fistulas a minimum of a 6-month wait is
required.

Method of Treatment
Table 43.6 outlines methods of treatment of vesicov-
aginal fistula. Spontaneous cure can occasionally be
achieved for a small fistula (less than 3 mm) with
the use of catheter drainage (either suprapubic or
urethral) for a 3-week period. Falk and Orking [25]
advocated the use of cautery for fistulas less than 3
mm followed by catheter drainage for 10 days. A
number of cases referred to the senior author’s
(HPD) unit for repair of VVF have had attempted
closure with cautery which was unsuccessful and if
anything made the fistula bigger.

Because urologists are not primarily vaginal sur-
geons, they generally choose the suprapubic

approach, and in reviewing the literature it is impor-
tant to note from which type of center the report
emanates. However, more recently, there have
appeared urology reports advocating the vaginal
approach to VVF [26,27]. Lee et al. [28] have sug-
gested that the only indications for the abdominal
approach to VVF are: (1) inadequate exposure
because of a high or retracted fistula in a narrow
vagina; (2) proximity of the fistula to the ureter; (3)
associated pelvic pathology; and (4) multiple
fistulas (cribriform type).

More recently a case of laparoscopic repair using
techniques of videolaparoscopy, videocystoscopy, and
operative laparoscopy [29], and also an endoscopic
transvesico-transurethral approach [30] have been
reported. At this point in time these isolated reports
cannot be considered as generalized standard of care.

Principles of Surgical Repair
The principles of surgical repair of a vesicovaginal
fistula are outlined in Table 43.7 [9]. Suitable equip-
ment is essential as is good surgical assistance.
Vaginal retractors (Sims, Bailey’s, Chassar Moir’s),
tenaculum forceps (Allis, Stiles), and proper needle
drivers (Lawrence, Halsted, Heaney) aid in the surgi-
cal repair. Sharp long-handled cutting instruments,
strong small needles, and hooks are needed for
repair of a high vaginal fistula and enable the
surgeon to transfix the tissue by gentle “pull-back”.
Alternatively in our unit we have found that the use
of a Fogarty biliary catheter or a small pediatric
Foley catheter used in conjunction with four “Stay”
sutures (4–0 vicryl) placed at the 12, 3, 6 and
9’oclock position at the edge of the fistula help bring
the fistula into the vaginal operating field. Good
lighting is important, and it is important to wash the
bladder of clot at the end of the repair.

Adequate exposure during the surgery is provided
through the standard or exaggerated lithotomy 
position, although often in developing countries the
knee–chest position is preferred, especially for a large

474 Female Pelvic Medicine and Reconstructive Pelvic Surgery

Table 43.6 Methods of treatment of vesicovaginal fistulas

Spontaneous
Cautery
Operative approach

Vaginal
Transvesical extraperitoneal
Transabdominal (intraperitoneal)
Combined
Laparoscopic and endoscopic
Diversion

Table 43.7 Principles of surgical repair [9]

1. Suitable equipment and lighting
2. Adequate exposure during operation
3. Excision of fibrous tissue from edges of fistula (controversial)
4. Approximation of edges without tension
5. Use of suitable suture material
6. Efficient postoperative drainage of the bladder



circumferential fistula fixed and retracted behind the
pubic bone. In the scarred vagina (long-standing
fistula, radical or previous surgery, radiation, atrophic
changes) the use of a Schuchardt releasing incision
often improves exposure. Saline solution or a local
anesthetic agent with or without eprinephrine
injected into the vaginal wall around the fistulous
tract is useful to separate the bladder from the
vagina, especially when there is a lot of scar tissue. A
vertical incision is made in the anterior vaginal wall
with an elliptical incision around the VVF (Figure
43.1a). Wide mobilization by careful dissection is
used to separate the bladder from the vagina without
tension (Figure 43.1b). If the dissection proves
difficult the fistulous tract edges can be inverted and
do not necessarily need to be excised. This also cuts
down on bleeding into the bladder. Absorbable 3-0, or
4-0 Dexon or Vicryl interrupted suture is used for the
first layer (Figure 43.1c), and an interrupted layer of
2-0 or 3-0 similar suture, again without tension is
used for the second layer (Figure 43.1d).

If there is any doubt about the strength of the
closure, and certainly if: (1) a previous attempt at
repair has failed, (2) there is marked scar of
the anterior vaginal wall from previous surgery,
radiation, or atrophic changes, it is best to cover the
defective area with a Martius [31] pedicle graft 
of fibrofatty tissue from the labium majus 
(Figure 2a–c). Unilateral grafts generally are
sufficient and they are relatively easy to do. The inci-
sion should be drained for the first 24–48 hours
postoperatively with a Penrose, Jackson–Pratt, or
Hemovac brought out through the inferior border or
stab incision below the base of the incision. As the
late Reginald Hamlin (with whom HPD had the
privilege of working), the well-known fistula
surgeon of Addis Ababa, Ethiopia used to say, “She 
is then better than the way she was created”.

If the patient has a huge circumferential 
VVF, a urethrovesicovaginal fistula, or a sloughed
urethra (Figure 43.3a) for which construction 
of a neourethra from the anterior vaginal wall 
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d e

Figure 43.1 Repair of a VVF. a Auvertical 
incision is made on the anterior vaginal wll
with an elliptical incision around the VVF.
b Wide mobilization without tension of the
bladder off the  vaginal walls. c and d Bladder is
closed in two layers of interrupted absorbable
suture without tension. e Vaginal wall is closed
with interrupted or continuous suture.



(Ward procedure)[32] (Figure 43.3a–c) is required it
is necessary to cover the defect with either a
Martius[31] or gracilis muscle graft[33] (Figure
43.4a–c). Reconstructive procedures can be carried
out in conjunction with sling procedures using
either synthetic[34] (Figure 43.3d) or autologous
materials[35] in order to correct the sphincter weak-
ness that coexists with the fistula.

In simple cases of repair of a VVF, after closing
the bladder in two layers the anterior vaginal wall is
closed using interrupted or running sutures of
absorbable material (Figure 43.1e). It is feasible to
use non-absorbable suture at this point but the
sutures will have to be removed after 14 to 21 days
and should be removed by the same operator.

In complex reconstructive cases after repair of the
fistula and correction of any coexisting stress inconti-
nence there may be no native anterior vaginal wall to
close. Tissue can be obtained by using the medial half
of the labia majora as a full-thickness pedicle graft, or
alternatively a myocutaneous graft can be obtained
from the medial surface of the thigh or even with a
rectus abdominis myocutaneous flap[36].

Postoperative Drainage
Effective drainage during the postoperative period
is best achieved with a suprapubic catheter, although
this method may not work well if the patient has a
small, shrunken bladder after irradiation or a long-
standing fistula. Suprapubic catheters decrease the
incidence of urinary tract infection, are more com-
fortable for the patient, and allow early mobiliza-
tion. Drainage per urethra with a Foley catheter
remains a common method, but if the fistula was at
the base of the trigone or at the urethrovesical junc-
tion, it is best not to have the bulb of a Foley
catheter sitting over the repair site.

If the patient has had a urethrovaginal fistula,
sloughed urethra, or a urethral diverculum repaired,
a urethral stent is necessary in the postoperative
period and should be left in situ for 10 to 14 days.
The urethral catheter can be left in conjunction with
a suprapubic catheter so that when the urethral
stent is removed, repeated catheterizations will not
be necessary if a normal voiding pattern is not
established immediately.
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a

b

c

Figure 43.2 Martius fibrofatty peficale graft. a Incision
is made over the right labium major. b Kelly passed
beneath lateral wall of vaginal infront of the pubic
ramus to grasp end of Martius fibrofatty pad; Martius
graft fixed over the repaired VVF with the first of four
2–0 Vicryl sutures; Penrose drain brought out below
incision for drainage(on left). c Graft has been fixed
over repaired fistula



Bladder irrigation need not be used routinely but
should start at the first sign of any blockage in the
system. Prophylactic antibiotics are not necessary if
only a suprapubic catheter is present but should be
considered when there is both a suprapubic catheter
and a urethral stent. Documented urinary tract infec-
tion should be treated with the appropriate antibiotic.

On leaving the hospital, the patient should be
instructed against the use of tampons, intercourse
and douching for at least 6 weeks from the time of
surgery and vaginal examination reveals adequate
healing. For women wishing additional childbirth
after successful repair of a VVF, cesarean section
generally is recommended.

Conclusions
Genitourinary fistulas have become a less common
entity in developed countries because of better

obstetric care and more highly trained radical pelvic
surgeons and radiotherapists. Surgical misadventure
has emerged as the most common etiologic factor
and is often associated with medicolegal issues.
Nevertheless, problems with fistulas continue to
occur and require the combined efforts and good
clinical judgment of urogynecologists, general urol-
ogists, and general obstetrician-gynecologists in
achieving permanent cures.

It remains the authors’ opinion that the majority
of VVF can be repaired successfully via the vaginal
route.

Dedication
This chapter is dedicated to Catherine Hamlin and
the memory of the late Reginald Hamlin of Addis
Ababa, Ethiopia: superb surgeons, dedicated physi-
cians, excellent teachers, cherished friends.
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a b

c

d

Figure 43.3 a Sloughed urethra following two anterior colporr-
haphies. b“U’’ Shaped incision (Warp procedure [32]) for construction
of neourethra. c Neouretha has been created in two layers.
d modified urethra sling [34] using Marlex mesh.
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Introduction
A rectovaginal fistula is an abnormal epithelium-
lined communication between the rectum and
vagina. There is nothing more physically and psy-
chologically disabling than the aura of the inconti-
nence of gas and fecal matter. There still remains
controversy as to the best primary surgical correc-
tive technique but an even more challenging deci-
sion is the approach to the patient who has failed
corrective surgery. What is the role of a defunction-
ing stoma and when should more advanced surgical
techniques be used? This section of the chapter out-
lines a practical and scientific approach to answer
these difficult and controversial questions.

Etiology
A rectovaginal fistula may be congenital or acquired
(Table 44.1). Congenital fistulas will not be
addressed in this chapter.

Although there is variation within most surgical
series, traumatic fistulas are the most commonly
seen. Amongst these fistulas, those of obstetrical eti-
ology are most frequent [1]. These develop from an
unrecognized injury, an inadequately repaired
fourth degree tear or a repair which has been dis-
rupted by infection. Venkatesh and associates found
fistulas of obstetrical etiology to be a rare occur-
rence since they found only 25 fistulas developed
following 22 050 vaginal deliveries (0.1%) [2].

Operative trauma from rectal or vaginal proce-
dures can result in a fistula either because of direct
injury or because of postoperative sepsis which
decompresses through the rectovaginal septum. A
high fistula may follow pelvic operations, whereas a

low fistula may occur after low anterior resection or
ileoanal pouch anastomosis for ulcerative colitis.
Other traumatic fistulas can be caused by violence
or foreign bodies.

Radiation for treatment of pelvic carcinoma may
result in a fistula, 6 months to 2 years after treat-
ment [3]. Radiation proctitis may progress to ulcer-
ation and in a small proportion may progress to
fistula formation. The incidence depends upon the
dose of radiation and predisposing conditions
including diabetes mellitus and hypertension.

Inflammatory fistulas may be secondary to diver-
ticulitis, Bartholin’s abscess or inflammatory bowel
disease. Crohn’s disease is complicated by rectovagi-
nal fistulas more commonly than is ulcerative
colitis. In fact, Bandy reported an 11% incidence of
Crohn’s disease in his series of rectovaginal fistulas,
whereas none had ulcerative colitis [4].

Colorectal or gynecological neoplasms, either
primary or recurrent, can also result in a fistula.

Table 44.1 Etiology of rectovaginal fistula

Congenital

Acquired

Traumatic:
obstetric
operative
violence
foreign body
radiation

Inflammatory:
infection
inflammatory bowel disease

Neoplastic

44 Rectovaginal Fistulas and Intraoperative Bowel
Injury
Theodore M. Ross and Frederick D. Brenneman
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Classification
In addition to etiology, a fistula may be described as
low, middle or high. A low fistula is located at or
above the dentate line. A high fistula is defined as
one where the vaginal opening is near the cervix
and a middle fistula lies in between.

In attempting to rationalize a practical approach
to these fistulas, Tsang and Rothenberger described
a classification of simple and complex fistulas by
incorporating location and etiology [5].

A simple fistula is one that is low, small (<2.5 cm)
and caused by trauma or infection. A complex fistula
is large, high and caused by inflammatory bowel
disease, radiation, malignancy or results from multi-
ple failed repairs.

Clinical Symptoms
The most disabling symptoms are those of the invol-
untary passage of gas and fecal matter into the
vagina. This may be associated with a fecal odor or
recurrent vaginal infections. When patients describe
incontinence of stool, one must clarify whether this
is due to the rectovaginal fistula or to an associated
sphincter injury.

Investigations:
A proper evaluation results in:

1. Establishing the underlying etiology of the rec-
tovaginal fistula.

2. Defining the presence and site of the fistula.
3. Identifying a concomitant sphincter deficit.

A detailed history will often establish the etiology
of the fistula as it relates to obstetrical injury, anal
suppurative disease, inflammatory bowel disease,
radiation or trauma.

Physical examination first begins with inspection
of the perineum for other fistulas. Rectal examina-
tion and palpation of the rectovaginal septum will
often identify the fistula tract. Vaginal speculum
examination and proctosigmoidoscopy will often
confirm the presence and location of the fistula. In
addition, they will establish that the rectal and
vaginal mucosa are non-edematous and free of
underlying disease. In fact, Allen-Mersh and col-
leagues reported that over a third of radiation-
induced fistulas are malignant [6].

Obscure fistulas may be identified by inserting a
vaginal tampon after giving a methylene blue

enema. Staining of tampon after 15 minutes will
often confirm the presence of a fistula.

If the fistula cannot be identified, a radiologic
evaluation by Hypaque enema is often helpful. If the
patient remains symptomatic but the fistula is still
not clearly identified then an examination under
anesthesia is performed. Careful probing of the rec-
tovaginal septum or instillation of air transrectally
with vaginal speculum examination will usually
identify the site. If the site remains obscure, instilla-
tion of water into the vagina with rectal air
insufflation is sensitive to identify a small hole.

The third goal of investigation is to establish
whether there is an anal sphincter deficit since this
will modify the surgical approach. Although clinical
examination is helpful, endorectal ultrasound is an
important addition to the evaluation tools. It should
be performed when there has been a traumatic
injury and when history and clinical evaluation
suggest but do not clearly identify a deficit. Anal
manometry and pudendal nerve terminal latency
testing are not essential preoperatively but may
allow the surgeon to assess the success of postopera-
tive continence objectively.

Timing of the Operative Procedure

The correct timing of a repair is controversial but
can be simplified by determining two essential
factors. The first is a determination of the overall
nutritional health of the patient, which may be a
significant issue when a fistula is secondary to
inflammatory bowel disease, malignancy or radi-
ation. The second relates to the health of the local
tissues, which must be soft, pliable, non-edematous
and uninvolved with active inflammatory bowel
disease. Immediate repair may not satisfy the above
criteria and may not allow a small fistula to heal
spontaneously. The above criteria may be used to
determine if a repair should be immediate or
requires a delay of several months.

Surgical Repairs
Repairs can be performed through a rectal, vaginal,
perineal or transabdominal approach. A summary
of the alternative repairs is found in Table 44.2. All
patients should have a mechanical and an antibiotic
bowel preparation. For most local repairs, diet is
restricted to clear fluids for 24 hours followed by
bulk stool softeners postoperatively. The commonly
used approaches will be addressed.
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Rectal Approach

Mucosal Advancement Flap
First described by Noble in 1902, this repair has
been modified by Lowry et al. such that a flap of
rectal mucosa and internal sphincter is used for the
repair [7] (Figure 44.1). The patient is placed in the
prone jackknife position. The fistula is identified
and the intersphincteric plane is infiltrated with a
1:200 000 epinephrine solution. The flap is initiated
just distal to the fistula, 1–1.5 cm in diameter at its
apex to include mucosa and internal sphincter. The
dissection proceeds in a cephaled direction with
extreme care at the level of the fistula to re-enter the
correct plane above the fistula so as not to enlarge
its size. The dissection is carried 3–5 cm above the
fistula while one gradually widens the base of the
flap to 3–4 cm. The vaginal opening may be left
open for drainage if small (<5 mm) but if larger is
usually fully or partially closed by interrupted 3–0
absorbable sutures. The rectal mucosa is gently sep-
arated from the cut edge of the internal sphincter.
The repair is fashioned with interruped 3–0
absorbable sutures which reappose the internal
sphincter. The flap is then drawn down, the ischemic
rectal site of the fistula is excised and the flap closed
with running and interrupted 3–0 absorbable
sutures. Success rates for endorectal advancement
flap vary from 29 to 100%. Lowry reported a 78%
success rate in 56 patients. The success of this repair

seems to depend upon patient selection and the
number of previous attempted repairs.

Rectal Approach – Layered Closure
This repair involves total excision of the fistula. The
rectal mucosa is dissected free for 2 cm. The vaginal
mucosa and rectovaginal septum are closed fol-
lowed by advancement of the rectal mucosa distal to
the deeper repair prior to closure (Figure 44.2).
Hoexter and associates reported that 35 patients
were successfully repaired without recurrence after
a 4-year follow-up [8].

Vaginal Repairs

Excision of Fistula with Layered Closure
The fistula is elliptically excised followed by layered
closure of the rectum and vagina with absorbable
suture. Tancer reported 100% success in 10 patients
using this technique [9].

Inversion of Fistula
A circular incision is made around the rectovaginal
fistula. The vaginal mucosa is elevated around the
margins of the fistula and two purse-string sutures
are placed to invert the fistula into the rectum. The
vaginal mucosa is subsequently closed.

Perineal Approach

The approach converts a rectovaginal fistula into a
fourth degree tear (Figure 44.3). The inflamed fistula
tissue, sphincter muscle and perineal body are
debrided and the repair is closed anatomically. The
rectum is closed in one layer, the sphincter is reap-
posed with interrupted sutures and the vaginal
mucosa is closed last. Tancer reported success in all
34 repairs using this method [9].

Sphincteroplasty

When there is a sphincter deficit as well as a fistula
demonstrated by clinical evaluation and endoanal
ultrasound, a sphincteroplasty is the surgical treat-
ment of choice. In these circumstances clinical evalua-
tion often demonstrates a loss of the perineal body
and sphincter anteriorly. There may be a fibrotic band
anteriorly with a rectovaginal fistula. The technique
involves initially positioning the patient in the prone
jackknife position (Figure 44.4). If present the fibrotic
band is divided. Dissection is initiated horizontally
and then curved around the anus to protect the
pudendal nerves as they enter posterolaterally. The
dissection is carried in a cephaled direction separat-

Table 44.2 Operative repairs of rectovaginal fistulas

Rectal:
mucosal advancement flap
layered closure

Vaginal:
layered closure
inversion of fistula

Perineal:
conversion to complete laceration with layered closure
sphincteroplasty

Muscle interposition:
gracilis
bulbocavernosus
other

Abdominal:
anterior resection
coloanal
other

Diversion:
ileostomy
colostomy
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ing the rectum from the vagina. The ends of the
divided external and internal sphincter are identified
and the fibrotic ends are preserved. If the injury
involves the deep external sphincter, levatoroplasty
may be added. The sphincter is reconstructed by over-
lapping the ends and securing the repair with hori-
zontal mattress 2-0 absorbable sutures. The rectal
mucosa is repaired and advanced to the anal verge.
The vaginal mucosa is similarly closed. Skin coverage
may require a local advancement flap.A small drain is
left in place and diet is slowly advanced over 3 to 4
days. In separate series, Lowry and MacRae reported
excellent results with sphincteroplasty [7, 10].

Muscle Interposition

Gracilis Muscle Interposition
The gracilis muscle can be mobilized from the right
leg, providing a bulk of vascularized tissue to inter-
pose between the rectum and vagina (Figure 44.5).

Following mobilization based on the proximal
blood and nerve supply, the muscle is divided at the
knee and tunneled subcutaneously. A transverse
incision is made between the rectum and vagina and
carried above the level of the fistula. The fistula tract
is debrided and the rectum and vagina are closed
prior to interposition of the gracilis muscle. The
muscle is then fixed to the left ischial tuberosity
(Figure 44.5).

Bulbocavernosus Fat Flap
An incision is made over the labia majora from the
level of the mons pubis to the level of the posterior
fourchette. The fat and fibromuscular content of the
labia retain their vascular supply by the pudendal
vessels. Through a subcutaneous tunnel the pedicle
is drawn to the site of the fistula to be covered. As
with a gracilis interposition, the fistula is debrided
and closed in layers prior to placement of the bulbo-
cavernosus flap.
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Figure 44.1 a–H Endorectal advancement of rectal flap. (From Gordon and Nivatvongs [3].)
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Transabdominal Repairs

This approach is indicated for a high fistula or when
a low fistula repair has failed, or when a low fistula is
secondary to radiation or a neoplasm. In principle,
the rectum and vagina are separated at the site of
the fistula. A portion of the rectum usually must be
resected and an anastomosis is accomplished by low
anterior resection or a handsewn coloanal anasto-
mosis. If possible, an omental pedicle is interposed
between the new anastomosis and the closed vagina.
When a radiation-induced fistula is approached, a
coloanal sleeve anastomosis as described by Parks et
al. has been successfully used [11] (see radiation-
induced fistula, below).

Selection of Surgical Approach
The algorithm for management of simple and
complex fistulas is presented in Figure 44.6.

Simple Fistula

This is by definition a low fistula that has developed in
a well-nourished patient or one that has developed in
a patient with controlled inflammatory bowel disease.
These simple fistulas rarely require a defunctioning
stoma or a muscle interposition graft. The selection of
the best primary repair may depend upon the individ-
ual surgeon’s experience and preference, but there are
potential advantages of each of the techniques.

A rectal approach by a mucosal advancement flap
offers several potential advantages over other repairs.
Hoexter, Labow and Moseson have pointed out that a
rectal approach provides the best exposure to the high
pressure side of the rectovaginal fistula [8].

In addition, there are theoretical advantages to
the staggered suture lines in a mucosal advancement
flap. When there is an intact anal sphincter, repairs
which do not disrupt the sphincter mechanism may
have a better functional result (mucosal advance-
ment flap, layered rectal or vaginal repairs).
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Figure 44.2 Excision of rectovaginal fistula with layered
closure – transrectal approach. a, b Transverse elliptical inci-
sion is made around the fistula through the rectovaginal
septum, thus excising the entire fistulous track. c Two-layer
closure of defect in the rectovaginal septum is performed. d
Rectal mucosa is advanced distal to deeper portion of the
repair and reapproximated. e Vaginal mucosa is left open for
drainage. (From Gordon and Nivatvongs [3].)
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If a sphincter deficit is identified preoperatively,
an anterior sphincteroplasty should be performed.

With the high success rate of the alternative
repairs, the selection of the approach will ultimately
depend upon the surgeon.

Complex Fistula

This is by definition a high fistula or one that has
developed after a failed primary repair. It may have
developed as a result of uncontrolled Crohn’s disease
or as a result of radiation. Because of the diversity of
disease states resulting in complex fistulas, the best
approach may be determined by etiology.

Recurrent or Failed Low Traumatic Fistulas
Decision analysis should incorporate the answers to
the following questions:

1. Should the same type of repair be repeated?
2. Does the patient need a stoma?
3. Should a muscle interposition be added to the

repair?

Lowry et al. have noted that the success rate of a
mucosal advancement flap dropped from 88% to
85% when used as a second repair, but success was
significantly poorer when used as a third procedure
(55%). MacRae et al. reported a success rate of only
44% for a second repair with an advancement flap,
but an 85% success rate with sphincteroplasty [10].
In view of this, an alternative local repair to the
initial failed approach should be seriously consid-
ered. A loop-ileostomy should be deferred unless
this second attempt fails. Any subsequent attempt
should include a defunctioning stoma which may be
combined with a further local repair, gracilis muscle
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Figure 44.3 Conversion of rectovaginal fistula to complete perianal laceration and layer closure – transvaginal approach. a Entire rectovaginal
fistulous track, including the sphincters and perineal body is incised. b Vaginal wall is dissected from remnants of the perineal body. c Layered
repair of rectal mucosa and external and internal sphincter muscles is begun. d, e Perineal body is reconstructed and vaginal epithelium is
approximated. (From Gordon and Nivatvongs [3].)
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interposition or alternatively a transabdominal
approach with coloanal anastomosis.

Crohn’s Disease
The decision to repair a fistula with underlying
Crohn’s disease depends upon the general activity of
the disease, patient nutrition and the activity of the
local rectal disease. If the rectum is not actively
involved and the patient’s disease is under good
control, any primary repair without stoma creation
may be attempted. If circumstances are not ideal (as
described above) improved medical control of the
disease followed by loop-ileostomy and primary
repair can be attempted. If the fistula causes minimal
symptoms, it may be left alone; if there is severe rectal
disease, a proctectomy may have to be considered.

Anastomotic Vaginal Fistula
These fistulas may follow a low anterior resection
for a carcinoma of the rectum or an ileo-anal pouch
for  ulcerative colitis. Once the fistula is recognized,
the patient requires a defunctioning ileostomy or
colostomy. If the fistula is due to incorporation of
the vaginal suture line in the anastomosis, this may
require laparotomy and separation of the rectum
(pouch) from the vagina with reanastomosis.
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Figure 44.4 Sphincteroplasty. a External sphincter widely dissected from its bed to the ischiorectal fat. b Overlapping of the sphincter pre-
serving the severed ends of the muscle. c Horizontal mattress sutures are placed to achieve desired degree of tightness. d Sutures are tied
securely but not so tight as to cause muscle ischemia. e If the injury is more severe, plication of the levator ani is performed prior to overlapping
sphincteroplasty. (From Rothenberger DA, Goldberg SM. Surgery of the Colon, Rectum and Anus. Oxford: Butterworth-Heinemann, 1993.)

Figure 44.5 a Anatomy of the gracilis muscle. b Mobilization of the
gracilis muscle, interposition between the rectum and vagina and fix-
ation to left ischial tuberosity. (From Gorenstein et al. [12].)

a

b

a

ed

c

b

Sartorius muscle
Profunda Femoris artery

Femoral artery

Gracilis muscle

Vascular pedicle of Gracilis muscle

Levator ani



Alternatively, local procedures including mucosal
advancement flap or a gracilis muscle interposition
can be successful, as described by Gorenstein, Boyd
and Ross [12].

Radiation-induced Fistula
Local repair of these fistulas is fraught with failure
and therefore uninvolved vascularized tissue must
be used for repair.

Parks described a transabdominal approach
where the rectum is transected below the level of the
fistula [11]. The rectum and involved sigmoid colon
are resected. Through a perineal approach the distal
rectal mucosa is stripped and the uninvolved
descending colon anastomosed by hand at the level
of the anal canal. Nowacki et al. reported good
results in 11 of 15 patients using this technique [13].
Bricker’s on-lay patch anastomosis or Boronow’s
flap of bulbocavernosus muscle and labial fat have
also been successfully used [14,15].

Conclusion
The myriad of techniques available for repair of a
rectovaginal fistula is testimony to the difficult
problem that it presents to surgeons. A knowledge-
able, rational, organized approach combined with
meticulous surgical technique will minimize
failure and provide relief from the disabling 
symptoms.

Intraoperative Bowel Injury
Intraoperative bowel injury is an issue that all sur-
geons who perform a laparotomy must be able to
manage, whether general surgeons, urologists, or
gynecologists. Ideally, injury to the bowel should be
avoided. However, when it occurs, the management
depends on a number of factors. The first step is to
recognize that such an injury has occurred, as
missed bowel injuries carry with them a significant
degree of morbidity and a risk of mortality. This
section of the chapter will divide intraoperative
bowel injuries anatomically and discuss specific
considerations that are similar and unique to each
portion of the bowel.

Prevention of Bowel Injury
Many bowel injuries occur as a result of previous
surgery and subsequent intra-abdominal adhe-
sions. Adhesions may also be caused by previous
peritonitis or radiation. No well-accepted method
has been developed to prevent post-surgical adhe-
sions, although various solutions instilled at the
time of laparotomy closure have been tried. One
method to prevent the bowel from adhering to an
anterior abdominal wall incision is to interpose
omentum between the bowel and the abdominal
wall. However, some patients have very little
omentum, or the omentum is removed therapeuti-
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Figure 44.6 Algorithm for management of simple and complex fistulas.



cally as in the surgical treatment of ovarian cancer.
Great care must be taken during the initial stages
of a laparotomy, so that the abdominal cavity is
safely entered without inflicting a bowel injury.
Similarly, during the course of the laparotomy,
adhesions must be dissected with care to avoid
serosal and full-thickness tears to the bowel wall,
and injury to other intra-abdominal organs.
Overaggressive retraction of the bowel for expo-
sure of other organs may cause an injury to the
bowel wall or to the mesentery.

The timing of a repeat laparotomy may be
crucial in avoiding bowel injury. Early adhesions
tend to be quite vascular and more adherent to the
bowel, while adhesions that are at least 3 months
old (from the time of the previous laparotomy) are
more mature, less vascular, and more readily dis-
sected free from the bowel. Waiting for at least 3
months for subsequent surgery, when feasible,
often makes for more “friendly” adhesions and less
risk of bowel injury.

Small Bowel Injury
Injury to the small bowel can be classified as either
injury to the bowel wall or injury to the small
bowel mesentery and vascular structures. One type
of injury to the bowel wall is a serosal tear, usually
easily managed with Lembert-style suture repair.
Minor serosal tears may not require any treatment
whatsoever. Intramural hematomas will usually
heal spontaneously and do not require explo-
ration. Full-thickness defects will require either
primary repair or resection and primary anasto-
mosis, depending on the extent of injury to the
bowel. If primary repair is chosen, the surgeon

must be careful not to narrow the lumen of the
bowel. A transverse direction of the suture or
staple line is advocated to avoid this complication
(Figure 44.8).

Mesenteric injuries may or may not involve the
blood supply to the involved segment of bowel. If
the blood supply remains intact after hemostasis
is achieved, then the only consideration is to close
any mesenteric defect to avoid subsequent internal
herniation. A mesenteric vascular injury results in
either a mesenteric hematoma or a laceration and
mandates careful assessment of the bowel for via-
bility. All segments of small bowel that are not
viable require wide resection followed by primary
anastomosis. An injury to the proximal superior
mesenteric artery is more serious, and may require
the assistance of a vascular surgeon and arterial
reconstruction. Exposure of the proximal superior
mesenteric artery is best achieved either through
the lesser sac or with medial visceral rotation on
the left side.

Large Bowel Injury
The treatment of intraoperative colon injuries is
often more controversial than treatment of small
bowel injuries. The unprepared colon has a high
fecal content and, as such, more potential for septic
complications following full-thickness injury.
Fortunately, intraoperative colon injuries during
elective surgery often occur in favorable conditions.
The presence of a preoperative mechanical bowel
preparation and lavage decreases the bacterial
content of the colon and allows for safer primary
repair and resection with anastomosis. The blood
supply to the colon is not quite as extensive as that
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Figure 44.7 “Blow out” type of small bowel injury secondary to
blunt trauma.

Figure 44.8 The staple repair of small bowel injury in a transverse
fashion.



to the small bowel. A good blood supply is one of
the most important factors in the successful healing
of a repair or anastomosis of the bowel.

The management of intraoperative colon injuries
can be formulated from the experience found in the
trauma literature. Historically, the treatment of
colon trauma evolved to include mandatory
colostomy after better results were achieved with the
use of colostomy in World War II in comparison to
primary repair [16]. In fact, the Surgeon General of
the Armed Service Forces of the United States made
colostomy the standard of care for large bowel
trauma in 1943 [17]. More recently, the pendulum
has swung back to the side of primary repair for
penetrating colon injuries. Stone published the first
prospective randomized clinical trial that showed
better outcomes with the use of primary repair in
patients with favorable criteria including the
absence of shock, few associated injuries, minimal
fecal contamination and a short time (less than 8
hours) from injury to repair [18]. More liberal selec-
tion criteria were employed in later studies, to
include right and left colon injuries and even
injuries that were extensive enough to warrant
resection. These subsequent prospective trials have
advocated primary repair or resection and anasto-
mosis for most colon injuries resulting from pene-
trating trauma [19–22]. A further consideration is
the not insignificant morbidity (5–55%) associated
with colostomy closure at a later date [23–25]. This
evidence has resulted in most contemporary trauma
surgeons performing primary repair of penetrating
colon injuries, including resection and anastomosis
of unprepared bowel [26].

Rectal Injury
The treatment of an injury to the rectum in the
setting of trauma includes rectal wound repair, a
diverting colostomy with distal colorectal washout,
and occasionally presacral drainage [27]. In contrast,
an intraoperative rectal injury during elective
surgery may be treated with primary repair without a
proximal colostomy if a preoperative bowel prepara-
tion was used. However, in the context of unprepared
bowel, strong consideration should be given to a
defunctioning loop colostomy to decrease the chance
of postoperative pelvic sepsis. A Hartmann’s proce-
dure should be used for extensive rectal injuries.
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Introduction
Intraoperative injuries to the lower urinary tract are
uncommon, but potentially troublesome problems.
Early recognition and repair of a damaged bladder
or urethra can significantly improve outcome and
limit postoperative morbidity. The increase in the
number of “minimally invasive” procedures in recent
years such as laparoscopic and vaginal surgery has
created the potential for more bladder and urethral
injuries at time of surgery since they have been
shown to have a higher incidence of lower urinary
tract injuries when compared to transabdominal
pelvic surgery. Nevertheless, a large percentage of
these procedures are still carried out through an
abdominal incision. A recent study of urinary tract
injuries following hysterectomy in Finland from
1990 to 1995 showed that 75% of all hysterectomies
were still being carried out transabdominally (95%
in 1990) [1]. Also, a number of operations for
urinary stress incontinence are still performed
through an abdominal incision. Obviously, the surgi-
cal approach selected is dependent not only on the
surgeon’s preference but also on the nature of the
patient problem and preoperative factors.

This chapter will focus on injuries to the bladder
and urethra during abdominal, vaginal and
transurethral surgery. We will focus on incidence,
prevention and management of these problems.
Clearly, there is no substitute for prevention of these
types of injury; also these injuries are far easier to
deal with at time of primary surgery and become
much less traumatic to the patient.

Abdominal Surgery
The abdominal approach is associated with lower
incidence of damage to the bladder or urethra when
compared to the other approaches. Nevertheless, it is
not without its own unique problems and potential
for injury. Many of the patients requiring an abdom-
inal incision have extensive pathology and are poor
candidates for minimally invasive surgery because of
multiple previous abdominal and/or pelvic surgery
or have a disease process that requires a more inva-
sive approach (e.g. endometriosis, pelvic inflamma-
tory disease or malignancy) [2,3].

The relation of the bladder dome to the lower
abdominal wall puts it at risk for damage upon
entering the abdominal cavity. A laceration of the
dome of the bladder is usually identified easily and
repaired. These injuries are usually sustained when
the bladder is not emptied prior to entering the
abdomen and are quite easily prevented. The extent
of the surgery, presence of adhesions, existing
pathology, and any significant bleeding distorting
tissue planes contribute to the potential for further
damage to the bladder [4]. Patients with a past
history of endometriosis, pelvic radiation, pelvic
inflammatory disease, cesarean section, or prior
surgery are at significantly increased risk of damage
to the lower urinary tract. Usually, the base of the
bladder and trigone are the site of damage. These
injuries occur primarily as the bladder is dissected
away from the cervix and upper vagina [5].
Aggressive, blunt or sharp dissection in the wrong
tissue plane is usually the cause. Most can be
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avoided through caution and careful identification
of correct tissue planes, especially when dissection
is carried out through areas of scar tissue or adhe-
sions. This is particularly important when faced
with a pelvis that has been irradiated in the past or
preoperatively. The incidence of bladder injury rises
significantly in these patients. Insertion of a Foley
catheter in these patients preoperatively can aid in
identifying the trigone and urethra. If there is any
question of damage; saline, methylene blue, or intra-
venous indigo carmine solution may be injected to
rule out a possible leak. Preoperative ureteric stent-
ing is recommended in any surgery that has high
risk of injury to the trigone or ureters. Obviously,
these problems are only compounded by the limited
exposure afforded by laparoscopic surgery. The
CREST study [3] compared the number of bladder
injuries in total abdominal hysterectomies versus
vaginal hysterectomies prospectively, between 1978
and 1981. Bladder damage was sustained in 0.3%
versus 1.4% respectively. These results are supported
by more recent literature. Laparoscopic hysterec-
tomies have an incidence of approximately 1–1.2%
of bladder injuries [6].

Management

In the event that the bladder is injured by either dis-
section or a clamp “crush” type injury, the damaged
tissue should be excised and the bladder closed in
two layers. The normal bladder is quite vascular and
should heal quite well with adequate tissue approxi-
mation and catheter drainage for 7–10 days. With an
irradiated bladder, or whenever the bladder tissue is
tenuous or has poor blood supply, a pedicled graft of
omentum should be added to the closure, thus sepa-
rating the bladder from the vagina and enhancing
healing because of the rich omental blood supply.
Depending on the extent of the injury a suprapubic
catheter in addition to the Foley catheter may be
advisable. Proper postoperative bladder drainage is
absolutely crucial to ensure healing.

Vaginal Surgery
The majority of surgery carried out from a vaginal
approach consists of anterior repairs, needle sus-
pensions, sling procedures and simple hysterec-
tomies. Surgery for urinary stress incontinence
places both the urethra and bladder at risk of possi-
ble injury, especially if these patients have under-
gone multiple operations. They may have poor
tissue, perivesical scarring, or the bladder may be
stuck to the lateral wall of the pelvis from prior

pelvic surgery. A potentially thin bladder wall
increases the risk of complication. Controlled, sharp
dissection of the bladder base and trigone during
the reflection of the vaginal flaps will limit the
chance of injury. A Foley catheter will delineate the
path of the urethra, identify the location of the
bladder neck, and keep the bladder empty.

Management

Any lacerations identified should be closed in two
layers immediately to avoid extension of the injury.
Control of any bleeding should be attained quickly
and a labial flap (Martius) may have to be used to
separate the bladder suture line from the vagina and
enhance healing by the rich blood supply of the
labial fat [7].

Accidental Penetration of the Bladder

Another complication unique to urinary stress
incontinence surgery is the accidental penetration of
the bladder by needles or sutures through the full
thickness of the bladder wall. This usually occurs as
a result of inadequate mobilization of the bladder
away from the lateral pelvic wall and is easily recog-
nized endoscopically. If missed, the resultant tissue
damage may produce a cellulitis in the space of
Retzius due to leakage of urine and later develop-
ment of vesicovaginal fistula and possibly bladder
stones around the suture. This, could also result in
further scarring and fixation of the bladder neck
and there have been reported cases of fixation of
vesical wall to the periosteum of the pubis resulting
in osteitis pubis.

A few techniques can be employed to avoid or rec-
ognize these injuries. The presence of a Foley
catheter provides an excellent landmark. Also
careful introduction of the needles immediately
behind the pubic bone and finding a plane between
the bladder and the lateral pelvic wall is important.
This is even more important in sling procedures
where a Kelly forceps is sometimes used to develop
this plane, since a tear from the forceps will be far
more extensive. Cystoscopy following placement of
the Stamey needles or Kelly forceps is absolutely
essential and will identify any bladder penetration.

Management
Immediate removal and proper repositioning of the
Stamey needle or Kelly forceps once it has been
shown to have penetrated the bladder should be
carried out. Rarely, if the bladder tear is large, a
transabdominal repair needs to be carried out as
described below.
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Urethral Injuries

Injuries to the urethra during vaginal surgery occur
more frequently than with abdominal surgery
although, relatively speaking, they are still rare. The
location of the female urethra in the anterior vaginal
wall, and the very thin perivaginal tissue that sepa-
rates the two, predisposes it to injury during vaginal
surgery. The most common sources of injury are
anterior colporrhaphy and stress incontinence
surgery. Previous surgery or radiation increases the
risk. Careful, gentle dissection when faced with such
situations reduces the chance of injury.

Management
The principles of repair of urethral injuries are
similar to those for the bladder. A two-layered,
water-tight closure is essential for proper healing.
Once again, a labial fat graft (Martius flap) may
need to be used. Care must be taken to ensure that
the sphincter mechanism of the urethra is not
damaged by the repair. Proper bladder drainage
must be accomplished using a Foley catheter and, if
necessary, a suprapubic catheter.

Transurethral Surgery
Bladder perforation during transurethral surgery is
encountered most frequently during bladder tumor
resection. Such a complication is avoidable with
careful surgical technique such as maintaining good
visibility during the resection by controlling bleed-
ing, being aware that the bladder wall in women is
often thin and avoiding bladder overdistension. In
the past, bladder perforation also occurred occa-
sionally during lithopaxy when mechanical
lithotrites were often used. With the new technology
available today, such as electrohydraulic or holmium
laser lithotripsy, such a complication is rare. Bladder
perforation may also rarely occur during forceful
manual bladder distension instead of hydrostatic
distension by gravity in patients with severe inter-
stitial cystitis.

Management

Intraoperative cystogram should be carried out
whenever bladder perforation is suspected to
confirm the diagnosis and to rule out intraperi-

toneal extravasation. Once bladder perforation has
been identified, the procedure should be discontin-
ued immediately after ensuring that there is no
significant bleeding. The 20 French catheter inserted
for the cystogram will be used to provide free
urinary drainage postoperatively. In cases where the
perforation was shown to be intraperitoneal on the
cystogram, or if catheter drainage alone in extraperi-
toneal extravasation is felt to be inadequate because
of the size or location of the perforation, abdominal
exploration with bladder repair and placement of a
suprapubic catheter is advisable. Adequate bladder
drainage should be maintained postoperatively for
7–10 days with antibiotic coverage.

Conclusion
It is clear from all the studies that there is no substi-
tute for prevention of these injuries. However, if
identified immediately and dealt with at time of
surgery these injuries are rarely troublesome. The
same cannot be said of undiagnosed bladder or ure-
thral injuries resulting in a variety of problems with
long-term morbidity. The risk of injury to the lower
urinary tract increases for a given patient popula-
tion when minimally invasive procedures are per-
formed. It is important, under these circumstances,
to keep these potential problems in mind and main-
tain a high index of suspicion.
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An often overlooked and minimized aspect of anti-
incontinence and pelvic reconstructive reparative
procedures is the problem of postoperative voiding
dysfunction and urinary retention. The focus of
most surgical research centers around continence.
How many patients are dry and for how long
remains the mainstay of our discussions about sur-
gical success. The prospect of ongoing urinary
retention with chronic catheterization is difficult to
contemplate, even for patients with severe urinary
incontinence. It has been suggested that some
patients may prefer the use of intermittent catheter-
ization over urinary incontinence [1]. Most patients
are not quite so accepting. True surgical success is
judged by the return of normal voiding function
along with long-lasting continence. The type of
surgery performed is critical to such success. One of
the mechanisms of success for anti-incontinence
procedures is urethral obstruction through eleva-
tion of the posterior urethral vesical angle. Some
procedures are more obstructive than others,
leading to a greater chance of urinary retention.
This is the case with many sling operations. To some
extent, improvement in continence rates may occur
at the risk of more postoperative voiding dysfunc-
tion. Appropriate patient and surgical selection are
paramount to the prevention of this problem.

Once voiding dysfunction has occurred, there are
many treatment options available. This chapter will
address postoperative voiding dysfunction from
expected incidence and pathophysiology to appro-
priate diagnosis, treatment and management.

Incidence
The incidence of postoperative voiding dysfunction
varies based upon the procedure performed.

Urinary retention can follow any surgical proce-
dure. Most studies show a rate of 7–35% following
various types of surgery [2–4]. Orthopedic [5,6],
upper abdominal [3] and cardiovascular (thoraco-
tomy) [2] surgery can precipitate urinary retention.
Even laparoscopic procedures such as herniorrha-
phy [7,8] can be complicated by urinary retention
that prolongs hospital stay or delays recovery.
Procedures that are undertaken in close proximity
to the bladder have the highest urinary retention
risk postoperatively. Orthopedic operations, such as
hip arthroplasties, and rectal operations for bowel
carcinoma, such as low anterior or abdominoper-
ineal resections, pelvic pouch procedures, proctec-
tomies, and diversions, are particularly troublesome
[9,10]. Both immediate and long-term urinary
retention is very commonly reported. The etiology
of retention following these types of surgeries is
likely multifactorial, but interference to pelvic neu-
roanatomy plays a major role.

All gynecological procedures may be associated
with postoperative urinary retention and various
other types of voiding dysfunction. The actual inci-
dence is procedure specific with certain operations
being notable for the problem. About 50% of
patients require catheterization for urinary reten-
tion following hysterectomy [11]. Up to 35% may
need catheterization for several days before effective
bladder emptying is restored [4]. With routine hys-
terectomy and other common gynecological proce-
dures not associated with bladder neck suspension,
the urinary retention is usually temporary. An
example is rectocele repair, with urinary retention
being the most common postoperative complica-
tion, occurring in about 13% of cases [12].
Resolution usually occurs within days, but occasion-
ally can extend hospitalization. Bladder suspension
procedures and radical pelvic surgery for gyneco-
logical malignancies represent high risk procedures
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for both immediate and long-term voiding dysfunc-
tion.

Pathophysiology
The causes of postoperative voiding dysfunction are
quite varied (Table 46.1). Pain is perhaps the most
common immediate cause of postoperative urinary
retention. The endogenous release of cate-
cholamines in association with a pain or stress
response can lead to alpha-adrenergic stimulation of
the urethral musculature [13]. Increased urethral
tone or pressure creates a functional outlet obstruc-
tion. Adequate pain relief is an important aspect of
effective postoperative care, with narcotic analgesics
being the most common method of pain control.
Such pain control must be undertaken with care, as
opiate analgesics are also responsible for urinary
retention [14,15]. Use of PCA (patient-controlled
analgesia) opiates may be particularly problematic
[16]. Opiate analgesics can blunt the normal sensa-
tion to void, leading to bladder overdistension.
Excessive enlargement of the bladder leads to injury
at the muscle fiber layer. Actin and myosin fibers
become separated and effective contractile function
inhibited [17].

Epidural and spinal anesthetics probably lead to
voiding problems through a similar mechanism to
that described above with opiate analgesics. Nerve
sensation blockade and detrusor relaxation coupled
with vigorous intravenous hydration can create a loss
of normal sensation to void. Acute bladder overdis-
tension and resultant injury may lead to a prolonged
inability to void. Pregnancy is the most common
clinical situation in which this mechanism of voiding

dysfunction may be pertinent. Debate rages as to the
management of bladder emptying during labor –
particularly with concomitant use of epidural anal-
gesia [18]. Whether indwelling catheterization or
intermittent catheterization is used, care must be
taken to avoid bladder overdistension.

Anesthetic agents can cause a central inhibitory
effect to normal voiding sensation, through
decreased sensibility of the thalamocortical pain
tracts [19]. Other anesthetic agents may have adren-
ergic and cholinergic interactions that can lead to
functional bladder neck obstruction. Examples
include atropine, neuroleptics, selective muscle
relaxants and ketamine.

Pre-existing bladder problems may represent a
major cause of postoperative voiding dysfunction.
Some studies have suggested that a preoperative
detailed urological history is important to avoid such
postoperative difficulties [2]. Patients with neurologi-
cal disease, multiple sclerosis, diabetes and vertebral
disc disease may be at particular risk. Increased age
has been identified as a risk factor for post operative
voiding dysfunction [2,20]. Bladder complaints and
other medical conditions increase with age and may
confound age alone as a risk factor. Curiously, young
women aged 21–40 seem to be susceptible as well [3].
Especially strong sympathetic tonus due to psychic
inhibition is felt to be the cause.

The role of patient inhibition to void is often hard
to quantify as a cause and should only be considered
as an explanation after other causes have been ruled
out. There is no question that some patients exhibit
a psychological inhibition likely due to discomfort
with voiding in hospital. The use of a bedpan, unfa-
miliar bathroom facilities or shared facilities in hos-
pital wards will create varying degrees of anxiety in
patients. Anxiety may lead to adrenergic stimulation
that is enough to cause a functional urethral
obstruction and urinary retention.

Procedures carried out in close proximity to the
bladder neck, and in particular anti-incontinence
procedures, can cause direct functional and even
anatomical bladder neck obstruction. Excessive
bladder neck elevation or surgical overcorrection is
a potential complication of any bladder suspension
operation. Urodynamically these patients demon-
strate a high intravesical pressure in combination
with a slow or absent flow [21]. Postoperative edema
in the upper vagina or periurethra can directly
obstruct urine outflow or interfere with parasympa-
thetic nerve supply to the bladder and urethra.

Pelvic parasympathetic nerve supply for the
bladder originates at sacral nerve roots S2 to S4.
These nerves pierce the parietal fascia over the piri-
formis muscle and pass to the pelvic parasympa-
thetic plexus located close to the anterolateral aspect

Table 46.1 Causes of postoperative urinary retention

Pain
Opiate analgesics
Anesthetic agents
Epidural and spinal anesthetics
Edema of the bladder neck and urethra
Bladder neck dislocation
Inhibition to void
Pre-existing bladder problems
Neuropathic
Disk protrusion
Multiple sclerosis
Diabetes
Other drugs
Cholinergic
Adrenergic
Muscle relaxants
Age
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of the lower rectum, near the anorectal junction. The
nerves then form a mesh along the upper third of the
vagina and extend into the bladder base (Figure
46.1). The nerves lie in close proximity to the inferior
vesical arteries, veins and lymphatics [22]. Most of
the pelvic parasympathetic nerves are located below
the level of the cardinal ligaments, making direct
nerve injury unlikely with routine hysterectomy.
Radical hysterectomy with excision of the upper
vagina can directly injure this nerve supply.
Abdominal-perineal bowel resections, especially for
malignancy, can also injure the pelvic parasympa-
thetic nerve supply through direct excision and trac-
tion injury. Clinical experience with high rates of
urinary retention following both of these procedures
confirms what is found anatomically [10,23].

Voiding Dysfunction Following
Radical Pelvic Surgery
The risk of postoperative voiding dysfunction
increases proportionally with the radicalness of the
pelvic surgery for malignancy. Manzl reviewed
various types of radical hysterectomies for cervical
cancer, comparing immediate and 1-year rates of
incontinence and decreased sensation with voiding
[24]. Standard Wertheim hysterectomy was associ-
ated with incontinence in 10% of patients immedi-
ately and 4% at 1 year following the surgery. With an
ultraradical cuff resection (Latzko technique), the
incidence increased substantially to 21% and 27%
immediately, and at 1 year respectively. Similarly,
immediately following surgery, 27% of patients
described decreased sensation with voiding follow-
ing standard Wertheim hysterectomy while 90% had

such complaints following a Latzko radical hysterec-
tomy. These reported rates decreased substantially
by 1 year following surgery to 18% and 45%, but the
increased risk of problems associated with the more
radical procedure was still clearly apparent 

Urodynamic changes following radical hysterec-
tomy provide some quantification of this voiding
dysfunction. Ralph [25] studied 40 patients urody-
namically before, and up to 1 year following radical
hysterectomy for stage Ib or IIb cervical cancer. At 2
weeks following surgery, all patients were found to
have small, spastic bladders. Bladder capacity, func-
tional urethral length, urethral closure pressure and
intraurethral pressure were all reported to decrease
in these patients. There was an increase in intravesi-
cal pressure and post-void residual urine volume.
All patients reported decreased sensation with
voiding. At 1 year after surgery, residual urine
volumes returned to normal and 63% still reported
impaired sensation with voiding. There was a
decrease in urine flow rate and prolongation of
voiding times. Most patients (85%) adapted by
developing a Valsalva or abdominal voiding tech-
nique to empty the bladder effectively. Urodynamic
evidence of stress urinary incontinence was also
increased from 35% preoperatively to 55% at 1 year
after surgery.

Other authors have reported similar bladder
abnormalities following radical hysterectomy
[26–29]. The initial injury appears to manifest as a
hypertonic but poorly contracting bladder. Late
findings include ongoing decreased sensation,
altered voiding technique and urinary incontinence.
Up to 3% of patients having such operations may
sustain chronic bladder atony, and never have satis-
factory voiding again [30].

The suspected mechanism of voiding dysfunction
following these radical gynecological operations is
direct pelvic nerve plexus injury. This injury is often
intentional and can occur at two anatomical sites.
Excision of a wide vaginal cuff may be necessary for
adequate removal of central cervical cancer. The
wider the cuff, the greater the interruption to and
excision of direct parasympathetic supply to the
bladder. Various types of radical hysterectomy
involve complete excision of the cardinal ligaments
along with parametrial tissue following isolation
and mobilization of the ureters. Some have sug-
gested that complete cardinal ligament excision is
not necessary [31]. Less radical hysterectomies
involve taking the cardinal ligaments at the mid-
point between the cervical and pelvic sidewall. The
presumed risk with this technique is that of incom-
plete removal of lymphatic channels containing pos-
sible tumor spread. The parasympathetic nerves 
are definitely located in the bases of the cardinal 
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ligaments and thus directly interrupted [22].
Occasionally, unintentional injury to the urinary
tract also occurs. Not the least of such injuries is
that of postoperative genitourinary fistulas.
Alteration of regional blood flow with ischemic
nerve injury, local edema from lymph node dissec-
tion and direct tissue trauma are likely associated
factors, compounding nerve conduction to the
bladder and causing the various bladder abnormal-
ities described.

Management of this very common postoperative
complication varies from use of indwelling catheters
for long time periods to intermittent self-catheter-
ization. Forney [32] showed that voiding dysfunc-
tion was related to the extent of cardinal ligament
resection. Patients voided satisfactorily in 20 days
following partial cardinal ligament dissection, at
radical hysterectomy, but not for 51 days on average
if full cardinal ligament resection was done. Hence,
suprapubic catheters are often placed prophylacti-
cally. Anticipation of long-term voiding difficulties
and avoidance of urinary tract infection as seen
with urethral catheters are cited as reasons for this
approach. Teaching the patient to void using a
Valsalva or Credé maneuver has also been advo-
cated. It is hard to know which approach is the best.
Subjective success may be acceptable with many
approaches as various clinicians have streamlined
their own effective management protocols. Despite
individual management differences, most seem to
agree on the importance of recognizing this
problem and avoiding the additional complications
associated with overdistension injury to the bladder.
Experience has dictated how dramatically 
acute overdistension can impair timely bladder
rehabilitation.

Voiding Dysfunction Following
Routine Hysterectomy
The issue of voiding dysfunction following hysterec-
tomy of a routine nature, for non-malignant indica-
tions, has been debated extensively through the
literature. It is interesting to note that few investiga-
tors have attempted to answer this question in an
appropriate fashion. This is true, despite the
common practice of hysterectomy throughout the
world and the importance of providing patients
with full disclosure of the potential complications of
surgery.

Since Hanley [33] reported voiding dysfunction
as a late complication following hysterectomy there
have been many studies that have approached this
problem [34–47]. These studies are summarized in

Table 46.2. Several of these studies used a retrospec-
tive postoperative questionnaire of patients that had
undergone hysterectomy [44,45]. Few studies used
control groups [42,43,46]. Urodynamic assessments
were used in some studies, but sample sizes were
usually small.[35,36,39–42] Several studies are quite
notable and have influenced some aspects of clinical
practice [37].

Parys et al. [40,42] have carried out both retro-
spective and prospective approaches to answering
this question. The first retrospective review studied
a group of 126 women presenting for urological con-
sultation with bladder complaints that the patient
related to have onset following simple hysterectomy.
All of the patients had urodynamic abnormalities,
with 47% showing detrusor instability, 37% having
urethral obstruction and 25% stress incontinence.
Comparison was made to a group of 20 age-matched
neurologically normal women who were awaiting
hysterectomy. There was a significantly lower inci-
dence of urological complaints among the control
group. A subsequent study provided a prospective
investigation of 42 women undergoing simple hys-
terectomy [40]. Urinary symptoms, urodynamic
findings and sacral reflex latencies were assessed
pre- and postoperatively. The incidence of all of
these parameters increased postoperatively.
Specifically, urinary symptoms increased from 58%
pre- to 75% postoperatively, and actual urodynamic
findings were altered in 31% of patients. Of those
with urodynamic changes postoperatively, 73% had
evidence of pelvic neuropathy on sacral reflex laten-
cies. Assessments were carried out at 3 and 6 months
following hysterectomy.

These studies provide the strongest evidence for
the negative impact of hysterectomy on normal
voiding function. Other studies are not supportive
of these findings, and some actually reported a
decrease in the incidence of urinary incontinence
following hysterectomy [36,43]. Hansen et al. [47]
showed such a decrease with 35 study patients
having pre- and postoperative urodynamics. Over
50% of patients studied did have evidence of stress
urinary incontinence and urge incontinence prior to
surgery. Griffith-Jones et al. [43] used a pre- and
postoperative questionnaire among 80 patients
having hysterectomy and 78 patients having dilata-
tion and curettage. The response rate was only
60–67% but no differences were found between
these groups with respect to urinary symptoms
other than the incidence of stress urinary inconti-
nence, which actually decreased following total
abdominal hysterectomy. Wake [35], Vervest et al.
[41] and Langer et al. [39] have all shown a lack of
clinically significant urodynamic changes or urinary
incontinence following hysterectomy with studies
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that had each used prospective pre- and postopera-
tive urodynamics. Demirci et al. [46] used perineal
ultrasound to assess the bladder neck before and
one year after hysterectomy in 39 patients. A control
group of 30 patients having dilatation and curettage
was used for comparison. The bladder neck was
significantly lower at rest postoperatively in the
study group, but stress urinary incontinence was not
significantly different between the groups after one
year. It was concluded that hysterectomy did not
weaken urethral support or contribute to an
increase in urinary incontinence.

Perhaps the most widely quoted and poorly
understood study of postoperative voiding dysfunc-
tion and the type of hysterectomy performed is that
of Kilkku [37]. This study looked at subtotal versus
simple hysterectomy with reference to subjective

bladder symptoms and incontinence. A question-
naire was used for 212 patients to compare urinary
symptoms following either subtotal or total hys-
terectomy. There was a significant decrease in the
“sensation of residual urine” and postoperative
incontinence in the subtotal hysterectomy group.
The sensation of residual urine was a subjective
complaint on the patient questionnaire and was not
correlated with objective incomplete bladder emp-
tying. There was no randomization as the incidence
of preoperative voiding dysfunction was actually
higher in the subtotal hysterectomy group. This
study, in combination with some understanding of
pelvic parasympathetic neuroanatomy, has led to
the suggestion of preferential use of subtotal hys-
terectomy over total hysterectomy. Careful analysis
indicates the severe limitations of this study in its
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Table 46.2 Voiding dysfunction following hysterectomy: summary of studies

Author Study No. of Urodynamic Control group Results
patients assessment

Jequir (1976) [34] Prospective 104 No No Equivocal
(questionnaire)

Wake (1980) [35] Prospective 27 Yes No Equivocal
(Pre/Postop)

Hansen et al. Prospective 35 Yes No Unpredictable (high incidence of 
(1985) [47] (Pre/Postop) denied preoperative urodynamic

proven SUI or urge UI)
Lalos and Bjerle Prospective 35 Yes No Decrease in SUI postoperatively (50% 
(1985) [36] (Pre/Postop) had UI on preoperative study)
Kilkku (1985) [37] Retrospective

(postoperative 212 No No Decrease in sensation of residual urine 
UI questionnaire) and postoperative UI in subtotal 

hysterectomy group
Farghaly et al. Retrospective 98 No No Increase in bladder symptoms 
(1986) [38] postoperatively
Langer et al. Prospective 16 Yes No No difference in urodynamic 
(1989) [39] (Pre/Postop) parameters
Parys et al. Prospective 42 Yes No 31% increase in urinary symptoms 
(1989) [40] (Pre/Postop) 6 months postoperatively
Vervest et al. Prospective 32 Yes No No difference in SUI or DI; decrease 
(1989) [41] in bladder complaints postoperatively
Parys et al. Retrospective 126 Yes Yes (20  “matched” Only patients with urinary complaints
(1990) [42] (Postop) controls) after hysterectomy studied
Griffith-Jones et al. Prospective 158 No Yes (28 patients decreased SUI in hysterectomy group
(1991) [43] (questionnaire) post D&C) (65% response)
Milsom et al. Postal 10 000 No No Prevalence of urinary incontinence 
(1993) [44] questionnaire patients higher in patients with prior hysterec-

(75% response) tomy (p < 0.05)
Brown et al. Cross-sectional 7949 No No Hysterectomy is risk factor for UI (post
(1996) [45] study (retrospective operatively) in older women – 

questionnaire) average age 77
Demirci et al. Prospective study 39 TAH Perineal Yes Hysterectomy did not weaken urethral 
(1999) [46] of bladder neck patients (30 ultrasound to support or increase SUI

mobility SUI controls) assess bladder neck

UI, urinary incontinence; SUI, stress urinary incontinence; DI, detrusor instability; D&C, dilatation and curettage.TAH, total abdominal hysterectomy.



subjective and non-randomized method of data col-
lection. The anatomical studies of Mundy [22] have
clearly shown that most of the parasympathetic
nerve supply to the bladder is located below the car-
dinal ligaments and should not be disrupted with
simple hysterectomy, regardless of whether or not
the cervix is removed. Additional studies also cast
some doubt on the conclusions of the Kilkku study.
Lalos and Bjerle [36] reported that, with pre- and
postoperative urodynamic testing, there were no
differences between 22 patients undergoing subtotal
or total hysterectomy.

Brown et al. [45] carried out an interesting cross-
sectional population study to assess risk factors for
urinary incontinence in older women. Almost 8000
women aged 69–101 participating in an osteo-
porotic fractures study were surveyed with a ques-
tionnaire and limited physical examination.
Previous hysterectomy was identified as one of
various independent associations for urinary incon-
tinence in these patients. Other risk factors included
increased age, obesity, stroke, poor health, chronic
obstructive pulmonary disease and diabetes. There
was a non-significant trend with increasing parity.
Attributable risk for urinary incontinence was cal-
culated at 14% for hysterectomy and 16% for
obesity. Multivariate logistic regression analysis was
used to control for confounding variables and to
determine independent risk factors for urinary
incontinence. Milsom et al. [44] also carried out a
large postal questionnaire of 10 000 Swedish women
age 46–86 to assess the effects of age, parity, dura-
tion of previous oral contraceptive use, menopause
and hysterectomy on the prevalence of urinary
incontinence. The response rate was about 75%. The
patients were divided into seven birth cohorts
between 1900 and 1940. Urinary incontinence was
linearly related to increased age (p < 0.001), with the
prevalence increasing from 12.1% to 24.6% through
the increasing birth cohorts. Urinary incontinence
increased with increasing parity, described in 5.5%
of nulliparous women within the 1940 birth cohort
and increasing to 10.6% in women with one prior
delivery and 16.4% in women having had three or
more pregnancies. Hysterectomy was associated
with a higher prevalence of urinary incontinence,
being reported by 20.8% of patients who had under-
gone this procedure versus 16.4% who had not
(p<0.05). Menopause and prior oral contraceptive
use did not appear to be associated with urinary
incontinence. There are some concerns with these
study methods, including selection bias, use of a
subjective questionnaire, and a lack of clinical and
physical examination correlation. Nonetheless, the
information presented warrants serious considera-
tion, especially given the large sample size studied.

The association between urinary incontinence or
long-term voiding dysfunction following hysterec-
tomy remains unclear. It is likely that routine simple
hysterectomy carries no significant increased risk
for the development of postoperative urinary incon-
tinence. Subtotal hysterectomy does not represent a
superior technique for the avoidance of subsequent
urinary problems. A definitive study capable of
answering this question has yet to be carried out.
Conclusions that can be drawn from the informa-
tion collected to date include: (1) recognition of the
common coincidence of urinary complaints in
patients undergoing hysterectomy; (2) appreciation
for the proximity of the pelvic parasympathetic
nerve supply to the resection margins in a simple
hysterectomy; and (3) the possibility that some
patients may develop transient urinary complaints
following hysterectomy.

Voiding Dysfunction Following
Anti-incontinence Surgery
Voiding dysfunction following procedures for the
correction of urinary incontinence can be classified
into two categories: (1) recurrent urinary inconti-
nence and (2) postoperative urinary retention 
(Table 46.3). Recurrent urinary incontinence is
usually regarded as a marker of surgical failure, but
de novo detrusor instability has also been described
after 6–27% [48,49] of anti-incontinence proce-
dures. Detrusor instability may be related to postop-
erative urinary retention and bladder neck
obstruction. Bladder neck surgery itself may com-
promise normal bladder innervation, facilitating
irritability [48]. Recurrent stress urinary inconti-
nence can be due to ongoing urethral hypermobility,
urethral sphincter deficiency or even a genitouri-
nary fistula. These two aspects of postoperative
outcome will be dealt with elsewhere as part of the
management of failed anti-incontinence surgery.

Recurrent Urinary Incontinence
Postoperative detrusor instability can become a
significant problem, occasionally resulting in
urinary incontinence of a similar or even greater
extent to that which existed preoperatively. Although
the precise mechanism by which this occurs is
poorly understood, a possible explanation is
through increased outflow resistance from excessive
bladder neck elevation and urethral compression
[49]. In turn, raised intravesical pressure lowers the

502 Female Pelvic Medicine and Reconstructive Pelvic Surgery



threshold of normal bladder compensatory compli-
ance, resulting in an uncontrolled detrusor contrac-
tion. A possible analogous situation is seen in men
with prostatic hypertrophy. Urinary incontinence
secondary to detrusor instability is seen in these
patients and relieved by treatment of the urethral
obstruction [50]. Bump et al. [51] showed that high
urethral pressure transmission ratios occurred in
patients who developed postoperative detrusor
instability, but not in patients with detrusor insta-
bility unrelated to anti-incontinence surgery. This
supports a theory of overcorrection or bladder
outlet obstruction causing de novo detrusor insta-
bility and also underscores the importance of estab-
lishing appropriate, but not excessive urethral
pressure transmission ratios with anti-incontinence
procedures. Despite this supportive evidence,
changes in peak flowrate, maximum voiding pres-
sure and maximum urethral closure pressure are
sometimes not seen after anti-incontinence proce-
dures in women [49,52], leaving the explanation for
postoperative detrusor instability still somewhat
unclear. Langer et al. [49] actually found that preop-
erative detrusor instability could be corrected in
many patients with colposuspension surgery.
Although this is an interesting finding, most would
actually regard preoperative detrusor instability as
a relative contraindication to anti-incontinence
surgery [53,54]. Other causes for postoperative
detrusor instability may include postoperative cysti-
tis, recognized or unrecognized bladder injury or
perivesical edema with disruption of parasympa-
thetic nervous control. Another common and
perhaps related complaint is that of increased
urinary urgency and frequency following many
anti-incontinence procedures [55–57]. Such symp-
toms are often quite transient, requiring reassurance
only. Resolution usually occurs within weeks to
months following surgery. Symptom persistence
may indicate a need for investigation.

The management of de novo detrusor instability
following anti-incontinence surgery should be based
on the extent of the problem. Urine infection is
common and needs to be ruled out by urine culture.

Antibiotic treatment of culture-proven urinary
infection and may alleviate suspected detrusor
instability. In the absence of infection, bladder irri-
tability immediately following surgery may be
treated with antispasmodics. Buscopan can be used
for temporary relief and need not be continued long
term. Ongoing difficulties may require urodynamic
reassessment and use of oxybutynin, flavoxate ,
tolterodine or other similar medications. Generally,
these treatments would be given over courses
ranging from weeks to months. If detrusor instabil-
ity is due to a relative bladder neck obstruction
from over-elevation or sling placement at the
bladder neck, it may not be permanent if good
bladder emptying can be accomplished. Therefore,
consideration needs to be given to cessation of these
medications following a reasonable period of symp-
tomatic relief. If improvement is not forthcoming
with medical treatment and refractory postoperative
detrusor instability develops, then active considera-
tion needs to be given to urethrolysis or surgical
revision of the anti-incontinence procedure.

It is important to document appropriate bladder
emptying prior to initiation of antispasmodic treat-
ment postoperatively, as high post-void residuals
can increase, leading to an escalating problem of
bladder distension and overflow incontinence.
Overflow incontinence [58] postoperatively can
present like detrusor instability or recurrent stress
urinary incontinence and feigns surgical failure. A
post-void catheterization for residual urine or ultra-
sound assessment of post-void residual can be easily
carried out in an office setting and will clearly help
guide appropriate treatment decisions. It may even
be necessary to carry out multiple measurements 
of post-void residual volumes for diagnosis.
Management may require catheter placement for
temporary bladder drainage or intermittent self-
catheterization patient teaching.

Recurrent stress urinary incontinence will likely
persist and may occur immediately or long after any
anti-incontinence procedure. All of the procedures
have established failure rates over time. Repeat uro-
dynamic assessment is imperative for such situa-
tions. As already mentioned, other types of urinary
incontinence such as detrusor instability or overflow
incontinence can only be elucidated by careful clini-
cal and investigative reassessment. Subsequent treat-
ment will be based on the results of reinvestigation.
Kegel exercises, behavior modification, medical or
surgical management may be required, with the
understanding that repeat operations usually carry a
higher morbidity and lower overall success rates [59].

Genitourinary fistulas represent a potential com-
plication following anti-incontinence operations
[60]. Fistulas usually present as immediate severe or

Table 46.3 Voiding dysfunction following anti-incontinence surgery
classification

1. Postoperative urinary incontinence
De novo detrusor instability
Recurrent stress urinary incontinence
Overflow incontinence

2. Postoperative urinary retention
Immediate
Early
Late
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total urinary incontinence following surgery and
catheter removal. Some fistulas present later or in a
much more subtle fashion. Clinical suspicion must
remain high for this problem. Diagnosis may be
made simply by pelvic examination and recognition
of urine draining from a sinus tract into the poste-
rior fornix of the vagina. A methylene blue dye test
using two or three vaginal tampons may be neces-
sary for diagnosis when pelvic examination is not
helpful. (i.e. filling the bladder with 200–300 ml of
methylene blue stained normal saline while placing
two or three tampons in the vagina. The patient is
usually asked to walk around for 20–30 minutes and
then the tampons are removed and checked for blue
staining. The location of staining can often help to
localize the fistula tract in the vagina.) If a more
complicated fistula such as urethrovaginal or
ureterovaginal communication is suspected, more
extensive imaging techniques such as an IVP (intra-
venous pyelogram) or lateral voiding cystogram
may be required. Intravenous indigo carmine or oral
pyridium in combination with placement of vaginal
tampons may help to identify a ureterovaginal
fistula when the methylene blue dye test is negative.
Timely investigation, diagnosis and treatment with
indwelling catheterization may result in resolution
of small genitourinary fistula. A larger or long-
standing fistula will likely require surgical repair.

Postoperative Urinary Retention
Voiding dysfunction, in the form of urinary reten-
tion, following anti-incontinence procedures is actu-
ally not an uncommon event. The incidence has
been reported at between 2.5% and 25% [1,60–71]
depending on the type of procedure performed. As a
general rule, sling operations tend to have a higher
incidence of significant postoperative urinary reten-
tion than do retropubic bladder neck suspensions or
needle suspensions, but this is not always the case.
Some authors have suggested that the opposite is
true [72], creating an inconsistent and sometimes
confusing picture. Specifically, the original
Marshall–Marchetti–Krantz procedure involved
placement of sutures in the proximal urethral 
wall [73]. This was felt to predispose to urethral
obstruction. Later modifications of this technique
have resulted in a lesser incidence of postoperative
urinary retention (about 3.6%) [60]. The 
original description of the Burch retropubic
colpourethropexy specifically outlines placement of
the supportive sutures in perivaginal fascia lateral to
the urethral and bladder neck with a resultant lower
incidence of postoperative urinary retention [74,75].

Other bladder neck suspensions, including endo-
scopic needle suspensions, also rely on suture place-
ment in supportive tissue lateral to the urethra and
bladder neck and tend to be associated with a lower
incidence of long-standing urinary retention [76].
Few studies exist comparing anti-incontinence 
procedures from the perspective of postoperative
voiding dysfunction. Of note, Colombo et al. [77] 
did prospectively compare the Burch colpo-
suspension and modified Marshall–Marchetti–
Krantz urethropexy for the treatment of primary
genuine stress urinary incontinence in a group of 80
women. They reported a faster resumption of
normal spontaneous voiding (8.5 versus 13.8 days,
p = 0.002) in patients who had the Burch 
procedure. Only one patient in the study, modified
Marshall–Marchetti–Krantz group, had prolonged
voiding difficulties, clouding the significance of the
early voiding differences between the procedures.
What does seem certain is that postoperative
voiding dysfunction is difficult to clarify due to an
absence of standard definition, identification and
treatment.

What actually constitutes postoperative voiding
dysfunction? Obviously, an inability to void at all
following surgery seems an obvious example of
urinary retention, but when is this regarded as a
problem and not just an expected part of routine
recovery? The literature is not clear on this issue.
Voiding challenges with catheter removal are initi-
ated from immediately following certain anti-incon-
tinence operations, to days or weeks after others.
The differences in postoperative management are
not only procedural, but often colloquial or individ-
ual, varying between hospitals and surgeons. The
differences can be significant. Nilsson et al. [78]
report that effective and almost immediate bladder
emptying can be achieved in 96% of patients within
hours following the tension-free vaginal tape (TVT)
procedure. Similarly, Bergman, Ballard and
Koonings [52] found, in their randomized trial, that
the mean number of days of postoperative bladder
drainage before resumption of normal spontaneous
voiding (post-void residuals less than 50 ml) was
almost identical following anterior repair, Pereyra
bladder suspension and the Burch retropubic
colpourethropexy. All groups had an average length
of postoperative catheter use of around 4 days, and
there were no patients with long-term voiding dys-
function over 3 weeks. Yet Beck [1] reported that the
average length of catheter use until successful
voiding (no significant residual urine greater than
100 ml) was 59.6 days in 170 patients who under-
went a fascia lata sling procedure.

These very different voiding dysfunction rates are
individually regarded as acceptable by the involved
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authors. This obvious inconsistency of definition for
postoperative voiding dysfunction makes treatment
even more confusing. What one surgeon may regard
as a voiding problem, another may consider to be
normal or an expected part of recovery from a
bladder suspension operation. The situation
becomes even more clouded when additional
voiding dysfunction symptoms are considered. For
example, subjective complaints of irritative or
obstructive voiding symptoms, with or without
objective evidence of incomplete bladder emptying
(post-void residual greater than 100 ml), recurrent
urinary tract infections and even recurrent urinary
incontinence from suspected de novo urinary
urgency or detrusor instability are often considered
as important clinical manifestations of underlying
postoperative urinary retention secondary to pre-
sumed bladder outlet obstruction [79]. Relief of
these symptoms can often be achieved with ure-
throlysis surgery.

Attempts have been made to establish criteria for
the diagnosis of bladder outlet obstruction. Massey
and Abrams [80] proposed that two or more of the
following four urodynamic parameters should be
present to secure the diagnosis: flow rate less than
12 ml per second, detrusor pressure at peak flow
greater than 50 cm water, urethral resistance (detru-
sor pressure at maximum flow rate divided by the
square of the maximum flow rate) greater than 0.2
or significant residual urine in the presence of high
pressure or resistance. Farrar et al. [81] suggested
that only low flow rates were necessary for the
identification of urethral obstruction, as low flow
(less than 15 ml per second ) in the presence of
normal or low detrusor pressures may be associated
with relative obstruction. Conversely, peak flow
greater than 15 ml per second with a normal
uroflometry curve and no significant residual urine
volume essentially rules out significant outlet
obstruction. Applying these criteria to patients fol-
lowing anti-incontinence surgery in a standardized
fashion is difficult, as all bladder neck elevations
tend to cause increases in outflow resistance [82,83],
even though urodynamic correlation may be lacking
[49,51]. An increase in detrusor work and voiding
pressure also occurs, but is felt to equilibrate over
the weeks following surgery in most patients. Bhatia
[84] reported that decreased preoperative flow rates
(i.e. non-detrusor voiders) needed prolonged
catheterization following bladder neck suspensions.
Lose et al. [61] found that 25% of patients had
voiding difficulties immediately after the Burch col-
posuspension. These patients were found to have
preoperative low pressure voiding with detrusor
pressures less than 15 cm water. Another 20% of
patients developed late voiding dysfunction 

defined as persistent strangury and urodynamic 
evidence of impaired bladder emptying at follow-
up. Preoperative increased urethral resistance was a
predisposing factor in this late group.

These reports highlight the lack of standards in
the classification of voiding difficulties following
anti-incontinence surgery. Delay of normal micturi-
tion is common following most bladder suspension
operations, but when should it be considered patho-
logic? Treatment options will also differ depending
on the timing of voiding difficulties after surgery.
Given the inconsistency of standard definitions, it
seems practical to categorize voiding dysfunction
following anti-incontinence procedures into imme-
diate, early and late subgroups. Such a classification
will facilitate the review and understanding of the
treatment of postoperative voiding dysfunction
(Figure 46.2).
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Figure 46.2 Postoperative voiding dysfunction: treatment algorithm.



Treatment of Immediate
Postoperative Voiding
Dysfunction
Immediate postoperative voiding dysfunction is
demonstrated by an inability to establish effective
bladder emptying once a voiding challenge is initi-
ated. This could occur immediately after surgery or
when dependent catheter drainage is stopped
several days following an operation. Catheterization
is the standard method of treatment for such imme-
diate difficulties. It is suggested that urethral
catheters should only be used short term owing to
the increased risk of urinary tract infection with
prolonged use greater than 72 hours [85]. To reduce
this infection risk, suprapubic catheters are often
used [86]. Suprapubic catheterization is also felt to
have the advantage of better patient tolerance due to
the avoidance of trauma and discomfort from ure-
thral recatheterizations. Assessment of post-void
residuals is also facilitated without the need for
further catheterization.

For those patients in which a particularly long
return to normal voiding is suspected, consideration
must be given to preoperative teaching in clean
intermittent self-catheterization (CISC) [87]. This
technique obviously requires some degree of patient
manual dexterity and dedicated nursing education,
but it does have benefits over both urethral and
suprapubic catheters. These advantages include a
reduction in the incidence of urinary tract infection
and increased patient autonomy with regard to
management of voiding dysfunction. This also
reduces the need for ongoing nursing catheter care.
Intermittent catheterization has demonstrated its
effectiveness in elderly patients following orthope-
dic procedures [5,6] and its usefulness after anti-
incontinence operations seems empiric.

Pharmacological treatments have been used in
the immediate postoperative period to reduce
voiding dysfunction and urinary retention, with
varying success. Intravesical prostaglandins (i.e.
PGF2a and PGE2) have been shown in vivo to induce
detrusor muscle contractions through a direct 
contractile effect [88]. They act without the need 
for an intermediate neurotransmitter mediator.
Jaschevatzky et al. [89] showed a significant decrease
in postoperative urinary retention among patients
having vaginal hysterectomy and repairs with the
use of intravesical PGF2a. In this study, 102 patients
were randomized to the use of PGF2a or intravesical
saline. Similarly, Tammela et al. [90] found that 10
mg of intravesical PGF2a significantly improved
bladder emptying in a group of 18 patients follow-

ing anti-incontinence procedures. A control group of
18 patients received placebo with no such improve-
ment. Wagner et al. [91] studied 28 patients with
documented urinary retention postoperatively, and
administered three different doses of PGE2 and
placebo intravesically. The post-void residual
volumes dropped in all the groups, resulting in no
clinically significant improvement from the intrav-
esical prostaglandin use. The small numbers in this
study likely contributed to these results. Grignaffini
et al. [92] showed that PGE2 enhanced bladder func-
tion after hysterectomy and cystourethropexy for
moderate to severe genital prolapse. A total of 110
patients were studied. Fifty received 1.5 mg of PGE2
intravesicular solution on postoperative day 4, just
prior to catheter removal. The other 60 patients
comprised the control group, receiving no PGE2. The
treated group had a significant reduction in urinary
retention compared to the control group 
(10% versus 27%, p < 0.05). Regardless of their
apparent effectiveness in the reduction of imme-
diate postoperative urinary retention, intravesical
prostaglandins remain a cumbersome method of
treatment. Their therapeutic activity is local and
temporary. Repeated treatments require monitoring
and catheter reinsertion. Needless to say, they have
not gained any form of widespread use.

Alpha-adrenergic blockade has also been proposed
as a means of improving immediate postoperative
voiding after many surgeries, including bladder sus-
pension procedures [13]. Prazosin, terazosin and phe-
noxybenzamine have all been shown to decrease
urethral resistance. These medications also appear to
reduce postoperative urinary retention in a variety of
clinical circumstances, including anti-incontinence
surgery. Livne et al. [93] randomized a group of 99
patients to placebo or treatment with an alpha blocker
following vaginal and abdominal hysterectomy and
found a significant reduction in urinary retention in
the treated group. Tammela [94] randomized 160
patients with unexpected postoperative retention to
treatment with an alpha blocker (phenoxybenza-
mine), carbachol or placebo. The results were
significant, with only 17% of the alpha blocker group,
versus 49% of the carbachol group and 57% of the
placebo group, experiencing recurrent urinary reten-
tion. Lose and Lindholm [95] reported that prophylac-
tic alpha-blockade with phenoxybenzamine
significantly improved bladder emptying, reduced
time to spontaneous voiding and reduced postopera-
tive residual urine volumes in patients following
vaginal reparative surgery for genital prolapse. A case
report has indicated that the serotonin antagonist
ketanserin can also promote bladder emptying in
acute urinary retention due to benign prostatic hyper-
trophy, presumably through alpha receptor blockade
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[96]. It is theorized that alpha-adrenergic blockers
help to overcome an immediate surgical stress-
induced sympathetic overstimulation. Caution must
be exercised in the use of these medications in elderly
and hypertensive patients, owing to their primary vas-
cular and hemodynamic effects (i.e. hypotension).

Treatment of Early Postoperative
Voiding Dysfunction
Many of the treatments mentioned above are actu-
ally administered to prevent or minimize early post-
operative urinary retention. Voiding dysfunction
that persists despite such treatments and lasts for
days to weeks following an anti-incontinence proce-
dure can be classified as early.

Perhaps the simplest form of management for
early urinary retention is recatheterization and
ongoing bladder rest. This needs to be carried out
carefully and with the understanding that recurrent
and complicated urinary tract infections can result.
Clean intermittent self-catheterization can be taught
at this stage and maintained for months as bladder
function recovers. Surgical intervention should be
avoided as many patients will improve simply with
the support of some form of bladder drainage and a
“tincture of time”. Urine culture needs to be carried
out and infections appropriately treated. One must
be supportive and clinically confident during the
care of patients with these difficulties, as patient
anxiety is common and serves only to worsen the
situation.

Urethral relaxants and cholinergic medications
may be considered to promote bladder emptying.
Benzodiazepines, although nonspecific urethral stri-
ated muscle relaxants, tend to be well tolerated and
are safer than alpha blockers. The main side effect
of these medications is sedation due to their princi-
pal action on the central nervous system. Stanton et
al. [97] actually found that oral diazepam was more
effective than oral phenoxybenzamine, oral
bethanechol chloride or intravesical prostaglandin
E2 in reducing time to spontaneous voiding follow-
ing colposuspension surgery. Bethanechol chloride
has been shown to relieve postoperative urinary
retention in many old studies [98]. Regrettably, most
of the studies using bethanechol are uncontrolled
and do not provide any standards of drug dose.
More recent studies are conflicting in their conclu-
sions, with some indicating prevention of postoper-
ative urinary retention [99] and others suggesting
no such effect [100]. There appears to be a tremen-
dous anecdotal experience with bethanechol, which
transcends a rigorous assessment of its efficacy and

propagates ongoing use. Finkbeiner [98] published
an extensive literature review on the clinical effec-
tiveness of bethanechol for the promotion of
bladder emptying. Despite the widespread use of
bethanechol, there is little objective evidence to
support its use. Bethanechol appears to be pharma-
cologically active as evidenced by patients experi-
encing cholinergic side effects with administration,
but clinical reports indicating a clear benefit to
effective bladder emptying are lacking. It appears
that oral doses of 10–100 mg are pharmacologically
ineffective for the treatment of urinary retention.
Oral doses of 50 mg four times per day must be
used. Obviously, cholinergic side effects are worse
with higher doses, thus limiting therapeutic useful-
ness. Subcutaneous and parental routes of adminis-
tration have been shown to be more effective, but
also run the risk of a greater side-effect profile.
Lastly, bethanechol definitely causes an increase in
intravesical pressure, but there is no indication that
it promotes a detrusor contraction, relaxes urethral
resistance or helps to improve actual bladder empty-
ing. In normal bladder subjects, it increases discom-
fort and a subjective need to void, but does not
necessarily help to empty the bladder. Regardless of
this information, bethanechol will likely continue to
be used for postoperative urinary retention and, as
acknowledged by Starr and Ferguson [101], if it is
not well tolerated – and not helping the patient – it
can easily be stopped with complete resolution of
the side effects.

Treatment of Late Postoperative
Voiding Dysfunction
Eventually there will be some patients who fail to
empty their bladders properly for weeks to months
following an anti-incontinence procedure.
Fortunately, complete long-standing urinary reten-
tion is quite rare. If one also includes patients with
persistent irritative voiding symptoms, asympto-
matic incomplete bladder emptying, de novo detru-
sor instability and recurrent urinary tract
infections, then the incidence of late voiding dys-
function clearly increases. For the purposes of this
classification, late postoperative voiding dysfunction
is defined as that which persists for months, despite
the treatments instituted at an earlier stage. There is
no exact point at which the line is crossed, as some
patients will tolerate urinary retention better than
others. Some patients may even prefer the option of
ongoing clean intermittent self-catheterization over
any operation to undo a “successful” anti-inconti-
nence operation [1]. This tolerance clearly needs to
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be explored with each patient preoperatively and
during the initial postoperative management of
urinary retention. The decision to reoperate for the
purpose of release of an anti-incontinence operation
(i.e. urethrolysis) must not be taken lightly or
carried out prematurely. A thorough uro-
dynamic and cystoscopic reassessment is often 
recommended.

Cystoscopy with urethral dilatation has been
widely used for the treatment of women with
voiding dysfunction. Massey and Abrams [80] have
shown that urethral dilatation can resolve up to 76%
of voiding dysfunction caused by intramural ure-
thral problems. The efficacy of this method of treat-
ment for postoperative urinary retention remains in
question, but it is still commonly used. Prior to a ure-
throlysis, it seems quite practical to recommend cys-
toscopic examination of the chronically obstructed
bladder to rule out new pathology or lesions, trabec-
ulations, high retropubic urethral fixation and
foreign bodies. Urethral dilatation carried out con-
comitantly may also be therapeutic. If this fails then
urodynamic studies should be done, especially if
recurrent incontinence or irritative bladder symp-
toms accompany the urinary retention. Foster and
McGuire [72] suggested that urodynamic assessment
may not always be necessary before proceeding with
urethrolysis. The urodynamic diagnosis of bladder
neck obstruction is often hard to establish. A clinical
and pelvic examination which demonstrates urinary
retention and incomplete emptying with a fixed
retropubic urethra is often enough to warrant surgi-
cal treatment.

Urethrolysis has been described using a vaginal
or abdominal route, and both with or without
immediate bladder neck resuspension. Webster and
Kreder [102] carried out retropubic takedown pro-
cedures or urethrolysis through sharp retropubic

dissection, with obturator shelf repair (Figure 46.3)
in a group of 15 patients presenting with voiding
dysfunction 2–24 months following anti-inconti-
nence procedures. These original operations
included 6 Marshall–Marchetti–Krantz procedures,
6 Stamey operations, 2 Pereyra needle suspensions
and 1 Burch colpourethropexy. All patients had
extensive preoperative video-urodynamic studies
before urethrolysis. None of the patients had evi-
dence of recurrent stress urinary incontinence, but
13 had evidence of bladder instability felt to be sec-
ondary to urethral obstruction and 7 had urinary
retention requiring clean intermittent catheteriza-
tion. The retropubic takedown procedure and obtu-
rator shelf repair was successful in 14 of the 15
patients (93%), with one requiring ongoing inter-
mittent catheterization for urinary retention. Two
patients developed intrinsic sphincter deficiency
recurrent stress urinary incontinence. All patients
with detrusor instability symptoms were cured.
Obturator shelf repair was felt to be necessary for
proper anatomical positioning of the urethrovesical
unit. Omentum was often used to fill the retropubic
dead space. Others argue that a transvaginal ure-
throlysis, without resuspension, is sufficient for cor-
rection of urethral obstruction.

Foster and McGuire [72] performed transvaginal
urethrolysis in 48 patients presenting with urethral
obstruction following one ore more prior anti-
incontinence operations (including needle suspen-
sions, retropubic urethropexies and slings). The
original bladder suspension operations occurred
from 2 months to 35 years before the urethrolysis
procedure. These patients also had a combination of
urinary retention and irritative voiding symptoms
before urethrolysis. The urethrolysis was carried out
through a suburethral inverted U-shaped incision in
the vaginal mucosa, with sharp and blunt dissection
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being used to release and mobilize the urethra bilat-
erally from adhesions to the undersurface of the
symphysis pubis (Figure 46.4). Concomitant bladder
neck resuspension was not felt to be necessary and
therefore not carried out. Normal voiding was
restored in 65% of the patients. Ten patients
required more than one urethrolysis procedure.
With no major complications being reported, this
technique was felt to be a safe and effective means of
urethrolysis. A later study by McGuire [103] reports
a resolution of symptoms in 85% of 39 patients pre-
senting with postoperative urethral obstruction and
having the same type of transvaginal urethrolysis.
Similarly, Goldman et al. [104] found a success rate
of 77–84% in patients having transvaginal urethrol-
ysis without concomitant resuspension. Regrettably,
19% of patients did end up with recurrent stress
incontinence.

Raz [79,105] has advocated a similar transvaginal
approach to the urethrolysis, but with concomitant
resuspension using a modified needle suspension
approach. Polypropylene sutures were placed in the
endopelvic fascia and vaginal wall lateral to the
bladder neck and delivered suprapubically with long
needles. The sutures were then tied separately over
the midline and rectus muscle. Curiously, the
patients reported in this study had urethral obstruc-
tion with or without recurrent stress urinary incon-
tinence. Of the 41 patients treated, 71% returned to
normal voiding, 1 had persistent stress urinary

incontinence and 20% continued to self-catheterize
for urinary retention.

Carr and Webster [82] compared outcomes in 51
women who underwent 54 urethrolysis procedures.
Their preferred treatment changed over time, even-
tually favoring transvaginal urethrolysis over a
retropubic approach due to better patient tolerance
and lower morbidity with the vaginal technique. An
infrapubic approach was used in four of the patients
where there was restricted vaginal access and sus-
pected extensive retropubic fibrosis. Routine resus-
pension was not carried out; instead bladder neck
mobility was reassessed once the urethrolysis was
completed. If hypermobility was found in conjunc-
tion with urinary loss during an intraoperative
Credé maneuver, resuspension was carried out vagi-
nally using the Raz technique. A Martius fat pad was
often interposed between the urethra and symphysis
pubis after transvaginal urethrolysis to avoid recur-
rent fibrosis and fixation of the urethra to the poste-
rior symphysis. All patients having a retropubic
urethrolysis underwent a concomitant obturator
shelf repair. Successful outcomes with resolution of
urinary retention and voiding dysfunction were
reported in 86% of retropubic, 73% of transvaginal
and 25% of infrapubic approaches to urethrolysis.
Lastly, in view of the limitations of preoperative uro-
dynamic criteria for urinary retention, the only
absolute selection criterion for offering urethrolysis
was a clear temporal relationship between the onset
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of voiding dysfunction symptoms and a prior anti-
incontinence procedure. A waiting period of at least
3 months before urethrolysis was recommended for
anticipated spontaneous symptom resolution.

Although bilateral urethrolysis is often necessary
following retropubic bladder neck suspensions and
needle urethropexies, a unilateral transvaginal
release without resuspension may be preferred by
some following sling operations. Such an approach
has not been studied, but may prove to be beneficial
through release of a fixed urethral obstruction
without completely removing the support and
bladder neck elevation provided by the original pro-
cedure. Clearly, avoidance of recurrent urinary
incontinence is a major concern, as patients who
end up with this problem following urethrolysis may
have no other treatment options remaining other
than periurethral collagen injections.

Conclusions
Perhaps the most important lesson to be learned
from a review of the complexities of voiding dys-
function following anti-incontinence surgery is the
value of a thorough preoperative urodynamic
assessment. Understanding a given patient’s voiding
function before surgery goes a long way to predict-
ing, understanding and treating the difficulties that
may be encountered after surgery. The patient can
often be counseled more appropriately with respect
to expected outcomes as they pertain not only to
surgical success, but also to potential complications.
Surgical procedures can be tailored to the patient
urodynamic profile with the hope of avoiding prob-
lems. Patients can be preoperatively taught to
manage catheters or voiding dysfunction. Different
types of and timing for catheterization may be
chosen to make the postoperative recovery much
more tolerable – even in the event of complications.

Aside from preoperative urodynamic assessment,
one must establish a well-organized and systematic
approach to postoperative voiding dysfunction once
it is established. A stepwise treatment plan, as is out-
lined above, helps the patient and physician see their
way through what can be a frustrating cloud of
“what-ifs”. This creates clinical confidence and
builds the patient–physician relationship, as both
work towards the common goal of a restoration of
normal continent bladder function.
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Introduction
The Education Committee of IUGA (Chairman,
Professor Drutz) was first established in 1995 at the
annual meeting of IUGA held in Kuala Lumpur.
Although a number of members of IUGA expressed
initial interest in participating in this Committee,
the seven members listed below remained as the
Committee’s active members, and were responsible
for the preparation of the final drafts as they were
proposed in Rome in October 2000. Professor Riss
became Chairman of the Education Committee in
1999.

After reviewing existing guidelines and policy
statements, at the IUGA meeting in Denver (August
1999), the Education Committee decided to prepare
three sets of guidelines:

1. Guidelines for General Medical Training
2. Guidelines for Residency Training
3. Guidelines for Postgraduate and Subspecialty

Training

On April 29, 2000, the Education Committee of
IUGA met in Vienna, Austria. The aim of this
meeting was to complete the drafts of the educa-
tional guidelines. These guidelines were then sub-
mitted to the executive and members of IUGA via
the IUGA Website for all members to have an
opportunity to provide input. A final discussion of
the guidelines took place at a special Educational
Workshop at the IUGA annual meeting in Rome
(October 2000). After additional input was incorpo-

rated into the FINAL guidelines, the Executive
Board of IUGA voted on the guidelines and they
were considered ready for publication.

In the opinion of the Educational Committee, the
guidelines represent a consensus of IUGA and
provide minimum standards of knowledge and
skills in Female Pelvic Medicine and Reconstructive
Pelvic Surgery (FPMRPS) at the three levels. It is the
obligation of national societies and licensing bodies
to use the guidelines and adapt them to national
and regional needs.

The Education Committee recognizes that the
practice of health care in women in general, and of
female pelvic health, varies widely throughout the
world, and is dependent on cultural, socio-economic
and professional circumstances. However, the
Education Committee feels that there is a need for
minimum standards for training in FPMRPS at all
levels of medical education in order to ensure
quality assurance purposes. Finally the Committee
recognizes the need for regular review of these
guidelines.

Committee members:

1. Harold P. Drutz, Toronto, Canada, Chairman
Coordinating Committee

2. Paul A. Riss, Moedling/Vienna, Austria, Chair-
man Education Committee

3. Michael Halaska, Prague, Czech Republic
4. Engelbert Hanzal, Vienna, Austria 
5. Vik Khullar, London, UK
6. Heinz Koelbl, Halle, Germany
7. Harry Vervest, Tilburg, Netherlands
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Background

It is recognized that Urogynecology and Recon-
structive Pelvic Surgery (URPS) is an integral part
of general medical training. Every student and every
licensed physician has to be familiar with the rele-
vant aspects of urogynecology, and has to acquire
the necessary knowledge and skills for his or her
own practice. Therefore, all accredited medical
training programs should provide access to meet
these teaching objectives.

The International Urogynecological Association
(IUGA), as the leading organization in this field,
wishes to establish guidelines that will be univer-
sally acceptable to allow governing boards and
licensing bodies on national levels to establish edu-
cational objectives.

IUGA is aware of the fact that there are important
national or regional differences in the organization
and structure of medical undergraduate training
(university or medical school) and postgraduate
training leading to a license to practice medicine
(usually general practitioner or family practitioner).
By publishing universal guidelines IUGA tries to
promote a high and global standard for the care of
women with pelvic floor disorders, to enhance sci-
entific knowledge, and to encourage international
dialogue between all health care providers involved
with female pelvic health.

Scope of these Guidelines

The guidelines in this paper provide standards for
general medical training programs (pre- and post-
graduate) leading to a general license to practice medi-
cine. However, actual guidelines may differ between
countries, depending on national laws and regulations.

Objectives for URPS in General Medical
Training Programs

The following objectives are formulated for general
medical training programs:

• To improve the quality of care of women with
pelvic floor disorders.

• To improve knowledge, practice, teaching and
research.

• To promote knowledge and clinical skills relating
to female pelvic health.

Definition

A student is a person attending university or medical
school. In his or her training – leading usually to a
degree of MD – the student should acquire knowledge
in urogynecology and reconstructive pelvic surgery.
Postgraduate training provides theoretical and practi-
cal training necessary for a general practitioner. Since
these two components of general medical training
vary widely in different countries they are considered
together for the purpose of these guidelines.

Specialists in obstetrics/gynecology will have
undertaken appropriate training in the field of
URPS according to universal guidelines proposed by
IUGA for residency training.

Subspecialists in Urogynecology and Recon-
structive Pelvic Surgery (URPS) are defined as
obstetricians/gynecologists or urologists who,
having undertaken appropriate additional higher
training, are recognized to have special expertise in
the field of URPS.

General Requirements

Since medical school curricula and the specifics of
general training programs vary widely the present
guidelines focus on knowledge and skills every physi-
cian with a license to practice medicine should have. It
is the responsibility of local academic, professional
and government institutions to incorporate the aims
of the guidelines in program curricula.

Training Program and Guide to Learning

Theoretical Aspects
The following knowledge should be acquired:

The Urinary Tract and Pelvic Floor

• Embryology
• Anatomy
• Physiology
• The urinary tract in pregnancy

Lower Urinary Tract Dysfunction

• History and physical examination
• Urodynamic evaluation
• Urinary incontinence – general considerations
• Genuine stress incontinence
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• Detrusor instability
• Voiding abnormalities
• Urinary tract infections
• Urethral disorders
• Intraoperative injuries
• Urinary tract fistulas
• Neoplasia
• Psychological impact of genitourinary disorders

Genital Prolapse

• Pathophysiology
• Diagnosis
• Treatment

Anal Incontinence and Rectal prolapse

• Pathophysiology
• Diagnosis
• Treatment

Clinical Expertise
On the basis of the learning objectives listed above
the physician must have clinical expertise and skills
in the following areas (specific skills are listed in
appendix 2).

Diagnostic Techniques The student must under-
stand the indications for, the technique of, and the
interpretation of results of diagnostic techniques
used in the differential diagnosis of urinary inconti-
nence, pelvic floor and anorectal disorders.

Clinical Skills Objectives The student should have
acquired a high degree of clinical competence and
skills to be able to understand pelvic floor disorders,
to counsel patients and to make basic management
decisions.

Community Care The student will understand and
interact with the role of the community nurse in the
detection and management of urinary and fecal incon-
tinence and other pelvic floor disorders in the commu-
nity. A knowledge of health care economics and
resource availability within the community together
with the provision of facilities must be obtained.

Appendix 1: Knowledge and 
Understanding

Mandatory

• Differential diagnosis of incontinence
• Normal and pathologic micturition
• Pelvic floor and urinary tract anatomy

Encouraged

• Principles of proctology 
• Principles and interpretation of multichannel

urodynamics
• Fistulas
• Effect of pelvic tumors on the urinary tract
• Anatomy and physiology of fecal incontinence
• Operations for incontinence and pelvic floor

relaxation
• Postoperative care after surgery for incontinence

and prolapse

Appendix 2: Skills

Mandatory

• Detailed history
• Urinalysis
• Clinical examination including evaluation of

pelvic floor function

Encouraged
• Cystoscopy
• Evaluation of the upper urinary tract (ultra-

sound, X-ray)
• Single channel cystometry
• Clinical stress test
• Fitting and management of pessaries

Background

It is recognized that Urogynecology and Recon-struc-
tive Pelvic Surgery (URPS) is an integral part of resi-
dency training (RT) in obstetrics and gynecology
(OB/GYN). The physician in training has to become
familiar with all relevant aspects of urogynecology,
and has to acquire the necessary knowledge and skills
for his or her practice. Therefore, all accredited RT
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programs in OB/GYN should provide access to meet
these teaching objectives.

The International Urogynecological Association
(IUGA), as the leading organization in this field,
wishes to establish guidelines that will be universally
acceptable to allow governing boards and licensing
bodies on national levels to establish educational
objectives. By publishing universal guidelines IUGA
tries to promote a high and global stadard for care to
women with pelvic floor disorders, to enhance scien-
tific knowledge, and to encourage international dia-
logue between all health care providers involved with
female pelvic health.

Scope of These Guidelines
The guidelines in this paper provide standards for
RT programs. However, these requirements may
differ between countries, depending on national
laws and regulations. Each national organization or
association in URPS, government or licensing body
may adjust these requirements to their national 
situation or law.

Objectives for URPS in Residency 
Training Programs
The following objectives are formulated for RT in
URPS.

• To improve the quality of care of women with
pelvic floor disorders.

• To improve knowledge, practice, teaching and
research.

• To promote specialized expertise, special facilities
and clinical material that will be of considerable
benefit to some patients and hence improve the
quality of their care.

• To encourage coordinated management of rele-
vant clinical services throughout a region

Definition
Specialists in obstetrics/gynecology will have under-
taken appropriate training in the field of URPS
according to universal guidelines proposed by IUGA
for residency training.

Obstetrician/Gynecologists trained according to
IUGA Guidelines will have a detailed knowledge of
the anatomy and physiology of the pelvis, the con-
tained viscera and the pathological processes affect-
ing their function. They will have defined skills and
knowledge in the investigation and treatment of dis-
orders of lower urinary tract function, pelvic floor
disorders and other benign pelvic conditions in
women. They should be in a position to perform

basic examinations and to direct conservative treat-
ment in patients with urinary incontinence and
pelvic floor disorders and should know when to
refer women with complicated urinary and pelvic
floor problems to a URPS subspecialist.

Requirements for Trainees

In order to start an RT program in URPS the follow-
ing requirements are mandatory:

• Trainees should be qualified physicians.
• The minimum requirements for entry into an RT

program in Obstetrics/Gynecology is dependent
on national laws and regulations.

Length of Training and Registration

The length and scope of specialty training is depen-
dent on national laws and regulations. It is encour-
aged that a formal period is dedicated to URPS
training.

In order to qualify as a specialist in OB/GYN the
trainee should meet skills in URPS as outlined in
these objectives.

Requirements for Residency Training
Programs

Special Requirements
An accredited residency training program in
OB/GYN should

• have access to a service for the referral and trans-
fer of patients with urogynecological problems,
with close collaboration with other gynecolo-
gists, family physicians, urologists, geriatricians,
colorectal surgeons, or other primary care
providers, within and outside the center, and

• have access to a urodynamic laboratory including
cystometry, urethral function tests, uroflowmetry,
ambulatory equipment, cystourethroscopy, ultra-
sound, and videourodynamics.

General Requirements
In addition to these special requirements the follow-
ing general requirements must be met:

• have established close collaboration with other
obstetricians and gynecologists within and
outside the center, including major regional roles
in continuing education and training, research
advice and coordination, and audit;

• have a program director who will coordinate the
training program, accept the main responsibility
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for its supervision and be actively involved in it;
when more than one center provides the
program, there must be a supervisor at each
center, with one having overall responsibility as
director;

• have adequate medical staff to enable the trainee
to be engaged in his/her field on a full-time basis
(or in the case of a part-time trainee, during all of
his/her normal working hours); participation in
emergency and on-call work outside normal
working hours is not excluded;

• have adequate library, laboratory and other
resources to support training.

Training Program and Guide to Learning

Theoretical Aspects
The following knowledge should be acquired.

The Urinary Tract and Pelvic Floor

• Embryology
• Anatomy
• Physiology
• The urinary tract in pregnancy

Lower Urinary Tract Dysfunction

• History and physical examination
• Urodynamic evaluation
• Urinary incontinence – general considerations
• Genuine stress incontinence
• Detrusor instability
• Voiding abnormalities
• Urinary tract infections
• Urethral disorders
• Intraoperative injuries
• Urinary tract fistulas
• Neoplasia
• Psychological impact of genitourinary disorders

Genital Prolapse

• Pathophysiology
• Diagnosis
• Treatment

Anal incontinence and Rectal Prolapse

• Pathophysiology
• Diagnosis
• Treatment

Clinical Expertise
On the basis of the learning objectives listed above
(section 8.1) the resident must develop clinical
expertise and skills in the following areas (specific
skills are listed in appendix 2).

Diagnostic Techniques The trainee must understand
the indications for, the technique of, and the inter-
pretation of results relating to the items listed in
appendix 1.

Clinical Skills Objectives The trainee should have
acquired a high degree of clinical competence and
skills to be able to make a clinical diagnosis, plan
appropriate management and treat women with the
clinical problems listed in appendix 2.

Medical Therapy and Surgical Skills The trainee
must be fully conversant with the indications for,
techniques of and complications surrounding the
items listed in appendix 3.

Community Care The obstetrician/gynecologist will
understand and interact with the role of the 
community nurse, community advisor and general
practitioner in the detection and management of
urinary and fecal incontinence and other pelvic
floor disorders in the community. A knowledge of
health care economics and resource availability
within the community together with the provision
of facilities such as caregivers commodes, enuresis
alarms and laundry services must be understood.

It is to be recognized that specific skills necessary
for the practice of urogynecology will vary in differ-
ent parts of the world. The educational committee
of IUGA acknowledges these regional differences
and encourages regional boards to develop detailed
guidelines tailored to the needs of the population
served.

Appendix 1: Knowledge and 
Understanding

Mandatory

• Principles and interpretation of multichannel
urodynamics

• Differential diagnosis of incontinence
• Normal and pathologic micturition
• Fistulas
• Effect of pelvic tumors on the urinary tract
• Pelvic floor and urinary tract anatomy
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• Anatomy and physiology of anal incontinence
and rectal prolapse

• Operations for incontinence and pelvic floor
relaxation

• Postoperative care after surgery for incontinence
and prolapse

Encouraged

• Evaluation and management of anorectal disorders

Appendix 2: Skills

Mandatory

• Detailed history
• Urinalysis
• Clinical examination including evaluation of

pelvic floor function
• Clinical stress test
• Fitting of pessaries
• Management of pessaries

Encouraged

• Cystoscopy
• Evaluation of the upper urinary tract (ultra-

sound, X-ray)
• Basic urodynamics

Background

In order to improve the care given to women with dis-
orders of the pelvic floor, to enhance medical knowl-
edge and to enhance scientific research, several
Boards and Colleges around the world have estalished
guidelines for subspecialization in Urogynecology
and Reconstructive Pelvic Surgery (URPS).

The International Urogynecological Association
(IUGA), as the leading organization in this field,
wishes to establish guidelines that will be univer-

sally acceptable to allow governing boards and
licensing bodies on national levels to establish edu-
cational guidelines. By publishing universal guide-
lines IUGA tries to promote a high and global
standard for care to women with pelvic floor disor-
ders, to enhance scientific knowledge, and to
encourage international dialogue between all health
care providers involved with female health care.

Publications Used in this Paper
Guidelines for subspecialization in Urogynecology
and Reconstructive Pelvic Surgery of the following
Boards and Colleges were used in this paper: Royal
College of Obstetricians and Gynaecologists
(RCOG), German Society of Urogynecology, Society
of Obstetricians and Gynaecologists of Canada
(SOGC), American Board of Obstetrics and
Gynecology (ABOG) and Royal Australian College
of Obstetricians and Gynaecologists (RACOG).

In this paper the joint proposal for General and
Special Requirements for the new subspecialty of
Female Pelvic Medicine and Reconstructive Pelvic
Surgery from the American Board of Obstetrics and
Gynecology and American Board of Urology has
been incorporated.

Committee Members
The following IUGA Education Committee
members participated in the preparation of this
paper: Dr Harry Vervest (The Netherlands), Dr
Harold Drutz (Canada), Dr Paul Riss (Austria), Dr
Heinz Koelbl (Germany), Dr Vic Khullar (United
Kingdom), Dr Michael Halaska (Czech Republic), Dr
Engelbert Hanzal (Austria). The first draft has been
prepared by Dr John Bergstrom (USA), the final
draft by Dr Harry Vervest.

Scope of These Guidelines

These guidelines provide optimal standards for sub-
specialization. However, they may differ between
countries, depending on national laws and regula-
tions. Each national organization or association in
Urogynecology and Reconstructive Pelvic Surgery,
government or licensing body may adjust these
requirements to their national situation or law.

The guidelines will be updated or revised on a
regular basis.

Objectives for Subspecialization in URPS

The following objectives are formulated for subspe-
cialization in URPS.

• To improve the quality of care of women with
pelvic floor disorders.
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• To improve knowledge, practice, teaching and
research.

• To promote the concentration of very specialized
expertise, special facilities and clinical material
that will be of considerable benefit to some
patients and hence improve the quality of their
care.

• To establish a close understanding and working
relationship with other disciplines involved in the
field of URPS.

• To encourage coordinated management of rele-
vant clinical services throughout a region.

• To accept a major regional responsibility for
higher training, research and audit in the subspe-
cialty fields.
These objectives may vary from country to

country.

Definition

Subspecialists in Female Pelvic Medicine,
Urogynecology and Reconstructive Pelvic Surgery
(URPS) are defined as obstetricians/gynecologists
or urologists who, by virtue of education and train-
ing, are prepared to provide consultation and com-
prehensive management of women with complex
benign pelvic conditions, lower urinary tract disor-
ders, and pelvic floor dysfunction. Comprehensive
management includes those diagnostic and thera-
peutic procedures necessary for the total care of the
patient with these conditions and complications
resulting from them.

Subspecialists in URPS will have a detailed know-
ledge of the anatomy and physiology of the pelvis, the
contained viscera and the pathological processes
affecting their function. They will have clinical 
competence in the investigation and treatment of the 
disorders of function of the lower urinary tract in
women, pelvic floor and anorectal function. They
should be in a position to establish and maintain a
URPS unit and should provide a referral service for
women with complicated urinary and pelvic floor
problems. They should be active in research and
teaching and concerned with the management of
women with intractable urinary and/or fecal inconti-
nence, and persistent pelvic floor dysfunction.

Requirements for Trainees

In order to start a subspecialization in URPS the fol-
lowing requirements are mandatory:

• Trainees should be qualified physicians, certified
by their national Board as having successfully
completed general residency training in obstet-

rics and gynecology, urology, or colorectal
surgery.

• The minimum requirements for entry into the
clinical subspecialty of URPS are dependent on
national laws and regulations.

Length of Training and Registration as
Subspecialist in URPS

• The length of subspecialist training is dependent
on national laws and regulations. It is encouraged
that this period is at least two years and must
include scientific research leading to peer-
reviewed publication.

• The minimum requirements for recognition as a
subspecialist in URPS are dependent on national
laws and regulations, which may include Board
examination and certification.

• In order to register as a subspecialist in URPS the
trainee should be able to demonstrate his or her
skills by means of a list of performed diagnostic
and therapeutic procedures, scientific publications
and have the approval of the director of the train-
ing program to be recognized as subspecialist.

Requirements for Training Centers in
URPS

To be eligible for subspecialty training in URPS a
center must adhere to the following special and
general requirements.

Special requirements

• Provide a service for the referral and transfer of
patients with urogynecological problems, with
close collaboration with other gynecologists,
family physicians, urologists, geriatricians, col-
orectal surgeons, or other primary care
providers, within and outside the center.

• Have an sufficient clinical workload1. The center
should have a wide range of urogynecological
problems.

• Have a well-equipped urodynamic laboratory
which includes cystometry, urethral function
tests, uroflowmetry, ambulatory equipment, and
cystourethroscopy.

• There must be easy access to neurophysiological
equipment, ultrasound, videourodynamics and
cystourethrography, and anorectal function
studies.

• Have close collaboration, including cross-referral
of patients, with a consultant urologist, a consul-
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tant for medicine of the elderly, a colorectal
surgeon, a neurologist, a continence nurse
advisor, and an appropriately trained physiother-
apist, all with definite commitments to the man-
agement of urogynecological, pelvic floor, sexual
problems and pelvic pain.

• Have close support from, and close collaboration
with, a medical physics service.

• Have an active research program in urogynecol-
ogy for the trainee to access.

General Requirements
In addition to these special requirements the follow-
ing general requirements must be met:

• Have established close collaboration with other
obstetricians and gynecologists within and
outside the center, including major regional roles
in continuing postgraduate education and train-
ing, research advice and coordination, and audit.

• Have a program director who will coordinate
the training program, accept the main responsi-
bility for its supervision and be actively
involved in it; when more than one center pro-
vides the program, there must be a supervisor
at each center, with one having overall responsi-
bility as director. Directors and supervisors will
be consultants with special experience in URPS,
and with the eventual development of subspe-
cialization the directors and supervisors will
themselves be trained and accredited subspe-
cialists.

• Have adequate medical staffing to enable the
trainee to be engaged in his/her subspecialty field
on a full-time basis (or in the case of a part-time
trainee, during all of his/her normal working
hours); participation in emergency and on-call
work outside normal working hours is not
excluded, subject to approval by the National
Subspecialty Committee (applications for approval
of training program should include an outline of
the on-call commitments etc., but all trainees must
have suitable experience of emergency and on-call
work relevant to their subspecialty.

• Have adequate library, laboratory and other
resources to support subspecialty work, training
and research.

Certification
Certification of training centers in URPS is carried
out by the national government or the national
licensing body, dependent on the national regula-
tions or law. It is encouraged that approved pro-
grams be reviewed periodically, but not less
frequently than every five years.

Training Program and Guide to Learning

Theoretical Aspects
The following advanced knowledge and skills
should be acquired:
• Anatomy and embryology

the bony pelvis
all pelvic viscera
the pelvic floor and endopelvic fascia
the development of the urogenital system includ-
ing congenital malformations

• Physiology
A detailed knowledge of the physiology of the
urinary tract, lower gastrointestinal tract, pelvic
floor and genital viscera

• Pharmacology
the principles of pharmacology
the pharmacology of chemical substances which
act upon the pelvic organs

• Pathophysiology
• The effects of pregnancy, parturition, menopause

and aging upon the pelvis and its organs. The
effects of disease, both mental and physical, upon
the pelvic organs. The effects of surgery, trauma,
and radiotherapy upon the pelvic organs.

Clinical Expertise
Diagnostic Techniques The trainee must understand
the indications for, the technique of, and the interpreta-
tion of results relating to the items listed in appendix 1.

Clinical Skills Objectives The trainee should have
acquired a high degree of clinical competence and
skills to be able to make a clinical diagnosis, plan
appropriate management and treat women with the
clinical problems listed in appendix 2.

Medical Therapy and Surgical Skills The trainee
must be fully conversant with the indications for,
techniques of and complications surrounding the
items listed in appendix 3.

In order to obtain these skills a modular attach-
ment to other departments including Colorectal and
Care of the Elderly in the same or another hospital
are to be encouraged. A modular attachment to
Urology must occur. The details of these modular
attachments will vary depending upon national or
local circumstances.

Community Care The URPS subspecialist will
understand and interact with the role of the 
community nurse, community advisor and general
practitioner in the detection and management of
urinary and fecal incontinence and other pelvic
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floor disorders in the community. A knowledge of
health care economics and resource availability
within the community together with the provision
of facilities such as caregivers commodes, enuresis
alarms and laundry services must be understood.

Other Related Skills and Expertise
Epidemiology and Research The trainee should be
familiar with the basics of epidemiology and statis-
tics in order to interpret scientific literature and in
order to design research trials that will encourage
evidence-based medicine.

Scientific Meetings The trainee should have the
opportunity to attend and present their own
research at appropriate scientific meetings of the
training center and national meetings. Trainees
should be encouraged to attend the annual meetings
of the International Urogynecological Association,
the International Continence Society, the American
Urogynecologic Society and other relevant societies.

Teaching The trainees should gain experience in
teaching which will include:

• some responsibility for teaching medical stu-
dents, interns, core residents, junior staff, general
practitioners, nursing staff and midwives in their
subspecialty area;

• full participation in the unit’s postgraduate
program with some administrative responsibility
for organization of teaching in their subspecialty,
to include scheduled teaching rounds and journal
clubs;

• participation in the undergraduate teaching
program;

• gain experience of appraisal and assessment
techniques.

Ethical and Legal Aspects The trainee should be
able to discuss the ethical and legal aspects of the
clinical practice of this subspecialty within the scope
of their national law and regulations.

Administration The trainee should be given some
administrative experience and responsibility which
will allow the development of skills relevant to the
future provision and organization of clinical ser-
vices. Types of relevant knowledge and experience
are listed below:

• Attendance at a management course.
• An understanding of health service organization

and administrative and advisory structures.
• An understanding of the mechanisms of health

care purchasing, provision of care, resource allo-

cation and contractual issues relevant to the clin-
ical service.

• Be cognizant of the need for regional referral
systems and role of tertiary service in health care
provision.

• The system for managing hospital complaints.
• Know how to review a service and formulate a

business plan.

Training Assessment
It is recommended that trainees keep a record of
their training in a Training Assessment Record
Book. It is furthermore recommended that periodi-
cally (i.e. every six months) the training is evaluated
by the supervisor or the program director.

Certification
Designing and certification of the training program
is carried out by the national government or the
national licensing body, dependent of the national
regulations or law. These international guidelines
are designed to assist the individual national groups
(or bodies).

Appendix 1: Diagnostic 
Techniques (Section 8.2.1)

• Subjective assessment including quality of life
measurement(s) (QoL)

• Clinical assessment of the patient including the
pelvic organs, a prolapse grading system, pelvic
floor tone and strength, an appropriate neurolog-
ical examination, and a mobility/mental state
assessment

• Determination of residual urine
• Urinalysis and cytology of urine and the microbi-

ology of the urogenital tract
• Frequency-volume charts
• Quantification of urine loss by pad or ambulatory

studies
• Uroflowmetry (simple and pressure/flow/EMG)
• Cystometry – filling and voiding phases (simple

and subtracted)
• Ambulatory cystometry 
• Urethral function tests including urethral pres-

sure profilometry, electrical conductance test, Q
tip, and leak point pressures 

• Perineometry 
• Anal sensation and manometry
• Imaging techniques 

ultrasound (transabdominal including upper
tracts, transvaginal, perineal, introital, endo-anal)
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radiological (micturating cystograph, IVU, video
cystourethroscopy, pelvic barium studies (defeco-
graph), image intensification, urethrogram, MRI,CT)
nuclear medicine – isotope bowel transit studies
cystourethroscopy including biopsy 

• Electrophysiological studies
• Electromyography
• Nerve conductant studies 

Appendix 2: Clinical Skills 
Objectives (Section 8.2.2)
• Urinary incontinence due to genuine stress

incontinence, detrusor instability, mixed inconti-
nence, trauma and congenital abnormalities

• Voiding disorders and urinary retention 
• Urinary frequency and urgency
• Pelvic pain
• Lower urinary tract and lower gastrointestinal

tract fistulas
• Genital tract prolapse, both primary and recur-

rent
• Chronic inflammatory conditions of the lower

urinary tract
• Sensory disorders of the lower urinary tract
• Urethral lesions, e.g. diverticula
• Effects of pelvic surgery and irradiation on the

lower bowel urinary tract and pelvic floor 
• Urinary disorders in pregnancy
• Evaluation and care of the elderly
• Lesions of the central nervous system affecting

urinary, fecal control and pelvic floor 
• Difficult defecation
• Disorders of lower gastrointestinal tract function

including incontinence and motility
• Urinary disorders in childhood
• The physically or mentally handicapped
• Sexually transmitted diseases
• Emotional and behavioral disorders
• Hormone deficiency states
• Urinary problems secondary to medical disor-

ders and drugs
• Sexual problems related to URPS

Appendix 3: Medical Therapy and
Surgical Skills (Section 8.2.3)
Management options 

• catheterization (urethral, suprapubic and clean
intermittent self-catheterization)

• devices (mechanical and electronic)

• aids, appliances, pants and pads 

Non-surgical treatment 

• urinary and GI tract disorders including inconti-
nence

• physiotherapeutic techniques and aids including
biofeedback 

• electrical and magnetic therapy
• behavioral therapy including bladder and bowel

retraining and acupuncture 
• role of pharmacologic agents to treat pelvic floor

disorders
• role of hormonal therapy

Surgical procedures 

• urethral dilatation
• urethrotomy 
• suprapubic cystotomy 
• bladder neck buttress, TVT
• vaginal repair of genital tract prolapse including

anterior colporrhaphy, posterior colpoperineor-
rhaphy, vaginal hysterectomy and repair, entero-
cele repair, Manchester repair, sacrospinous
fixation, iliococcygeal fixation, paravaginal repairs 

• vaginal and abdominal repair of recurrent pro-
lapse including sacrocolpopexy, rectopexy,
uterosacral ligament complication, sacrohys-
teropexy, Moscowitz procedure colposuspension
and similar suprapubic suspension operations
(both open and through minimal invasive tech-
niques)

• sling procedures 
• long needle suspension procedures 
• para- and transurethral injection procedures 
• vaginal plastic surgery 
• implantation of artificial urinary sphincter 
• repair of vesicovaginal, ureterovaginal, ure-

throvaginal, and rectovaginal fistulas 
• Martius graft technique 
• augmentation cystoplasty 
• urinary diversion and undiversion 
• urethral diverticulectomy and excision of para-

urethral cysts 
• urethral reconstruction 
• urethral closure techniques 
• rectal mucosal prolapse surgery (abdominal

Ripstein procedure, and rectal approach)
• post-anal repair 
• anal sphincter repair – primary and secondary 
• sacral nerve stimulation and implantation
• dynamic gracilis plasty
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• recognition and treatment of intraoperative
bladder and bowel injuries

Conclusion
The Final Draft of these Guideline Proposals will be
distributed to international and national societies,
organizations, and governing boards in Obstetrics

and Gynecology and other related specialties for
their input and suggestions within a specified time-
frame. The International Urogynecology Journal will
publish the final guidelines.
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Abdominal ultrasound, 122–3
bladder, 122–3
sonographic urethrocystography, 123
upper urinary tract, 122

Acinetobacter spp., 183
�-Adrenoceptor agonists, 255–6
�-Adrenoceptor agonists, 258
�-Adrenoceptor antagonists, 255, 258–9
Agonadia, 57
Alcock’s canal, 29, 30, 433
Aldridge sling procedure, 7
Allergy, and interstitial cystitis, 208
Ambiguous genitalia, 55–9

female pseudohermaphroditism, 57–9
male pseudohermaphroditism, 56–7
true hermaphrodite, 55–6

American Urogynecological Society, 63
Anal canal, 39
Anal cushions, 39
Anal encirclement, 409
Anal fissure, 230–1

etiology and pathogenesis, 230–1
treatment, 231

Anal incontinence see Fecal incontinence
Anal problems, 229–34

anal fissure, 230–1
internal hemorrhoids, 231–3
skin tags, 233
thrombosed external hemorrhoid, 229–30
see also Fecal incontinence

Anal sphincter, 39
labor-induced damage, 70
nerve supply, 40
pregnancy-induced damage, 69

Anatomy see Pelvic floor anatomy
Androgen insensitivity syndrome, 49, 56

partial, 56
Anorectal angle, 135
Anorectal disorders

biofeedback, 313–25
chronic anorectal pain, 322–3
constipation, 318–21
fecal incontinence, 313–18
functional anorectal pain, 321
levator ani syndrome, 321
proctalgia fugax, 321–2

MRI studies, 153–5

Anorectal manometry, 136–41
anorectal pain syndromes, 141
biofeedback therapy, 141
constipation, 141
fecal incontinence, 140–1
prolonged, 139
rectal sensation, 140
relex anal sphincter responses, 137–9
resting anal canal pressures, 137
squeeze pressures, 137
vector manometry, 139

Anorectum, neurophysiologic control, 39–41
Anterior colporrhaphy, 5, 329–37

complications, 333–5
history, 329–30
patient selection, 331
results, 335–6
surgical anatomy, 330–1
technique, 331–3

Anterior sacral root stimulation, 165
Antidepressants, 256
Antimuscarinic drugs, 249–52

atropine and scopolamine, 250
darifenacin, 251–2
propantheline, 250
solifenacin, 252
tolerodine, 251
trospium, 250–1

Arcus tendineus fascia pelvis, 30, 414
Artificial sphincters, 369–78

complications, 374–5
cuff erosion, 374
hematoma, 374
infection, 374
perforation, 374
recurrent or persistent incontinence, 374–5
urinary retention, 374

failure of, 375–6
history and current design, 369–70
indications and contraindications, 370–1
patient evaluation and selection, 371
postoperative care and follow-up, 373
preoperative management, 371–2
results, 376–7
surgical technique, 372–3

Atropine, 250
Autologous fat, 394

Index
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Baclofen, 257
Barns, HH Fouracre, 5
Bartholin’s glands, 214
Bates, Patrick, 6
Behavioral strategies, 9, 269–79

bladder training, 274
bowel management, 273–4
caffeine reduction, 272
fluid adjustment, 271
intermittent catheterization, 275
pelvic floor muscle exercises, 274–5, 276
physical activity, 273
reduction/cessation of smoking, 272–3
weight reduction, 273
see also Biofeedback

Biofeedback, 141, 308
anorectal disorders, 313–25

chronic anorectal pain, 322–3
constipation, 318–21
fecal incontinence, 313–18
functional anorectal pain, 321
levator ani syndrome, 321
proctalgia fugax, 321–2

functional electrical stimulation, 284–6
and physiotherapy, 282–4
vaginal cones, 284
see also Behavioral strategies

Bladder
accidental penetration, 494
capacity, 96–7
carcinoma, 176
compliance, 95–6, 98, 108
direct stimulation, 308–9
diverticula, 174, 175
emptying, 159, 161
instability, 97–8
muscarinic receptors of, 248–9
nerve supply, 37
residual volume assessment, 127
sensation, 96
stones, 175
ultrasound, 122–3

Bladder augmentation, 209
Bladder contraction, 247–9
Bladder exstrophy, 47–8
Bladder function, 159–61

bladder emptying, 159, 161
urine storage, 159, 160

Bladder overactivity see Urinary incontinence
Bladder perforation

artificial sphincter procedures, 374
sling procedures, 366

Bladder stones, 175
Bladder training, 274
Bladder wall displacement, 127
Bonney, Victor, 5, 6
Bowel management, 273–4
Brain tumor, 162
Broad ligament, 31
Bruck, Julius, 3–4
Bulbocavernosus fat flap, 484
Bulking agents, 389–97

autologous fat, 394
collagen, 390–3
implantable microballoons, 395
injection techniques, 390
mechanism of action, 389
patient selection, 389
polytetrafluoroethylene paste, 393–4

silicone microimplants, 394–5
Burch colposuspension, 357–8
Burch, John, 7
Buttress procedures see Sling procedures

Caffeine intake, 272
Calcium antagonists, 252
Candida spp., 216
Capsaicin, 257
Catheterized patients, urinary tract infections, 187–8
Cerebrovascular disease, 162
Cervical agenesis, 54
Chlamydia trachomatis, 194
Chronic pelvic pain, 235–42

assessment, 237
definition and subtypes, 236–7
and irritable bowel syndrome, 239–40
prevalence, 237
psychosocial factors, 238–9
stigma and myths, 235–6
treatment, 240–1

Cigarette smoking, 272–3
Citrobacter spp., 183
Clenbuterol, 259
Clinical evaluation, 81–90

clinical examination, 83–7
fecal incontinence, 88
information gathering, 82
medical information, 82–3
pelvic prolapse, 88
urinary incontinence, 87–8

Clitoroplasty, 58–9
Cloaca, 43

deformities of, 46, 57
Coccygeus muscle, 31
Coccyx, 29
Collagen, 9

content, 65
and estrogen, 66
injections, 390–3

complications, 391, 393
results, 391, 392

metabolism, 65
and pelvic organ prolapse, 65

types of, 65
Colononeovagina, 51–2
Condylomata, 174
Congenital adrenal hyperplasia, 57–9

cliteroplasty, 58–9
11-β-hydroxylase, 58
21-hydroxylase deficiency, 57–8
3-β-ol dehydrogenase, 58
and pregnancy, 59
salt wasting, 58

Congenital anomalies, 46–54
bladder exstrophy, 47–8
cloacal deformities, 46
disorders of lateral fusion, 54
ectopic ureter, 48
imperforate anus, 46–7
mixed fusion defects, 54
prune belly, 48–9
uterovaginal, 49–54

Connective tissue disorders, 66–7
Constipation

anorectal manometry, 141
biofeedback, 318–21
defecography, 136

Conti-Ring, 297
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Continence Guard device, 297
Crohn’s disease, 487
Cyclic vulvovaginitis, 216
Cystitis, 174

cystica, 175
glandularis, 175
interstitial see Interstitial cystitis
radiation, 175

Cystocele, 17, 62, 86
Cystometrogram, 91–2

interstitial cystitis, 204–5
see also Urodynamics

Cystometry, 6, 107–8
Cystoscopy, 169–77

background and history, 169
diagnostic cystourethroscopy, 171–3
equipment, 169–71

distending media, 171
flexible scopes, 170–1
light sources, 171
rigid scopes, 169–70

indications and contraindications, 171
interpretation of findings

cystoscopy, 174–6
urethroscopy, 174

interstitial cystitis, 205, 206
intraoperative diagnostic, 173
operative, 173

Cystosonography, 128
Cystourethroscopy, 171–3

ureterovaginal fistula, 466

Darifenacin, 251–2
Defecography, 133–6

constipation, 136
enterocele, 136
fecal incontinence, 136
intussusception, 134–6
rectal evacuation, 136
rectal prolapse, 136
rectocele, 134

Delorme procedure, 407–8
Dermatoses, 216
Desmopressin, 256–7
Detrusor acontractility, 99
Detrusor areflexia, 99
Detrusor contractility, 98–100
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